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Serotype Prediction for Frequently Isolated
Serotypes of Streptococcus Pneumoniae
by Heteroduplex Analysis and
Modification of This Technique to
Real-Time Fluorometric Nucleic
Acid Detection System

Siklikla Izole Edilen Streptococcus Pneumoniae
Serotipleri Icin Heterodupleks Analizi ile
Serotiplendirme ve Bu Yontemin
Gercek Zamanli Florometrik Niikleik
Asit Saptama Sistemine Uyarlanmasi

ABSTRACT Objective: Several molecular serotype prediction methods have been published in order to simplify the
pneumococcal serotyping. The aim of this study is to develop a molecular serotype prediction technique alternati-
ve to other molecular approaches. Material and Methods: S. pneumoniae serotypes 1, 3, 5, 6A, 7F, 8, 9V, 11A, 14,
15B, 18C, 19A, 19F and 23B, that are the most frequently isolated serotypes from infections in Turkey, were inclu-
ded in the study. S. pneumoniae cpsA and cpsB genes that are involved in the processing, regulation and export of
the capsular polysaccharides, were amplified by polymerase chain reacsion (PCR). Then, heteroduplex analysis was
performed to the 1.8 kb PCR products obtained from all serotypes with constant serotype 1. This technique was
then modified to real-time fluorometric nucleic acid detection system. Results: The PCR products obtained from se-
rotypes 1, 6A, 14 and 19F showed only homoduplex bands while those from serotypes 3, 5, 7F, 8, 9V, 11A, 15B and
23B showed specific heteroduplex bands. Although serotypes 18C and 19A showed a specific heteroduplex banding
pattern, they could not be differentiated from each other. When further heteroduplex analysis was performed to se-
rotypes 1, 6A, 14 and 19F with serotype 5 as a constant component, serotype 1 and 6A could be differentiated from
the others. Heteroduplex and homoduplex DNA strands could be distinguished by melting curve analysis in real-ti-
me fluorometric nucleic acid detection system. Conclusion: As a rapid and cost-effective method, real-time hetero-
duplex analysis may be an alternative to other molecular methods for serotype prediction of pneumococci.
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OZET Amag: Literatiirde pnémokok serotiplendirmesini daha kullanigh hale getirmek icin birkag molekiiler se-
rotip tahmin y6ntemi yayinlanmistir. Bu ¢aligmanin amaci bu molekiiler yaklagimlara alternatif olugturacak fark-
11 bir molekiiler serotip tahmin yontemi gelistirmektir. Gereg ve Yontemler: Tiirkiye'de enfeksiyonlardan en
siklikla izole edilen S. pneumoniae sertipleri olan 1, 3, 5, 6A, 7F, 8, 9V, 11A, 14, 15B, 18C, 19A, 19F ve 23B, ¢a-
lismaya dahil edilmistir. S. pneumoniae kapsiil polisakkaritinin islenmesi, diizenlenmesi ve taginmas ile ilgili
genler olan cpsA ve cpsB bolgeleri PCR ile ¢ogaltilmistir. Elde edilen 1.8 kb boyundaki PCR iiriinleri heterodup-
leks analizine alinmustir. Analizde tiim serotiplere ait {iriinler sabit serotip 1 {iriinii ile caligtlmistir. Bu yéntem da-
ha sonra gergek zamanh florometrik niikleik asit saptama sistemine uyarlanmigtir. Bulgular: Serotip 1, 6A, 14 ve
19Fye ait PCR iiriinleri sadece homodupleks bantlar1 olustururken serotip 3, 5, 7F, 8, 9V, 11A, 15B ve 23B ken-
dilerine 6zgiil heteroduplaks bantlar1 vermislerdir. Serotip 18C ve 19A da 6zgiil hetrodupleks bantlar1 vermesi-
ne ragmen, birbirlerinden ayrimlari miimkiin olmamustir. Serotip 1, 6A, 14 ve 19F, serotip 5’in sabit komponent
olarak kullanildig: heterodupleks analizine alindiginda serotip 1 ve 6A birbirinden ayrimlanmigstir. Heterodup-
leks ve homodupleks DNA dizileri, gercek zamanl florometrik niikleik asit saptama sisteminde erime egrisi ana-
lizi ile ayrimlanabilmiglerdir. Sonug: Hizli ve ucuz bir yontem olarak gergek zamanl heterodupleks analizi,
pnomokoklarin molekiiler serotip tahmininde diger molekiiler yontemlere alternatif olabilir.

Anahtar Kelimeler: Streptococcus pneumoniae; serotiplendirme; polimeraz zincir reaksiyonu;
heterodupleks analizi
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treptococcus pneumoniae remains an impor-

tant human pathogen associated with signi-

ficant morbidity and mortality."? The
prevalence of penicillin resistance among pneu-
mococci is alarmingly increasing worldwide and
international spread of a restricted number of
multiresistant pneumococcal clones has signifi-
cantly contributed to this increase."®* The
emergence of multiple drug-resistance in S.pne-
umoniae has complicated the treatment of pneu-
mococcal infections. The increasing incidence of
drug-resistant S. pneumoniae worldwide has em-
phasized the need for epidemiological surveillan-
ce of this pathogen.> Vaccination is one of the
approaches to prevent development of pneumo-
coccal disease as it provides protection against the
vaccine types. Continued serotype surveillance is
critical in order to monitor vaccine efficacy and
the changes in incidence and distribution of colo-
nizing and invasive serotypes.®’ Any increase in
pneumococcal disease caused by previously un-
common non-vaccine serotypes could necessita-
te a change in vaccine composition.? Surveillance
studies in different communities indicate that
there is an increase in the carriage of serotypes
that are not included in the current 23-valent

vaccine.>10

Pneumococcal serogroup and serotype identi-
fication are currently performed with capsular
swelling (Quellung) reaction. Cross-reactions bet-
ween serotypes may occur and some strains are
non-serotypable.!! Besides, as prevailing serotypes
change, a broader spectrum of sera will be neces-
sary to detect those types, thus the cost increases. A
molecular method with the ability to predict pne-
umococcal serotype could have immense advanta-
ges in convenience and cost.

Capsule production in S. pneumoniae is lar-
gely controlled by capsular polysaccharide synthe-
sis (cps) gene clusters.!? The capsular loci for all 90
serotypes have now been sequenced and publis-
hed." The cps gene cluster contains genes respon-
sible for synthesis of the serotype-specific
polysaccharide. At the 5’-end of the cps gene clus-
ter there are four relatively conserved open rea-

ding frames, cpsA (wzg)-cpsB (wzh)-cpsC
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(wzd)-cpsD (wze).'! In cps gene cluster, high-fre-
quency recombinations may occur. The result of
these recombinations is serotype switching among
isolates within genetic lineages.'*!> In the region
between the 3’-end of cpsA and the 5’-end of cpsB,
there are sites of heterogeneity among seroty-
pes.'>¢ The cpsA and cpsB genes are involved in
the processing, regulation and export of the capsu-
lar polysaccharide,'” but they are not directly in-
volved in capsular biosynthesis. On the other
hand, the cpsA and cpsB genes are physically lin-
ked to the serotype-specific genes and thus poly-
morphism within them would be expected to be
tightly linked to capsular type.

Several molecular typing methods using cps
gene clusters have been developed to predict se-
rotypes and serogroups.'®!#192021 Ipy this study we
described a possible alternative molecular method,
a PCR-based heteroduplex analysis in the cpsA-
cpsB region of pneumococcal capsular gene clus-
ters, and we modified this technique to real-time
fluorometric nucleic acid detection system in or-
der to predict serotypes of pneumococci.

I MATERIAL AND METHODS
STRAINS

One of each pneumococcal serotypes 1, 3, 5, 6A,
7F, 8,9V, 11A, 14, 15B, 18C, 19A, 19F and 23B we-
re included in this study. These have been the most
frequently isolated serotypes in Hacettepe Univer-
sity Hospitals since 1995.%2 Representative isolates
of each serotype from stock cultures were inocula-
ted on to 5% sheep blood agar and incubated over-
night at 35°C in 5-10% COp. S.pneumoniae
identification was performed by optochin suscepti-
bility and bile solubility, as described previously.?
The serotypes were confirmed by using Pneumo-
test antisera in the Danish chequerboard typing
system according to the instructions of the manu-
facturer (Statens Seruminstitut, Copenhagen, Den-
mark).

DNA EXTRACTION AND PURIFICATION

Randomly selected 3-5 colonies from pure cultures
were emulsified in 1 ml tris-EDTA (TE) buffer in a
microcentrifuge tube, washed twice in TE buffer
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and the pellet was resuspended in 100ml TE buf-
fer. DNA extraction and purification were perfor-
med by automatized “MagNa Pure LC DNA
Isolation Kit IIT (Bacteria, Fungi)” system (Roche
Diagnostics) according to the manufacturer’s ins-
tructions.

PCR

The CpsA3 and CpsB2 primers that amplify a 1795
bp fragment of the cpsA-cpsB genes were used
and the amplification reaction was performed ac-
cording to a previously published protocol'® using
the “Accurase Taq Polymerase” (Gene Sys Ltd),
because of the length of the PCR products in a MJ
Research PTC -200 Peltier Thermal Cycler. The
PCR products were electrophorized in 0.8% aga-
rose gel and visualized by ethidium bromide stai-
ning.

HETERODUPLEX ANALYSIS

In heteroduplex analysis, all S. pneumoniae seroty-
pes were analyzed in comparison with serotype 1.
To inhibit Taq polymerase, 0.5 pl of 0.5 M EDTA
was added to each reaction tube. In a separate tu-
be, 25 pl of DNA extract from the isolate in ques-
tion was mixed with 25 ul of the amplified DNA
(1795 bp) from serotype 1 which was used as a
constant component, and placed in the thermocy-
cler. DNA strands were denatured at 95°C for 10
min and slowly cooled to 25°C by a 1-min stay at
every fifth degree. The entire 50 pul specimen was
then mixed with 10 pl of loading buffer and loaded
onto a 8% polyacrylamide gel in a mini-gel system
(Owl Scientific). Electrophoresis was carried out
at 200 V for 4.5 h, followed by staining with ethi-
dium bromide and examination by UV transillu-
mination. Heteroduplex banding patterns were
differentiated on the basis of the number and rela-
tive positions of bands, compared to the homo-
duplex band. Further heteroduplex analysis were
performed with amplified DNA from serotype 5 as
a constant component to differentiate those se-
rotypes for which homoduplex band was obtained
with serotype 1. Heteroduplex analysis was repe-
ated three times and three different isolates from
same serotype were analyzed in order to confirm
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the heteroduplex banding patterns. Additionally,
for serotypes which have alike heteroduplex pat-
terns, heteroduplex analysis was repeated on same
gel in neighbor lanes in order to differentiate
them.

REAL-TIME FLUOROMETRIC NUCLEIC ACID DETECTION

Heteroduplex and homoduplex DNA strands were
distinguished by melting-curve analysis with Syber
Green I at LightCycler system (Roche Diagnostics).
Melting-curve analysis were repeated three times
for each homoduplex and heteroduplex groups.

I RESULTS

On the basis of the heteroduplex analysis with
serotype 1 (Figure 1), pneumococcal serotypes tes-
ted here were classified into ten groups. The PCR
products obtained from serotypes 1, 6A,

14 and 19F showed only a homoduplex band
while those from serotypes 3, 5, 7F, 8, 9V, 11A, 15B
and 23B showed specific heteroduplex bands. Alt-
hough serotypes 18C and 19A showed a specific
heteroduplex banding pattern, they could not be
differentiated from each other (Table 1).

Heteroduplex analysis of any serotypes with
same serotype or another member of the same gro-
up showed only a homoduplex banding pattern
(data not shown).

In order to distinguish the homoduplex group
members (1, 6A, 14 anf 19 F) from each other, het-
eroduplex analysis with amplified DNA from se-

rotype 5 as a constant component was performed

(Figure 2).

1 1 3 R | 7 ] -]

FIGURE 1: Heteroduplex analysis with amplified DNA from serotype 1 as a
constant component.

Lanes: 1: Serotype 1 + 3, 2: Serotype 1+ 5, 3: Serotype 1+ 6A, 4: Serotype
1+ 7F, 5: Serotype 1 + 8, 6: Serotype 1 + 9V, 7: Serotype 1 + 11A, 8:
Serotype 1+ 14, 9: Serotype 1 + 15B, 10: Serotype 1 + 18C, 11: Serotype 1
+19A, 12: Serotype 1 + 19F, 13: Serotype 1 + 23B

112 1n
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TABLE 1: Groups of pneumococcal serotypes as defined by heteroduplex analysis.

Homoduplex Heteroduplex 1 Heteroduplex 2 Heteroduplex 3 Heteroduplex 4

Serotype 1 Serotype 3 Serotype 5 Serotype 7F Serotype 8

Serotype 6A

Serotype 14

Serotype 19F

Heteroduplex 5 Heteroduplex 6 Heteroduplex 7 Heteroduplex 8 Heteroduplex 9

Serotype 9V Serotype 11A Serotype 15B Serotype 18C Serotype 23B
Serotype 19A

As shown in Figure 2, serogroup 6 could be
distinguished from others by giving only one ho-
moduplex band with serotype 5.

When amplified DNA of different isolates
from same serotypes (similar heteroduplex band
patterns with serotype 1 or 5) were mixed for addi-
tional heteroduplex analysis, only homoduplex
band patterns were detected.

Every heteroduplex analysis step contains an
electrophoresis procedure which takes approxima-
tely five hours. In order to shorten these procedu-
res, heteroduplex analysis was modified to a
real-time fluorometric nucleic acid detection sys-
tem. After mixing the amplified products, hetero-
duplex analysis was carried out in the LightCycler
instrument. Melting curve analysis of all hetero-
duplex groups was performed and melting points
of each group were determined. There was no cor-
relation between heteroduplex groups and their
melting points, somelting paints cannot be used to
distinguish serotypes. On the other hand at least
2°C difference was detected between melting po-
ints of heteroduplex and homoduplex groups (data
not shown).

Partial modification of heteroduplex analysis
to real-time fluorometric nucleic acid detection
system has shorten the electrophoresis step from
five hours to 30 minutes.

I DISCUSSION

The first four genes of the cpslocus (cpsA to cpsD)
are common to all pneumococcal serotypes.'® The
phylogenetic tree generated from partial cpsA-
cpsB sequences of 140 S. pneumoniae sequence
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FIGURE 2: Heteroduplex analysis with amplified DNA from serotype 5 as a
constant component.
Lanes: 1: Serotype 5 + 6A, 2: Serotype 5 + 14, 3: Serotype 5 + 19F

types reveals that there are instances where the
sequences of strains of the same serotype or serog-

roup are quite divergent.*

In serotype 3, the
cpsA- D genes are present but three of them are
frameshifted. The presence of a cryptic 33F cps
gene cluster that also possess the cpsA-D genes is
present in two serotype 37 strains.’® On the other
hand, the region between cpsA position 951 to
cpsB position 302 (approximately 800 bp) has be-
en demonstrated as the most heterogeneous regi-
on among pneumococcal serotypes. ! Therefore,
molecular serotype prediction methods have been
focused on this region. Several restriction frag-
ment length polymorphism (RFLP), DNA sequ-
encing and multiplex PCR based methods have
been evaluated.!!1618-2024-26 RFLP is a relatively
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easy-to-use method, but it needs two electropho-
resis steps and does not properly work unless all
polymorphisms and mutations within the cps lo-
cus of serotypes are revealed. DNA sequencing is
an end-point method for detection of heteroge-
neities. However, its performance depends on the
technical capabilities of the laboratory. Multiplex
PCR is a straightforward technique and easily es-
tablished in laboratories that are equipped for
DNA template preparation and PCR. The main
pitfall of this technique is the coverage of restric-
ted numbers of serotypes.

Heteroduplex analysis is a conformational
technique used to detect mutations in PCR-ampli-
fied DNA products. As with other conformational
techniques, mutations are identified by specific gel
banding patterns. However, no indication of the
position or nature of the polymorphism is provi-
ded. The migration of heteroduplex DNA in poly-
acrylamide gel electrophoresis is different from
that of homoduplex DNA because of an altered
three-dimensional structure. Once a correlation
between gel banding patterns and mutations is es-
tablished, this method may be applied to genoty-
ping.?”® In this study heteroduplex analysis of cps
A and cpsB genes of S. pneumoniae serotype 1
with serotypes 3, 5, 6A, 7F, 8, 9V, 11A, 14, 15B,
18C, 19A, 19F, and 23B was performed. These
have been the most frequently isolated serotypes
of pneumococci from children and adult patients
in our hospital since 1995. Only serotypes 6B, 7B,
11A, 15B, 18C and 23 F of serogroups 6, 7, 11, 15,
18 and 23 are covered by the 23-valent vaccine
which is used in Turkey. Therefore serotype pre-
valance data is important for countries such as
Turkey in order to evaluate the protection effecti-
veness of pneumococcal vaccination. A major rise
in pneumococcal disease caused by previously un-
usual serotypes could necessitate a change in vac-
cine composition. '® On the other hand, there is a
great need for a more efficient and cost-effective
test for detecting serotypes of S. pneumoniae, and
the heteroduplex analysis can be a valuable tool
for pneumococcal surveillance and serotype pre-
diction.
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According to our results, amplified DNA from
an isolate with unknown serotype can be tested
using heteroduplex analysis with amplified DNA
from serotype 1 as a constant component. If a ho-
moduplex band is detected, heteroduplex analysis
with serotype 5 must be performed. If of hetero-
duplex bands are detected with serotype 1 or 5, a
heteroduplex analysis with a serotype which has
similar bands pattern will show only homoduplex
band, so serotype prediction can be performed.

In this study, heteroduplex analysis revealed
nine groups. Group 1 included the serotypes that
showed no heteroduplex bands when combined
with serotype 1 (three serotypes). The heterodup-
lex patterns seem to allow discrimination of both
the level of serogroup and serotype, an advantage
over RFLP which discriminates only up to serog-
roup level. The main disadvantage of this techni-
que is the requirement of two electrophoresis steps.
To avoid electrophoresis and thus to shorten the
duration of the test, we modified the technique to
real-time fluorometric nucleic acid detection sys-
tem. To our knowledge, this is the first molecular
typing study with heteroduplex analysis that is per-
formed in real-time detection system. In this tech-
nique, complementary chains of different serotypes
were used as probes. Melting curve analysis bet-
ween homoduplex and heteroduplex DNA chains
showed more than 2°C melting peak differences. It
is known that the shifts greater than 1°C from the
characteristic (homoduplex in this situation) deri-
vative melting curve profile arises a suspicion of
mutation.” By real-time assay the electrophoresis
step is skipped, thus the the time needed for the
method is shortened remarkably. Real-time hete-
roduplex analysis may be a rapid and cost-effective
alternative to other molecular methods for seroty-
pe prediction of pneumococci. This technique may
easily be established in laboratories that are equip-
ped for real-time PCR, however it never guarante-
es 100% accuracy.

The most significant shortcoming of this study
is that the method has not been tested on other
pneumococcal serotypes and any "unknown" isola-
tes. Pneumococcal serotypes that are tested here
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are the most frequently isolated serotypes from pa-
tients in Turkey and heteroduplex analysis perfor-
mance is pretty well with these serotypes.
Relatively rarely isolated serotypes can easily be
tested in order to validate this method for these se-
rotypes. In this study, heteroduplex analysis was
repeated three times and three different isolates
from same serotype were analysed in order to con-
firm the heteroduplex banding patterns. Further
studies with “unknown” isolates are needed before
using this method in clinical practice.

clinical samples without necessitating prior isola-
tion of the organism. We would therefore define
the heteroduplex analysis described here as a valu-
able tool for serotype prediction of pneumococci.
Further serotype discrimination, testing more “un-
known” isolates, adaptation of amplification step to
real-time instrument and direct serotype predicti-
on from clinical samples are our next goals for eval-
uation of this technique.
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