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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

AABBSS  TTRRAACCTT  OObb  jjeecc  ttii  vvee::  Se ve ral mo le cu lar se roty pe pre dic ti on met hods ha ve be en pub lis hed in or der to simp lify the
pne u mo coc cal se roty ping. The aim of this study is to de ve lop a mo le cu lar se roty pe pre dic ti on tech ni qu e al ter na ti -
ve to ot her mo le cu lar ap pro ac hes. MMaa  ttee  rrii  aall    aanndd  MMeett  hhooddss:: S. pne u mo ni a e se roty pes 1, 3, 5, 6A, 7F, 8, 9V, 11A, 14,
15B, 18C, 19A, 19F and 23B, that are the most fre qu ently iso la ted se roty pes from in fec ti ons in Tur key, we re inc lu -
ded in the study. S. pne u mo ni a e cpsA and cpsB ge nes that are in vol ved in the pro ces sing, re gu la ti on and ex port of
the cap su lar poly sacc ha ri des, we re amp li fi ed by polymerase chain reacsion (PCR). Then, he te ro dup lex analy sis was
per for med to the 1.8 kb PCR pro ducts ob ta i ned from all se roty pes with cons tant se roty pe 1. This tech ni qu e was
then mo di fi ed to re al-ti me flu o ro met ric nuc le ic acid de tec ti on system. RRee  ssuullttss:: The PCR pro ducts ob ta i ned from se -
roty pes 1, 6A, 14 and 19F sho wed only ho mo dup lex bands whi le tho se from se roty pes 3, 5, 7F, 8, 9V, 11A, 15B and
23B sho wed spe ci fic he te ro dup lex bands. Alt ho ugh se roty pes 18C and 19A sho wed a spe ci fic he te ro dup lex ban ding
pat tern, they co uld not be dif fe ren ti a ted from each ot her. When furt her he te ro dup lex analy sis was per for med to se -
roty pes 1, 6A, 14 and 19F with se roty pe 5 as a cons tant com po nent, se roty pe 1 and 6A co uld be dif fe ren ti a ted from
the ot hers. He te ro dup lex and ho mo dup lex DNA strands co uld be dis tin gu is hed by mel ting cur ve analy sis in re al-ti -
me flu o ro met ric nuc le ic acid de tec ti on system. CCoonncc  lluu  ssii  oonn:: As a ra pid and cost-ef fec ti ve met hod, re al-ti me he te ro -
dup lex analy sis may be an al ter na ti ve to ot her mo le cu lar met hods for se roty pe pre dic ti on of pne u mo coc ci.

KKeeyy  WWoorrddss::  Streptococcus pneumoniae; serotyping; polymerase chain reaction; heteroduplex analysis 

ÖÖZZEETT  AAmmaaçç::  Li te ra tür de pnö mo kok se ro tip len dir me si ni da ha kul la nış lı ha le ge tir mek için bir kaç mo le kü ler se -
ro tip tah min yön te mi ya yın lan mış tır. Bu ça lış ma nın ama cı bu mo le kü ler yak la şım la ra al ter na tif oluş tu ra cak fark -
lı bir mo le kü ler se ro tip tah min yön te mi ge liş tir mek tir. GGee  rreeçç  vvee  YYöönn  tteemm  lleerr::  Tür ki ye’ de en fek si yon lar dan en
sık lık la izo le edi len S. pne u mo ni a e ser tip le ri olan 1, 3, 5, 6A, 7F, 8, 9V, 11A, 14, 15B, 18C, 19A, 19F ve 23B, ça -
lış ma ya da hil edil miş tir. S. pne u mo ni a e kap sül po li sak ka ri ti nin iş len me si, dü zen len me si ve ta şın ma sı ile il gi li
gen ler olan cpsA ve cpsB böl ge le ri PCR ile ço ğal tıl mış tır. El de edi len 1.8 kb bo yun da ki PCR ürün le ri he te ro dup -
leks ana li zi ne alın mış tır. Ana liz de tüm se ro tip le re ait ürün ler sa bit se ro tip 1 ürü nü ile ça lı şıl mış tır. Bu yön tem da -
ha son ra ger çek za man lı flo ro met rik nük le ik asit sap ta ma sis te mi ne uyar lan mış tır. BBuull  gguu  llaarr:: Se ro tip 1, 6A, 14 ve
19F’ye ait PCR ürün le ri sa de ce ho mo dup leks bant la rı oluş tu rur ken se ro tip 3, 5, 7F, 8, 9V, 11A, 15B ve 23B ken -
di le ri ne öz gül he te ro dup laks bant la rı ver miş ler dir. Se ro tip 18C ve 19A da öz gül het ro dup leks bant la rı ver me si -
ne rağ men, bir bir le rin den ay rım la rı müm kün ol ma mış tır. Se ro tip 1, 6A, 14 ve 19F, se ro tip 5’in sa bit kom po nent
ola rak kul la nıl dı ğı hete ro dup leks ana li zi ne alın dı ğın da se ro tip 1 ve 6A bir bi rin den ay rım lan mış tır. He te ro dup -
leks ve ho mo dup leks DNA di zi le ri, ger çek za man lı flo ro met rik nük le ik asit sap ta ma sis te min de eri me eğ ri si ana -
li zi ile ay rım la na bil miş ler dir. SSoonnuuçç:: Hızlı ve ucuz bir yöntem olarak gerçek zamanlı heterodupleks analizi,
pnömokokların moleküler serotip tahmininde diğer moleküler yöntemlere alternatif olabilir. 

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Streptococcus pneumoniae; serotiplendirme; polimeraz zincir reaksiyonu;
heterodupleks analizi  
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trep to coc cus pne u mo ni a e re ma ins an im por-
tant hu man pat ho gen as so ci a ted with sig ni -
fi cant mor bi dity and mor ta lity.1,2 The

pre va len ce of pe ni cil lin re sis tan ce among pne u -
mo coc ci is alar mingly in cre a sing worl dwi de and
in ter na ti o nal spre ad of a res tric ted num ber of
mul ti re sis tant pne u mo coc cal clo nes has sig ni fi -
cantly con tri bu ted to this  in cre a se.1,3,4 The
emer gen ce of mul tip le drug-re sis tan ce in S.pne -
u mo ni a e has comp li ca ted the tre at ment of pne u -
mo coc cal in fec ti ons. The in cre a sing in ci den ce of
drug-re sis tant S. pne u mo ni a e worl dwi de has em-
p ha si zed the ne ed for epi de mi o lo gi cal sur ve il lan -
ce of this pat ho gen.5 Vac ci na ti on is one of the
ap pro ac hes to pre vent de ve lop ment of pne u mo -
coc cal di se a se as it pro vi des pro tec ti on aga inst the
vac ci ne types. Con ti nu ed se roty pe sur ve il lan ce is
cri ti cal in or der to mo ni tor vac ci ne ef fi cacy and
the chan ges in in ci den ce and dis tri bu ti on of co lo-
ni zing and in va si ve se roty pes.6,7 Any in cre a se in
pne u mo coc cal di se a se ca u sed by pre vi o usly un-
com mon non-vac ci ne se roty pes co uld ne ces si ta -
te a chan ge in vac ci ne com po si ti on.8 Sur ve il lan ce
stu di es in dif fe rent com mu ni ti es in di ca te that
the re is an in cre a se in the car ri a ge of se roty pes
that are not inc lu ded in the cur rent 23-va lent
vac ci ne.9,10

Pne u mo coc cal se rog ro up and se roty pe iden ti -
fi ca ti on are cur rently per for med with cap su lar
swel ling (Qu el lung) re ac ti on. Cross-re ac ti ons bet -
we en se roty pes may oc cur and so me stra ins are
non-se roty pab le.11 Be si des, as pre va i ling se roty pes
chan ge, a bro a der spec trum of se ra will be ne ces -
sary to de tect tho se types, thus the cost in cre a ses. A
mo le cu lar met hod with the abi lity to pre dict pne -
u mo coc cal se roty pe co uld ha ve im men se ad van ta -
ges in con ve ni en ce and cost. 

Cap su le pro duc ti on in S. pne u mo ni a e is lar -
gely con trol led by cap su lar poly sacc ha ri de synthe -
sis (cps) ge ne clus ters.12 The cap su lar lo ci for all 90
se roty pes ha ve now be en se qu en ced and pub lis -
hed.13 The cps ge ne clus ter con ta ins ge nes res pon -
sib le for synthe sis of the se roty pe-spe ci fic
poly sacc ha ri de. At the 5’-end of the cps ge ne clus-
ter the re are fo ur re la ti vely con ser ved open re a -
ding fra mes, cpsA (wzg)-cpsB (wzh)-cpsC

(wzd)-cpsD (wze).11 In cps ge ne clus ter, high-fre -
qu ency re com bi na ti ons may oc cur. The re sult of
the se re com bi na ti ons is se roty pe switc hing among
iso la tes wit hin ge ne tic li ne a ges.14,15 In the re gi on
bet we en the 3’-end of cpsA and the 5’-end of cpsB,
the re are si tes of he te ro ge ne ity among se roty -
pes.15,16 The cpsA and cpsB ge nes are in vol ved in
the pro ces sing, re gu la ti on and ex port of the cap su-
lar poly sacc ha ri de,17 but they are not di rectly in-
vol ved in cap su lar bi osyn the sis. On the ot her
hand, the cpsA and cpsB ge nes are physi cally lin -
ked to the se roty pe-spe ci fic ge nes and thus poly-
morp hism wit hin them wo uld be ex pec ted to be
tightly lin ked to cap su lar type.

Se ve ral mo le cu lar typing met hods using cps
ge ne clus ters ha ve be en de ve lo ped to pre dict se -
roty pes and se rog ro ups.16,18,19,20,21 In this study we
des cri bed a pos sib le al ter na ti ve mo le cu lar met hod,
a PCR-ba sed he te ro dup lex analy sis in the cpsA-
cpsB re gi on of pne u mo coc cal cap su lar ge ne clus-
ters, and we mo dified this tech ni qu e to re al-ti me
flu o ro met ric nuc le ic acid de tec ti on system in or -
der to pre dict se roty pes of pne u mo coc ci. 

MA TE RI AL AND MET HODS

STRA INS

One of each pne u mo coc cal se roty pes 1, 3, 5, 6A,
7F, 8, 9V, 11A, 14, 15B, 18C, 19A, 19F and 23B we -
re inc lu ded in this study. The se have been the most
fre qu ently iso la ted se roty pes in Ha cet te pe Uni ver -
sity Hos pi tals sin ce 1995.22 Rep re sen ta ti ve iso la tes
of each se roty pe from stock cul tu res we re ino cu la -
ted on to 5% she ep blo od agar and in cu ba ted over -
night at 350C in 5-10% CO2. S.pne u mo ni a e
iden ti fi ca ti on was per for med by op toc hin sus cep ti -
bi lity and bi le so lu bi lity, as des cri bed pre vi o usly.23

The se roty pes we re con fir med by using Pne u mo -
test an ti se ra in the Da nish che qu er bo ard typing
system ac cor ding to the ins truc ti ons of the ma nu -
fac tu rer (Sta tens Se ru mins ti tut, Co pen ha gen, Den-
mark). 

DNA EX TRAC TI ON AND PU RI FI CA TI ON

Ran domly se lec ted 3-5 co lo ni es from pu re cul tu res
we re emul si fi ed in 1 ml tris-ED TA (TE) buf fer in a
mic ro cen tri fu ge tu be, was hed twi ce in TE buf fer
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and the pel let was re sus pen ded in 100ml TE buf -
fer. DNA ex trac ti on and pu ri fi ca ti on we re per for -
med by au to ma ti zed “Mag Na Pu re LC DNA
Iso la ti on Kit III (Bac te ri a, Fun gi)” system (Roc he
Di ag nos tics) ac cor ding to the ma nu fac tu rer’s ins -
truc ti ons.

PCR

The CpsA3 and CpsB2 pri mers that amp lify a 1795
bp frag ment of the cpsA-cpsB ge nes we re used
and the amp li fi ca ti on re ac ti on was per for med ac-
cor ding to a pre vi o usly pub lis hed pro to col16 using
the “Ac cu ra se Taq Poly me ra se ” (Ge ne Sys Ltd),
be ca u se of the length of the PCR pro ducts in a MJ
Re se arch PTC -200 Pel ti er Ther mal Cycler. The
PCR pro ducts we re elec trop ho ri zed in 0.8% aga -
ro se gel and vi su a li zed by et hi di um bro mi de sta i -
ning.  

HE TE RO DUP LEX ANALY SIS

In he te ro dup lex analy sis, all S. pne u mo ni a e se roty -
pes we re analy zed in com pa ri son with se roty pe 1.
To in hi bit Taq poly me ra se, 0.5 μl of 0.5 M ED TA
was ad ded to each re ac ti on tu be.  In a se pa ra te tu -
be, 25 μl of DNA ex tract from the iso la te in qu es -
ti on was mi xed with 25 μl of the amp li fi ed DNA
(1795 bp) from se roty pe 1 which was used as a
cons tant com po nent, and pla ced in the ther mocy -
cler.  DNA strands we re de na tu red at 95°C for 10
min and slowly co o led to 25°C by a 1-min stay at
every fifth deg re e. The en ti re 50 µl spe ci men was
then mi xed with 10 µl of lo a ding buf fer and lo a ded
on to a 8% pol yacr yla mi de gel in a mi ni-gel system
(Owl Sci en ti fic). Elec trop ho re sis was car ri ed out
at 200 V for 4.5 h, fol lo wed by sta i ning with et hi -
di um bro mi de and exa mi na ti on by UV tran sil lu -
mi na ti on. He te ro dup lex ban ding pat terns we re
dif fe ren ti a ted on the ba sis of the num ber and re la-
ti ve po si ti ons of bands, com pa red to the ho mo -
dup lex band. Furt her he te ro dup lex analy sis we re
per for med with amp li fi ed DNA from se roty pe 5 as
a cons tant com po nent to dif fe ren ti a te tho se se -
roty pes for which ho mo dup lex band was ob ta i ned
with se roty pe 1. He te ro dup lex analy sis was re pe -
a ted thre e ti mes and thre e dif fe rent iso la tes from
sa me se roty pe we re analy zed in or der to con firm

the he te ro dup lex ban ding pat terns. Ad di ti o nally,
for se roty pes which ha ve ali ke he te ro dup lex pat-
terns, he te ro dup lex analy sis was re pe a ted on sa me
gel in ne igh bor la nes in or der to dif fe ren ti a te
them. 

RE AL-TI ME FLU O RO MET RIC NUC LE IC ACID DE TEC TI ON

He te ro dup lex and ho mo dup lex DNA strands we re
dis tin gu is hed by mel ting-cur ve analy sis with Syber
Gre en I at LightC ycler system (Roc he Di ag nos tics).
Mel ting-cur ve analy sis we re re pe a ted thre e ti mes
for each ho mo dup lex and he te ro dup lex gro ups.

RE SULTS
On the ba sis of the he te ro dup lex analy sis with

se roty pe 1 (Fi gu re 1), pne u mo coc cal se roty pes tes -
ted he re we re clas si fi ed in to ten gro ups. The PCR
pro ducts ob ta i ned from se roty pes 1, 6A,

14 and 19F sho wed only a ho mo dup lex band
whi le tho se from se roty pes 3, 5, 7F, 8, 9V, 11A, 15B
and 23B sho wed spe ci fic he te ro dup lex bands. Alt -
ho ugh se roty pes 18C and 19A sho wed a spe ci fic
he te ro dup lex ban ding pat tern, they co uld not be
dif fe ren ti a ted from each ot her (Tab le 1).

He te ro dup lex analy sis of any se roty pes with
sa me se roty pe or anot her mem ber of the sa me gro -
up sho wed only a ho mo dup lex ban ding pat tern
(da ta not shown).

In or der to dis tin gu ish the ho mo dup lex gro up
mem bers (1, 6A, 14 anf 19 F) from each ot her, he t-
e ro dup lex analy sis with amp li fi ed DNA from se -
roty pe 5 as a cons tant com po nent was per for med
(Fi gu re 2).
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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



As shown in Fi gu re 2, se rog ro up 6 co uld be
dis tin gu is hed from ot hers by gi ving only one ho-
mo dup lex band with se roty pe 5. 

When amp li fi ed DNA of dif fe rent iso la tes
from sa me se roty pes (si mi lar he te ro dup lex band
pat terns with se roty pe 1 or 5) were mi xed for ad di-
ti o nal he te ro dup lex analy sis, only ho mo dup lex
band pat terns were de tec ted.

Every he te ro dup lex analy sis step con ta ins an
elec trop ho re sis pro ce du re which ta kes ap pro xi ma -
tely five ho urs. In or der to shor ten the se pro ce du -
res, he te ro dup lex analy sis was mo di fi ed to a
re al-ti me flu o ro met ric nuc le ic acid de tec ti on sys-
tem. Af ter mi xing the amp li fi ed pro ducts, he te ro -
dup lex analy sis was car ri ed out in the LightC ycler
ins tru ment. Mel ting cur ve analy sis of all he te ro -
dup lex gro ups was per for med and mel ting po ints
of each gro up we re de ter mi ned. The re was no cor-
re la ti on bet we en he te ro dup lex gro ups and the ir
mel ting po ints, somelting paints cannot be used to
dis tin gu ish se roty pes. On the ot her hand at le ast
2OC dif fe ren ce was de tec ted bet we en mel ting po -
ints of he te ro dup lex and ho mo dup lex gro ups (da ta
not shown).

Par ti al mo di fi ca ti on of he te ro dup lex analy sis
to re al-ti me flu o ro met ric nuc le ic acid de tec ti on
system has shor ten the elec trop ho re sis step from
five ho urs to 30 mi nu tes.

DIS CUS SI ON
The first fo ur ge nes of the cps lo cus (cpsA to cpsD)
are com mon to all pne u mo coc cal se roty pes.13 The
phylo ge ne tic tre e ge ne ra ted from par ti al cpsA-
cpsB se qu en ces of 140 S. pne u mo ni a e se qu en ce

types re ve als that the re are ins tan ces whe re the
se qu en ces of stra ins of the sa me se roty pe or se rog -
ro up are qu i te di ver gent.24 In se roty pe 3, the
cpsA- D ge nes are pre sent but thre e of them are
fra mes hif ted. The pre sen ce of a cryptic 33F cps
ge ne clus ter that al so pos sess the cpsA-D ge nes is
present in two se roty pe 37 stra ins.13 On the ot her
hand, the re gi on bet we en cpsA po si ti on 951 to
cpsB po si ti on 302 (ap pro xi ma tely 800 bp) has be -
en de mons tra ted as the most he te ro ge ne o us re gi -
on among pne u mo coc cal se roty pes. 11 The re fo re,
mo le cu lar se roty pe pre dic ti on met hods ha ve be en
fo cu sed on this re gi on. Se ve ral res tric ti on frag-
ment length poly morp hism (RFLP), DNA se qu -
en cing and mul tip lex PCR ba sed met hods ha ve
be en eva lu a ted.11,16,18-20,24-26 RFLP is a re la ti vely
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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

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

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



easy-to-use met hod, but it ne eds two elec trop ho -
re sis steps and do es not pro perly work un less all
poly morp hisms and mu ta ti ons wit hin the cps lo -
cus of se roty pes are re ve a led. DNA se qu en cing is
an end-po int met hod for de tec ti on of he te ro ge -
ne i ti es. Ho we ver, its per for man ce de pends on the
tech ni cal ca pa bi li ti es of the la bo ra tory. Mul tip lex
PCR is a stra igh tfor ward tech ni qu e and ea sily es-
tab lis hed in la bo ra to ri es that are equ ip ped for
DNA temp la te pre pa ra ti on and PCR. The ma in
pit fall of this tech ni qu e is the co ve ra ge of res tric -
ted num bers of se roty pes.

He te ro dup lex analy sis is a con for ma ti o nal
tech ni qu e used to de tect mu ta ti ons in PCR-amp li -
fi ed DNA pro ducts. As with ot her con for ma ti o nal
tech ni qu es, mu ta ti ons are iden ti fi ed by spe ci fic gel
ban ding pat terns. Ho we ver, no in di ca ti on of the
po si ti on or na tu re of the poly morp hism is pro vi -
ded. The mig ra ti on of he te ro dup lex DNA in pol y-
acr yla mi de gel elec trop ho re sis is dif fe rent from
that of ho mo dup lex DNA be ca u se of an al te red
thre e-di men si o nal struc tu re. On ce a cor re la ti on
bet we en gel ban ding pat terns and mu ta ti ons is es-
tab lis hed, this met hod may be app li ed to ge noty -
ping.27,28 In this study he te ro dup lex analy sis of cps
A and cpsB ge nes of S. pne u mo ni a e se roty pe 1
with se roty pes 3, 5, 6A, 7F, 8, 9V, 11A, 14, 15B,
18C, 19A, 19F, and 23B was per for med. The se
have been the most fre qu ently iso la ted se roty pes
of pne u mo coc ci from chil dren and adult pa ti ents
in our hos pi tal sin ce 1995. Only se roty pes 6B, 7B,
11A, 15B, 18C and 23 F of se rog ro ups 6, 7, 11, 15,
18 and 23 are co ve red by the 23-va lent vac ci ne
which is used in Tur key. The re fo re se roty pe pre -
va lan ce da ta is im por tant for co un tri es such as
Tur key in or der to eva lu a te the pro tec ti on ef fec ti -
ve ness of pne u mo coc cal vac ci na ti on. A ma jor ri se
in pne u mo coc cal di se a se ca u sed by pre vi o usly un-
u su al se roty pes co uld ne ces si ta te a chan ge in vac-
ci ne com po si ti on. 16 On the ot her hand, the re is a
gre at ne ed for a mo re ef fi ci ent and cost-ef fec ti ve
test for de tec ting se roty pes of S. pne u mo ni a e, and
the he te ro dup lex analy sis can be a va lu ab le to ol
for pne u mo coc cal sur ve il lan ce and se roty pe pre-
dic ti on. 

Ac cor ding to our re sults, amp li fi ed DNA from
an iso la te with unk nown se roty pe can be tes ted
using he te ro dup lex analy sis with amp li fi ed DNA
from se roty pe 1 as a cons tant com po nent. If a ho-
mo dup lex band is de tec ted, he te ro dup lex analy sis
with se roty pe 5 must be per for med. If of he te ro -
dup lex bands are de tec ted with se roty pe 1 or 5, a
he te ro dup lex analy sis with a se roty pe which has
si mi lar bands pat tern will show only ho mo dup lex
band, so se roty pe pre dic ti on can be performed.

In this study, he te ro dup lex analy sis re ve a led
ni ne gro ups. Gro up 1 inc lu ded the se roty pes that
sho wed no he te ro dup lex bands when com bi ned
with se roty pe 1 (thre e se roty pes). The he te ro dup -
lex pat terns se em to al low dis cri mi na ti on of both
the le vel of se rog ro up and se roty pe, an ad van ta ge
over RFLP which dis cri mi na tes only up to se rog -
ro up le vel. The ma in di sad van ta ge of this tech ni -
qu e is the re qu i re ment of two elec trop ho re sis steps.
To avo id elec trop ho re sis and thus to shor ten the
du ra ti on of the test, we mo di fi ed the tech ni qu e to
re al-ti me flu o ro met ric nuc le ic acid de tec ti on sys-
tem. To our know led ge, this is the first mo le cu lar
typing study with he te ro dup lex analy sis that is per-
for med in re al-ti me de tec ti on system. In this tech-
ni qu e, comp le men tary cha ins of dif fe rent se roty pes
we re used as pro bes. Mel ting cur ve analy sis bet -
we en ho mo dup lex and he te ro dup lex DNA cha ins
sho wed mo re than 2oC mel ting pe ak dif fe ren ces. It
is known that the shifts gre a ter than 1oC from the
cha rac te ris tic (ho mo dup lex in this si tu a ti on) de ri -
va ti ve mel ting cur ve pro fi le arises a sus pi ci on of
mu ta ti on.29 By re al-ti me as say the elec trop ho re sis
step is skip ped, thus the the time needed for the
met hod is shor te ned re mar kably. Re al-ti me he te -
ro dup lex analy sis may be a ra pid and cost-ef fec ti ve
al ter na ti ve to ot her mo le cu lar met hods for se roty -
pe pre dic ti on of pne u mo coc ci. This tech ni qu e may
ea sily be es tab lis hed in la bo ra to ri es that are equ ip -
ped for re al-ti me PCR, ho we ver it ne ver gu a ran te -
es 100% ac cu racy. 

The most sig ni fi cant shortco ming of this study
is that the met hod has not be en tes ted on ot her
pne u mo coc cal se roty pes and any "unk nown" iso la -
tes. Pne u mo coc cal se roty pes that are tes ted he re
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are the most fre qu ently iso la ted se roty pes from pa-
ti ents in Tur key and he te ro dup lex analy sis per for -
man ce is pretty well with the se se roty pes.
Re la ti vely ra rely iso la ted se roty pes can ea sily be
tes ted in or der to va li da te this met hod for the se se -
roty pes. In this study, he te ro dup lex analy sis was
re pe a ted thre e ti mes and thre e dif fe rent iso la tes
from sa me se roty pe we re analy sed in or der to con-
firm the he te ro dup lex ban ding pat terns. Furt her
stu di es with “unk now n” iso la tes are ne e ded be fo re
using this met hod in clinical practice.

He te ro dup lex analy sis se ems to ha ve an ad van-
ta ge o us po ten ti al to scre en se roty pe di rectly from

cli ni cal samp les wit ho ut ne ces si ta ting pri or iso la -
ti on of the or ga nism. We wo uld the re fo re de fi ne
the he te ro dup lex analy sis des cri bed he re as a va lu -
ab le to ol for se roty pe pre dic ti on of pne u mo coc ci.
Furt her se roty pe dis cri mi na ti on, tes ting mo re “un-
k now n” iso la tes, adap ta ti on of amp li fi ca ti on step to
re al-ti me ins tru ment and di rect se roty pe pre dic ti -
on from cli ni cal samp les are our next go als for eva l-
u a ti on of this tech ni qu e.
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