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Real-time Reverse Transcription Polymerase Chain Reaction Using Total RNA
Extracted from Nasopharyngeal Aspirates for Detection of Pneumococcal
Carriage in Children
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Purpose: Monitoring pneumococcal carriage rates is important. We developed and evaluated the accuracy of a real-time reverse transcrip-
tion polymerase chain reaction (RT-PCR) protocol for the detection of Streptococcus pneumoniae.

Methods: In October 2014, 157 nasopharyngeal aspirates were collected from patients aged <18 years admitted to Chung-Ang University
Hospital. We developed and evaluated a real-time PCR method for detecting S. pneumoniae by comparing culture findings with the results of
the real-time PCR using genomic DNA (gDNA). Of 157 samples, 20 specimens were analyzed in order to compare the results of cultures, real-
time PCR, and real-time RT-PCR.

Results: The concordance rate between culture findings and the results of real-time PCR was 0.922 (P<0.01, Fisher exact test). The 133
culture-negative samples were confirmed to be negative for S. pneumoniae using real-time PCR. Of the remaining 24 culture-positive samples,
21 were identified as S. pneumonia-positive using real-time PCR. The results of real-time RT-PCR and real-time PCR from 20 specimens were
consistent with culture findings for all S. pneumoniae-positive samples except one. Culture and real-time RT-PCR required 26.5 and 4.5 hours
to perform, respectively.

Conclusions: This study established a real-time RT-PCR method for the detection of pneumococcal carriage in the nasopharynx. Real-time
RT-PCR is an accurate, convenient, and time-saving method; therefore, it may be useful for collecting epidemiologic data regarding pneumo-
coccal carriage in children.
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PCR ZAFE &3] AMg-skaL Utk PCR AAPES F2 B[]
FATL AAZ AGSH, thPR Y 557] wholel gl
RNA Hfo]g|Ao| B & H|QIF I EZFE RNAE F+23}
L, TA] complementary DNA (cDNA) 2 & A A} (reverse
transcription, RT) ¥+ & PCRE A|33}A| Ft}. o] Ao
A FE% RNA 5 dF-Rtko] RT-PCRY A4 AA=E ALE
Hug giiite] 557] A3 4 SRS HRlT &
1E°] RNAZF HA H=dl, of7]ell= vhol# s B Q1A
Aze 22, A2 RNAE ZgH) oo B ¢l
567 WhIEls WAL SIS T RNAZ R
J= real-time RT-PCRHE 53}
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1, CH&
E A= Korea Collection for Type Culture (KCTC)
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dlo] 94407 real-time PCRES 753 &
4 EEH 10€7HA] TSt ol o3
"ol 2| A RT-PCR HAME A9 -2 15778 9] 184] o]t
o] Lo} SAEZHE AT H|QATF FoEFH} I=FEH
&3 RNA ¥ genomic DNA (gDNA)E 53, ZtzF 114
ARl Wi H I real-time PCRYS o], HE e =t
ES A3} o] & | A5t A} sk
EAGes FYNguH Y A+82993] (Institutional
Review Board, IRB; C2013089-1049)2] %¢1-& wkokt},

AFE A9 E of A EH, ol F & AT Fold Fo%
gobso A AHAA BT FIES tIFo = st
HIQF FR1E2 5 mL &3] FAP7|9k 217 5 Fr =
719l " Y# 949 7HEE (Hankook Medical, Seoul,
Korea)E #holo] TH} H|QIFo] F=gdA Ayt &
oE A2 AT 3-5 mLE oo v Y= F9i8kaL,
o] AIF AL FA|E FEFA F= DA FHst AF
gith, HFAo2 YA AT 42 2-3 mLY AAE
A2 5 A2 A] T2 ofd wjx]2] H7F §lo] 6A17F o]
o Az 534}

.
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=

3. HE el Y & 22| SH

AAE AFT A 12417F o]Hel 1 loop (10 yL)= &
B gkx v #] (blood agar plate [BAP])ol| 3 u}Z2 % 37C
HjF7] el A 24413F F_F v ¥t ATt o] ¥ BAPe] w4k
178 838 &4 9 FEX(optochin) Y23 744 A
AHE B8l HE T o E 85T

4. H|QIF EQIS25E genomic DNA &
DNA 3%
Real-time PCR®H-S-

s}oq 157709 AA =

I complementary

3ol I AEE Hrletr] 9
1 tiake] Q1T %OL% 1.2 mL
£ 1.5 mL microcentrifuge tubeol] &7 13,000 rpmoi| 4]
S5E B¢k 9 Bl & HHES i@'?ﬂ’ 300 UL AA =
H-E] DNA Extraction Kit (Intron, Seoul, Korea)& A&
sto] gDNAE 283 & 245 98 B8A7HA] -80T
oA W Rsaitt 3 RNAS o]&-3) real-time RT-
PCRY S B7Fst7] 9lsted, 2078 9] &2te] HAol disto
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Y Al AR 5F7] blol#l A RT-PCR HAF § H
RNAS AL st 2 e Alg ol cDNAR g §
Aol &-&3k3Tt. o] 20709 AA= AE exHE 95}
sk A 712 F 7P 2kl 99 20U E 102 2Y
A #Fshs A2 A4tk BE RNACTA <
A REEC2 cDNAE Attt 5% RNAS} primer, RT
buffer 4 pL, RNase inhibitor 20 units, reverse transcrip-
tase 200 unitsE £33k & dH0 (distilled H20) & & 9
o] 20 pL7} H=E st 7P A AUt o] EdES
50Col A 60+ &<t HHg-AI AT

5. Real—time PCR&2| 1=

HHAFTY HES e 53X A= psAE )43
gom, primer:= cpsA_F (5'-GCA GTA CAG CAG TTT
GTT GGA CTG ACC-3"), cpsA_ R (5'-GAA TAT TTT
CAT TAT CAG TCC CAG TC-3)< AM&331aL, probe
“ TagMan probe (6FAM-AAT GTT ACG CAA CTG
ACG AG-MGBNFQ)Z ©]-83}t}. Real-time PCR %
H]= CFX96 (BioRad, Hercules, CA, USA)<S AFE3I
th 4 dEzEE A97TY] 2F 7520 ATCC49619
o} KCTC54145 AHE3IR AL, &4 dx2=2E R\
71 FARSE Ml T PR EEA Y= Streprococcus
pseudopneumoniae®] ¥ 591 KCTC57655 AH&-3t
¢t} PCR HFg-o1e 3 yL.2] DNAY 4 uLe] 5xPB ACE PM,
3 uLe] 8-MOP (8-methoxypsoralen) solution, 10 uL2]

2 multiplex master mix® & 20 pL7} == 3 & 7zt
MtEd diete] 7P Age HEES Hole A F
Z 20s AP s Tl 2AAT 2T dFE o]&3t]
standard curvesE 18] 1L, cycle threshold (CT) & =

gate] A Aol &8sttt

6. S &M

BE EAF BXL SPSS version 19.0 (IBM Co.,
Armonk, NY, USA)E A}-&3}o] Fisher exact testE A3}
Sttt A A= 1] HlalE= Cohen kS o] g3t %
A AAE oz Ak 121 g H I} real-time
PCR HAPY 7He] AR &S Fotitt SAIT4 9 5
& P 3ko] 0.05 PRkl A-9-2 A sttt
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(19.1%) 010 o™, o]= HA| AHT+ MY A5 5 875
%ol s skt

g Sxse] WS HYo] /b Bal(n=55,
35.0%), ther o= BAZ|BA 9 (n=24, 15.3%), 71844
(n=16, 10.2%) T¢] wolAt}t. &F7] vlo]#] A RT-PCR
< Sl T57] velH AT AEE o dA= 1079(68.2
%))l e rhinovirus?} 7F3 Bk (n=39, 24.8%),
respiratory syncytial virus (n=27, 17.2%), adenovirus

(n=13, 8.3%) o]t}
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i
=3
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2. Real-time PCREH2| 715 U ME

AA A" EF T ATCC496192 7Y F=&
3k gDNAZ 0]-83}9] real-time PCR®H-S 9%+ primer &
probe?] 474 s 2 1S LEE A3, gDNAY] 5%
o W& CTES 13}°] standard curveE 13 t}(Fig. 1).
5oz HHF7Y EF #5720 ATCC496198F KCTC
54125 FHUZEE, S. pseudopneumoniae®] 5
°] KCTC5765%} Escherichia coli &% #3F& SAU%
2 ALgste] Hl o] HES 919 real-time PCRHH 9]
cut-off CTZk-& 352 A5t o] % AT thd A9
gDNAZ ©]-83}o] real-time PCR ZHAFS A3, =
Z 3HE d& F CTRHS Fotith(Fig. 2). gDNAE ©]
83} real-time PCRS] A3} v H e Ay= v wdle]
Table 12} 22 A& AJot F 15771 HA 5 v
A S g UL 133719 HAAl= EF real-time PCRO|
MNE SALSE SRIHATE T2t vjdelA FHo= v}
© 2478 AA| F 2170 real-time PCRO|A] %A, L =]
370E S0l o] 37} AA|9] gDNA sk B 1.7
ng/ULE, FA A B = 159 ng/uLel Hlste] 2
Al sk AAF F AAE (k)& 0922 (P<0.01, Fisher
exact test) 2 v-$- = TH(Table 1),

3. B, real—time PCR, real—time RT-PCR ZAIH Zt H|w
20709 #AAol tfsle] RNAZS o]-&3}e] real-time RT-
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Fig. 1. (A) Amplification curves and (B) standard curve of real-time reverse transcription
polymerase chain reaction for Streptococcus pneumoniae. Abbreviations: PnA, Strepto-
coccus pneumoniae (ATCC49619); RFU, relative fluorescence unit; Cq, quantification cycle.

Amplification

Amplification

Fig. 2. Amplification curves of real-time reverse transcription polymerase chain reaction
using (A) complementary DNA and (B) genomic DNA. Abbreviations: RFU, relative fluores-
cence units; PnA, Streptococcus pneumoniae (ATCC49619); PPn, Streptococcus pseudo-
pneumoniae (KCTC5765); E. coli, Escherichia coli.

Table 1. Number of Detected Pneumococcus and Mean
Concentration of gDNA (n=157)

Growth No growth
No.  gDNA (ng/uL) No.  gDNA (ng/pL)
Positive 21 15.9 0 NA
0.922 <0.01"
Negative 3 1.7* 133 16.1

*2.4 ng/uL (sample 1), 2.1 (sample 2), and 0.6 (sample 3).

"Fisher exact test.

Abbreviations: gDNA, genomic DNA; PCR, polymerase chain reaction; NA,
available.

PCRE Al33tSlaL, 11 A AHE wi Y E 3 gDNAS
3l real-time PCRH ¥ B3}t Real-time RT-PCR
Hel e A= wiFAL A3t B8] dAski o,
gDNAZ ©]&3} real-time PCR Ao A= 1719] njek
PN &4 AIE BAHTable 2). o] HAA =
g gDNA®] %+ 0.6 ng/pL, RNAoA &2 cDNAY| &
T+ 333.1 ng/uLE, cDNAS] FX7} gDNAY] FE R T}
5004) 7} =k} Real-time PCROIA A #HAAIE2] 3
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Table 2. Results of Conventional Culture Method and Real-
Time PCR with gDNA or cDNA for Detecting Streptococcus
pneumoniae Carriage Isolates (n=20)

Variable Cultire
Growth No growth

Real-time PCR (gDNA)

Positive 4 0

Negative 1 15
Real-time RT-PCR (cDNA)

Positive 5 0

Negative 0 15

Abbreviations: PCR, polymerase chain reaction; gDNA, genomic DNA; cDNA,
complementary DNA.

T CTg2 gDNAS} cDNAOA] 242} 335, 25.60] ATt
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A} 3T & 1577] AAY] gDNAZ 0]-&3) real-time
PCR AAR= 7]1&9] v AL 1 A& 0.922=
& =9kl 20702 AA] el AlFE real-time RT-
PCR AN A¥e 7| w3 237 Ao, v
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o] AA7} gDNAE o] &3} real-time PCR AAloAE &
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TFES VTR, YES HHTT S S ‘ﬂé}ﬂﬁ}xl
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FES ANF QTS AR, shin 5 & 774E 33
g Aols Uldom HiFg HAE *1 =, A

HIEY 2 426 HiETT g STS ?I8t rea-ime RT-PCRY

ria

A 90.9% (30/33)2] PCR YA ES BTt A=9 30
o] AolEA HHF, AEF4 Exli=lS
il Wl o] AEH UL, o] FoA A FTS 13
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DAL 7 Aed Baskith £ A7 opsAS BA
A= 3+ primere} TagMan probeZE o]-&3}o] & -+
AES ¢3 real-time PCR HAIS A33A =], cpsA
primeri= HHTto] vl So]Fo]oin 53] HE FAF
AAFEET) o) gt deA ol
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2 Ag 3=, o] #FE HY T 16S rRNA G-}
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Fo|A BolA oz WHEE primer7} F S EE3HE
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HiFH Y =2 dA&S Hole AS I 5 Ik
fFoll A o= 2 2470 HAl F 370 gDNAE ©]
43} real-time PCR ZHAAFIA SAo|A=, o] 370 4
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Al =4 && F Utk

AA A AAZ real-time PCREY AFAHS H713
T, 20709] HIRIF SRIE oA FE% RNAZ o] &3] real-
time RT-PCR ZHAIZ A|3e} 1, 0|5 gDNAS o]-&3F
real-time PCR, 12|31 #jF 3} vlwsle] 1 ASAS
H7}sk4t}h Real-time RT-PCRY] #H#ETH A& A=
Bl F Aol dX|3he 1T 4 ATk BEH gDNA
£ 0]-83} real-time PCR A3}l A= 1722 v E real-
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o ] &3+ gDNAS] FE+ 0.6 ng/ul, RNAZFE
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7] W&o real-time PCR &410] Y¢S Ao =2 AlEHH,
RNAZ 0]-&3} real-time RT-PCRo] A3 gDNAE 33}
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