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ABSTRACT

(Clinical Usefulness of 16S ribosomal RNA Real-time PCR for
Rapid Diagnosis of Scrub typhus

Na Ra Yun

Advisor: Prof. Dong-Min Kim, M.D., phD.
Department of Medicine,

Graduate School of Chosun University

Scrub typhus is a major acute febrile disease in Asia-pacific region caused by
Orientia tsutsugamushi. Delays in diagnosis can cause fatal complications, so a rapid
and early diagnosis is indispensable for successful treatment. For this reason, a
polymerase chain reaction (PCR) based method was developed to detect a specific
O. tsutsugamushi gene in a patient's blood. Real-time PCR(Q-PCR) has the
advantages of high speed, sensitivity, suggesting the utility of this technique for the
early diagnosis of scrub typhus.

We evaluated the clinical usefulness of the real-time quantitative polymerase chain
reaction (Q-PCR) targeting of 16S ribosomal RNA (16S rRNA) gene. We examined
blood specimens from 148 adult patients confirmed to have scrub typhus from
September 2008 to December 2009. Among 148 scrub typhus patients, Before
admission, 36 patients were treated by antibiotics, and 112 patients were not treated
by antibiotics. To evaluate the clinical usefulness of 16S rRNA Q-PCR, we compared
its diagnostic accuracy to that of the following methods: nested PCR(N-PCR)
targeting the 56-kDa gene, Q-PCR targeting the 47-kDa gene, and conventional
PCR(C-PCR) targeting 16S rRNA gene.
16S rRNA Q-PCR detected O. tsutsugamushi infection with a sensitivity of 91.9%,
and 56-kDa N-PCR, 47-kDa Q-PCR, 16s rRNA C-PCR showed lower sensitivities of
81.1%, 74.3%, and 87.8% in all 148 patients. And 16S rRNA Q-PCR showed a
sensitivity of 99.1% in 112 patients without antibotics treatment before admission.
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In conclusion, 16S rRNA Q-PCR is clinically useful for rapid diagnosis of scrub
typhus and more accurate than 56-kDa N-PCR, 47-kDa Q-PCR, and 16S C-PCR.

Key Words : Scrub typhus, Diagnosis, polymerase chain reaction, 16S ribosomal
RNA gene
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ZEZIPFA L EUEE HE g opxfotoll A ThEH | 7 Sk HAekE o
A dA d3to R Orientia tsutsugamushi o 7+ % trombiculid =7 &2
A ARTH(,2). vizlEke I=T]d B F 1-25 olule] B, o3 FF, <%
&, W F Tl WSt Evl B9 Ao vl SAAoR #EE
ZATPFAIE S R A Sl Arletar FAA A Fmel FL2 WS Kol
ko] oA = Afole A HE, 54 AR, HeEHd, 4w &9 59
AZEgE o7kl g Sol Y = Qo v r] B Al o271 % k(1)
A AEA] ARE YA E 2EIPFAIE A g AEE o] uje- F a8t

2]
o}, 789 E 37 AMindirect immunofluorescence assay, IFA), W33l a4
A} (immunoperoxidase test), &AW ASZAY (enzyme-linked immunosorbent
assay), Y54 HAd1+-5F A8 (passive hemagglutination test) 52 s+ 7]
APHEC] Z2ZTHEAI O Zldke] o] &Hojgk=t olEe AW Z7ldde A AA
o] gto} vt Wit & Ho|al 3|&7|d Al HALE Aol Fxs & & o

3 0= %

=
@dol o] YA F8Ael W34, A T Z7]] JdE = e 1
[e3]

rr

el dodo] tiFE o 2AIFEAY 3kxke] dol yle] O. tsutsugamushi®]
Eo] FHAAE o] &3 FTdaLAMS (polymerase chain reaction, PCR)e] 2
Z 2 AF7F Ho] Ho] fHAEe gk Conventional PCR

THEAIR O] g o
(C-PCR), Nested P N-PCR), Real-time PCR (Q-PCR) &o°] xIttol| 8%
A o® a#z Jdrk5,6). 53] Q-PCR 2 C-PCR, N-PCRol| H]&lo] ©f g
AAATE AT 5 i, B YRS Ho|vE Hojn, Asd 4 glvke
FHol A7), BEAIPFAIEe WS 9)d PCR HAMA 56-kDa 34},
47-kDa frdAE°] 5ol fFHAE Aol HAL, 16S EEFRNA (16S
ribosomal RNA, 16S rRNA) f#2k= °F 1,550 bp ¢ 11 HolZ Aits4ds ¢
sle] @o] 2ol=d, AAVFFAM Y WS e 16S rRNA FHAE o] &3
C-PCR 9] 74 F-8&40] A= vk Ark5,6).

o] AT HAL mEIMFAIMS ZddA  16S ribosomal RNAe] gl
real-time PCR(16S rRNA Q-PCR)¢] 14 fF8&4& oldol z=zrpiAge] X

£
[@]] ~
=

)



ol fEsitta e g8 AAPEEY Blaste] dolR = Ao 56-kDa 4
Zpoll  th3t nested PCR(56-kDa N-PCR), 47-kDa 4=t ™3k real time
PCR(47-kDa Q-PCR), 16S rRNA Z=}el tfdt conventional PCR(16S rRNA
Q-PCR) # Hladte] 16S rRNA Q-PCRe] U444 #8748 dolrixl s, =
ZIHFAE o2 ZIvkE AA FhAjol] gk 47bA] kel ®
Fol offe wet, Fxte] FFwo| wEl HApgo] ojWA o
2 &kth 283l real-time PCRE A<l H3lE ad 4
copy 7t 2A/MFAY Y] FE5EY FH S, HAATS

o] AA| ¢l A 16S rRNA Q-PCRY 848 <olr 11zt
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AT

1. 312} (patients selection)

2008 9€¥H-H 20099 12971A] AW YAAA Z=&7EAH o2 X 148
Hol 184 o]/ge] #xte] g o]gste] HALE Attt IHEH A H G AL
(IFA) 1gM °olu} 1gGe]  H717t 4w o) A3t x5 FHoz Ao sl o]

S ERRNIMES EEEDRE D ER-OERE)

2. 89 A9 (Definitions)

¥4 A doxycycline, rifampin, azithromycin, ciprofloxacin, levofloxacin < 5

we Bt FAAE Fo W BAR oA ofFY FAAE Fo v
A AY HEl g oy ofn| g Aol E Fo] ZATMFAIY gy 9SS HA
o

FAAE Fol L A FAAE Fol A @2 S Aol T

SR R =

N2 &

ZE(severity) = 3224
U/D), ¥ €A AAa23xE < 70 mmHg), A5 A (creatinnine = 1.8mg/dL),
N 3hA o] H(F A < 120,000/ul) , 21782 o] (&, confusion) oF-&
ste] gk 71A] & 134 AeE A F5EE A8l th®). et 5

, 23S TR 2, 37 e T
1

K

A= 25 (mild group),

e
=
% 2,35 T% 1E(severe group)oZ FF3kSlth /4 H Y (duration of

3. %34 A& AA} (polymerase chain reaction, PCR)

1)16S rRNA gene PCR



(1) O. tsutsugamushi 16S rRNA gene®] Z =4 (cloning)

O. tsutsugamushi Karp strain 16S rRNA gene sequence (accession no.
D38623)E Aoz F2YS % primersE TAISS tHTablel). WA O.
tsutsugamushi Karp strain DNAS thAto® PCRE thez o] Adstitt,
AmpliTag Gold® 360 Master Mix (Applide Biosystems) 10pl °l, 2 ul GC
Enhancer, 2 pl DNA, 1 pl (10 pmol/u)® 2+ primer, 283l B H 33} S7FF
2 Yol F 20 ulo HFENS wrEo] Applied Biosystems Veriti 96-well
thermal cycler (Applied Biosystems, Foster City, CA)E ©o]& PCRE <3354
o, PCR 272 94Toll A 28, 94T A 18, 59CA 30x, 72TCoA 45%=
36 cycles H&sta, 72TelA 102 &t AFAZTE PCR products 1.2%
agarose gel (SeaKem LE agarose)d] #A7|9% 3sto] ol & QIAquick gel
extraction kit (Qiagen, Hilden, Germany)Z ©]&3to] AA 33t AAE PCR
product(target DNA )E pGEM-T easy vector (promega)®l ligationd}il E.coli
DH5a¢l transformationd}$lth. Plasmid DNA % % Alstas AHestd 224
= FAelon, dVIEEAe st F2do] #l®l  plasmid DNAE
spectrophotometer (DU 530 Life Science UV/visible spectrometer; Beckman

Coulter)E AFg3}od A3} 2™ 108copies/ul7F H =& 1|34}
(2) Real-time PCR

Primers$®} probex O. tsutsugamushi Gilliam strain (accession no. 1.36222)2]
16S rRNA sequenced U o= txplstqlty. Probee 79, 5  endel
6-carboxyfluorescein (FAM)E £% 9™ 3 endel| black hole quencher 1
(BHQ-1)& E4%t} (Tablel, Figurel).

Standard curvetx 108copies/ul®] O. tsutsugamushi 16S rRNA Fdx}<]
partial DNA ©#S Z 243l plasmid DNAZ 10-fold serial dilutions3a}e] &l
3F3lth 5 ul DNA, 1 ul (5 pmol/uD® 2} primer, 1 ul (2 pmol/uD® probe, ~L
3 4 pl® 5X master mix (reaction buffer, Fast Start Tag DNA polymerase,
MgCl29} deoxynucleoside triphosphates [with dUTP instead of dTTP]), €+



32t TFTE ol T 20 pld vedE wEol Q-PCRe Fd83lth. PCR
272 95°C oA 10 &<t 27IWgS Al7]1aL, 95°C oA 10% 60°C °llA]
30%9 2 stepE 45 cycles® ¥ A17)3, ulA] = coolingS 98] 40°C oAl 30
% WESAIAY. Q-PCRe] A3+ LightCycler software 4.0 (Roche, Basel,
Switzerland)S A}&38to] EA13t9th Crossing point 7F 38 ¢3¢l A4S Ao

= Fhakqlt
(3) Conventional PCR

Primers ot-16sRF1, ot-16sRR1E °]&3led PCRS &3} th(Tablel).
AmpliTag Gold® 360 Master Mix (Applide Biosystems) 10ul ©l, 2 ul GC
Enhancer, 2 pul DNA, 1 ul (10 pmol/uD® Z} primer, 28|31 BHE 33 F/F
2 Yol F 20 ul¢ HFENS wrE5o] Applied Biosystems Veriti 96-well
thermal cycler (Applied Biosystems, Foster City, CA)E ©o]& PCRE <334
o, PCR 272 94Toll A 28, 94T A 18, 57CoA 30x, 72TCoA 45%=
36 cycles z&gstar, 72CelA 10% <t AFAIAT PCR productE 1.2%
agarose gel (SeaKem LE agarose)o] A7|95& 3} 3H<lsi ).

2) 47-kDa real-time PCR

(1) O. tsutsugamushi 47-kDa gene 2] Z=4(cloning)

O. tsutsugamushi Karp strain & WA e ® 47-kDa protein gened ZEZEA|F

t}. AmpliTag Gold® 360 Master Mix (Applide Biosystems) 10ul ©l, 2 ul GC
Enhancer, 2 pl DNA, 1 pl (10 pmol/u)® Z+ primer, 283l B d 33} S7FF
2 Yol F 20 ul¢ HEENS wrEo] Applied Biosystems Veriti 96-well
thermal cycler (Applied Biosystems, Foster City, CA)E °]& PCRE <335}%
o, PCREZL 94TolA 5%, 94TAA 30%, 56TColA 30%, 72TCoA 1&2
2 39 cycles M&@star, 72TCoAA 108 s A&AAHT. PCR productE 1.2%
agarose gel (SeaKem LE agarose)ol #A7]% 3o &<l & QlAquick gel



extraction kit (Qiagen, Hilden, Germany)Z ©]&3tod AA33c). AAE PCR
product(target DNA )E pGEM-T easy vector (promega)®l ligationd}il E.coli
DH5a¢l transformationd}$lth. Plasmid DNA % ¢ Alstas AHeste 224
= FAsklen, AVIMLdEA S Y. 22de] #ld  plasmid DNAE
spectrophotometer (DU 530 Life Science UV/visible spectrometer; Beckman

Coulter)& Ab&-3te] A=Fet3l o™ 108copies/ul7d =5 4|3kt
(2) Real-time PCR

Probe OtsuPR665 ¢} primers OtsuFP630, OtsuRP747 < Jiang et al. & AL
AFEEFATHO). Probed 7%, 5 endol 6-carboxyfluorescein (FAM)S £330
3" endell black hole quencher 1 (BHQ-1)& &%t} ((Tablel, Figurel)(5,9).

Standard curvet 108copies/ul® O. tsutsugamushi 47-kDa A#}2] partial
DNA 9#HE ZF24Y3l plasmid DNAES 10-fold serial dilutionsdte] #el1&}9itt.
5 ul DNA, 1 ul (5 pmol/uD® ZF primer, 1 ul (2 pmol/ul)¢ probe, 18] 1 4 pl
9] 5X master mix (reaction buffer, Fast Start Taq DNA polymerase, MgCl2
and deoxynucleoside triphosphates [with dUTP instead of dTTP]), W+%¥ 3
2 SRTE 2ol ¥ 20 plo] g dE wEo, Q-PCRS 333l th. PCR 3%
A2 95°C oA 10 &<t 27935 Al7]1aL, 95°C oA 10z, 60°C oA 30x%
o] 2 step2 45 cycles® ¥FSA| 7131, vFA 9 coolingS 8l 40°C oA 30% b
A AT, Q-PCRe A= LightCycler software 4.0 (Roche, Basel,
Switzerland)& AF&3Fe] £243}%th. Crossing point 7} 38 o3¢l A5 $A o

= Fhakqlt
3) 56-kDa nested PCR

Primers= O. tsutsugamushi Gilliam strain®] 56-kDa protein geneg Ao
2 =0l Furuya et al. ¢ A& ARE-8FitH(Tablel, Figurel)(10)
1stPCRe] 49, AccuPowerRPCRPreMix(1UTaq DNA polymerase, 250 pM
Each dNTP, 10 mM Tris-HCI (pH 9.0), 30 mM KCI, 1.5 mM



MgCl2,Stabilizerandtrackingdye)ell, 2 ul DNA, 1 ul (5 pmol/u)® Z+ primer, L
Y Had 3% = 20 plo] ®whgolS "wEo] Applied Biosystems
Veriti 96-well thermal cycler (Applied Biosystems, Foster City, CA)S o|&
PCRE Fdstglon], PCR 312 94CeA 10w, 94TCelA 1%, 61TCeA 1%,
72°Cell A 182 % 35 cycles I&staL, 72TCelA 10% 5 AFAZh. N-PCR

Zz2 ==
oIT T = ]:g

2 1stPCRproductE&
HFS Al oW, 2L 94Tl 108, 94TelA 30%, 63TolA 30%, 72TCoA 1
o7 30 cycles A3slaL, 72CoA 78 F<t

iy

agarose gel (SeaKem LE agarose)o] A7|%%

template® ARE3slE o™, 5 pmol/ul ¢ ZF primerE ¥

Table 1. Primers and Probe used in this study

A=A AT PCR productE 1.2%
sto] ghlsklth(1D).

Gene name Sequence (5 - 3)) Product | PCR
size (bp)
16S rRNA | ot-16sRF1 | AGGGATGATAATGACAGTACCTACAG | 199 Q-PCR
16S rRNA | ot-16sRR1 | CCTCTACCATACTCTAGCCTAACAG C-PCR
16S rRNA gt-163Rpro 6-FAM  -CTAACTCCGTGCCAGCAGCCGC-BHQ-1 | probe Q-PCR
e
16S rRNA CRPF:-ST-163 AACGAACGCTGGCGGCATG 1460 cloning
r
16S rRNA | CK-ST-16s | GCAGGTTCCCCTACGGCTACC
rRR
47kDa OtsuFPS6 | GAAGTGTTCTTAGGTTCTGGGGTTAT | 622 cloning
22 C
47kDa OtsuRPS6 | CTTTTATAACTTCAGTTATTAGAACTC
22 C
47kDa otsuF630 AACTGATTTTATTCAAACTAATGCTGC | 118 Q-PCR
T
47kDa otsuR747 TATGCCTGAGTAAGATACRTGAATRG
AATT
47kDa otsuP665 TGGGTAGCTTTGGTGGACCGATGTTT | probe Q-PCR
AATCT
56kDa P1(primer3 | TCAAGCTTATTGCTAGTGCAATGTCTG | 1003 19N-PC
4) C R
56kDa P)2(primer5 égGGATCCCTGCTGCTGTGCTTGCTG
5
56kDa P3(primer1 | GATCAAGCTTCCTCAGCCTACTATAAT | 483 2"N-P
0) GCC CR
56kDa P4primer1t | CTAGGGATCCCGACAGATGCACTATT
1) AGGC




Figure 1. Diagram of primers position in the Orientia tsutsugamshi
(a)16S rRNA gene
(b) 47-kDa protein gene
(c) 56kDa protein gene

Figureia.
CK-ST-16srRF CK-ST-16sTRR
- -
€= e =D (459D (1-1459)

L]
1459 bp

.

Ot-16sRprobe
<> 5-
o e 199bp (405-604)

O.t-16sRF1  O.t-16sRR1

€-=-> 1459bp amplicon, primers (CK-ST-1651RF and CK-ST-16srRR ) for cloning

<> 1998bp amplicon, primers (O.t-165RF 1 and O.t-16sRR 1) for C-PCR

Figure1b.

OtsuFPS622 OtsuRPS622

- -
€ —im i m === 3 622D (301.922)

]
1400 bp

|
OtsuPR665

. —— 747
- 3o 118bp (630-747)
OtsuFP630 OtsuRP747

€= 622bp amplicon, primers (OtsuFPS$622 and OtsuRPS622) for cloning

€<—> 18bp amplicon,primers(OtsuFP630 and OtsuRP747) C-PCR



Figureic.
Primer 55

Primer 34
| _—
S S > 1003bp (19-1021)
Primer 10 Primer 11
| I
€ > 483bp (396-879)
T (] ]
€= ———=3 > 1003bp amplicon, primers (Primer 34 and Primer 55) for 1 N.PCR

€—> 483bp amplicon, primers (Primer 10 and Primer 11) for 2™ N-PCR

4. glolg #4 (Data analysis)

7} PCR AAPHel PAES ANS] NAES BHSAT, -74, ANOVA 2
e Adsta sole JWALE TG BE BAGH BHAA P gE
w frolsitha Aelsginh. BAA BAS SAS Emoid,

value)e] 0.05 "W

=
WA 8.25 o] &3t (SAS Institute Inc., Cary, NC).

~



a7 23

P

R g BE

AE Yoz ABE 7 PCR AAPEY MAE

ok

ZE7HEAE o R g3 #1489 #Ate] delg o]&ste 56-kDa N-PCR,
47-kDa Q-PCR, 16S rRNA C-PCR, 16S rRNA Q-PCRS Al#stlar zhzte] <k
2 81.1%, 74.3%, 87.8%, 91.9%% Ho] 16S rRNA Q-PCRo] 714 #& Wl
B (Figure 2). 474 #HAME S Wzk=e] gk vlus s =dnt A
Al s = 47-kDa Q-PCR¥} 56-kDa N-PCR2 9|8t x}o]& Holx] o
, 56-kDa N-PCRE.t} 16S rRNA C-PCR¥} 16S rRNA Q-PCRE <3t
LUL_‘:J} F= o1 (p=0.03, p=<0.01). 47-kDa Q-PCRX¥.t} 16S rRNA C-PCR¥}
16S rRNA Q-PCRE G9alA wmztwrb =9thp=<0.01, p=<0.01). %3 16S
rRNA Q-PCR< 16S rRNA C-PCR Bt} #98tA 7 =7F 3=¢tH(p=0.01).

i

¥, ol oY ox
Koo F“i

=
N

Figure 2. Sensitivities of 56-kDa N-PCR, 47-kDa Q-PCR, 16S rRNA C-PCR, 16S
rRNA Q-PCR in three groups : all patients, patients without previously antibiotics

W All patients (N=148) 1Without Antibiotics (N=112) BWith Antibiotics (N=36)

96 Qg
a2
26 88

a1 82

74 69

67 64
I I |

S6kDa M-PCR 47kDa Q-PCR 165 rRNA C-PCR 16s rRMNA Q-PCR

treatment, with previously antibiotics treatme
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2. YA Fo R Fo 7|7k WE ZF PCR ZAAMHY 97 %

B2

—|—‘

2 o] 7}

rlo

AL Fol B Asl PAAE Tl 0 @ zke] A}
Hol Ao WES dolngith & 14899 $4 F FAAE Fol WA e #x
A

1129S ooz APF 56-kDa N-PCRE 85.7%, 47-kDa Q-PCR< 82.1%,
16S rRNA C-PCR< 95.5% ¢ ¥44ES X33 16S rRNA Q-PCR 99.1%<]
UYAHES Ho] 16S rRNA Q-PCRo] 7Fd & wizteZE H Y tH(Figure 2). A4
£ Fo] We #xlo| = 7+ 66.7%, 50.0%, 63.9%, 69.4% o FAHES KB I
AAS Fo] W& Fxol = 16S rRNA Q-PCRe] 7Md & wzt:E wHY
(Figure 2). 3689 FAAE Fovt2 Zatel Al W A FAA Fof 7132 1Y
HFH 11972 trdatalar olo wet G E] AfolE Bl th(Figure 3).

Figure 3. Number of positive patients of 4 PCR methods according to days for
antibiotics treatment in 36 patients with previously antibiotics treatment

W165 RMNA C-PCR

B165 rRMA Q-PCR

sixp

12

8

§ 10

]

g

E 8

= m56kDa N-PCR
[=]

L. & 47kDa Q-PCR
5

o

=

E

=

=

[ 11

1 2 3 4 3 6 Fi 11

Days of antibiotic treatment
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3. A FFE 2 7+ PCR AAME Y 917 %

148% $xlo] galsty Halel A IS vgow FTEE 0,1,2,3% 4705
1 =

(o]
% 1%(mild group), =% 2,3

o FFete Hlusdlal, $5% 0,12 4 3 =z
% 1% (severe group)oE F IFO® o] Bt =F% 0,1,2,3 & 7}
7} 439, 637, 319, 1190]Ra A5 2152 106, T35 Ii2 4299)Anh

RE 14899 3AE i or FFeo WE 7 A FAAEY WItE Yo}
HO D AAPH BFoA F3rt SHdSE g EC HoAeE AAE Helou

56-kDa N-PCRZ Al €13k U x| 37kA] HAll A= 2|7} SASHE o= 2] 81~
= 9okt (p=0.04, p=0.55, p=0.33, and p=0.72)(Table 2). FAAE F &
& 11299 s ddom ek wet zF AAPEe FAHES dobd 23 9
| 527t Sepgtel et FdEC]l FokAE AHE B oy 56-kDa N-PCR<
Aelstar ymAl 37FA HAt M= SASHH R froleA= futt (p=0.03,
p=0.88, p=0.40, p=0.53)(Table 3).

>

Table 2. Positivity rates of 4 PCR methods according to severity grades in all 148
patients.

Severity 56-kDa 47-kDa 16S rRNA 16S rRNA
(Number of N-PCR Q-PCR C-PCR Q-PCR
patients)
0 90.7 721 83.7 90.7
(N=43)
1 73 714 85.7 90.5
(N=63)
2 774 774 93.5 93.5
(N=31)
3 100 90.0 100 100
(N=11)
P value 0.04 0.55 0.33 0.72

Note: N means number of patients according to each 4 severity grades in all 148 scrub typhus patients

_12_



Table 3. Positivity rates of 4 PCR methods according to severity grades in 112
patients without previously antibiotics treatment.

Severity 56-kDa 47-kDa 16S rRNA 16S rRNA
(Number N-PCR Q-PCR C-PCR Q-PCR
of
patients)
0 97.1 82.9 914 97.1
(N=35)
1 77.3 81.8 95.5 100
(N=44)
2 78.3 78.3 100 100
(N=23)
3 100 90.0 100 100
(N=10)
P value 0.03 0.88 0.40 0.53

Note: N means patients number according to each 4 severity grades in 112 scrub typhus patients
without antibiotics treatment previously

4. TTE, ¥HF 9759 WE 47-kDa Q-PCR¥I 16S rRNA
Q-PCRYA copy ¢ vl

#=27HEA Y St Al wek ZF Q-PCR AAMS] copy 7t S7Fsh=
A oRE Gtk A7 Q-PCRol|l WA= G35 wiAlsty] 91 FAAE
Fojukx] ero 1129W¢] S Ao &L, o]E F 16S rRNA Q-PCR¥}
47-kDa Q-PCRe] ZAlollA A 240 U FAES oz F55 47150
et Z17be] copy 79 HiS& ANOVA A4S Aldste] Hlawskgity. 16S rRNA
Q-PCROIA = copy 79| Hro] 255.0, 218.4, 446.8, 900.8 & 4WHA|e FH5=
N GAZE &S 4FE copyel Hitgkel S7Felal, 47-kDa Q-PCROIA &=
114.1, 113.2, 157.9, 314.7 ¢ ZA¥E WU} F 7HA AAF EFolA H3ke] F
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w7t SuESE copy 7o Hatol #FostA 57}6}034(1):0 03, p=0.04)(Table
4). T3 1129 9] FAAE FostA] ¥ FAES WP FFEE 4S5 (mild)
5% FS(severe) 1w F IFSE o]l HlwE] Hok=dHl 16S rRNA
Q-PCR¥% 47-kDa Q-PCR ©] HA}elA €] copy #9 Bis TRy BF 152
747} 234.4, 130.5 o= T5 ZwolAs A7 584.4, 24472 7 HAMY R
FAA TF 1F9 Hi copy F7F FYSHAl EeS & AJTHP=<0.01,
p=0.01)(Table 5). Z}zte] ofe7pA] S5 Wi 47-kDa Q-PCR ¥ 16S
rRNA Q-PCR®] copy & T-AAEL &3l vlusgitt. s> =4, dd, 171
s ol Al7le ol ool weh mlaskgith. 16S rRNA Q-PCR¥} 47-kDa
Q-PCR A #HAHel A= A5l F3A copy F7F H%tHp= <0.001, p=
<0.001)(Table 6). &3+ 47-kDa Q-PCR ¥} 16S rRNA Q-PCR9] copy ¢ &
A A ATete] FHHAE dolr ] fd doj s E FalEskEd
47-kDa Q-PCR #HA}=  WBC (white blood cell count), CRP (C-reactive
protein), albumin A%t F93 A#AAEZ HAa(p= <0.01, p= 0.01, p=
<0.01) 16S rRNA Q-PCR#HA}= WBC, creatinine, albumin oA <3k Ara3
AZE B¥p= 0.01, p= 0,01, p= <0.01)(Table 7).

Table 4. Mean of copy number in 16S rRNA Q-PCR and 47-kDa Q-PCR

according to severity grades divided into four levels.

16S rRNA Q-PCR 47-kDa  Q-PCR
Severity Patients Copy number Patients Copy number
Number Mean + SD Number Mean + SD
0 34 255.0 + 324.6 24 1141 £ 1594
1 44 2184 + 203.3 30 1132 £ 1245
2 23 446.8 +711.7 13 1579 £ 213.7
3 10 900.8 + 1247.1 7 3147 + 285.3
P value <0.01 0.04
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Table 5. . Mean of copy number in 16S rRNA Q-PCR and 47-kDa Q-PCR according
to severity grades divided into two levels.

16S rRNA Q-PCR 47-kDa Q-PCR
Severity Patients Copy number Patients Copy number
Number Mean + SD Number Mean = SD
Mild 78 2344 + 2619 65 130.5 + 128.3
Severe 33 5844 + 9114 28 2247 £ 2109
P value <0.01 0.01

Note. Patients number means positive patients of each PCR in patients without antibiotics treatment
previously.
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Table 6. Mean of copy number in 16S rRNA Q-PCR and 47-kDa Q-PCR according
to _complications.

16S rRNA Q-PCR 47-kDa Q-PCR
Patient Copy number  Patient Copy number
S Mean + SD S Mean + SD
Numbe Numb
r er
Hemorrha No 106 348.3 + 572.6 90 161.1 £ 164.6
ge
Yes 5 1299 + 101.6 3 91 + 23.6
P 0.39 0.47
value
Pneumoni No 99 269.5 + 4456 81 130.8 + 123.7
a
Yes 12 907.1 + 994.8 12 348 + 254
P <0.001 <0.001
value
Renal No 101 307.9 + 214.5 84 154 + 159.9
impairmen
t
Yes 10 647.1 £ 1119.9 9 204.5 + 188.7
P 0.07 0.46
value
Hepatic No 8 567.7 + 1642.1 7 182.4 + 235.3
injury
Yes 103 320.6 + 471.6 86 156.9 + 156.9
P 0.23 0.79
value

Note. Patients number means positive patients of each PCR according to complications whether yes or no
in patients without antibiotics treatment previously.
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Table 7. Correlation between laboratory findings and copy value of 47kDa Q-PCR
and 16S rRNA Q-PCR

47-kDa real time PCR 16s rRNA real-time PCR
Correlation P  value Correlation P  value
coefficient coefficient

WBC 0.35 < 0.01 0.27 0.01
Platelet -0.17 0.09 -0.02 0.82
CRP 0.29 0.01 0.19 0.05
Creatinine 0.17 0.11 0.23 0.01
Albumin -0.46 <0.01 -0.36 <0.01
Bilirubin 0.12 0.24 -0.01 0.93
APACHE 0.20 0.06 0.14 0.14

score
WBC : white blood cell, CRP : C-reactive protein

5. ZArE Yo mE PCR AAM A E9 vHn

FAAE FASA e 11299 DA 2FAA Fao] WS A ] )
Ast7] A=A o] 7)7ke] wE 16S rRNA Q-PCR¥} 47-kDa Q-PCR ] 44 &
ol W gkt 47-kDa Q-PCRS 24 w8 %7] 3doE FA4Eo] ythr} 494
Bl A Eol it 8ol 129744 100%9] e FHES Hol o]Fd=
CHAl G Eol AL, 165 rRNA Q-PCRe S4hdd 294el ks Al
Ba} ol A S4 ARE B HFigure 4).
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Figure 4. Positivity percentages of 47kDa real-time PCR and 16s rRNA real-time
PCR according to durations of symptom manifestation.
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AATHEAI Y] A& s flste] FREA AHRES(PCR) AARS] 4434
&gl gk ?3?7} & o] gk}, Sonthayanon 9] ATollA s 2A7FFAY k4t
o2 16s rRNA FH A& o] 83ko] Aledst PCR HAMIA 44.8%2 W74 %
99.7%2] EolxE W 113911, Watthanaworawit 5¢ Ao+ 50.0%¢ !
=2k 99.0%2] EO] £ HAUH6,7). B Aol AA 14899 FAE Yo
2 A3t 56-kDa N-PCR, 47-kDa Q-PCR, 16S rRNA C-PCR, 16S rRNA
Q-PCR oﬂ A 27y 81.1%, 74.3%, 87.8%, 91.9%2] MAEE Ho] ojdo F oI+
& WA EE HYth Nested PCRE conventional PCRel H|&}e] 100w

OI*JPJ %5% =S Holal real-time PCR2 241t ool AxE &g 5 9}
= ZHo] AN BE PCR AAMHS FAA Fo oo J3ds wevs v
T AN ZAEIPFAY gxpe] ke glo] FAYA| Fof

Aol 56-kDa N-PCR ¢ W#=7} 90.5% edl, A4S 3Y T3 o=

oY o

60.5%, 4Y St Aol 10%=2 WA E7F Aste] 227 AIH Y] IS ¢
A= ?Mxﬂ% Fojgk & 39 oo PCR 744?« Algysforsteiar 3k TH12).
2 AFoME FJAAE Fof w2 3xo FAAE 2] oko AR Lo

GAA Fojol mel ZF PCR FHAMH S 17 %e] ikol% Hlas] wgkeh FAAE
Fo] W ke 11299 Fato] 79 56-kDa N-PCR<E 85.7%, 47-kDa Q-PCR
© 82.1%, 16S rRNA C-PCR& 95.5%, 16S rRNA Q-PCR & 99.1% ¢ wz%=
2 B 53] 16S rRNA Q-PCRS 199 32 Alelsta 5% G4 EO]E
= AEE B oy FPAE Fof e FapoH e WEE AR 7F4s
th dAPAl Fo] 39 ool PCR #HAME A3 49 56-kDa N- PCR£ 90%,
47-kDa Q-PCRE 61.9%, 16S rRNA C-PCRe 76.2%, 16S rRNA Q-PCR<
81.0% o RAEE Hl=d A Fol 4U o|Fo HALE Al A4 742
40%, 33.3%, 46 3.3% & WE7F 73AsT 53] 4714 RE PCR A}
oA A Fo F 6 T BT 54 A9E 29 PCRE B¢
@S e = FAAA Algafor g8 BRI
WA S FoAstA e BEolA 16S rRNA Q-PCR
Agst wol = gAAE T34 ¢

w
l‘ﬁ

|

otk
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BEjel A HALE Ak o] FAAT FBAE FoAT o] Fo HALE Al
thH 16S rRNA Q-PCRo] t& PCR AALRT Hdke ¢ 83 Foz Hlt)
A E FolstAl & gk FollA 1789 27 16S rRNA Q-PCROIA 574
s Eoﬂ—?:tﬂ 16S rRNA Q-PCR¥9 crossing point (Cp) #& 4003 copy
= 200131tk gAte] FHEE AFEW WY 294 258 59 Aug Sl &
Astar W Y Bdo] Bl om 14 At vl Arlste] 4 3 A
sl HAGIth. PCR AAF A S74o] dgA] 2 do] HA ki T4
of ml-g- Amrlste] PCR #AlA f154S Kl o= Azbgi.

Q-PCRZ A% 4] 7bedttts AHS 7 Sle=dl, ©olE ol83te] 16S
rRNA Q-PCRelA copy 7} dH o S5=d wet Frlet=xE dotrr] 9fs)
FAAE FoAsA ¥ IuolA PCR HAIA FHozm Sxls whe $hate]

& g o
2

B>

o

copy & FAtete]l His itk 4S5 4 259 B copy TE 2344
olal T35 A 19 Bt copyTE 584.4% FSHA copyTUt SUHHE Ko

copy F7F S7tedEE Ag A8 A3dE Bd F UASE BT Copy 9
S7b7F dostH, AstebA AAb AN AudEArE A deotrkeEd 16S
rRNA Q-PCRolAM = WBC® creatinine®], 47-kDa Q-PCRelA = WBC¢ CRP7}
T SHA Fol FHAAE Hol olE AL FAVE &dtztel wEt ZF PCR AL

copy 7F €7FE BoFRlal, 7 A ZFOlA albumino] o8kl &9 A
HAE B albumin FX7}F “401*1011 utet = HAR] copy 7 SUMEE &
AAT. Lt & Aol 7H] B fol e copy FolM = A4
?l ZpolE HolA okt 04?011*1 604 ool |, 77t fle, WET T
7h @R vt w5 22 AE s dEilE abEeltal sigled old
JAAEH HEo] 2 AT A= real-time PCR AAME &3 Z2&7HFAIHO] A
HAE W copy TVt wETFE ZZVPFAEY] TITEE d5dE 7 des B

HoAqto A 16S rRNAE o] €3 real-time PCR & 56-kDa N-PCR, 47-kDa
Q-PCR, 16S rRNA C-PCR o H]glo] & WS Hol ZAIPEAo] oA
v BN 7] S fE o]l g A K& HAAHAS HoFEa, A4
Faleto] 42 copyTE S A F

=
G gl 9o §83 Ao Arw,
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