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Rapid Identification of Rickettsiae using the Real-Time PCR
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In this study, new real-time PCR method based on the groEL gene was developed and investigated. Four spotted
fever group (SFG) strains, four typhus group (TG) strains, and four scrub typhus group (STG) strains were easily
differentiated as a distinct entity. This PCR assay was applied to detect Rickettsia DNA from 100 ticks. Twelve
Haemaphysalis longicornis ticks were found positive and identified as spotted fever group Rickettsia. This real-time
PCR method could simultaneously perform the rapid identification of rickettsiae and the differential diagnosis of SFG,

TG, and STG in a single reaction.
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A Al 7HA] o2 Yol X =1, epidemic typus (HRIE]
¢ © 7] R. prowazekii, murine typus (LK E)E
Ao 7)= R. typhi7} EEF typhus group (TG), <F 20712
o] Z3HE spotted fever group (SFG), FF7HFAIH S
2 © 7]i= Orientia tsutsugamushi”} ¥ scrub typhus
group (STG)®]t} (10). Rickettsiai= ©] (louse), W5, F=7]
(mite, tlck) 59 AXF= (arthropod)ol| 4] 2ar It AL
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2k 23%E ?]'7\]3}5—’ ATH (14), SEygel M= 1

Ae Bl o), S-Evel doA wAEa gle
94} 114 Atelo] ol TAstaL vk 53], -2t
7HEel B Sk Ake] 27.7~51%7F FHFIHFAI O R
Ak v w2 A s vk (1.4,15).
SkA}ol| Al A spotted fever group?] R. japonica”} &2 H 2
24 sl DR QId o 2] Ao} Agto] -
ot = Q1S 7ol = (2).

FHIHFAIE Y] 5442 typhus group¥}t spotted fever
groupS X351 Rickettsia &0l 93 gAIA| o}
w4 FrAbsl A o m hEs = vl FET (1,10).
w}2}A] Rickettsia £} O. tsutsugamushl«] 2 R

o] mj-g- FQsHAT 7P @ol| 2ol WA FFAY
(immunofluorescence assay; IFA), W g4 H %‘o g8t
A ek b vlelgfobete] wapghgow g4 ke
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o] ol Rickettsia 753} O. tsutsugamushiE 7HHE et
I $1tk (9,10,13).
H A&} 52 groEL A} Q71D S o]8ste] 7
EHY s B 7 e AEE s N
Il =t (5), GroEL T2 chaperone S 24 HE A
|4 BEzwo] lan, A F vt E|ole] Aol A 2
231 Rickettsia 7 75¢] X3 2 vEFstar At ().
B Aol A= groEL At i o] ol 714

FN

mE

2

9S8 EYE, AgErt Ea 3 HL] 2150 2 Rickettsia
ol Al 7HA #, &, TG, SFG, FF7HFAIH S dov|=

STGS 543t T2 4 3+ realtime PCRHS 7l
33T

HE gy

1. #%F L chromosomal DNA £2]

E Ao A= Rickettsia 87 &= (R. sibirica 246, R.
conorii Indian Tick Typhus, R. japonica YH, R. akari MK, R.
typhi Wilmington, R. typhi 87~91, R. typhi 87~100, R. pro-
wazekii Brienl), O. tsutsugamushi 47} w5~ (O. tsutsugamushi
Karp, O. tsutsugamushi Kato, O. tsutsugamushi Gilliam, O.
tsutsugamushi Boryong) S AFH&-3F2A T} (Table 1).

A o] #FE] S Al L929 (ATCC CCL-1)A]
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Earl's minimum essential medium (EMEM: Gibco BRL, Life
Technologies Ltd., Paisley, Scotland) WA 2 37°C, 5% CO,
Z73k) A wlgstlTh L929 AETF 0% HE 2SS
o, SEG¢ TG w552 #i& H7kste] 1A13F &<t 3
AR & deiS A7SkAL 4% FBS7E #+irE EMEM
A4S F7kste] SFG #5523 32T, TG #5752 35T
oA 5% CO, 27stell A Wl Fa3ith STGE 1929 cell
monolayer®l] ZAAIZ T, 1% glucose®} 2 mM L-glutamine
o] 8% Dulbecco modified Eagle's minial essential medium
(Gibco BRL) HIA| & 35C, 5% CO, Z7Aa}el|l A w43l
o 3~4<d vtk wjA S ol 1 10~1443E kst
of Al3E2] 70~90% A=7F AdE S FRlsiS
AEE gste] 70Tl Bagsto] ARE-sF3IL.

3l F59] ofaloll A 100709 Haemaphysalis 71=7]
= AT 100709] tick 5 8970+ H. longicornis®, 3
0= H. flavaZ, 12|31 873 Haemaphysalis sp.= &%
Ak olH et ticke] T4 (midgut)S 100 ple] PBS
(phosphate-buffered saline; pH 7.4)% F--+A] % th. DNAT
High Pure PCR Template Preparation kit (Roche Diagnostics
Co., Indianapolis, IN, USA) S A}-&-5Fo] H-2]31iT)

2. Real—time PCR

Rickettsia®} O. tsutsugamushi 52| groEL 7%=}

XE 10% FElo}dA (fetal bovine serum; FBS)©] X% A7 ES HAR, real-ime PCRE primer [SFI (5-
Table 1. Rickettsial strains used in this study
Spocics Strain Source G le (()) gﬁgﬁi c (Co(l)lzic %gn)a GenBank Acession No.
groEL

O. tsutsuga mushi ~ Karp Human New Guinea ~ ATCC VR-150 M31887
Kato Human Japan ATCC VR-609 AY 191586
Gilliam Human Burma NIH, Korea AY'191585
Boryong Human Korea NIH, Korea AY059015

R. typhi Wilmington Human USA ATCC VR-148 AY191590

R. typhi 87~91 Blood (human) Korea AY'191591

R .typhi 87~100 Blood (human) Korea

R. prowazekii Breinl Human Poland ATCC VR-142 Y15783

R. akari MK Blood (human) USA ATCC VR-148 AY059013

R. japonica YH Blood (human) Japan ATCC VR-1363 AF432181

R. conori Indian Tick Typhus ~ Rhipiceohaluss anguineus  India ATCC VR-597 AY 059012

R. sibirica 246 Dermacentor nuttalli Russia ATCC VR-151 AY059014

* ATCC; American type culture collection, Manassas, VA, USA, NIH; National Institute of Health, Korea
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Table 2. Real-time PCR condition

Program Name Cycles  Analysis Mode Target [C] Hold [h:m:s] Ramp Rate [C/s]  Acquisition Mode
Pre-incubation 1 None 95 00:10:00 20 None

95 00:00:10 20 None
Amplification 40 Quantification 56 00:00:05 20 None

72 00:00:20 20 Single

95 00:00:00 20 None
Melting curve analysis 1 Melting curves 65 00:00:15 20 None

95 00:00:00 0.1 Continuous
Cooling 1 None 40 00:00:30 20 None

GATAGAAGAAAAGCAATGATG-3' positions 938 to 958 in
the R. rickettsiiR numbering), SR2 (5'-CAGCTATTTGAG-
ATTTAATTTG-3' positions 1154 to 1133), TF1 (5'-ATATAT-
CACAGTACTTTGCAAC-3' positions 687 to 707) and TR2
(5'-GTTCCTAACTTAGATGTATCAT-3' positions 1047 to
1029)]12 a1ekalsiot

Z} primer 0.5 uMZ} template DNA 50 ng, 10 X LightCycler
FastStart DNA Master SYBR green I kit (Roche Diagnostics
GmbH, Mannheim, Germany) 2 pl, 4 mM MgCLE 4o <&
= final volume 20 plE % $, first deanturation
95C 10+, 40 cycles® denaturation 95°C 10%, annealing
56°C 5%, extension 72°C 20% = LightCycler system (Roche
Diagnostics)2 ©]-8-3F] 533t ¥ melting curve analysis&
3Y3}3IT} (Table 2). Melting curve analysisi= LightCycler
Data Analysis soft ware version 4.0 (Roche Diagnostics)2 A}

|33t
3. Real—time PCR2| sensitivity 58

Real-time PCR9] sensitivity =748 915+ S| = A
2+ el A R. typhi Wilmington 7+ groEL 4%} DNA
= B Ao 3198 primer OF [5-GTTGAAGTT-
AGTTAAAGG-3'12} OR [5-TTTTTCTTTTATCATAATC-3']
& olg3to] FE33IT) (5). 2t primer 20 pmolZ ST,
T3 DNA 50 ngS 4]¢] final volume 20 plS & H,
PCR mixture tube (AccuPower PCR PreMix, Bioneer, Daejeon,
Korea)ol] 4101, first denaturation 94°C 5%, 30 cycleZ den-
aturation 94C 30, annealing 44°C 452, extension 72°C 45
2%, final extension 72C 5%0 2 &AM (Perkin-

Elmer Cetus, Model 9600 Thermocycler, Norwalk, CT, USA)

FaskeTE ArtE o)X FRIE AN A= 20
A 1.5% agarose geldll 100V 258 7 7]3 538k
ethidium bromide® 443+ 3 QIAEX II Gel Extraction Kit
(QIAGEN, Hilden, Germany)& ©]-8-5}] $%&3}31t}. DNA
20 ng¥} pGEM-T WE = 42°Coll A 587+ vkeA171 7 1
pl®] T4 DNA ligaseS 771t 16TCllA] 18A13F F<2F
WS- A Z T} Ligation 345 CaCl, WHO R U)X+t
XL1-blue®ll transformationd}3Z, 50 pl/ml2] ampicillin®]

4% Luria-Bertini 3 3] =] o] S

o

Tk F 37CeA 16A13E
&2t vl FstaL, ampicillinell dsl] W/do] &= &S Al
FAste] STk =E £l el Eohar =
260 nmollA12] optical densitys S743t3, SAHE F=
(ng/ul)Z single plasmid molecule (M) X 6.02 X 107 (S}1.
JIER o2 Use ko] 1 uld copy Folt) ALk
copy = 100 A8 s3It 10°~10"2] Zefam] =
SYBR Green I& ©]-8-%F real-time PCRY} 5 A3t 227102
<2319 31, LightCycler Data Analysis soft ware version 4.0

2 Abgste] BAHI:
z

1. groFl {U™XIE BEEOZ 5= real-time PCRE 0|

235t rickettsiae?l =

groEL -4 A2 vle o & SYBR Green 1S ©]-&3) real-
time PCRS 233t & melting curve analysisE &35}
#79 Tm #Ho2 #F5 A4S SFG #F R
japonica, R. conorii, R. akari, R. sibirica®] Tm #- Z+2}
78.14°C, 78.17C, 78.17°C, 78.19C7} Yk, TG ¥ R.
typhi, R. typhi 87~91, R. typhi 87~100, R. prowazekii®] Tm
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Figure 1. Amplification of groEL DNA from rickettsial strains using the real-time PCR. Lanes;

—e——— SFG (R. japonica, R.

conorii, R. sibirica, R. akari), —e—e—: TG (R. typhi, R. typhi 87~91, R. typhi 87~100, R. prowazekii), —a——-a— STG (O.
tsutsugamushi Karp, O. tsutsugamushi Kato, O. tsutsugamushi Boryong, O. tsutsugamushi Gilliam), —s—-s— :DW

Melting Peaks
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Figure 2. Amplification of groEL DNA from rickettsial strains and tick DNA using the real-time PCR. Lanes;

B0 82 84 &5 88 80 92 94

—eo—o :SFG (R

japonica, R. conorii, R. sibirica, R. akari), —e——e— TG (R. typhi, R. typhi 87~91, R. typhi 87~100, R. prowazekii), —&——=a— :

STG (O. tsutsugamushi Karp, O. tsutsugamushi Kato, O. tsutsugamushi Boryong, O. tsutsugamushi Gilliam),

22,28, 33,36, 48, 52, 55, 61, 65, 68, 77, 92) ———— :DW

kol 242t 76.83°C, 76.95°C, 76.88°C, 76.92°C7} Lhgkom,
STG =% O. tsutsugamushi Karp} O. tsutsugamushi Kato
7} Z+7}+ 84.28°C, 84.35C, O. tsutsugamushi Boryong¥} O.
tsutsugamushi Gilliam®] 27+ 82.09°C, 82.18 C7} vhgkth
SFG % Tm %] HF7} 78.14~78.18Co|aL TG o
FE Tm 79 HW57) 76.83~76.95C0] 1L, STG w52
Tm k2] M7} 82.09~84.35CE A “15% (SFG, TG, STG)
°] melting peak”7} clusterE F/dste] & =il Sk
(Fig. 1).

7 2% =z #5537 100702 I =7] DNAE g

7 real-time PCR& 283+ & Tm calling 4] o]-83}

: tick (Tick no.

o] TAsAY. L A3} tick no. (22, 28, 33, 36, 48, 52, 55,
61, 65, 68, 77, 92)2] Tm %k (78.14~78.58C)°] SFG =
T Tm 7k (78.14~78.18°C)3} H]<=8HA Lbskt} (Fig.
2). ©] % 47§9] X =7] DNA [tick no. (22, 36, 48, 77)]7}
olxde] AgolA SFGE FA AU (6). =, real-time
PCRE ©]-8&3}] Rickettsia®} O. tsutsugamushi<}e] 7+
B olUd} Rickettsia®] F 1% SFGY TG 1E% {4

T2 AJh
2. Real—time PCR2Q| sensitivity &3

R. typhi Wilmington®] copy 5 108] Alts]Alst <
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Figure 3. The sensitivity of real-time PCR using the R. typhi plasmid. Lanes; (A) R. typhi 10°, (B) R. typhi 10°, (C) R. typhi 10%, (D) R.
typhi 10°, (E) R. typhi 10°, (F) R. typhi 10", (G) R. typhi 1, (H) Negative control.

real-time PCR—% =8h 3t
=35

copy/W7HA| A& 4

2ok (Fig. 3).

Az}, 1x10° copy/uli-E 1x10°

AR ST FEEH A

a &
Rickettsia 2 22} Eﬂl"i‘%% Wei-Felix test, IFA, Western
blots} 7+ e w wom Q). ey @
7} oA AL 9jdA vk
o] & OMFJr Rickettsia HH‘*O] oJHaL HARAIZE]
2] wdo] Atk (9,10,13).
Beksl7] 9]8te] PCRE ©]§3F Zho]
@o] o]-g% 1 Ut} Rickettsia ¥-7oll 71 @ol Ag-s}
aL RA5= 16S IRNA 714 ES ol-&ah= W2 d71Md
o] VT fAlel, 7T TR S e FF ) T
o= X g3sA] ¢kol citrate synthase (gltA)2} rOmpA (ompA)
coding gene®| 71X ES o] &dh= WHES ol AME
St A} (3,10,14). SHAIRE, ompA gene?] 971 ES o]
ok e B0 o} s, Y 7E R aa,
R. australis, R. helvetica, R. bellii, R. canada, R. typhi, R
prowazekii)ol A= AFEE 9= $lo] (3,10,12), gltAS} ompA
AR H7IAES BT ARSEloF dte ARGl
UATH
2 A3l A realtime PCRS| %4 S = groEL 32
A8k o= groEL A= STG #oll%= EAlsl TG

o} SFG| rickettsia 752 & FEE I 9L, groEL
FAA GINMLE o] &AM rickettsia TFES TR
T 371wl (5).

19973 real-time PCRI| melting curve analysis”} #]-2-2.

2 EYHA 1 Qe vE pCR F717) B F
L2 HHE] & FEAE F 7lEe] DNA (double-
stranded DNA; dsDNA) 53 Hz0] 3l 7152] DNA (single-
stranded DNA; ssDNA)Z HAE™A AFA 57} AR A
91, PFAE7} o FolmlE LEE melting £5
2 HE Zoltk (11). o] &AL FolAQl FFHAES
primer-dimert} T2 H] o]l 3
of F1% = 9lon, DNAS| @ d7¥istE A=
T o] vAEe A F-&3}) (7). Real-time PCR-
71E2] PCR ol v]s) PCR A
53 A S s &
(closed-tube system)a}oll A A] 3}
S =Y F AUrk =3I RIPET) Fo Al
glo] Aot wjg 7]t 3
Azol 0134 BT A=

o
°
>
N
N
o
=
it
v

—1>
30,
[o
g
S,
__\.é
i
M
1

& real-time PCRY S ©]-&

© 2 SYBR Green 2 ©]&-3} real-time PCRS 2 &3t &,
et #5543 A7, SFG
TFE Tm #ke] B57) 78.14~78.58ColaL TG o5

Tm %] W57} 76.83~76.95°C0) AL, STG 52 Tm %k

melting curve analysisE
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o] 7} 82.09~84.35CE Al 13 (SFG, TG, STG)°| A1
= melting peak”} clusters B/dste] & 2w Al STt
T3 R typhi] plasmid copy 575 108 Altts]A] $- real-
time PCRS T3 A}, 1 copyZHA] HE38te] W
AT

M2 real-time PCRHES E3to] $-gv}
5 7P BE A3k 9 shl FHHEAE A e
2] ARl A I RS 4 S Wk ofyE,
TG, SFGE A 728 + 9o A= st =
SFGE fA kst 4= glowe} AlsHrh
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