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ABSTRACT

The laboratory of Vector-borne viral and Rickettsial diseases in the Center of
Research and Diagnostics is responsible for the laboratory diagnostics of various
reportable Rickettsial diseases in CDC Taiwan. Due to increased international
traffic exchanges and global warmer climate, the spread of vector-borne diseases
have expanded rapidly in whole world with increased intensity and severity.
Similarly, the tendency of these infectious diseases has increased in Taiwan in
recent years. Although molecular diagnosis based on polymerase chain reaction
(PCR) method had been developed for years, laboratory diagnosis of Rickettsial
infections was largely relied on serological assay detecting antibody serum
conversion between acute and convalescent phase serum samples. The main
obstacle in adopting PCR for routine laboratory diagnosis is that traditional PCR
method is less reliable due to sample contamination in the running process. In
addition, although assay sensitivity could be improved by using nested PCR
method, much longer time (usually more than 12 hours) was needed. In this study,
we reported the development of a real time SYBR Green I-based quantitative
PCR system that can be used to rapidly detect Rickettsial infections in
acute-phase blood samples. For scrub fever, two sets of O. tsutsugamushi-specific
primer pairs against conserved sequences in the 56kDa, type-specific antigen
gene and groEL gene were successfully designed and evaluated for clinical
diagnosis in a total of 180 acute phase serum samples. The amplification product
from real time SYBR Green I-based quantitative PCR can be further sequenced
to differentiate various serotypes of O. tsutsugamushi. For typhus fever, primer
pairs against conserved sequences in the groEL gene were successfully designed
to detect both epidemic and endemic typhus infections. The amplification product
from real time SYBR Green I-based quantitative PCR can then be sequenced to
differentiate epidemic or endemic typhus infection. In the future, real time

quantitative PCR will replace traditional Nested PCR method gradually and



become the new standard of molecular diagnostic method. This improvement will

have great impact on the clinical treatment of patients woth Rickettsial infections.

Key words: Rickettsia, , Real-Time SYBR Green I-based PCR, scrub typhus
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Stratagene Mx4000 PCR
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Applied Biosystems Inc., Foster City, CA) PCR

1~10 copies/reaction

Citrate synthase OmpA  OmpB  groEL

O. tsutsugamushi 56-kDa
type-specific antigen (tsa) 47-kDa groEL
SYBR Green (SYBR Green
Real-time PCR Reaction) QuantiTect SYBR Green PCR Kit
(QIAGEN) 25 ul 2x QuantiTect

SYBR Green PCR Master Mix RNase-free Water
10 ul DNA 50 ul SYBR Green PCR
50°C RT 30 PCR 95°C 15 45
94°C 15 55°C 30 72°C 20 77°C 30
(Melting curve
analysis) PCR 95°C, 1 68°C,

30 45 +0.5 /30 /
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3

SYBR Green

O. tsutsugamushi

RST-2F-3R RST-14F-6R

PCR

tsa-56kDa

RST-25F-26R groEL heat shock protein
RST-14F-6R  RST-25F-26R SYBR
Green PCR O. tsutsugamushi
(prototype) O. tsutsugamushi

RST-2F-3R RST-14F-6R

RST-18F-6R  Gilliam strain

Karp strain
SYBR Green PCR
(PBMC) Bufty coat
Green PCR
4 PCR
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PCR 2 buffy coat

PBMC PCR
SYBR Green PCR PBMC
180 PBMC
PCR RST-14F-6R
18.3% (33/180) RST-25F-26R
24.4% (44/180) RST-25F-26R RST-14F-6R
PCR RST-14F-6R PCR
217-260 bp
165-208 bp tsa 56-kDa gene variable
domain I (VDI) O. tsutsugamushi serotype
serotype prototype
PCR tsa
56-kDa RST-25F-26R
PCR 171 bp
111 bp groEL gene 0.

tsutsugamushi serotype
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6 SYBR Green PCR

RR-FI1-R2
RR-F4-R5 groEL heat shock protein
RR-FI-R2 RR-F4-R5 SYBR Green PCR
Rickettsia prowazekii  R. typhi
7 SYBR Green PCR
14 RR-F1-R2  RR-F4-R5
PCR PCR PCR

R. typhi
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IFA

PCR
PCR
Nested PCR
PCR
RST-2F-3R RST-14F-6R
tsa-56kDa RST-25F-26R groEL heat shock
protein 0.
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tsutsugamushi O. tsutsugamushi

PCR
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(Spotted fever group)

PCR
SYBR Green I DNA
DNA Ethidium Bromide SYBR Green I
DNA DNA 1000
PCR (Real-time quantitative PCR)
SYBR Green | DNA PCR
(Non-target) DNA primer-dimer
primer-dimer
DNA
(Melting curve analysis) PCR

SYBR Green |
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SYBR Green PCR

Primer Nucleotide sequence Gene Specificity

RST-2F TGG CGT AGAATC  |Tsa 56-kDa O. tsutsugamushi
TACTCG CTT GGAT

RST-3R ACCTGC AGCTAA |Tsa 56 O. tsutsugamushi
TGT ACC ACC AAA
TGG

RST-6R TCACGATCAGCT |Tsa 56 O. tsutsugamushi
ATA CTT ATA GGC A

RST-14F |CCATTT GGT GGT  |Tsa 56 O. tsutsugamushi
ACA TTA GCT GCA
GGT

RST-16F |CTG CTCAGGTTG |Tsa 56 O. tsutsugamushi
AAG AAG GTA AAG Karp-specific
TTA

RST-18F |GCG CTGAGGTTG |Tsa 56 O. tsutsugamushi
AAG TAG GTA AAG Gilliam-specific
GC

RST-24F |ACT GGC TCT GAT |Tsa 56 O. tsutsugamushi
GCT GAT ATT AGA Kato-specific
TCT GGT
G

RST-25R  |CAA GGT TAT CAC |Tsa 56 O. tsutsugamushi
CCA GGT GAT TAG Kato-specific
CTC CTC

RST-25F |CTT TGC AAC GAA |GroEL O. tsutsugamushi
TCG TGA AAA GAT
GAT TAC

RST-26R  |GTAAGA GCTTCT  |GroEL O. tsutsugamushi
CCGTCTACATCA
TCA GCA

RR-F1 AAAATG GTT GCT  |GroEL Rickettsia group
GAG CTT GAA AAT (TG, SFG)
CCTTT

RR-F2 ACTTTC AAACCA |GroEL Rickettsia group
CCA CGT AAT CTA (TG, SFG)
TTG AC
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RR-F4 AAG CAATGATGG |GroEL Rickettsia group
AAGATATTG CTA (TG, SFG)
TCCT

RR-F5 ACT CTATCCTCA GroEL Rickettsia group
ATATTT TTC TTA (TG, SFG)

TCA CCG
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Rickettsia strain Primer set
RST-14F-6R |RST-25F-26R |RR-F1-R2 |RR-F4-R5
(=233 bp) |(171 bp) (191 bp) |(181 bp)
O. tsutsugamushi +(22) +(23) - -
Gilliam prototype
O. tsutsugamushi +(22) +(22) - -
Karp prototype
O. tsutsugamushi + (24) + (25) - -
Kato prototype
O. tsutsugamushi +(32) +(33) - -
Kawasaki prototype
O. tsutsugamushi +(34) +(34) - -
Shimokoshi prototype
O. tsutsugamushi + (36) +(38) - -
Kuroki prototype
R. prowazakii - - +(30) + (30)
R. typhi (serum) - - + (43) + (38)
L 929 - - - -
NTC - - - -
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RST-2F-3R RST-14F-6R
NIPM-1 +(13) +(15)
82163/P1 +(17) +(17)
82164 + (15) + (14)
82150 + (15) + (15)
82196 + (14) + (13)
82210 +(17) +(17)
HL-1 +(16) + (16)
HL-2 +(21) +(19)
HL-3 +(16) +(17)
TT-1 +(17) +(17)
TT-2 +(21) +(21)
TT-3 +(19) +(16)
Taiwan B +(17) +(16)
1929 - -

NTC
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RST-14F-6R |RST-18F-6R |RST-16F-6R |RST-24F-25R
Gilliam +(21) +(20) - -
Karp +(18) - +(14) -
Kato +(27) - - +(26)
L 929 - - - -

NTC
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RST 14F-6R (ST-specif]

IFA
Serum 920014A ST(+); A-B+ 38(+)
920073A ST(+); A-B+ 37(+)
920368A ST(+); A-B+ No Ct
920391A ST(+); A-B+ No Ct
920399A ST(+); A-B+ No Ct
920148A ST(+); A-B+ No Ct
920468A ST(+); A-B+ 35(+)
920645A ST(+); A-B+ No Ct
920797A ST(+); A-B+ No Ct
930095A ST(+); A+ 38(+)
930130A ST(+); A-B+ No Ct
930045A ST(+); A-B+ No Ct
W93009 (930085AST(-) No Ct
Lymphocyte [L92005 (920797A|ST(+); A-B+ 30(+)
L.93013 (930095A]ST(+); A+ 31(+)
193020 (930130A]ST(+); A-B+ 31(+)
193012 (930089A]ST(+) 37(+)
£93017 (930110A)ST(-); TF(-);QF(-) No Ct
193034 (930195A]ST(-); TF(-);QF(-) No Ct
Buffy coat  |B93008 (930091A[ST(+); A+ No Ct
B93008’ (930091 AST(+); A+ No Ct
B93013 (930110A%ST(-); TF(-);QF(-) No Ct
NTC No Ct
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SYBR Green

PCR PBMC

PBMC Real-time PCR
RST-14F6R (56kD) |RST-25F26R (groEL
L 93003 12 (34) 79.95 (42) 79.45
L 93013 1 (31) 79.95 (39) 78.45
L 93015 4 (35) 78.95 (41) 79.95
L 93020 6 (31) 79.95 (41) 78.55
L 93029 1 (-) (42) 78.95
L 93052 5 (42) 79.95 (42) 79.45
L 93057 4 (38) 79.95 (42) 79.95
L 93058 5 (36) 78.95 (42) 79.95
L 93064 1 (35) 79.95 (43) 79.85
L 93066 1 (36) 78.95 (38) 79.95
L 93067 3 (-) (42) 80.05
L 93069 1 (37) 79.95 (41) 79.85
L 93072 3 ) (42) 79.85
L 93076 7 (34) 79.95 (43) 80.05
L 93079 8 (35) 79.95 (38) 79.85
L 93083 4 (35) 79.95 (39) 79.35
L 93084 3 (41) 79.95 (39) 80.05
L 93085 3 (37) 79.95 (41) 79.85
L 93088 1 (37) 80.45 (42) 79.85
L 93093 4 (35) 79.95 (41) 79.35
L 93094 14 (34) 79.85 (39) 79.85
L 93095 5 (34) 79.95 (39) 79.45
L 93101 5 (-) (37) 79.85
L 93103 1 (34) 79.95 (42) 79.95
L 93104 6 (37) 79.35 (37) 79.45,79.95
L 93105 3 (35) 79.95 (42) 79.45
L 93107 2 ) (38) 79.85
L 93112 4 ) (34) 79.45
L 93113 4 (38) 79.85 (41) 79.45,79.95
L 93118 4 (38) 79.95 (41) 79.95
L 93124 3 (35) 79.95 (38) 79.75
L 93128 1 () (42) 79.45
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L 93129 6 (34) 79.35 (39) 79.45
L 93131 22 ) (42) 79.85
L 93134 5 (37) 79.95 (40) 79.95
L 93142 8 (34) 79.95 (42) 79.95
L 93144 13 (36) 79.85 (43) 79.95
L 93147 3 (31) 79.95 (34) 79.95
L 93156 1 (39) 79.25 (38) 79.85
L 93158 3 (35) 79.45 (38) 79.95
L 93162 4 () (42) 78.45
L 93170 6 () (42) 79.95
L 93172 11 (32) 79.95 (35) 79.85
L 93173 6 () (42) 79.85
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IFA PCR Sequence
R. prowazakiR. typhi
920666A1 320 320 + R. typhi
920666B10. >640 >640 nd
930158A6 320 160 + R. typhi
930158B16 2560 1280 nd
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PCR

(1-50)

Gilliam  CGAATTTGAAAATCCTTATATTTTGCTGTTGGATCAGAAAGTATCTACAG
Karp - A-mmmm - G-————————-
Kato | e L A-mmmm - G- -
Kawasakl -------—-—-—-—mmmmmm G--—-—————-
193013 W ——-—mm o e
193085 W ——-—mm e Ammmm - e
193088 W ——-——mmmm e Ammmm - e
193105 @ ——-—mm o e
(51-100)

Gilliam  TACAACCGCTTGTTCCTGTTCTTGAGGCAGTTGCACATACTGGCAAACCG
Karp T6—6—A—G--------G-----A—T-----T—L-=====--G--A
Kato 6—6—A—G--------G-----A—T--—--T—C------—--G--A
Kawasaki T---G—A----- Cmmm - T A
L93013 T---G—A----- Commmmm - T - A

193085  TG—G—A—G--------G-==-A—T=----T—Cmmmm===G--A
193088  TG—G—A—G--------G-=--A—T=----T—C-mmm===G--A

L93105 T6—G—A-—-———————- [C— A—Te—eem T oo e G--A
(101-111)

Gilliam  TTAGTATTAAT

Karp ~ -—---—--- G--

Kato  -------- G--

Kawasaki -----------

L93013 W —————m————-

L93085  ---——--- G--

L93088  ----——--- G--

L93105 W -—--——-- G--
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