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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 used for routine diagnosis
of scrub typhus in CDC. The amplification product from real time SYBR Green
I-based quantitative PCR were further sequenced to differentiate various
serotypes of O. tsutsugamushi. For typhus fever and spotted fever, primer pairs
against conserved sequences in the groEL gene and 17 kDa gene, were designed
and were used to detect epidemic typhus, endemic typhus and spotted fever
infections. We have successfully detected a patient infected with Rickettsia africa
by using real-time PCR and nucleotide sequencing. 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 with Rickettsial infections.

Keywords:  Rickettsia, , Real-Time SYBR Green I-based PCR, scrub typhus,

endemic typhus, Q fever
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Blood Mini Kit (QIAGEN) ## B~2 % i A1 ik - L & RIL 5 1% X5 #
2 -aechds {4 T L E S DNA R & > £ S ek e 3
A PSP e Sy FeT L F R A b RS T e
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WP B RMPEST 1 04 BB b Rl P
(PBMC) #% #8710 PCR B IEF b » hif & ¥ T FHRA 4 - & =
AT & 95 # F %k 0|71 PCR #& 5% > 593 i%:é‘:f}% p 1-13 p 22 PBMC
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,{ﬁ:)ﬁa * 5o=X 48 groEL 313 ez AT R B:E 0 Ct = 38 pF » Detection
limit % 2.11copies/reaction.
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AR BRI ] o A3 E AT ¥ kTR PCR S 5 > & £ ksl
SHRELAF LG REERR LB AEAR TR 0 GG
RST-14F-6R #_i& J5 tsa-56kDa 7k F]1 5 7| %73k 3+ » RST-25F-26R R &_i& 35
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shock protein 2 17kDa 2 f5pa & 7Kt 2. X513 o 50 313 2

f1* SYBR Green ¥ * % & PCR = ;27 @ p|3|#73 s # % (Typhus fever
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% - ~ > 5=t % SYBR Green ¥ £ T PCR #71& * 2_ 313

Primer Nucleotide sequence Gene Specificity
RST-14F |CCATTT GGT GGT |Tsa 56 O. tsutsugamushi
ACA TTA GCT GCA
GGT
RST-6R TCACGATCAGCT |Tsa56 O. tsutsugamushi
ATA CTT ATA GGC A
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-FI AAAATG GTT GCT  |GroEL Rickettsia group
GAG CTT GAA AAT (TG, SFG)
CCTTT
RR-R2 ACTTTC AAACCA  |GroEL Rickettsia group
CCA CGT AAT CTA (TG, SFG)
TTG AC
RR-F8 GGC GGY GCATTA |17-kD Rickettsia group
CTT GGT TCT CAA (TG, SFG)
TTC GG
RR-R12 GTTTTC CSC CTA 17-kD Rickettsia group
TTACAACTGTTT (TG, SFG)
GAGT
OMP3 GAA GCG CAACAA |com-1l C. burnetii
(QF-3) GAA GAA CAC (Zhang, et. al)
OMP4 TTG GAAGTTATC  |com-1 C. burnetii
(QF-4) ACG CAGTTG (Zhang, et. al)
HF1 (QF-7) [TCC TAAACAAGT |conserved C. burnetii
GAT GGT CTCC region of C. (Zhang, et. al)
burnetii plasmids
HF2 (QF-8) [TTC GCA GAAAGT |conserved C. burnetii
CAG CTATCG region of C. (Zhang, et. al)
burnetii plasmids
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oI 2R MR- M HRIEAR L R mEHE
Q#Jp R Rk
Prototype RST-spe. TG/SFG-spe. QF-spe.
56kD, tsa |groEL groEL 17kD com-1 plasmid
RST- RST- RR- RR- OMP3- HFI-
14F-6R 25F-26R [F1-R2 F8-R12 |OMP-4 |HF2
RST |Gilliam 22 (78.95) |24 (78.45) - - - -
Karp 20 (78.85) |22 (80.05) - - - .
Kato 19 (80.45) {20 (79.95) - - - .
Kawasaki |30 (79.45) |27 (78.45) - - - -
Shimokoshi|32 (79.45) |31 (77.45) - - - -
Kuroki 35(79.95) |38 (78.35) - - - -
TG |Prowazekii - - 29 (78.95) |27 (81.45) - -
Typhi - - [22(78.45)|21 (80.95) - ;
SFG |Conorii - - 21 (78.45)|20 (80.95) - -
Japonica - - 22 (78.95)|20 (81.45) - -
Sibirica - - 20 (78.45) |18 (81.45) - -
QF |Phase I - - - - 17 (82.05) |17 (80.95)
Phase 11 - - - - 20 (81.95) (17 (80.95)
L929 - - - - - .
NTC - - - - - .
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%

S EAARFERB DR A ALY L R p R A R
Total : 593 PBMC ES ﬁ:@
2006 [ X edbd 1~13 days 70(+)/593
qPCR (11.8 %)
(28/12) 1~7 days 54(+)/421
(12.8%)
8~13 days 16(+)/172
(9.3%)
Sensitivity 1~13 days 57(+)/80
(71 %)
1~7 days 45(+)/60
(75%)
8~13 days 12(+)/20

(60%)
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Fow 1T R G R AR - 515 T R R A R A2

RAEP A

PBMC %%, |% B 7 B Q-PCR (17 kD) |Sequence
L940315 12 B 38 R. typhi
L.940394 8 L 41 R. typhi
L950281 8 L 41 R. typhi
L950939 8 %2 40 R. typhi
L951269 10 ey 37 R. typhi
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2T 1T B LSRG - 1S R B 4 R e 2 R

Byipes +

o Eaku (';f:[,ia p 95/04/22 ; # # p 95/05/05 ; 145 B )

Gene Length Name NCBI Blast Results

groEL 133bp | E950514 (Eschar) GeneBank R. africae

(F1R2) R. conorii 133/133 (100%) ; R. rickettsii 131/133 (98%) ;
R. japonica 132/133 (99% )

17kD 247bp | E950514 (Eschar) GeneBank R. africae

(F8R12) Sw950514 (Swab) R. conorii & R.rickettsii 242/243 (99% ) ;
R. japonica 239/243 (98% )

OompA 491bp | Sw950514 (Swab) R. africae 491/491 (100%) ;

(70F602R) R. conorii 477/494 (96% ) ; R. rickettsii 474/491 (96%) ;
R. japonica 461/491 (93%)

ompB 273bp | Sw950514’ (Swab) R. africae 273/273 (100% ) ;

(F22R25) R. conorii 270/273 (98% ) ; R. rickettsii 268/273 (98%) ;
R. japonica 266/273 (97% )

gltA 341bp

(877F1258R)

PC : R.japonica

NC:NTC
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Bl- ~2nZxBF%kZA~FHRPINER -

bl

Real-time PCR

Blood
Tissue v Eschar
\ PBMC /
v
Real-time PCR
primer set 1 primer set 2 primer set 3
(STG - spexific) (TG, SFG - specific) (Q Fever-specific)
« tsa56 (~233bp) « 17kD _ (304bp) * plasmid (183bp)
« groEL (171bp) « groEL (191bp) - com-1, 27kD (438bp)
« ompB (330bp)
« gltA  (382bp)
« ompA (533bp)
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W= > LARHZ M L TE PCR Rl &R R

Plasmid with groEL Gene-Karp

Amplification Flobs Standard Curva

L FAM ST RO e
Fam - 0+ BT - e

Fluoresenis (R
E § 8 £

oA B0 10 1850 B i bk A B A al g

U
=

1 FAM =371 T9E5
2 Fau Stendand 187375 851 1 00e+004 0995 =372 o495
ki Fau Standand 187375 e 1. 00e+003 0995 =374 o495
4 Fau Smadand 187375 3143 1. 00e+0002 0995 =324 o495
5 Fau Smadand 187375 361M 1.00e+001 0995 =324 Ta45
[ Fau Smndand 187375 301 1.00e+000 0995 =372 T9495
) PaM Smadand 187575 LRl 1 Onde-0011 0995 =372 T9495

Sensitivity: Ct=38, 2.11 copies/Rxn
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B = ~ O.tsutsugamushi = s.=x 48 R 3] FjiR 2 s 4 te 10 2 ik > 17 3l

3 @ RST-14F-6R #

Phylogenetic tree based on Tsab6 gene sequences of Orientia tsutsugamushi strains tested

\,4'7,

=~

56 kDatsa gene

(14F-6R frag. 160-208 bp)

83

Tt

76

96

84

80
Cluster 7

HL-7

(112 PBMC in 16 Clusters)

-2
Cluster 8

Kuroki
Gilliam

PCR AP P 2 B 2 Fit A48 %

HL-2
Tt-5
98 | HL-9
a4 Cluster 6
61 Cluster 4
|—| Cluster 3
99 'Karp
17 89 Cluster 2
Tt-1
55 Cluster 1
93 | Tt-3
37 HL-20
Cluster 9
100 Tt-4
50 I Cluster 5
19 Cluster 12
79 HL-1
] 100 ' Cluster 11
r Kawasaki
99 —— Cluster 10
— Cluster 13
75 HL-3
499|'|_Cluster 15
7 Kato
o 100 | HL-4
Cluster 16
e HL-5
35 HL-6
99 'Cluster 14 )
Shimokoshi
-
0.02
KM | TP | TPC|KH | KHC | TC | TCC|HC | HCC | TY | TN | PH | PT|LC | NT | CY | CH | HL | Total
26 1 2 2 6 1 1 1 3 1 1 1 46
Cluster 2 1 1
Cluster 3 1 1
Cluster 4 1 1
Cluster 5 1 2 3
Cluster 6 9 3 1 5 1 1 3 2 25
Cluster 7 1 1
Cluster 8 1 2 1 4
Cluster 9 1 1 2
Cluster 10 1 1 2
Cluster 11 1 1
Cluster 12 2 2
Cluster 13 1 1
Cluster 14 1 1
Cluster 15 3 3
Cluster 16 5 1 3 7 1 17
Total 45 7 4 9 19 3 1 1 1 3 1 1 5 1 5 2 2 1 111
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GroEL (133bp)

CATCTTACTATTTGAGAAAAAATTATCAAATTTACAACCGATGTTACCTATACTTGAGGCTGTAGTACAATCACAACGCCC
TCTATTAATTATTGCTGAGGATGTTGAGGGCGAAGCTCTTGCAACGCTTGTA

17kD (247bp)

TAAGGGCAAAGGACAGCTTGTTGGAGTAGGTGTAGGTGCATTACTTGGAGCAGTTCTTGGTGGACAAATCGGTGCAGGT
ATGGATGAACAGGATAGAAGACTTGCAGAGCTTACCTCACAGAAAGCTTTAGAAACAGCTCCTAGTGGTAGTAACGTAGA
ATGGCGTAATCCGGATAACGGCAATTACGGTTACGTAACACCTAATAAAACTTATAGAAATAGCACTGGTCAATATTGCC
GTGAATAC

ompA (491bp)
TTATTTCAAAAAGCAATACAACAAGGTCTTAAAGCCGCTTTATTCACCACCTCAACCGCAGCGATAATGCTGAGTAGTAG
CGGGGCACTCGGTGTTGCTGCAGGTGTTATTGCTACTAATAATAATGCAGCATTTAGTGATAATGTTGGCAATAATAATT
GGAATGAGATAACGGCTGCAGGGGTAGCTAATGGTAATCCTGCTGGCAGTCCTCAAAACAATTGGGCATTTACTTACGGT
GGTGATTATACTATCACTGCAGATGCAGCCGATCGTATTATTACGGCTATAAATGTTGCAGGTACTACTCCCGTAGGTCT
AAATATTGCTCAAAATACCGTTGTTGGTTCGATTATAACGGGAGGTAACTTGTTGCCTGTTACTATTACTGCCGGCAAAA
GCTTAACTTTAAACGGTAATAATGCTGTtGCTGCAAATCATGGTTTTGATGCTCCTGCCGATAATTATACAGGTTTAGGA
AATATAGCTTT

ompB (273bp)
CTGATACACATCAAAGTAAGAAAGGTGGTTTAGCTGGTTATAAAGCTAAAACCACCGGTGTCGTAATCGGTTTAGATACG
CTAGCTAACGATAACTTAATGATAGGTGCTGCTATTGGTATCACTAAAACTGATATAAAACACCAAGATTATAAGAAAGG
TGATAAAACCGACGTTAACGGTTTCTCATTCTCTCTATATGGTGCCCAGCAGCTTGTTAAGAACTTCTTTGCTCAAGGTA
GTGCAATATTTAGCTTAAACCAAGTGAAGAACA
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