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» Hanaoka et al (R. japonica Realtime PCR, R. heilongjiangensis, Emerg Infect Dis 15:1994-7, 2009)
* Conventional PCR (Rickettsiaspp 17k Da, gitA, H20F A EEEERHES, R japonical7k DaFuruyaetal, )

e Conventional PCR (O. tsutsugamushi TSA, Furuyaetal: J Clin Microbiol (1991) 29:2628-, (1993) 31 1637-
& Satoh H et al: Med Entomol.Zool (2014) 65:183-)

1. BRIy FTPEDZSHRE 5. 8 ARBRERE(O. tsutsugamushi, R. africae,

(R. japonica, R. heilongjiangensis, R. tamurae, R. conorii, R. australis, Cand. R. indica etc)

R. helvetica etc) 6. 4 IR BEIE D BRI
2. BARKIBZAFEAOILK 7. T (MBEZEOAER., SLE S, B

3. BARIMEAEODOONRFORESHD fMib--+)
BV (=EGRIZITE R EE)
4. DO HEJFOrientiad) k1% (FR{E6E!)

* Kawamori et al (SFG and Scrub typhus Realtime PCR, H26 % 1%)
‘ <Primer 148 +Probe 2%& (for $I AR v F 7, for DO RFI T VYFT) >



PCR flow

1. Realtime PCR (universal and/or specific), and/or LAMP

2. Conventional PCR (specific and/or universal)

The 1 target for Rickettsia spp: 17k Da antigen, citrate synthase ( gftA )

for Scrub typhus: TSA (56 k Da) and/or 47 k Da

3. Sequencing
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Abstract

Tsutsugamushi disease (TD) and Japanese spotted fever (JSF) are known as representative ricketisioses in Japan, and caused by infection
with Orientia tsutsugamushi and Ricketisia japonica, respectively. For molecular-based diagnosis, conventional PCRs which independently
amplify respective rickettsial DNAs are usually used, but it's time-consuming. Here, we describe a new duplex real-time PCR assay for
simultanecus detection of O. tsuisugamushi and spotied fever group ricketisiae, and evaluated under several PCR conditions in & public
health laboratories. The detection limit of the assay was estimated 102 copies and the sensitivity was almost same as that of 3 conventional
PCRs. Total of 317 febrile patients were selected as clinically suspected or confirmed cases for rickettsioses. The detection efficiency of this
assay for O. tsutsugamushi from specimens of blood or skin (eschar) seems to be aimost same as that of conventional nested PCR even in
different laboratory tests, while the efficiency for SFG rickettsiae tends to be higher than that of 2 traditional double PCRs. Our duplex real-
time PCR is a powerful tool for rapid diagnosis of ricketisioses, especially at the acute stage of infection
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Specificity of Ot-Rj-duplex real-time PCR in Rickettsiales bacteria

O. tsutsugamushi Gilliam

I rrie/Kawasaki
I Hirano/Kuroki
I shimokoshi
I sp-2: sato Gilliam)
Y JG: Kasei (Karp)
R. japonica YH

FT

R. heilongjiangensis CH8-1

R. asiatica 10-1

Ag@

R. helvetica

R. honei TT-118

Sheila Smith
246

R. tamurae AT-1
e

Rickettsia sp. LON LON-2
R. monacensis
(formaly In-56) IN-1

brein1
Wilmington
FLA2
]
Anaplasma phagocytophilum JzVA
Arkansas
AS1457
HFS565

\}
I 05 &6\’%"

Source

Human
Human
Human
Human
Human
Human
Human
Apodemus speciosus

Human

Human

Haemaphysalis concinna
Ixodes ovatus

Ixodes ovatus

Human

Ixodes persulcatus

Ixodes columnae

Ixodes sp.

Human

Human

Amblyomma testudinarium
Haemaphysalis megaspinosa

Haemaphysalis longicornis

Ixodes nipponensis

Human
Human
Haemaphysalis flava

Human

Human
Eothenomys kageus
Ixodes ovatus

Ot-Rj-duplex real-time PCR

Ot-FAM

)

Ot-FAM positive
Ot-FAM positive
Ot-FAM positive
Ot-FAM positive
Ot-FAM positive
Ot-FAM positive
Ot-FAM positive

\_ Ot-FAM positive /

Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative

Negative

Negative
Negative
Negative

Negative
Negative
Negative
Negative

Rj-VIC

Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Rj-VIC positive
Rj-VIC positive
Rj-VIC positive
Rj-VIC positive
Rj-VIC positive
Rj-VIC positive
Rj-VIC positive
Rj-VIC positive
Rj-VIC positive
Rj-VIC positive
Rj-VIC positive
Rj-VIC positive
Rj-VIC positive
Rj-VIC positive
Rj-VIC positive

\ LRLVIC positive

Negative
Negative
Negative

Negative
Negative
Negative
Negative

Hanaoka
Rj-FAM?)

Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative

Rj-FAM positive

Rj-FAM positive

Rj-FAM positive
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative

Negative

Negative
Negative
Negative

Negative
Negative
Negativqo
Negative



Detection assays of O. tsutsugamushi (Ot) and R. japonica (Rj) DNAs from febrile patients by Ot-Rj-duplex real-time PCR, conventional PCRs, and serological tests
in 6-endemic prefectures of Japan, 1997-2016

ot Rj
. Serological Ot-Rj-
Total Ot-Rj-dupIex Conventional Sezgg?)lfcal ri(t)féniz Ot-R.j-dupIex Conventional PCRs? test of NO.S o dupl_e X
real-time PCR PCRs? . real-time PCR IFA3 or patients real-time
Location o OF  Labora- IFA? or IPAY " diagnos IPAY  diagnosed/ PCR
febrile tory ed/ lagnose
(year) patient  tested? Nos. of Nos. of Nos. of total 3 Nos. of Nos. of Nos. of tqtal
. nested PCR . - Nos. of positive/ double PCR SFGR-double o patients
s tested positive/ o seropositive/  patients . - - seropositive/ Range of
- positive/ . patients tested positive/  PCR positive/ . tested
patients tested . patients tested  tested o tient tients tested patients %)) Cq value
%) patients %) %)9 (%) patients patients teste tested (%) (%)
tested (%) tested (%) (%)
Akita 33/33
(1997- 33 MEE 33/33(100)  33/33(100)® 18/33 (55%)% (100) 0/33 NTLO NT NT 0/33 24.4-37.7
2015)
Fukushima 67/67
(2010- 67 EER 64/67 (96)  67/67 (100)®  67/67 (100)% (100) 0/67 NT NT NT 0/67 21.6-41.0
2013)
Shizuoka 21/28
(2010- 28 FaRE 2 18/28 (64) 18/28 (64) 21/28 (75) (75) 3/28 (11)® NT NT 3/28 (11)  4/28 (14) 27.9-40.0
2016)
Wakayama 322
(2008- 22 B R 3122 (14) 3122 (14) 3122 (14) 14 9/22 (41) 5/22 (23) 5/22 (23)  12/22 (55)% 12/22 (55) 21.3-40.1
2012)
Miyazaki 11/28
(2008- 28 B4 12 11/28 (39) 11/28 (39)  11/28 (39)® 39) 7128 (25) 2128 (7) 2128 (7) 9/28 (32)Y  9/28 (32) 22.6-41.0
2009)
135/17
Subtotal? 129/178(72) 132/178(74) 1201178(67) o 76) 16/50 (32) 7/50 (14) 7/50 (14) 21/50 (42)  21/50 (42)
Hiroshima 6/139 56/139
(2013- 139  HPTRI 6/139 (4)® 6/33 (18) 2/13 (15) @ 55/139 (40)®  12/31(39)  54/102(53)  4/13 (31) (40) 22.0-37.9
2015)
141/31 81/317
Total 317 135/317 (43) 7 (4d) 74/317 (23) 26)
2: Conventional PCRs were performed by the procedures of previous studies: Ot-nested PCR (9, 13), Rj-double PCR (10), and SFGR-double PCR (6). InSt rument:
3): Assayed by indirect immunofluorescent assays (IFA: potentially positive of more than 40 antibody titier). " AB|7500
4: Assayed by indirect immunoperoxidase assays (IPA: potentially positive of more than 80 antibodiy titier). = ABI Ste ponePIUS
9: Final results of rickettsiosis determined by a combination of Ot-Rj-duplex real-time PCR, conventional PCRs, and/or serological tests (IFA or IPA). - L|ghtCyC|er 480 (Roche)
): Otf-ir;:ts_tset(i;(ég ';N::dd:)hr;egjé/ ;?,\r,';es l;r:]c;d‘llclitt:ﬁttlﬁzsg tsr:mz:sve the low detection efficiency of O. tsutsugamushi Shimokoshi strain as described previously| = LI ghtCYder N ano (Roche)
An alternative degenarate primer (10m2: 5-CCDCCTCARCCTAMTATRATGCC-3') instead of 11' primer in Table 1 was used for second-step PCR. ReagentS:
): The subtotal consisting of confirmed cases of rickettsioses was obtained for statistics analysis as shown in Table 5. . Pre m iX EX Taq (Pe rfe ct Rea | TI m e) (TA KA RA B | O)
8): Ot-Rj-duplex real-time PCR was used for diagnosis in clinically suspected cases of rickettsioses. . nghtCycler 480 PrObeS M aster ( N | PPON GenetiCS)
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