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Due to frequently international traffic, global warming and climate
change, rickettsia infectious disease have expanded their geographical
distributions and threaten the health of human population. Rickettsia
such as Orientia tsutsugamushi, endemic typhus, human granulocytic
anaplasmosis, human monocytic ehrlichiosis are caused by the absolute
parasite that infects humans and animals. Rickettsia bacteria, cause
acute symptoms are high fever, swollen lymph nodes and other
symptoms, sometimes complicated by organ failure exception. Due to
clinical diagnosis very difficult to distinguish. Therefore, the misdiagnosis
or delayed Rickettsia correct timing of treatment is common.

Therefore, there is a need for establishment of a laboratory based
surveillance and diagnostic system for the effective detection of unknown
/ emerging rickettsia spp. diseases.Therefore, this purpose of this study is
to establish the isothermal nucleic acid amplification assays for detection
of emerging rickettsia spp. To diagnosis the rickettsia spp. infectious
diseases in the shortest time, and to improve the sensitivity and specificity
of the detection system, there will be helps to quickly detect the pathogen
of infectious disease, and implement the corrected medical care,
surveillance, prevention and control policies. Isothermal nucleic acid
amplification assays for detecting Ehrlichia chaffeensis and Anaplasma
phagocytophilum have been accomplished in this study. These assays are
suitable for diagnosis tool development due to its high sensitivity and
specificity.

keywords : Orientia tsutsugamushi, endemic typhus, human granulocytic anaplasmosis,
human monocytic ehrlichiosis
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dOTEER R kD FHE  DTRE R AR F GREE
REATEL TR XM G LR E 2w RATH PRI~ > A gRE T
B P p FEE o H P X1 Rickettsiaceae family % ﬁ:}?a(Scrub
typhus)~3 = M.z & % (Murine typhus) %2 Anaplasmataceae family £ &
N A FESE R w2 & A5 48 i (human granulocytic anaplasmosis)~ A 3 f3f
FIF < RE @ i—’lbr)l;t‘s(human monocytic ehrlichiosis) # —’Mﬁaﬁx ZEE o
i;u,krgﬂ.gp‘iﬁi}]%\#q”r}j,% o A SRR m e SRR
ARER IR I VMR TRA R T A E MR M T B B R
A PR R L AFH R o foiF P om R R A 30 g 5]
W 5p ek 0 bl4eleptospirosis, murine typhus, malaria, dengue fever
% viral hemorrhagic fevers» ¢ 31424p e chficv & gk 0 B30 % W] o Tt
¥R MARES N RS R R
THF ARE- e e p FL > SEFAZHOTHFHE
S o B% £ 21086 EHILE B A MFH Pk I F <z (human
monocytic ehrlichiosis ; & #HME) < Human monocytic ehrlichiosis i &
o R B rTe AT A5l R lﬁl—?a}?:,OEhI‘lIChl L& R G (7
PIR) CHEPIR e A a R o AMPRE LA gk
RAEH > 3 R L S T R ME A BT
Pﬁ,_)?ji}‘_—’\\-;;}*ﬁ’_ﬁ—a':)?ﬁ—’:xfg"‘ 4 ﬁ\}"’:‘j g;g@} B oo el ek oA~
TR P ARA SRR o B on o E m[«i—‘]‘“ Bvgmie g A8 ~
# ARER 47342 ehHGA, HMEF 1 & Tk 2 %748 5 3 '3 HGA, HME
BT fRd S PR E e ® R LS PR AR G B ET D @ e £

5 e % 0 F]# #¥human granulocytic anaplasmosis, human monocytic



ehrlichiosis?z ¥72& % — B f§ H x 3 stk ipl t ik 5 £ & -
fm *p;:]”vé’ v im Pz @ 2588 (Anaplasma phagocytophilum) & - &% %
wie o F 2w A& A PR R T e AR A5 1A AT B L 5 human
granulocytic anaplasmosis (HGA) » Anaplasma phagocytophilum% ¥ ¢ g
AAS ERAFZH(E g~ 2~FF) 22006F ~ L E - FFR
HGAX it &d R 4 i e B33 2] B % - Anaplasma
phagocytophilumjg % #7351 4= chfsk itk 82 — lw F 2o+ & 45k 1=
SEEN 0§ NI SR R R~ AR S AW R ueR
NIAKF S RS P ERCRES c HiRA RS L
Fw PLAEAR i TR E B 2 R c HGAF LG 2 S L Fainf k-
g%ﬁ&éﬁﬁ&ﬂﬁ‘Ji‘?ﬁﬁ?ﬁ%‘%#ﬁ%%§°
B2 7K real time-qPCR¥ * K & p| = 5. =x %8 » i H 3 2L ¥ real
time-qPCRF BEFFZE - B L ERTRE > 7 ¥ LAT ERE
IEFEEPRBERNS L V- A L E R pkRa 2
Loop-mediated isothermal amplification (LAMP) » it 73 2728 if it 7 (5
60-65 C) > 1-i# I 2k o 7 K341 6B HF7kPrimers > I | * Bst DNA
polymerase & 3 % cfistrand displacement activity 4% 1438 {7 +% pa 45 3 &+
J& o SR L2 5 strand displacement DNA synthesis o %] & & LAMP
F J&i#425L 7 DNA denaturations 2% » &2 B XLePCRE BRF BB 0 70 T
ERET T REF G o P LAMPE J* 3 & s F o R A e
Rl e AR RE PRI Y2 G Lom 2 1R
HRrpLER e TAFRERIBHRDFHRE E- 1 /¥ 3
ﬁ&ﬁiwﬁ%ﬁzﬂaﬁﬁﬁp;,%ﬁgﬁwaiﬁf'®4%ﬁ
W RFEFP RS HBE AR T L RDFE R R HATEZ LR
WEARBOEREPLE GRS Pfle s FLARF L 2 PR D
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s HER S B
(- ) LAMP = ;3
L 2 f2 20 M2 HA RN L FRURRLAHAAFFL LR
MR AR 2o 23R (SR 28 3cc) 0 MR E

Z BN EHEINEFESND FARE P EEFRE oD FRITR

M TE N CKRREE RS R AT hRAFER - &
BERE 2 ROR AR ATCCS d 6 R %3 E & p (74 4k =
ERT

2. B AWML RE KRR }%,&%'ﬁﬁﬂ(l”%}% P )% heparin(10U/mL)
2o oAy f R H P mee (PBMC) £ #-H 2463 1929 & HL6O
mPz tk (shell-vial w233 £ ¥g) o 1 3¥4 % { #3224, TEELTE

W mH R L o TR ERARF R NRET G R R 28

CEATE A MA L, Bl k23 KSR e bR AE 12 % o

*T*T

“TF R REALET P3 REHR R AP X 2T, EPR LA e 2
BAoHAY T 'f"},’]tﬁﬂ’:ﬁif;%\% i AR Ed Fo

3. 2R EAZ e X AR LAWY A RS A2 20
¥4 4c ~ 4 mL 10X PBS /i > & F % M 4c » 5 mL Ficoll-paque
( Amersham Bioscience, Sweden, Cat. No. 17-1440-02 ) » &t~ 2500xg 25 %~
4 > P~ b ik 4e ~ 6 mL10X PBS kjif  #.s 2000xg 10 4 480 & )t i
o MR AR WA S TR AR 2 o o Brmn — AR W faw
72 ¥ %8 200 pl> 2 QIAmp DNA blood Mini Kit ( Qiagen, Cat. No. 51106 ) %

P2 s X KB e N PR EL e & W) 4e ~ 20 pl Proteinase K 22 200 pl Lysis buffer
(AL) 2z~ 15 mLage g » RFERE > 56 ‘CRiph# % 10 A4 o 4o »

200 il 96-100 %2 fE RF DR &> UFh f§ > A WHFH 2 -



(Column) > ¥z %8¢ 2k EIHCE o 4o xR (AW1) 750 pl

Mg - s Rt b’%v;xﬁz'ﬁ%’agﬁ  EA AR T2 o B Fk

-~

i (AW2) 750 ul E% = ko HF - Ak EHA KL 0 A
F it F - A4 iR f"gﬂ T F E o B (o Bep R AT
F115mLags g b oo der 75l B (AE)#F R 10 A~ 4% 0 11 8000xg
B G 1A H o B B P AT S A E B2 ik o
4. 313 (Primer)srik 322 £ X 0 2 LAMP Rzt~ iz’r%ﬁ@%@:}?ﬁ% -
M 51 F 12 ¥ Pl Anaplasmataceae family & & 7 X 5p %f k. o v2
# 2548 ;£ (human granulocytic anaplasmosis) ~ A $g43% T HI# < 8z %
% 7 (human monocytic ehrlichiosis) FEB X #op koo £4% human
monocytic ehrlichiosis ntrX ~ human granulocytic anaplasmosis hsp70 #
FlHERETIF R
. Loop-mediated isothermal amplification (LAMP) : LAMP #_— #& it 53 &2
B E 12T (60-65 7 C)M-ik I L 2 o TR 4 2 6 1 Primers >
¢ 15& 7 B outer~ i inner o i loop primers’ 6 primers 7 33" target
sequence } 98 B i ¥ > Primer e73k 3 ¥ £ % LAMP 2k - 30 %8 (Eiken,
Japan, http://primerexplorer.jp/lampv5e/index.html) o Primer ?ﬁ;%zr’f :
Forward outer primer (F3), backward outer primer (B3) » forward inner
primer (FIP) and backward inner primer(BIP) > forward loop primer (FLP)
% backward loop primer (BLP) - FIP & % Flc = F2 > BIP & 7 Blc v
B2 > FIP % BIP primers 7 % HPLC i o FLP §- BLP primers ¢ 2
complementary to the sequence between F1&F2 and B1&B2 regions °
LAMP #% 3 = & = strand displacement DNA synthesis> £_d ** Bst DNA
polymerase £ 3 % <77 strand displacement activitye & LAMP & Ji& i 42 %

% DNA denaturation # 2% » ¢ 7 &2 TREF i o ¥ b B %



% 972E 2 i plasmid(ntrX ~ Hsp70) % K 8 % 2B & e o =i f P 5P~
DNA i% 5 R e » T8 [T/AIGFR 2 VRS ZORFRAEE - Mo
6. LAMP & $»2_ 1B © 12 % £ 4 & ~ DNA 7 /% ~ real-time fluorescence =
E R AY 0 fRE S i PR
(=) ¥z & PCR=
1. 313 (Primer)sh&Z B &2 ¢ 53 k7 RAFnF &R 20 B
H_feF 2k PR B DNA B 71 0 515 (Primer) sk 3558 £ 2 K27 B4
RiE R EFRE A F RUATE S LAMA TS template 5 K3
% [ e primers e » K REEF PN 0 257 PCR K i o B~ 1ul = o=t &
genomic DNA #r » Z 3 2X buffer Mix(50mM KCI ~ 10mM Tris-HCI ~ 1.5mM

MgCl; ~ 0.1% Triton-X 100 ~ dNTP mixture 1mM) ~ 5 units Tag polymerase

£ 50ulL > ** 94°C%¢ 2 (denature)10 4~ 45 fs > 14 94°C 1 30 ) ~ 60°C :
304 ~72°C 1 42480 82730 F 5 (F#EF 1R 7 F primer 344

mFAREREFRE KRE) B T72°Cie* 10 4~ 48 o 45 PCR 3
P & 2. B B> JE 12 DNA & A FEsn A $ ~ | ,DNA sequencing T_F #&
%] o £-¥+ human monocytic ehrlichiosis ntrX ~ human granulocytic
anaplasmosis hsp70 £ F] & B 7513 %3t -

2. SYBRGreen ¥k x § F #é%% /R &% 84 F & (SYBR Green
Real-time RT-PCR) : | * One-step SYBR Green I-based real-time RT-PCR >
FHrmede B % 4oa 13k (15): (1) * QuantiTect SYBR Green RT-PCR
Kit, QIAGEN % & iz 8] o & B 4v » 10 ™ 328 1 25ul ¢ 2x QuantiTect
SYBR Green RT-PCR Master Mix * RNase-free Water > #2f& 51+ » 0.5 ul
QuantiTect RT Mix > & {5 4 » 10ul #% %% RNA> * & ¥ 8f 5 50ul -

£ i& {7 SYBR Green one-step gPCR ¥ Ji& : 50°CRT £ * 30 4 4& > PCR i¥

10



* 95°C 15 4 43 > 40 & 50 =< Jﬁ&& 94°C15 #y ~ 55°C 30 #) ~ 72°C 20
#)~77°C30 %) (FEB-¥EE ) ¥ ? > 12 plasmid (ntrX ~ Hsp70) % #2
RPZ MY I P DNA (F 5 R e - T B TRt LR F
FRARBE - Mo

3. %3 B4 A4 47 (Melting curve analysis) : real time-PCR ¥ Ji = = {6 » £
(705 B A A 47 1 95°C, 1 448~ 68°C,30 F) 0 i {7 45 = .}ﬁﬁ{i ) &

= T W SR R +0.5°CBR0 £/ Bk o
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Lo ASIERIBYHF SO L 58 L R &R D LAMP
2 3 FHTHE LA
Table 1 #771 5 &4 A SF3p 3 T HIF N W& L gk wre &)

o

BTkt 2 513

(@) &+ - E*‘rﬁ'm Ehrlichia chaffeensis (EC) LAMP 313 % >
target & NtrX > 44 X Zg3EF3k T < 2 i p|(Table 2) -

(b) &k3+- & %‘rifﬁév’ﬂAnap/asma phagocytophilum (AP) LAMP 31+
i8> target 5 Hsp70 0 4-%fF A Sg3E k- fmr2 & 2548 2_ 1 ;p|(Table
4) -

2. A RERERIR A N LAMP $ A SRRk T HIF M AP AT
g eRED
(a)t& B LAMP &zt 1+ » 12 6.15 ng Ehrlichia chafeensis % & i& {7
10 & A SI4F 8 > i 17 LAMP RIGE - R RI2 & 50K 5 6.15pg
(Fig. 1A) -
(b)Prfeic« A4 7 i #0750 2% FEEW L o A7 30 20 A 4R
3 7 (Fig. 1B) o
(c) ™2 LAMP L3 % B3 2 i primer i& {7 Qiagen Quanti Nova SYBR
Green >+ Roche Light Cycler 480 i& {7 T 3 sk i jp| PCR » %
% gPCR =7 LOD ¥ 1 jp| ] 8.7 pg «¥% fi4 (Fig. 1C) »
(d)GPCR A+ 7 F ¥ 8% 2% X EW o & 7 3 50 B cycle p
Hi 72 (Fig. 1D) -
3. A MEREARIR T HIF 42 LAMP ¥ pCR2.1-ntrX plasmid 2_ &7 4P| 3
¥4 5 ntrX P RPIEE ¥ B pCR2.1 plasmid » # 138 (7 ATR (2R

12



(a) pCR2.1-ntrX plasmid & 10° copy &7+ B 1 1
copy » £
&7 T LAMP B3R > 2% BE 7 LAMP % 524 pCR2.1-ntrX
plasmid 7 limit of detection (LOD)¥ /g 3] % 10 B
copy 1% ik (Fig. 2A) °
(b) AF 7 78 A 2% FFHE - A7 15 S &P HAE
(Fig. 2B) -
(c) ™ LAMP L3, B3 2 ¥ primer i& {7 Qiagen Quanti Nova SYBR
Green ** Roche Light Cycler 480 i& {7 T p& 4 5k 1d jp] PCR » %
% gPCR =7 LOD ¥ 4 jB| 3] 10 B copy =}% fik (Fig. 3A) °
(d) A7 7 FEHAR2% EEH o A7 350 # cycle p3
7v (Fig. 3B) °
4. ~ SEIERIRTHF 4 LAMP 2 gPCR 313 22 % — B3
(@) % P % #& = s = % (R.typhi ~ R.prowazekii ~ O.
tsutsugamushi ~ R. rickettsii ~ R. felis ~ R.conorii ~ R. japonica ~
A. phagocytophilum £ E. chaffeensis) 1% & (Lanes 1 to 10)
BEFREEE B F e » 0.7 ng P48 (7 LAMP B 3% LAMP
G ALR B - Mt E chaffeensis 0 i % B o7 LAMP E 3
% — [(Fig. 4A) -
(b) E.chaffeensis ¥ & & 4= € 1+ 6.8 & 48 FF 43 t5 (Fig. 4B) -
(c) E.chaffeensis 7k & 4 ¥ i & 3 2% &% %+ (Fig. 4C) -
(d) gPCR )% sts % % — |3t E. chaffeensis’ % % % 7 gPCR
2 % % - [4(Fig.5A) -
(e) qPCR*73x~ 99E. chaffeensis 11 fa A = 7 i 83 2% * %

AR

¥ + (Fig. 5B) -
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5. #TRE 2. A SEIERIR THF ¥ LAMP £ 7 25 R
Table 3 #777 & RIFTRA M I B3R 5 5% F
(@) BlFEHRHEAREARIO7T ER L ARBERKHE 33
B> 16 .5 qPCR ¥2 LAMP Fx32 % M {4917 B qPCR 1514 -
(b) =% 16/16 f qPCR 544 ¥ 4 LAMP 5% > 0/17 &4
B AT o SRR LAMP 305k A 2 Acp 129
5 100% (16/16) > & % & B EHE B HEA -

6. X FAER w7 &AM E LAMP 3 4 S3p sm e 8 2700 FiR 2 SR 1L
R]E

(@) # B LAMP Az 1% » 12 10 ng Anaplasma phagocytophilum
PR (7 10 B B I 0 i 17 LAMP RIE - faiRl2 &R
% 1pg - (Fig. 7A) -

(b) ¥ipa < A4 v A3 2% EER Y - AF T A0 44
i 3 7 (Fig. 7B) °

() ™ LAMP L3 % B3 2 % primer i£{T Qiagen Quanti Nova
SYBR Green *% Roche Light Cycler 480 :i& {7 @ 53 Sk i} jp|
PCR > %% gPCR :HLOD ¥ 1§ ip| 3| 8.7 pg = fik (Fig. 7C) -

(d) PCR & 4+ 7 # % 03t 2% EE W b o A7 3 40 B cycle
P 3 7 (Fig. 7D) ©

7. A A & A5 LAMP 2 qPCR ¥ pCR2.1-hsp70 plasmid 2.
FR LRI

2%+ 7 hsp70 P 4% fk ¥ B e pCR2.1 plasmid » #* 143 {7 AR &
B o
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8.

(a) pCR2.1-hsp70 plasmid j¢_10° copy i& {7~ B fF# 1 1copy > £ i&

7 I LAMP B350 %% % &2 LAMP % %4t pCR2.1-hsp70 plasmid
£ limit of detection (LOD)® 4 jp| 3 %) 100 B copy 7} fi (Fig.
8A)°)§_4';”—7/F AN 2% EEWE o AFH7 30 ~ 43 P\i‘aw(Flg

8B) -

(b) ™ LAMP L3, B3 2 if primer i& {7 Qiagen Quanti Nova SYBR
Green ** Roche Light Cycler 480 :& {7 "r pF ¥ sk 1d jp] PCR» % %

qPCR 1 LOD ¥ 1 i/ | 100 & copy =4* i (Fig. 8C) °

(c) AF+ iﬁi*{ﬂﬁ? 2% A FER L o A 4T 345 B cycle o3 A
(Fig. 8D) -

A MEIE R % | A LAMP 2 qPCR 313 22 & - |3

(@) % 2 % & = 5w = % (R.typhi -~ R.prowazekii ~ O.
tsutsugamushi~ R. rickettsii ~ R. felis ~ R.conorii ~ R. japonica ~
A. phagocytophilum ¥ E. chaffeensis) st fik (Lanes 1 to 10)
BFRE O FBFE B4 r 0.7 ng PipEE T LAMP B3 o
LAMP ks 3L ¥ & — Mecx A, phagocytophilum > & 5 &g
% LAMP £ % & — [+ (Fig. 9A) -

(b) A. phagocytophilum ¥k & 4= ¢ 7 17.5 ~ 48 43 5 (Fig.
9B) -

(c) A. phagocytophilum %A %+ F 80> 2% F %1
(Fig. 9B) -

(d) gPCR & %+ ¥ & — Ma1c+ A phagocytophilum» & % &
;& qPCR £ 3 & — 4 (Fig. 9C) -

(e) qPCR #tx = 1 A, phagocytophilum 1 & 4 7 i £

15



2% ¥ 3% + (Fig. 9D) °
9. “FEF 2 A MERIR W% & SHE LAMP & 17 Te 0 1 W Rl
Table 5 #7717 & PR TRk ¥ T B2 8 5 % Ll
(@) RlzFtRM AR Z AR 108 5 ML ApE Rk S 88 B 2
P 4 1B qPCR & LAMP FEdl i A SESE R m e & A8 R 4
84 1 qPCR &1+ -
(b) 2% 4/4 B qPCR -4 ¥ 4% LAMP 2 o » 0/84 1A 14 6 %8
R o BRET LAMP $3 0k B2 St 259 5 100%
(4/4) > B ORGP EFA -
10. X BEREAR mE ﬁﬂﬂﬂr}fzii FE R
(@) fI* LA F KA S 2/ gPCR “Thesk 2 H Y - R o
R F? ARy LG AWk 87 E 186 fikd > ®
BERDL GHMEF e B F ¥ ARe L SR g
238 B % (Fig. 10A) -
(b) FI* & = B B2 > ARz Bop A R T R A4 R
"2 @ A58 msp2 2_ 348 (Fig. 10B) -
(c) * #FHfAtm¥ & A)4E msp2 ELISA %%~ Bmp &b i ¥

£ A spRpk e | AW E msp2 2 448 (Fig. 10C) ©
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z ~ 3t

AFF PR a2 B PRERRIRN O R TATE 2 LA
% 52 1R o LAMP £ real-time qPCR & faf7fitaifl > 2 » ¥¥ & 1.5
VR RSP RS 0 Bl ¥ RBRRIRE BT TR

5

o ARREPESHC I ZTBEE > BFTNUFENFEFAR - FE -
t.2_ point-of-care ik~ + Pid RiP[EA c 2T L BE NS - B E
[l o SRR I wfv@z,a;,;quAMP Hipl= iz BB E - M Gt

B 5 % 10 copy/reaction 2_ fFF I iy # 40 ~ 45 & T FF B HI TR
Gte® o LAMP £ 5 BAR AR o s 0 AT B N AR
e AR LAMP RS 5 0 BB R - B RAR G A 100
copy/reaction 2. FF I s¢ = 40 &~ 4P B ITHFF B U IRA KRN
LAMP £ B ATR B o A ks 23l s 3% - F RER - ER
MG FREPEBAS 2 il P FEET R TRA R -
pleb s ArEE R 2 LAMP primer 5 ¥ Rt 3 qPCR 22 o A kAL d-
- B HAEEF AL EATE S LA AT BET R KR
MR G M B AL BIRE AR BIFFHAL 2
BB A BT BB LB LRI P o
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o iFRBORET > LAAEE L FRBLHE L HEE

FAARP P ERE ) 2R HBLE A R L EAEFY L
EHR e FPE - R LA HEE Rk ERS
HEEC TG EEART R RN P LIMELHFA A ER o A
ERFFEAAFFELT ERAFIRRIRTPF M - A SRR
£ E DT R PR P LAMP 2 % 2 real-timeqPCR = 2- 23 B &
Lo MEsrR o LAMPRILIFZ qPCR = 2§ { % &40l et R 1 o
A k¥ - HFE S point-of-care Pifit A F Pk HpEM 2 B
%&&ﬁw,—iﬁm@%%a?&ﬁ?ﬁﬁ%lﬁ,jﬁ%%@%
e T RS R FEL g ARDREIFFERLRASD ZH
B REEET LY

5
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She
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B
|4
g
IR
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e
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AP EERFT SR L HEH

1 3 H 2 AT R AT

She

7
-~

AR N A GRS TAIF VA A S B ) ¥R P

e

¥ B> % (LAMP #7% 2_ primer » ¥ &% 3> gPCR * j2) o A k¥ & E
point-of-care 1% fid & + P-if & R[EH 0 B T ihik B2 %5)%‘ Z 5B

AR R h AR I Y e N R R e R IR T

Y

/

fimte EAUMEL B c ARAPL BBEET RATE LW ER PR
%m%%,g@;ﬁﬁ\?£%ﬁﬁm%@@,jﬁ%@@4@%

& /”Lf’l"j? 15—%’?}‘% *j‘} o

2P EHARERT 2 2%

SRR EFNH AP LF L PR RH T
FRFZ A ME S A FEEE > BRSO EER A2 AT
WAFRIE S EERLLE 0 RS REHRDE F LKL EFRF
FoERREEE

3V EHFEFEL AR L L MR

dONRRER LA AR F R RIBRFE S P A F R LB LA
BELH S 3 R R R R SRR~ BB AR
wie A~ THIF CERE }%ﬁﬁ%’?%&-"‘(:)ﬁ?iéﬁ@ SIS TIE o 5 AR N

N

AP FOE AR EREHERR I E A A FRABLHLE
;EIJ o
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Table 1. LAMP primer sets for detecting Orientia tsutsugamushi,Rickettsia
typhi, Ehrlichia chaffeensis and Anaplasma phagocytophilum.

Primer Name Sequence (5’-3’)

EC-F3 TGCCGGTAGATATAGTATCGA

EC-B3 ATTTGCGATGAAGTGCGG

EC - FIP GTGCTTGGCGAAGAGGAACA-ATTCTCCTATCAATGATGTTCTG
EC - BIP TGAAAACTCAGTTGTCACGTTTTG-TCCATACCAACAAATTCAGC
EC—LF GATATGACTTTAGCA

EC- LB GAGGTAATGTGTCA

AP-F3 CTGTAGGTGCTGCGATAC

AP-B3 ATCTTCAGCCGTAGAGAAC

AP-EIP TACCCAAAGATAGCGGAGCAAC-GTATCTTAACAGGTGATGTTCG
AP-BIP AACTTTGGGTGGTGTATTTACGC-CCTGCGACTTCTTAGTAGGA
AP-LF ACTACAGAACAACAACC

AP-LB GATTGAGCGTAATAC

23



Table. 2 The Ehrlichia chaffeensis ntrX gene inidicating names and binding

sites of primer for LAMP.

F3 F2
1 TGCCGGTAGATATAGTATC GAATTCTCCT ATCAATGATG TTCTGAGTGC 49
,,,,,,,,,,,, vk Fle
50 TAAAGTCATATCTGTTCCTC TTCGCCAAGC ACGTGAGGAG TTTGAAAGAC 99
Blc LB

100 AGTATTITGAAAACTCAGTTGTCACGTITTTG GAGGTAATGT GTCAAAAACT 149
B2 B3

NtrX

Primer Sequence (5'-3')

F3 TGCCGGTAGATATAGTATCGA

B3 ATTTGCGATGAAGTGCGG

FIP (F1lc-F2) GTGCTTGGCGAAGAGGAACA-ATTCTCCTATCAATGATGTTCTG
BIP (B1c-B2) TGAAAACTCAGTTGTCACGTTTTG-TCCATACCAACAAATTCAGC
LF GATATGACTTTAGCA

LB GAGGTAATGTGTCA
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Figure 1. Comparison of the detection limit of ntrX LAMP and qPCR for
cultured Ehrlichia chaffeensis.

(A-B) Sensitivity of the LAMP assay was monitored by the real-time
measurement of fluorescence intensity. The amplified DNA product was
observed after 2% agarose gel electrophoresis. (C-D) The L3 and B3 primers

from LAMP were used for real-time qPCR. The PCR product was observed after

2% agarose gel electrophoresis.
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Figure 2. Limit of the detection of ntrX LAMP for recombinant plasmid
containing target sequence of ntrX gene.

(A) Serially diluted plasmid (10° to 10° copies/reaction) were used to evaluate
the limit of detection of LAMP assay. Sensitivity of the LAMP assay as
monitored by the real-time measurement of fluorescence intensity. (B) The

amplified DNA product was observed after 2% agarose gel electrophoresis.
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Figure 3. Limit of the detection of ntrX qPCR for recombinant plasmid
containing target sequence of ntrX gene.

(A) Serially diluted plasmid (10° to 10° copies/reaction) were used to evaluate
the limit of detection of real-time gPCR assay. Sensitivity of the real-time qPCR
assay as monitored by the real-time measurement of fluorescence intensity. (B)

The amplified DNA product was observed after 2% agarose gel electrophoresis.

(C) The Cqg and Tm results of real-time qPCR. (D) qPCR standard curve.
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Figure 4. ntrX LAMP specifically detect Ehrlichia chaffeensis but not the other
members of Rickettsiales.

(A) DNA from differernt members of Rickettsiales including R. typhi, R.
prowazekii, O. tsutsugamushi, R. rickettsia, R. felis, R.conorii, R. japonica, A.
phagocytophilum and E. chaffeensis were used to evaluate the specificity of
the LAMP assay. The LAMP assay was monitored by the real-time
measurement of fluorescence intensity. (B) Quantitative time of the
amplification by LAMP (C) The amplified DNA product was observed after 2%

agarose gel electrophoresis.
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Figure 5. ntrX real-time qPCR specifically detect Ehrlichia chaffeensis but not
the other members of Rickettsiales.

(A) DNA from differernt members of Rickettsiales including R. typhi, R.
prowazekii, O. tsutsugamushi, R. rickettsia, R. felis, R.conorii, R. japonica, A.
phagocytophilum and E. chaffeensis were used to evaluate the specificity of
the real-time gPCR assay. The real-time gPCR was monitored by the real-time
measurement of fluorescence intensity. (B) The amplified DNA product was

observed after 2% agarose gel electrophoresis.
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Table. 3 List of Ehrlichia chafeensis infected samples, Taiwan, 2017

BT B b Bl [ E# [ #5p [QPCR[LAWP | Ig6 | IgG
IFA | IFA
-K | -
1 | L070913 | wiEmirciEs F | 71 2 |+ [1:128] NA
2 | L070928 | s¢ @ #Fk® | M | 53 6 |+ [<1:64| NA
31070931 | sii3=¢% | F | 23 1 ¥ |+ [<1:64] NA
4 | 1070957 | cas x%w% | F | 22 11 ¥ |+ [<1:64] NA
5 | LO71005 | #7#+ #7:% | M | 62 4 |+ [<1:64] 1:64
6 | LOTI010 | 451 Redsi s F | 47 1 ¥ |+ [1:64 | NA
71 L0TI027T | caewEw | M | 26 7 ¥ |+ [1:64 | NA
8 | LOTI035 | #r+ #+k® | M | 4l 5 ¥ |+ [<1:64] NA
9 | LO71049 | 295 &3 % | F | 37 9 |+ [<1:64] 1:64
10 | LO71050 | = fhestiEss | M | 68 | 23 ¥ |+ [<1:64] NA
11] L07T1055 | cP+42% | M | 48 | 11 ¥ |+ [<1:64] NA
12| LO71057 | 337 Ri- k45 | M | 58 9 ¥ |+ [<1:64] NA
13| L071068 LT B M| 20 2 ¥ |+ [1:256] NA
14| LOT1070 | 451 RtR 55 M| 35 6 |+ [<1:64] NA
15| LO71077 | 3§37 ®:= 442 | F | 6l 9 ¥ |+ [<1:64] NA
16| LOT1164 | ®zes 2% | M | 52 7 ¥ |+ [<1:64] NA
17] L071004 | ®z3 K L% | F | 6l 16 — | = <164 <1:64
18] L071006 | sA3p@% | F | 57 9 — | = <164 NA
19| LOTI007 | ®z+ B L% | M | 32 6 — | - <164 <1:64
20 | LOTI012 | #*@M - ms® | F | 35 1 — | = <164 NA
21 | LOTI0L3 | #rm+ #rs® | F | 75 2 — | = <164 NA
221 LO0T71014 CHERNE TR M 44 2 - - <1:64 | <1:64
23 | LOTI015 | #7a s <4e® | M | 53 2 — | = <164 <164
24| LOTI017 | o dgemass | M | 69 5 — | = <164 | NA
95 | 1071020 | Bz Fm% | M | 45 6 — | = <164 <1:64
26 | LOT1025 | 2mgiziide | M | 89 6 — | - <164 <1:64
27| LOTL028 | & #4% | M | 76 9 — | = <164 WA
28 | LOT1030 | B dgigpsx | F | 170 8 — | - <4 NA
99 | LOT1031 | Z+kiw s | F | 24 | 26 — | = <164 | NA
30 | LOT1036 | #7#+ a7 ® | F | 67 4 — | = <164 | NA
31| LOT1037 | s+ ars® | F | 51 5 — | = <164 NA
32 | LOTI039 | = A gh=mass | M | 52 11 — | = [<1:64| NA
33| L071042 | w&Emkmss | F | 66 2 — | = [<1:64| NA
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Figure 6. Different lot of the LAMP kit show similar sensitivity.
(A and C) Sensitivity of the LAMP assay was monitored by the real-time

measurement of fluorescence intensity. (B and D) The amplified DNA product

was observed after 2% agarose gel electrophoresis.
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Table. 4 The Anaplasma phagocytophilum hsp70 gene inidicating names and

binding sites of primer for LAMP.

F3 F2
1 CTGTAGGTGCTGCGATACAGGGTGGTATCTTAACAGGTGATGTTC 45
N Fle ________________
46 GTGATGTCTTGTTGTTGGATGTTGCTCCGCTATCTTTGGGTATAG 90
Bic LB
91 AAACTTTGGGTGGTGTATTTACGCCTTTGATTGAGCGTAATACTA 135
B2 B3
136 CAATTCCTACTAAGAAGTCGCAGGTGTTCTCTACGGCTGAAGAT 179
HSP70 (179 bp)
Primer Sequence (5'-3')
F3 CTGTAGGTGCTGCGATAC
B3 ATCTTCAGCCGTAGAGAAC
FIP (F1c-F2) TACCCAAAGATAGCGGAGCAAC-GTATCTTAACAGGTGATGTTCG
BIP (B1c-B2) AACTTTGGGTGGTGTATTTACGC-CCTGCGACTTCTTAGTAGGA
LF ACTACAGAACAACAACC
LB GATTGAGCGTAATAC
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Figure 7. Comparison of the detection limit of hsp70 LAMP and qPCR for
cultured Anaplasma phagocytophilum.

(A-B) Sensitivity of the LAMP assay was monitored by the real-time
measurement of fluorescence intensity. The amplified DNA product was
observed after 2% agarose gel electrophoresis. (C-D) The L3 and B3 primers
from LAMP were used for real-time qPCR. The PCR product was observed after

2% agarose gel electrophoresis.
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Figure 8. Limit of the detection of hsp70 LAMP and real-time qPCR for
recombinant plasmid containing target sequence of Anaplasma
phagocytophilum hsp70 gene.

(A) Serially diluted plasmid (10° to 10° copies/reaction) were used to evaluate
the limit of detection of LAMP assay. Sensitivity of the LAMP assay as
monitored by the real-time measurement of fluorescence intensity. (B) The
amplified DNA product was observed after 2% agarose gel electrophoresis. (C)
Serially diluted plasmid (10° to 10° copies/reaction) were used to evaluate the
limit of detection of real-time gPCR assay. Sensitivity of the real-time gPCR
assay as monitored by the real-time measurement of fluorescence intensity. (D)

The amplified DNA product was observed after 2% agarose gel electrophoresis.
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Figure 9. hsp70 LAMP and real-time gPCR specifically detect Anaplasma
phagocytophilum but not the other members of Rickettsiales.

(A and C) DNA from differernt members of Rickettsiales including R. typhi, R.
prowazekii, O. tsutsugamushi, R. rickettsia, R. felis, R.conorii, R. japonica, A.
phagocytophilum and E. chaffeensis were used to evaluate the specificity of
the LAMP assay and real-time gPCR. The LAMP assay was monitored by the
real-time measurement of fluorescence intensity. (B) Quantitative time of the
amplification by LAMP assay. The amplified DNA product was observed after
2% agarose gel electrophoresis. (D) The PCR amplified DNA product was

observed after 2% agarose gel electrophoresis.
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Table. 5 List of Anaplasma phagocytophilum infected samples, Taiwan

[emiEse| tenl | #w | Fuput | Gk | SsH | HRioM| Rk TER [l e e o Cq_| Tm |sequencing] LAMP
1081820 F Toit |mirEilE| 25 | 1524 | 1083139 | 1083330 [FFHE AL H““?ﬁ”j%ﬁ‘b“wgt?‘*"'% v sz?sﬂlzé 3267 | 8042 v .
081822 | W™ ] 81 5 |osa7] - v 36.05 | 805 v T
L081936 M 64 29/37 1083317 | 1083449 \ 36.2 80.5 vV +
Los2008 F 59 3/15 | 1083484 | 1083723 v |7 3785 | s0.4 v +
>1081820-

CTGTAGGTGCTGCGATACAGGGTGGTATCTTAACAGGTGATGTTCGTGATGTCTTGTIGTTGG VGAAIQGGI LTGDVRDVLLLDVAPLSLGIETLG

ATGTTGCTCCGCTATCTTTGGGTATAGAAACTTTGGGTGGTGTATTTACGCCTTTGATTGAGCG
TAATACTACAATTCCTACTAAGAAGTCGCAGGTGTTCTCTACGGCTGAAGATAA: GVFTPLIERNTTIPTKKSQVFSTAED

>1081822¢

CTGTAGGTGCTGCGATACAGGGTGGTATCTTAACAGGTGATGTTCGTGATGTCTTGTTGTTGG VGAAT QGG ILTGDVRDVLLLDVAPLSLGIETLG
ATGTTGCTCCGCTATCTTTGGGTATAGAAACTTTGGGTGGTGTATTTACGCCTTTGATTGAGCG

TAATACTACAATTCCTACTAAGAAGTCGCAGGTGTTCTCTACGGCTGAAGATAA GVFTPL I ERNTT I P TKKS QVFSTAED

>L081936+

CTGTAGGTGCTGCGATACAGGGTGGTATCTTAACAGGTGATGTTCGTGATGTCTTGTTGTTGG VGAATI QGGI LTGDVRDVLLLDVAPLSLGIETLG

ATGTTGCTCCGCTATCTTTGGGTATAGAAACTTTGGGTGGTGTATTTACGCCCTTGATTGAGCG
TAATACTACAATTCCTACTAAGAAGTCGCAGGTGTTCTCTACGGCTGAAGATAA. G'VFT PLIERNTTI PTKKS QVF S TAED

>L082008-

CTGTAGGTGCTGCGATACAGGGTGGTATCTTAACAGGTGATGTTCGTGATGTCTTGTIGTTGG VGAAI QGG I L TGDVRDVLLLDVAP L S LG I E T LG

ATGTTGCTCCGCTATCTTTGGGTATAGAAACTTTGGGTGGTGTATTTACGCCTTTGACTGAGCG

TAATACTACAATTCCTACTAAGAAGTCGCAGGTGTTCTCTACGGCTGAAGATCAY GVFT PL TERNTT I PTKKS QVFS TAED
1406T
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Figure 10. The Anaplasma phagocytophilum infected patients were
confirmed by IFA, Western blot and ELISA.

(A) The paired sera (acute- and convalescent- phase) from PCR positive samples
were used for IFA assay. IgG against Anaplasma phagocytophilum showed
seroconversion in a patient (1:1024 to >1:4096). (B) The antibodies (IgA, IgM
and IgG) against Anaplasma phagocytophilum msp2 protein were detectable in
paired sera from three patients. (C) The msp2 ELISA demonstrated that IgM

and IgG were exist in the two patients.
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