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Epidemiology and control strategy on Scrub typhus in Xiamen, China
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Abstract: To summarize and analyze the epidemiological characteristics and genotype of the Scrub typhus in Xiamen and
establish the control strategy, data on the prevalence of Scrub typhus in Xiamen between 1954 to 2016 has been collected, and
field investigation has been conducted to study the prevalence between 2006 to 2016. The genotyping assay on Orientia tsutsug-
amushi has been performed in the samples collected from both patients and host animal. Results showed that the report on
prevalence in Xiamen was began in 1954, in total 950 cases have been documented between 1954 to 2016. The prevalence be-
tween 1954 to 1988 was ranging from 0 to 6.75/100 000. Since 1989, Scrub typhus was no longer a notifiable disease, the inci-
dence in last decades demonstrated an elevation trend. The 690 cases were observed between 2006 to 2016. The cases were
mainly found in Siming and Huli districts, and the time distribution showed an incidence peak in summer and autumn. As for
gender distribution, the male to female ratio was 1.02 ¢ 1. Most of the cases were aged between 20 to 65 years old, and the
farmers constituted the majority of cases. The host animal in Xiamen was identified as Rattus norvegicus . and the dominant
species of vector was Leptotrombidium delicense. The genotyping assay revealed that the dominant genotype was Karp. The na-
ture epidemic focus of Scrub typhus was detected in Xiamen, therefore, the comprehensive control strategy against mite should
be implemented.
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1.1 R BT 1954—2016 4F & UK &R
Aok A A A e LR 1T T A R )R R e 3 T B 4
(EERS X

1.2 GEWETE RS R A B ] EREA E
BF3E i A A OC SCHER T 245 & 2014 — 2015 AR FEAE 36
DX ¥ DX ] 42 X F R A O 8 A, W4 6 6 T 4
SE 3 R FH TG B 7 v i ) BUE s i, BRI L BB 45 ik
bR AR B BURE L BB 0 HE VL G 5 1) TG BR O A
PN 3% [ S 55 2 37 BT R R U A . A 0 R
—80 “C AR IR VK AE I ARAE

1.3 26 U AR O (AR 43 AL A

1.3.1  MATFHL M DNA B3R H %t 168 1315
F W AFAL41.100 £y A I DNA A $2 5, $2 BUAY
DNA #4785 PCR & J5 , i#F 17 B B W 58 I H Uk
ORI, 7 150 bp 2247 b AT 457k 19 65 iE AT —fR
JF 55 E

1.3.2 PCR ¥

1.3.2.1 #itE by PCR &I F 5 A5 4, 17 4
X PCR &30,

Gk J¥ 3

5- TACATTAGCTGCGGGTAT-

a N 306~339
GACA-3
5- CCAGCATAATTCTTCAAC-
CAAG-3'

. 5~ GAGCAGAGCTAGGTGTT-
ATGTA-3'
5'- TAGGCATTATAGTAGGC-
TGAGG-3'

¥4 7 B /bp

150~168

1.3.2.2 EdU PCR KA £ (20 pL)

— R B PCR K Mk %

43 (10 pL R R R/ L
10 X buffer 2.0
Mg?* 1.2
dANTP 1.6
Taq HS 0.2
Sybr-green 0.2
DNA 100 ng
5|9 F.R(10 pmol/L) % 0.4
ddH, O nz 20

1.3.2.3  ZFE K PCR & 44

FEHFEFRFEEX PCR N RS

(94 °C) R (50 C) (72 °C)
1 5 min
35 1 min 1 min 1 min
! 5 min

1.3.3 P SER TR PCR - %%
A HUiR B A bR AS R4S F 3 OtDNAL R
OtDNA Sy B, 3% R 5 P R P Ot56KD K
F 5L R B i it gt x5 1 vk 20 PCR A M #E 470
J¥ 9341 78 GenBank H 343 Ot B TEMNHF 21, I Fr 45
H 5 Karp.Kawasaki.Gilliam. Kato. %5 ¥ 1) il J3 1
A7 Eext, IF  DNAman B0 L 15— 415E
PRIy 1) P S 35 PR 20 ) 0 Ak R e, A [ 1 6T L L 3R
AR 73 A

1.3.4 PCR M7  DNA 2B & TIAN-
GEN ZH 21/ i 55 R 2H 5 % FH A= 9 A i) JB Ay
FBRAF A BRG] PCR IV 2% K : Qlagen (Pl
RN T ; Tag HS B : TAKARA ¥ T8N Al
dANTPs: R HEWRHEAT IR A W) Jok CmE T
FHEAYIA R T

1.3.5 ¥#% Thermo Fish 24 & 4 7= # Thermo
Scientific NanoDrop 2000; db 5 /N — X 2% ) A 7= Y
BC-subMIDI 3k % ; KODAK Gel Logic 200 =
R B JC PR 2R 0 5 1) i TR S8 0 LSS AT PR 2 ) A=
7R H1650-W £ 2K & 3 850 AL s B 1 H B A
PR A A P2 1) TC-XP-D #:H§ 38442 ; Thermo Fish
A AR B S UE R 48 8 1 s Thermo Fish 24w 4R
7R RS W 5 I8 M A TR R A IR w) A
RIAB Y TAE S s Thermo Pikoreal 96 ¢ & PCR
1% ; QIAGEN Rotor-Gene Q %t E = PCR 1L,

1.4 SEitsrAr SPSS 17.0 844X gk i 47 i ik vk
GRS . P<<0.05 NESBESITFEX.

2 & R

2.1 FEIEMELL BTN B 2O R E R 4G T
1954 4F,1954—2016 4F & [ ] l7 231 4 45 7% b 25 AU
950 i L AR 2 &0 % 1.09/10 J7 5 Hirh 1954 4FE 4R 4
38 il , A< M 35 {41, A& W% 6.75/10 J151955 — 1962
RIS 46 0, AR A 0.97/10 J7 51982 4L
J5 KR BAEIE N 1987 AFE T B — KA TR U, I R
3.39/10 J3 ;1989 4F J5 /N P81 hy ik o i 5 A% YL i
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1989—2005 4F &[] T ik 2% 26 HUW B %L B 2006
AP T IR 26 U N 2% B . 2006 — 2016 4F &R 2
TR (3 = 163,94, P<C0.05),2006 — 2016 4 &

THIR AR 26 HU 690 4], 4R 2 R R 2.01/10 TJ7
JE T S o e RO AR At 3, LR 1 1

£ 1 BT 1954—2016 £ A 8 % BK & E KR
Tab.1 Epidemic situation of human Scrub typhus from 1954 to 2016 in Xiamen

A R EL KRR A/10 T1) Ay KR L BIRHRA/10 T
1954 35 6.75 1984 15 1.49
1955—1962 46 0.97 1985 19 1.85
1963—1969 0 0.00 1986 31 2.97
1970 3 0.40 1987 36 3.39
1971 0 0.00 1988 30 2.79
1972 0 0.00 1989—2005 — —
1973 4 0.48 2006 11 0.47
1974 3 0.36 2007 14 0.60
1975 0 0.00 2008 28 1.15
1976 1 0.11 2009 23 0.92
1977 0 0.00 2010 24 0.95
1978 1 0.11 2011 36 1.02
1979 2 0.22 2012 60 1.66
1980 5 0.50 2013 123 3.34
1981 3 0.32 2014 171 4.56
1982 12 1.24 2015 97 2.55
1983 14 1.42 2016 103 2.67
8000 - 180 Y4257 5.22%,

7.000
6.000
5.000 -
4.000 -
3.000
2.000
1.000 -

0.000 -+

B 1 EiH 1954—2016 AEZERFEHFEEE
Fig.1 Epidemic trend of human Scrub typhus from 1954

to 2016 in Xiamen

2.2 HLXAMAE %P 2006 — 2016 AFJE AT AR 45 19
690 5] 26 Hs HEAT 43 BT, 690 151195 ) vpr , FELB X 273
i, 5 39.57 % LK 119 1), (5 17.25% , & X Kk
B 2,

2.3 BFWE[Z3 A X 2006—2016 4F JE [ 17 445 A9
690 1 & HU E AT 40 AT, e B D7 ik R 43 (o 2R )
Gr:3~5 1 HFEFE. 6~8 HEZF . 9~11 H#ZFE. 12~
AR 2 JIA28)  JE 11T 26 HOs R B I 2 B4 v 7
B2 B A7 55.07 %0 s FkFE 31,30 %0 F AR 8.41

F2 2006—2016 FETHERFHEX 5
Tab.2 The regional distribution of human Scrub typhus

from 2006 to 2016 in Xiamen

X & B s H (D G BRI 0
SR 273 39.57
LI 119 17.25
[F] 22 IX. 91 13.19
TR X 97 14.06
EEX 77 11.16
X 31 4.49
ANFE 2 0.29
A 690 100.00
2.4 ANBES A X 2006 —2016 4F 5 R & 0

690 91l & HUR E AT 40 BT, B 1k 349 B, 2otk 341 i,
BN 1.02 ¢ 1;°F ¥ 4EE 40.59£28.01 %, LU
HRARE Sk A, Hoh 20~65 % 594 6 (5 86.09 %), fi/
Ry 2 % IR ORARIS 87 & WL IR R 2, A 147
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2.5 fEFEY BRI E AN REZENH S T,
H AR E 18 Rk v H 34 & 3038 B9 4R O 14, o
B R R B 48 R B B L O U E B
Wy 0 SR RS ; 0 Al G0 G R A R S R IR L,
K WE 24T 1979—1992 AFEFESE I A ORI E ] 5 9 3t
AR BRI 39 1 065 H LB R 507 H 18K K
105 H Mg il 84 HL H/NEL 41 2, RERES 328 H,
DL B R (47.6120) PR FHER AN B et T 1987
AP FRE T BRI 1 S T A R e e BE RS L H
E#HTH R A A, AR HRMN S ERE. b
82.00%) 52014 —2015 FE W7 | 5 3¢ Fn[] 22 Ml 35
RIEshY 640 H A R 453 H R0 88 H ¥ B R
62 H O # Mg Rl 31 HA/NKEE 6 H, LIl R R
(70. 78 %6) AR ELFI

2.6 WA GG ERE4) R B 1L R A L TR
[ ©) 20 90F 52 O 1A A L B 2F 6006 /N 5 2T 6 0 L et
ZF 6 U v I 2T TR B 2T R RN S B A
A1 BRI LT 1979 — 1992 4R 4 4K BF A UK 2h i
1065 H, 781 H 7 & b, Je i R 73.33% ., K H
82 029 H A& Hu, Bl S F5 5k 77.02, 28 55 0 25 i A 2k
A 2R3 WA 7 JE 8 B, He by B AR K S v 48 TE T
A (54.56 00) b L ZF S5 (40,03 %0) LR IR T R G
W (3.30%6) . F B 15 5 W (1.04%0) . /N B £ 6 i
(0.55%) G & A5 B (0.26%0) . & s A 4o B

(0. 19 %) FlAs 1€ dy 36 i (0,06 Y™ 5 5 1] 11 B 7%
3T 1987 4R AR FUE 2h 4 4 i F w3k 52.40 %, 16
T84 53.90, My BLZF 36 0 78 S5 1T TT o A LA, 5 A
T 26 s A Ky 87.7 %61 52014 — 2015 4E A BUE 36
Y640 H ALK S 791 R, 2% ERE 1R 2
B3 )@ 6 A, LA ML B ZF 26 05 o O0 Bl Fh L 370 HL b
46.78 % s HA AR U R /N M 4T 360 (36,41 %) L F IR Y
Jr G (8.34 00) AR TC T A W (4.17 00) 21 2F 36 06
(215 %) MR BLFEWQ.77%) .,

2.7 RJEAL R U AR 7 A 0 R I Ay A B
f1$5 Karp,Kato, Gilliam, TA763, TA678, TA716,
Kawasaki.Kuroki., Shimokoshi 25, I E & . %
X DA Karp B9 £, /T8 638 1 & # X L) Ka-
wasaki By E0 ) Ai B EE N T 1987 4E N H AR
i b B ZF 60 43 5 M 6 AR S S e kAR 52014 —
2015 AE KGN AT S8 S F 100 Oy 41, BHAE 24 6y, BH M
R 24.00% , K W BB Zh W) 168 43, BAYE 53 43, FH
P2 31.55% . BHIE 77 bR At Karp FH % 66 4,
i 85.71% (66/77) . Gilliam BAHE 10 £33, & 12.99%
(10/77) F kato BHE 1 .15 1.30 % (1/77) 524 fiy N
(8] 35 B AR IR R 4 AY . Karp FHME 14 1), Gilliam
FHAE 9 17 Al kato FHPE 1 43, LA Karp BHPE R F. 4
58.33% (14/24), 53 {3 BH M FE K 43 8 . Karp FH 1
52 i, i 97.11% (52/53) F1 Gilliam BHPE 1 43, &
1.89%(1/53), W% 3—5 .14 2,

®3 BEIMHERFEREAERESS

Tab.3 The origin distribution of Orientia tsutsugamushi in Xiamen

He I A G5 ) 25 2R Wk i 5 Fe A 434 Bk KB Ml
A 1 FH P GD-E14084 Karp KM492920.1 —
A 2 FH 4 GD-E14084 Karp KM492920.1 —
A 3 FH P GD-E14084 Karp KM492920.1 —
A 7 FH P GD-E14084 Karp KM492920.1 —
A 11 FH P GD-E14084 Karp KM492920.1 —
A 25 FH Pk GDQY13052 Gilliam KJ188197.1 —
A 27 FH P China/GDst13F Karp KJ188179.1 —
A 34 FH GD-E14084 Karp KM4192920.1 —
A 36 FH P GD-E14084 Karp KM492920.1 —
A 38 FH GD-E14084 Karp KM492920.1 —
A 41 FH P GD-E14084 Karp KM492920.1 —
A 42 FH 4 GDQY13052 Gilliam KJ188197.1 —
A 43 FH P GD-E14084 Karp KM492920.1 —
A 45 FH P4 GD-E14084 Karp KM492920.1 —
A 54 FH 4 GDQY13052 Gilliam KJ188197.1 —




11 4 FEHF ANTERRATRPHIES 42 Rk 1053
*®3(4)

K U5 FEA G5 A i 23 W bR i 5 L 43 #Y Bas R AR Hh s
A 62 PR H Ganzhou-02 Gilliam KU215599.1 -
A 67 IFH P4 Ganzhou-02 Gilliam KU215599.1 —
A 77 FH GD-E14084 Karp KM492920.1 —
A 78 BA P GDQY13052 Gilliam KJ188197.1 —
N 81 PR P GD-E14079 Kato KM492919.1 —
A 87 FH GD-E14084 Karp KM492920.1 —
A 88 BA P GDQY13052 Gilliam KJ188197.1 —
N 92 PH 4 GDQY13052 Gilliam KJ188197.1 —
A 95 FH P GDQY13052 Gilliam KJ188197.1 —

) R 1 PR GD-E14084 Karp KM492920.1 RS
[CES 2 FH GD-E14084 Karp KM492920.1 %
) R 6 PR GD-E14084 Karp KM492920.1 1E2E
B i Bl 18 PH 4 GD-E14084 Karp KM492920.1 EES
[CESE 21 FH Ak GD-E14084 Karp KM492920.1 [F] %
[(CEAT 23 FH GD-E14084 Karp KM492920.1 ] 2z
B g Bl 25 PH 4 GD-E14084 Karp KM492920.1 EES
R R 28 FH 4 GD-E14084 Karp KM492920.1 [7] %
(CES 30 FH GD-E14084 Karp KM492920.1 [F] %
g 2% B 34 FH Pk GD-E14084 Karp KM492920.1 5] 22
g 2% B 37 PH 4 GD-E14084 Karp KM492920.1 ] 22
(CES 38 FH GD-E14084 Karp KM492920.1 [F] %
g 2% B 39 FH Pk GD-E14084 Karp KM492920.1 &) 22
g 2% B 41 FH P GD-E14084 Karp KM492920.1 I 22
(CEST 42 FF GD-E14084 Karp KM492920.1 EE-3
AP 3T 43 FH 4 GD-E14084 Karp KM492920.1 [7] %
g 2% B 45 FH Pk GD-E14084 Karp KM492920.1 EE-S
P 48 FH GD-E14084 Karp KM492920.1 1)
e 49 FH 4 GD-E14084 Karp KM492920.1 1
g 2% B 50 PH 4 GD-E14084 Karp KM492920.1 ;A
(CES 51 BA P GD-E14084 Karp KM492920.1 A

i) 52 [ERES KM11-2 Karp GU446591 1 B

i g 58 FH KM11-2 Karp GU446591 1 H
(eSS 62 PR M KM11-2 Karp GU446591 A
% B 63 PR KM11-2 Karp GU446591 ] IS
g % R 64 FH KM11-2 Karp GU446591 ;N
INF R 65 IoF KM11-2 Karp GU446591 T B
% R 70 FH KM11-2 Karp GU446591 I
(P 71 FH P KM11-2 Karp GU446591 N
R 74 FH 4 KM11-2 Karp GU446591 [7] %
[CES 80 H KM11-2 Karp GU446591 /] 4%
g 7% B 81 FH KM11-2 Karp GU446591 [7] 22
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b FEA G 5 6 0 445 R Wk 4 5 B 43 oS R 4E Hh s
(CESE 83 H KM11-2 Karp GU446591 /] ¢
[CEEE 84 IoF KM11-2 Karp GU446591 /] ¢
(CESLE 93 FH GDys21G Karp KJ188181 EE-3
[CES 96 IoF KM11-2 Karp GU446591 /] ¢
(CEST 97 FH KM11-2 Karp GU446591 /] ¢
[CES 98 H KM11-2 Karp GU446591 /] 2
g 2% B 99 FH Pk GDQY13052 Gilliam KJ188197.1 7] 22
R 102 FH 4 KM11-2 Karp GU446591 [7] %
g 2% B 104 FH Pk KM11-2 Karp GU446591 7] 22
R 106 [{ERES KM11-2 Karp GU446591 [7] %%
g 2% B 108 PR KM11-2 Karp GU446591 [ 22
R 110 FH 4 KM11-2 Karp GU446591 [7] %
9 2% B 112 FH KM11-2 Karp GU446591 fE%
il B 114 FH KM11-2 Karp GU446591 S
R i 115 BA KM11-2 Karp GU446591 %
) R JM it 175 FH P GD-E14084 Karp KM492920.1 1E2%
Wl B IM i 15207 FH 4 GD-E14084 Karp KM492920.1 LR
WERE M 15214 FH 4 GD-E14084 Karp KM492920.1 LR
WER  IMIJF 15217 BA KM11-2 Karp GU446591 &%
WMER  IM BT 15229 FH 4 GD-E14084 Karp KM492920.1 LR
WFEE  IMIJF 15238 FH P GD-E14084 Karp KM492920.1 1%

x4 EBNTARBREIMERBESHHERL

Tab.4 Genetic typing of mammals with Orientia tsutsugamushi, the causative agent of Scrub typhus in Xiamen

T i 35 Sl ) IR G AR s S DR 2 Y 4y A

Karp/ % Gilliam/ % Gt/ %
e (CES 41/131(31.3) 1/131€0.8) 42/131(32.1)
B B 5/9(55.6) — 5/9(55.6)
Y 5/20(25.0) - 5/20(25.0)
INF R 1/5(20.0) — 1/5(20.0)
#E R - — 0/3€0.0)
X T HL X 12/26(46.2) — 12/26(46.2)
FEKX 10/63(15.9) — 10/63(15.9)
[ 4 IX 28/74(37.8) 1/74(1.4) 29/74(39.2)
ML X 2/5(40.0) — 2/5(40.0)
it 52/168(30.1) 1/168(0.6) 53/168(31.6)

2.8 JEPHAA  EARAERE R EZ A L
M IrZR R E . KILLIFE L 6—8 H AT Mk,
J&m T AR A S UL R L L A
AR B = A Oy ot B2 G gl 5 VT AL
PL10—11 A AT m e, J& Tk 1007, 48 £ 3h 9

DL Z A B A BRI K RO 32, EE A /NG £
AW MR R ] T O AT A R AR T Bl
Wy A SR IR R AL T e T R AL,
FEE E3h Y LA 5 LR R R RS O 3 A S DL
Hb B S50 o 3, FE R DL Karp R 32,
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x5 BEINMHARREHMERBEKRS FHHR

Tab.5 Strains or closely related strains of Orientia tsutsugamushi identified in small mammals in Xiamen

HH (£SR3 /% I [ 2 5 iy B B He i
M2y, F£ER6), B BER 20, HMER (5,
Karp GD-E14084 26(49.1) KM492920.1
H@, F%A4H B (D
FERMW, BHE ), [ \BER 200, RE S (1,
KM11-2 25(47.2) GU446591.1
2 (13) INF (D
GDys21G 1(1.9) KJ188181 A % (1) My R (D
Gilliam  GDQY13052 1(1.9) KJ188197.1 [ (1) WERR (D
GDst10F (KJ188183) 7 3 iTJ' I/E

GDSt37P (KJ188184)
ChinaGDst103K J183182

| China-GDK13017(KJ188185)

@ ChinaGD-E14084 (KM492920)
® | ChinaGD-E14080(KM 492923)

KM 0605a(GQ332742) Karp
@ KM 11-2AGU446591)
ChinaGDAQY 13053 (KJ188198)
GDst13F(KJ188179)
GDys19G(KJ188180)

100 | @ GDys21G(KJ183181)

44 | CDC(DQ485289)
9 Fmoz(cummm
© Ganzhou-02(KU215599

GDqy 107(KJ188193)

Gilliam
. GDqy 108(KJ188194)
GDay137(KJ188195)
' | 6Dy 160(kJ188196)
® GDQY 13052(KJ188197)

TT03-1GU120168 :|

100 |1'ro705a(<30332753) Divergent
KM 15-1(GU446595),

NT0707a (GQ332752) 7
ChinaGDyj13016(KJ188190)
GDst33G(KJ188186) TA763
KM10-1(GU446588)
KM19-2(GU446603)
KM 06(GU120151)

1o | KM 21-1(GU446605)

L [P—
HL03-2(GU120143)

HC0605a(GQ332761) Kato
@ ChinaGD-E14079(KM492919)

o ChinaGD-E 14088(KM 492925)
100 | ChinaGD-E14091(KM 492924)
GDqy 99(KJ188187) ]

B2 ENmEHFRHRERSHE
Fig.2 Phylogenetic tree based on the 56-kDa TSA partial

100

gene sequence of O. tsutsugamushi in Xiamen

2.9 BEAEKMS  BEXS BTG R AT A A
SR BCLL R BRI 0y W 25 5 PE R s . — R AEE
B IR AT T AR AT 2 R A KR s T
s RAEVAT Z 10 055 4 R 20T PR A R A B L A
S AV I R0 g S N B 4P =2 T R IR BT IR B,
O R4 T A BRI 5 DU i M 00 o R B 2 402 SR T
i SRS L A A DA A 5 TR iR R R
I 0 35 U R 2 B L B IR R

s HRUJ I H S AU AR O AR g R Y — 4R
P2 UG SR B A Y, 2 RO AR Y R R R
AW A U AR R A R R R AR RAT S
I RE AR A A A OGS U A TR A
B L TE 20 4D 80 ARAR IR 13k B i, 1989
A 5 R e 81 o 1k R A A YL AN i
BEME . 2005 AR LK, BE 5 i AT 9 45 B, T
A UG R B T R A R U E B0 R R A
FOf R =2 AR E TR MR 2 — o T T e ¢
2 B T A AU 2 B R T I 1 A AR TR
SRR DA

A HORG JAT TR L AR BT T R e
MR AR R A IREE. 2006 — 2016 4F LR 5
A H 6] 690 i), AR 2 R 2.01/10 T1, KR H
ik S b TR g S IR R BT g YR AR E L AT
RESETH ABEEKES 5EING S £ H Z K
2 B R o B, R L N T R R XU A R R
AR, 2006 4 LIORE T A HUR 2 B T
B HERITE 2013 4F 2014 4E 840+ 43 B B, AT RE
K5 TY T o R R W L B R ) R B AR A K
- AR AR S B R AT G JE ] T A O S R
A RE S AR AR AT

JE 1T 2006 — 2016 4F & HU 55 Lotk B E 1,02
C1LRIRAEIY LA 20~65 ¥ o F LB AR R N E.,
AR REEERMN S RBX, AEE, HEL, S5
T 55 e 1 A2 v B 1 o B 5 L AR AR R R TR SR L RB
Ui S % o, Bz fih 26 W & YL . R T T AR AE RS AR
(015 2 sh W) A 26, 36 43 B L Karp o4 &,
7 85.71 %6, JE YT I i sk 2 RS AR D e T AR i) B P
5] 595 SR 7 F A 5T L B & BT RE R AR AR S L R
Ji 11 T 2 R T 4 4 R AR AR A

CF %65 1067 51D





