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Abstract: Objective To establish a multiplex PCR detection method for simultaneous detection of seven rodent-borne
pathogens based on the QIAxcel capillary electrophoresis system. Methods The “special marker gene” workflow in
Microbial Data Analysis Cloud Platform (https://analysis.mypathogen.org/) was used to screen out the specific genes of
Orientia tsutsugamushi, Anaplasma phagocytophilum, Rickettsia typhi, Francisella tularensis, Coxiella burnetii, Leptospira
interrogans, and Bartonella, and specific primers were designed based on such results. Specific chimeric primers were
constructed based on temperature-switch PCR, and a multiplex PCR method was established. The QIAxcel capillary
electrophoresis system was used for the detection of amplification products, and the sensitivity, specificity, and repeatability
of this method were evaluated. Simulated samples and field samples were tested to evaluate the detection capability of this
method. Results  Specificity tests showed that each pathogen had a single target band without cross reaction. The
sensitivity detection limit of multi-primer single template was within the range of 11-76 copies/p 1, and the sensitivity
detection limit of multi-primer multiple templates was within the range of 20-200 copies/p.l. Sample detection showed that
the multiplex PCR detection method was comparable to the single quantitative real-time PCR method and was better than
the simplex PCR method. Conclusion A multiplex PCR detection method is successfully established based on the
QIAxcel capillary electrophoresis system, and this highly efficient and rapid method can detect seven rodent-borne
pathogens simultaneously, which provides an effective mean for the diagnosis, monitoring, and epidemiological investigation
of rodent-borne diseases.
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SISV /i /I e VA U=y RV ST NI iV E 2
B SR S A I 705

1 #MREF=%

11 AEABERA AR ES & HEE R AR
35 Ot Ap. Ft. Rt. Cb Hl Lep, [ /K i /A& J& 1& B B.
clarridgeiae(Bc) \B. doshiae(Bd) \B. elizabethae(Be)
B. grahamii(Bg) . B. henselae(Bh) . B. koehlerae(Bk) .
B. quintana (Bq) Fl B. tribocorum (Bt) o B¢ 5 A%
PR A4 25 Fh AT [ TH (Brucella abortus) 42 51 (0] %)
BR B (Staphylococcus aureus) . ¥ 9 + 3 ¥
KM om

(Agrobacterium  tumefaciens)

(Haemaphysalis longicornis) Mt 2& (Meerkat ) FIl N 4%
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Figure 1 Specific chimeric primers
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FEAH 10 min, BEEIR AL PCROLILAS B BCS 1 171R
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1.8 %itF o4 X mPCR LT qPCR VLT
Jr ik —8E M, >R Kappa (B K52 . Kappa{H =1
Jy WL e 5E 4 —5L, Kappa {H =0.75 — B4,
TE 0.40~0.75 [0] A /= FE — B O % 0.40 #10.75)
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Table 1 Primer sequences of seven rodent-borne pathogens in this study

SRR NP5 Rt G WFI(5 ~3') 7R/ (bp)

Ot AM494475.1 TTCTTCCGCCTGATTGAGGTTGAAATGGTGCGAGAT 430
TGTTGGCATTCTCGTCACAAGGTTTTATGCAATGGAC

Rt AE017197.1 TTCTTCCGCCTGATTTGGTGACAGGGCAAGGTTATG 300
TGTTGGCATTCTCGTCGATAAATGGCTCGGATTGTTC

Ap CP000235.1 TTCTTCCGCCTGATTTGGACGAATGTGCTGCTGG 328
TGTTGGCATTCTCGTACACCGTGCTCCCGATACC

Ft AJ749949.2 TTCTTCCGCCTGATTGCTTGGGACTGTGGTACTGGT 289
TGTTGGCATTCTCGTCATTAGGTTTAAGTATGCGTAGGC

Cb AE016828.3 TTCTTCCGCCTGATTGGATTGGTTCCCATTCCCT 251
TGTTGGCATTCTCGTGCGTTTGATTCTTGGTGCTT

Lep AE010300.2 TTCTTCCGCCTGATTGTGGCGGAGCAATATGTAAT 185
TGTTGGCATTCTCGTTCTTTCAATCTTCAGTGTCTGGAC

Bar BX897699.1 TTCTTCCGCCTGATTGCAATGTATCTTCGCTCTACGG 156

TGTTGGCATTCTCGTCGCATCATCAAACCTCACACC

T NI S 1, A T RIS R S |45 O -G BURATT I Re SRS SEUAAs Ap. REFRIEANMITEIEA s Fr. 40 o vy

HiPA s Ch. DA se {4 s Lep. [A]45-445m IR e (4 s Bar. /R

22 mPCRWRZ#yEs iR &S5 ET
1k, 1 Fe 2 8 PCR VAR & {m.%l%MF MR
21 wl(1 wmol/L) , GF #1 GR 4% 1 w1(10 wmol/L) ,
2 X Master Mix 12.5 w1, B4k 3 pul, ddH,0 5.5 pl,
I 25295 CCHAEE 5 min; 95 CAFE30 5,58 C
B k90s,72 CHEAH 60 s, 10 MR ;95 C A
30s,69.5 CiB k90 s,72 CIEM 60 s, 10 MEFF;
95 CAEM:305,45.5 CiIB K 905,72 CHEM60 s,
20 MIGFF ;72 CHEMH 10 min (K 2) . HAIR SS9

MF MR 2} 7 Fft F bR E& 19 SCPs #2 LU BT A e il 8
B 5 W AE R 2 v 9 Bl 9k BE Ap ARt 24 30 nmol/
L, Rt 2 40 nmol/L, Ot . Lep 1 Cb 344 50 nmol/L, Bar
4 60 nmol/L.

2.3 mPCRAR A4kl RAELR DIFHIERBR
MR MRS T mPCR, QIAxcel 404 HL KA I 7=
Wy 7R B SO 35 L BB — A SR 2R, eSS
S (E3) o Hern EL7R @ A4 J8 w4t 8 A DL I R
AR (E4) . ZBAEHRIKZ AN, B i 260K
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Figure 2 Amplification process of temperature—switch PCR
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Figure 3 Capillary electropherogram of primer specificity test
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Figure 4 Capillary electropherogram for the specificity test of the Bar primers

/N2 Bar A7 155~161 bp, Lep & 185~191 bp, Cb K
251~257 bp, Ft 4 287~293 bp, Rt 4 305~311 bp,
Ap }331~337 bp, Ot H 429~435 bp, AEHEF MR
FRIAY g th B 55407

25| ) PR, 8 AR ARG I B S 7, BRI AR R
FEL K S K B3 551 A 1.1 10° 8 DL/l (Ch) 1.5 X
10? # D1/l (Rt) \7.6 X 10'#% Dl /pl (Ap) 1.7 X 10°45
DU/I(Ot) (1.8 X 107 ¥ U1/l (Fr) , 1.7 X 10°#% D1/l
(Lep) 1.6 X 10342 1/pl(Bar) , KMBRIIE 76~180 #%
DU/ S Y 5 QTAxcel B 2045 FEL UK DU B 431 4 Ap

For DU B AN, JC A SR ARSI RIS (% A 5 DL ove J3
PRBAR 10455, 2978 11~76 $£ D1/l JEFEI N (&1 5) .

22 5| W) Z2 A5 R G B 5 7 | B W R
P UK R I B R 2 X 10 #8 DL/ L, T A6 6 Al 5 44
(T Re A ke H /9 50 KON, Bk X 48 ) 5
QIAxcel BN HEIKAHMFRAE 2 X 10" # D1/l AT S 2]
5 75 J5U4A (Rt Ft.Cb  Lep Fl Bar) , 76 2 X 10*4£ 11/l
A ) 7 Al A (1 6) . 2R KGN, SLI
SRR 3L
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Figure 5 Sensitivity of multi-primer single template based on the QIAxcel system
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Figure 6 Sensitivity of multi-primer multiple templates based on the QIAxcel system
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2, A R MW B (Apodemus peninsulae) 3 H
(3.49%) , #3 % B (Rattus norvegicus)18 H.(20.93%) ,
W K5 (Soricidae) 1 H (1.16% ) , 4t #t B (Niviventer
confucianus )35 .(40.70% ) , 7]\ %K W (Mus musculus)
29 H(33.72%) . Fi mPCR ¥ |, qPCR 3% il % #{ PCR
XA UM A, b 26 2 mT D0, 3 22 3 R
i, 350 R B IR R B Y . mPCR 4G Y BH A 21 £
(24.42%) , Fo¥P 18 1724 Bar &Y , 2 1 A Lep B,
1132 Ap 4% s qPCRIEA T FHPE 21173 (24.42% ) , Horh
18034 Bar YL, 3493 Lep e ; # H PCR LA H: BH
PE613(6.98%) , b 5434 Bar /B¢, 1434 Lep B4t

X mPCR ¥ 1 qPCR ¥ #E 47 Kappa { — S0 K
B (#3) . X Bar kil , Kappa fH 4 1.00, 2 Fh 77
e 2% S 5E 4 — 3505 XF T Lep #6210, Kappa {64 0.79,
25 AR I 45 SR — B 5 X T Ap K2, mPCR
PAGI N 143 BEPERE S, , qPCR EEAIH L PCR 2 K46
HUESI] AR ST
3 i’

ST Sh W S VF 220 A 1 [ AR T T AL R I
I, Al R Z RS IR A AT O A3 TA:
YAFE PR . FAE 20 el S04R40, FE L
ST T BRI 1Y) B AR s I 2R 48, XA O LTS
PRI T ZR G0 0 W DA LI U e S A
H &3, Wa AT 55 H 4 0, S JsARASIAN 3%
I 2% 7, BN W Kl A 255 A R 3 B
PRI, s 22 R S ARG TN 12 Ry BRAR R 5 T

IR PR A S
R2ALETTESN N AR A AR I 1 0

Table 2 Testing results of spleen samples from small

mammals in Beijing

FEm AR HHLPCR ¥ ZH#HPCRYE  qPCRIE
PG4 - Bar Bar
PG8 - Lep Lep
HRI1 Lep - Lep
MTG1 - Bar Bar
MTG2 - Bar Bar
MTG4 - Bar Bar
MTGS - Bar Bar
MTG6 - Bar Bar
MTG7 - Bar Bar
MTGS8 - Bar Bar
MTG9 - Bar Bar
MTG13 - Bar Bar
MTG15 - Bar Bar
MTG20 Bar Bar Bar
MTG21 - Bar Bar
MTG23 Bar Bar Bar
MTG24 Bar Bar Bar
MTG25 Bar Bar Bar
MTG28 Bar Bar Bar
MTG29 - Bar Bar
CY38 - Lep Lep
CY41 - Ap -
Hogx 64 Oy RERD - - -
A 86 86 86
FHAEE (1)) 6 21 21
IR (1) 80 65 65
(%) 6.98 24.42 24.42

- KIS SN B s Ap. BEFFWEANIRICIZ A ; Lep. [0]“5-44bik
HEHENA ; Bar, [L/RIE A

£3 mPCRIEM qPCR E—E MK
Table 3 The consistency test of mPCR and gPCR

IR S (1)

i 2L Il 9
Rl (mPCRiA/QPCR i) (0] CAIHA() e Kappa i
++ = -+ == ) B P BitE
Bar 18 0 0 68 100.00 100.00 100.00 100.00 1.00
Lep 2 0 1 83 66.67 100.00 100.00 98.81 0.79
Ap 0 1 0 85 N 98.84 N 100.00 N

VE:N A TR0, Tl +. AN R B s — KSR I s Bar, EURGER; Lep. [R5 E0miR e ;s Ap. WEA AN ICTE (4

AHIFGE RNV FE S RAT, 225 W) SRR R U
K BRAE 11~76 45 D1/ S5 Bl N, 251 4 Z R0 1
20~200 5 DL /w3 B A, 337 L0 [R]85 2544 B a5t
S P DK R 00 52 A 10455, A FE AR R
I, Ot F1 Ap Z A5 A R A5 AGr i BR T B, Jist PR T g
JE BRI Z2 205 | W) (B AE AR AR B 5 554
SR 45 AR 1L, Tokarz 2517 I 11 £ 8 qPCR
(i) s A ) 5 e B A% S AR, ARG 28 S0 T 35 1048 DL/
W o MelnicakovaZs: ™ ¥ DNA {4 51 5 PCR A
e i ool ANARY I R NN VAN 7S R o VA 1
VT IR 3 A BR AL e IR AR, A I Al B T 56 1 8 D/

FHEAE 2 xMAP 70 76 BAE o [m] A 9 Fef
BRA% o SR, G R RS 5 3K 0.03 pe/ I, T LA
mPCR %12 5 qPCR AN R A5 AH 2, B T8
AR ER A R . Al T2 E PCRIEZ K
S R ARBCAT B, SRS Rk SR FH B o, HARE Rt
5, XEELAAE)

A 3 ) B A BB A I B 7R, mPCR 2 A
qPCRIEKTIIGE S AH>Y , I8 T8 FL PCR 2%, 5 Z Hi#f
FEEER—F™ . H mPCR ¥ Ml qPCR 46 Bar )
B F1 58 A —20 K Lep B 2 Fhor P 4G 81— 2otk
=, (B Z 8 PCR AT 113 Lep AYERES , 2255058
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TR S AR Ap B 5 mPCR AR TS 14 FH
e, HAt 2 B O SRS AR E], BT mPCR A R
TR B e AR O B . 86 I KA
LAt BHE 22 43, 289k B AR Y . L, Bar JE&
YUy, PR 2 DX AEAE TS TE 1) Bar JEGL XU , 22
5 EEIE 2567, IR I R4 7R A VR T SR 4 1) 2 22 RUR
ek BRI/ N BT E A B /R AR i F A 2

A 1o BE ARG AR BT mPCR Bk B RS T £ e
O REE &, 5 E qPCRIEM S, i T4 M PCR
1% 5 ORI B e, LABAYAG I 96 13 it A 1], ~F-34)
B S TG 2 3 min; QEAERIME , i H K,
F 30 FARE @i, A RGN 7 Ao IR A . %07
AT SE TR B R RS PR h Ak A
7 B BRI B AR, SRy TR ] BRA E  7) SI k  R
2N IR AR LR A IR T ROR SR . BRILAh , A0
FEMAFAE—SER 2, AN 3~5 bp HY 5 20 P s SR 1
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