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Development of a recombinase aided amplification for detecting Babesia microti infection
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Objective To establish a recombinase-aided amplification nucleic acid isothermal amplification (RAA)
method for the rapid detection of Babesia microti. Methods The sequence of mitochondrial cytochrome C oxidase sub-
unit I (cox 1) of Babesia microti was selected,and universal primers were designed. The primers were screened and tested
for specificity to establish and optimize the RAA system. The sensitivity of the method was tested using recombinant plas-
mid and adult Babesia microti DNA as templates, respectively. The specificity of the method was assessed using other
species of parasite DNA, including other transfusion-transmitted parasites. The method was also evaluated to screen 42
blood samples from foreign student blood donors.  Results One set of primer pairs with good amplification effect was
selected. The RAA reaction conditions were optimized at 37 C for 20 min. The minimum concentration of recombinant
plasmid at 10" copies/pL and the genome of Babesia microti at 10~° ng/pL could be amplified. This method had good
specificity and no cross-positive reaction for other parasites. All 42 blood donors’ samples were negative.  Conclusion A
sensitive and specific RAA method for the detection of Babesia microti was successfully established which can be used for
rapid detection during blood screening and for the detection of large-scale samples during field surveys.

GG Y Babesia microti srecombinase-aided amplification;nucleic acid test

"B DU MU Cabesiosis) & H A 2E 7E £ 40 i P 0 B

DUPY g (Babesia) (1 J5 A4 s ¥ 51 A2 1) Bﬁlﬁﬁﬁ
0 4o 6 8 B (Ixodidae family) % Ja e fry s 45 & oI, w WETEAIIED N VLI E BT & R R H (No. BE2019755)
- VL9544 FBRRH4E 4 9 H (No. BZ2020003).

§I\‘m'—I il’ (75%7% E/Jm]‘{,ﬁl ﬂﬂ HH ,ﬁ%iﬁ(ﬂ ’ mﬁﬁj‘ﬂAﬁ*u % ML, E—mail : linhong712003 @ sina. com

L7 00 i 72 1 5 0 LA A R 2 T il ipdy@ 169, com
AR Sfurle J B0 1 2 90 5 I A R 4 L0800, 0 I A BE B0

o e 3 i) A 4 3 T A G
AR RV Y S R AT, 1057 4F LGRS T PR A 500 A 5
E—mail:nike8904@163. com

T RE W hr R R IRGE AR DI BR A e A RO G T DLy IS5 B Ay 4 4 — M



T E R R E M F L

Journal of Pathogen Biology

2022 4F 04 H 55 17 B4 04 1)
Apr. 2022, Vol. 17,No. 04

« 421 -

U B R B — 1) T 1 A K TR L DLV U L 3
ZER AAELE R FEE . H AR E, S
L2 D7 HUR G s SR A AR LT
HUIE A IRV T 7 3 e

EL DL HUm AR B 2, Horb LS DL Y L (Babes-
ia microti) & 5| A FIWG 5 28 3l Py B D1 VG B 1Y) 8 2
2R g SRR T e R AR A R A B A
BB 1 B A T2 P R R R I PR Y L B AT DL
FOIAE R (0 75 45 IR A XFAR A T FE SRR . e
SR I Y 37 38 2o A% 47 P BRL B DL A 4 B s AR R Y
2 ML AT BE AT R ™ L 2 B0 B DRI A 2T 4 i
o 0% G TR ) R UL A R 36 [ RN 2 W A
Jeiy CEDAD 45 ) 6 1M 4 56 56 7~ ) 32 4% e vk
2012 4F 3 [ JF b 8 R B DL VY A3 47 M IXOR A I
225 A I BT AR RN 2 i PCR 7 B AG E U1 7 Bt DNA
Xof iR I AT O A R AR T 52 Rk R I A A I VAR
R G0, I fil A5 i 1 £ % EL DL VG S A O A X R
F [ 438 0 3h e g 11 DL Y UL ATz B T L AR B
oKt 22 14 b X BN SRS 0 L 22 SRy B AL it JaK
YELO O p DL s B B R A X T T e R R B DL P R
M ATG 0L LA R IESIZ i fI A RGBT 2R E 2, Ik
A3 A B AR 2 R 2 ) G 0 5 DA X 3K AR A% e
W5 . ASTIR ST L 57 45 R H 4L i A 5 (recombinase ai-
ded amplification, RAA) M Z R Y 3 7 % A T H R B
DUPY U 4 A

MR ERE

1 o8

fat B N A1l Kz 42 ] A0 B8 27 2E Wk Il & A A 40k
0 0 X 1 RPTIN o -0 N 11 = T1 Qi=
DNA Hy v [ 555 19077 42 ) o0 25 A2 BB A BT R
S A P A i £ B AT 2R HL VL08R AT AR O
Bi G 5T T S 4t . I U/ ZH 2 DNA 42 BUsL R & W A
% F Qiagen 2 #); Taq DNA & B (5 U/pl),
dNTP, MgCl, Hl 10 X Reaction Buffer I A I
Takara A 7] ;50 X TAE ZZ i W B b 5t R E = B H
A BR 2wl s Agarose B BE W 9 [ 35 B MBI 2 A5
2 000 bp DNA % F it & b5 i ¥ A Takara £ H R
FEEOH R F =5 RAA R &0 B L5 & KA
R AT BRZS 7 5 pMD19-T (Simple) 38 B H 4 5 A
HI 2R AR AR i) By A R A vl A A
2 FHik
2.1 FuydAe sl st /8 NCBIEE i R
P BRL B DL P H 4ok A 4 il 2 R C &1L F 5 (eyto-
chrome ¢ oxidase subunit I, cox 1) 3 [H 4 ¥ 3 (Gen-
Bank % 5% 5 :1.C005813. 1), iz il DNAMANT7. 0 1 {F

HEAT [ WA 23 Hr . G 2 g DR ST I R R Y S AR
RAA K i #0065 . MR4E RAA AR JHL, B Ampl-
fix BB S MR 9 0 B R RS 1 (5197
FIMPIPIAL A e B9 K IR 1o, B TR
YA IR A A L i RAA R HEAT 5| 4 6 0 1

£ 1 RAASIMEER
Table 1 RAA primers designed

SRR A A

Primers combination

LR

J# 51 e
Primer . s\ P
Sequence(5 —>3")

name Primer KN

pair Size (bp)
F1/R1 239
EmEY  FL.CAGTTACCAACTTCTTGGTCTATCTATATAAC ;  FI/R? 218
Forward  F2.CTTGGTCTATCTATATAACATCTGTGTTATTG 5  F1/R3 184
primers 3. TATTGTTAGTAACATTACCAGTGTTAACAG F2/R1 225
F2/R2 204
_ . o X F2/R3 170
RIE51%  RI:CAGGCTAAGATCAAGCTAATGATACCAAATG F3/RI 208
Reward  R2:ATACCAAATGCTGGTAATATTAGTACATACAC F%’,R? 18_
o/ KL !

primers R3: CTGGATGTCCAAAGACCCAGAATAGATGCCGA
F3/R3 153

2.2 A RAA BBk 2 E AR B FAFHRAL K
it RAA SR FH LR RAA 50 &, 350600 5 05 vk
YE R NAR RN 50 pl, A 8 fe 4 0 i BE A
[, FC i B A RAA SO AR R 5 45 SO 8 43 51 8 T 36,
37.38.39.40 ‘CKE . LL 107 copies/ L A5 1 R
RFEARHEAT YR 4 M AE 20,25 F1 30 min JF B R
B HEAT 2 Y03 e B B e r Uk O AR 2% 5 B R
o A R I R R B ]

2.3 RHEHKN

2.3.1  DUHCZH R B A RAA 2 1 2 6%
DAL R e BE AR ST R S0 AE A B R R, TA 5e A
kLA, B i 7 Be R/ 500 bp, B 20 BB fL A
KW 3575 T AT B (DH5 o0 55 37 I $2 BUT R, R 48 41
A3 OCOGEETE AT B s OF AT 85 DUBT R IR 2k
JEE AR RS B R [R) 45 DU A & 21 50k, 43 1 o 107,107,
10'.1,10 1,10 % il 10 ° copies/ L, LA I g 5 B k47
SErt RAA K, PEAR 7 i 19 R S

2.3.2  DAH R DY i pl At BRI 20 DNA SR B AR Ao
W RAA VLM R SR HCH U DLVE HU . DNA,
KR AN T DNA W JE, 4K E 1
ng/p L, FRHEAT 10 A% 6 B2 B B i DNA ¥ B 53 53
101,10 2,10 .10 " ng/pL. £ B0 1 pl BEARHE A7 2
filt RAA Kz, PF-H J5 v 1) R AR

2.4 ARl e i I A R A AR AL o R
B DLV LR A 2 D R R A 2 R N b
T HTE] H O PR T = H O R R B R
Jit AL DL R 5 2 BT oK B A R LG B DL P A A A



=~
Do
Do

¥ E R R ENF EE

Journal of Pathogen Biology

2022 4F 04 H 3 17 B5 04 M
Apr. 2022, Vol. 17,No. 04

Az L DNA PE B, LA ERES DLPE 3L DNA by BH A X
MEEAT 3L RAA SN, R B X5 42 4] 21 %5 K i & br
A AT F RS DLV R e O A, D flt R R a4 i
DNA M 1E R 25 1%k B8 BEAT I RARAS 59 B8 30E

% R

1 FRAIMIEE 0S| 4 0% ik

PIPILHA Y O X519 RAA B 45 % mE 1, H
S 2 X519 (F1/R2) R 10° copies/ p L B BURLAE K
BEOAR AT 3G 471G 7 W) 2% T b L B — LB M IR
T . RUNZX 5P G ROR & R R R A, B
B 2 XTI Sy de . BTG 5 9 3 AT A 1 B R 1
P12y 218bp 9 H M Fr B, 5 WU Y K —
B BEYT R — R a5 R JTCRE B A A 51
FrHexd 25 - —80, % s R RTOR TS 2 .

o M FIR1 FIR2 FIR3 F2R1 F2R2 F2R3 F3R1 F3R2 F3R3 FIRI FIR2 FIR3 F2R1 F2R2 F2R3 F3R1 F3R2 F3R3

T 3351 Y0 #5R ) 10° copies/ L T 4L ORI B M 56 BECONC) £E
R HATY Y .
Bl1 AESMEAEH RAAER
Notes: Each primer pair uses 10® copies/pL recombinant plasmid
and negative control (NC) as a template for amplification.

Fig. 1 RAA results by different primer combinations
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Fig. 2 Optimization results of reaction time and temperature of RAA
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Fig. 3 Sensitivity results of RAA
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Fig. 4 Specificity results of RAA
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Fig.5 Results of blood samples from 42 foreign blood donors
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