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Abstract: Objective To develop xMAP suspension arrays for simultaneous detection of tick-borne pathogens including forest
encephalitis virus, Xinjiang hemorrhagic fever virus, spotted fever group rickettsiae, Babesia spp., Ehrlichieae, Francisella
tularensis, Coxiella burneti, Borrelia burgdorferi, and Bartonella. Methods The 9 tick-borne pathogens were divided into two
groups, and a multiplex PCR system was designed with up-primers labelled with anti-TAG and down-primers labelled with biotin.
The PCR products were hybridized to the magnetic microspheres coupled with x-TAG. The conjugates were tested using the Bio-
plex 100 system, and the 9 tick-borne pathogens were subjected to single and multiple detections and analyses. Results The
mean fluorescence intensity three times higher than that of the background was judged as positive reaction. The results of single-
plex and multiplex assays for the pathogen cultures demonstrated specific positive signals, without cross reaction, and the
stability, sensitivity, and specificity of the method was good. Conclusion The liquid biochip technology platform with the beads
coupled with x-TAG, which can simultaneously detect 9 tick-borne pathogens, has been successfully established. This platform
holds promise for detection of tick-borne pathogens.
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Table 1 Primers used in the process of multiplex PCR amplification

PRE Bk

Ao D5 2 S5 (5 ~3") (bp) i
LI PG ACATCAAATTCTTTCAATATCTTCAGGTTCAGCTACAGCATCTATCGCTACCCCTCTGCCATTAGCACC 550 55
QAT LR AR TCATCACTTTCTTTACTTTACATTGAAGCGCAACAAGAAGAACACATGAGCGGTTCGTGCTTC 437 44
A BB AR e ACTACTTATTCTCAAACTCTAATAATGCACATCTGGTGTTAACTAGACTTATCACCGGCAGTCTTA 351 33
[ R A CTTTCTCATACTTTCAACTAATTTGCTATGTCTGCATTCTATCAGATCYTCAATCATTTCTTTCCA 791 20
FRBRIG 4 995 15 ATTAAACAACTCTTAACTACACAAACAGACTTGARATGGCCATGTGGAGCCCATCACTCCTGTGTCACACT 373 36
B I B R AATCTCTACAATTTCTCTCTAATATGGACACYTTCACAAACTCGACAAATTCCCTGCACCA 536 61
RESIFET SLRAK TTAATACAATTCTCTCTTTCTCTAGGCAATTAATATCGCTGACGGGCATCTGCACTAGCACTTTC 654 54
[ DL g TTAACAACTTATACAAACACAAACCTTAGTATAAGCTTTTATACAGCATAGGTCAGAAACTTGAATGATACA 237 53
B SV CACTACACATTTATCATAACAAATCAATTGCTTATAACCTTTTGGTCCCTATTAGGAGGGATACGACCTT 914 42
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Figure 1 Results of multiplex PCR amplification
of tick-borne pathogens
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Table 2 Optimization results of annealing temperature

MFI{E
I A4l Bl
’ Q Fr Bo Barton XHF TBEV Babesia Ehrlichia SF
52 2195.0 697.0 935.0 1154.5 994.0 1055.0 2989.0 2008.0 756.0
54 2628.0 1256.0 1392.5 1676.0 1543.0 1475.5 3442.5 2286.0 12435
56 3524.0 1590.0 1873.5 2355.0 2245.0 1364.0 4346.0 3072.5 1552.0
58 3203.5 1322.0 2051.0 2078.0 2045.5 1267.5 4032.0 3023.5 1676.0
60 2467.0 1020.0 1854.0 1446.0 1876.5 1056.0 3575.5 2823.0 1353.0
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Table 3 Optimization results of amounts of primers

AH B4
RrllmeE SIIAG (D) KszE S ()
Barton 0.8 XHF 1.5
Fr 1.8 SK 2.0
Q 1.2 TBEV 1.2
Bo 1.2 Babesia 1.0
Ehrlichia 1.5
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Figure 2 Optimization results of hybridization temperature
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Table 4 Lower detection limits for 9 tick-borne pathogens

Al Bl
s SR s SRR
Barton 0.089 XHF 0.767
Fr 0.032 SF 0.311
Q 0.139 TBEV 1.604
Bo 0.032 Babesia 0.098
Ehrlichia 0.609
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Figure 4 Specificity validation results within the detection system
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