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TABLE I
Table showing reference sequences of bacterial species used for plasmid synthesis in this study

Plasmid Target Sequence included in the plasmid synthesized 
Length 

(bp)
Target gene and 

position (bp)

Target 
reference 
sequence

A

Leptospira spp. G G T T G C G C A A AT TAC C C A AT C C T G AC AC AG G G AG G TAG T G
ACA AGA A ATA ACA ATACAG G G C T TATAGT C T T GTA AT T G GA
AT G AT G G G G ATATA A AT C C T T C C C AG AG TAC C A AT T G G AG
G G C A AG T C T G G AG G G T C AG ATAC C G T C G TAG T C C TA AC C A
TA A AC TAT CAT CA AGT G AT T C G AT CATAC G AG ACAT TA A A A
C T G AG TAC C C G C AT TAC A AG C C G G C TAG AG ATA AC C C G G G
A AC T T G ATA AG T T C T G TA AC G C C TAT T T G AT C T T G C T C T T G
G T G G G G T T T AC C AT G C G T A AT T T G T T AC C A AC T T AC C G G T
G C G C T C T T AT C T G A AG AT G C AG T T G G T T G T AC T G C T G G T C
C TA AG G G C C T C AC T G TAG C G AT TAG TA AG C C T TAT G G G T C
AC CAG AG AT CACA A AG G AT G G C TACA AG G TA AT G A AG AG T
ATA A AG C C T G A AG A AC CAC T G G C T G C C G C TATAG C G AG CA
T C AT TAC T C AG AG T G C T T C T C AG T G TA ATAT G G TAT G C AG T
T T G AT C G C G G ATAT C T T T C G C C T TAC T T T G T TAC A A AT G C T
GA A A A A ATG C TG GTG GA AT T TGA A A ATC CATACATAT TC C T
TAC T GA A A AGA AGAT TA AT C T T GTACA A AG CAT T T TAC CA A
TAT TAG A A A AC G T T G C G AG AG C T G G C AG AC C AT T G C T C AT
C ATAG C T G A AG AT G T T G A AG G T G A AG C T C T TA AG G TAC C T
AC AG A AG A AG T C C C G G C A A AC T C T G T G C C AG C AG C C G C G
G T A A T AC G G AG G G G G C A AG C G T T G T T C G G A A T T A T T G G G
C G TA A AG G G CAC G TAG T G G AC TAG TA AG T TA A A AG T G A A A
TAC CA A AG C T TA AC T T T G G AG C G G C T T T TA ATAC T G C TAG A
C T AG AG G T C G A A AG AG G A T AG C G G A A T T C C T AG T G T AG A
G G T G A A AT T C G TAG ATAT TAG G AG G A AC AC C AG T T G C G A A
G G C G G C TAT C T G G T T C G ATAC T G AC AC T G AG G T G C G A A AG
C G T G G G G G AG C A A A C AG G A T T AG A T A C C C T G G T AG T C C A
C G C T G TA A AC G AT G AG T G C TA A A AG ATACAT G AG CA A A AT
C T CA AC T T TAT TAG A AG AG A AG CAT T TAT TAG ATA A A A AG C
CA AT G CAT G C T T T TACAG TAT G A A A AT T G G T G AT T TATA AT
A AC T TAG CA A ATCGTA A AGTGA A A ACAGACGATA A ATCAT T
C A AG T T T C T G AC C TAT C AG C T T T C G AG TAT C T T G G TAT G TA
T T TAG CA AT G AT GT C C T T T G A AGT GT T T T T TAC T T TAT T GTA
ATA A AG CATAT T CAG G AC T T T TAC T T T G AG A A A AT TAG AGT
G T T T C TAG C AG G C C G AC G C T T T G A ATAC T G C AG C AT G G A A
TA ATA AG T T T C G G G AG G C AG C AG T TA AG A AT C T T G C T C A A
T G G G G G C A AC C C T G A AG C AG C G AC G C C G C G T G A AC G A AG
A AG G T C T T C G G AT T G TA A AG T T CAG TA AG CAG G G A A A A AT
A AG CAG CA AT G T G AT G AT G G TAC C T G C C TA A AG CAC C G G C
TA AC TAC G T G C C AG C AG C C G C G G TA ATAC G TAT G G T G C A A
G C G T T G T T T C G G T C T T T G T G G G C G G C TAT C C G AC G G G C G C
A AT C T C G G A AC T G G C CAT C T C G A AC G G C CAT G C T G A AG AG
C T T G G A AT G C AG C C T G C A A A A AT TA AC AC AC C AG C AT C AC
C TA AC T G G AG TA AC T G G AG C T C AC TA AC T G G AG C AC A AG C
T T C AT G G AC AT T G AG AG T T C A AG TAG G T G C A A AT C A AG AT
G A AG C A AT T G C T G TAC C A AT G AT G C AT T T G A A AG C T T G G C
AT T G C C T G G C A A AT T G G C AG AT T G G C AG AT T G T G C G T C TA
A AG T G G CAG AT T G T G C G T C TA A AG C G T C TA A A A AC C C G G C
T G AG AG G G AG AT T TATAT T G TAG AG G G T G AT T C T G C T G G A
GGAAGTGCTAAAATGA

1947

16S ribosomal RNA 
(1382- 1578) MN062732.1

Brucella spp. BL chromosome 1 
(1603- 1637) CP022875.1

B

Rickettsia spp. TCAT TCAT TAGTGA ATGA A AGAT TACAC TAT T TAT T TCA A AC
C T T T T G TAG C T C T T C T C AT C C TAT G G C TAT TAT G C T T G C G G
C T GT C G GT T C T C T T T C G G CAT T T TAT C C T G AT T TAT T G A AT T
T TA AG G A AG CAG AT TAC G A AC T TAC T G C TAT TAG A AT G AT T
G C TA AG ATAC C TAC C AT C G C C G G A AT T G G AC C T T G G ATAC
C C CA A AT CAT TAT TA AT G G G CA A AT CACAG GT C T TATA AGT
T TAG C T C ATA A ATATA AC AT G C AG G T T TAT C C T TAC AC G T T
TAG A AT T G AT G C AT T G C C T T CATAT G TAC T G G C T TAC C AG C
TAT G G TA ATA A AT G G AC A AT G A A ATA A AC T C AT T G G AC C C
G G G G G C G G T AG C G G A AG C AC G T C T C G C T G C T T A A T G T AG
T GT G A AT GT T T CA A AC TA AG C C T TA A AT C GT C G CAG AT T TA
AGCGGGGTTCGA AGGCACCTGGCA ACAGA AGCCTTCACTTTG

493

gltA (11-176) CP004889.1

Borrelia spp. glpQ (197- 306) CP000993.1

Bartonella spp. G1712 chromosome 
(328- 481) CP091505.1

C Anaplasma spp.

T G AT T AT G AG T G AC AG C G T AC C T T T T G C AT A AT G G G T C AG
C G AGT TA AT C T GT T G AG CA AG C T TA AG C C GT GT TA AGT T TA
AC G G AT TAG AC C C G A A AC C A AG T G AT C TAG C C AT G G C C AG
G T T G A AG G T G TAG TA A AG TAC AT T G G AG G AC C G A AC C T G T
TAC T G T T G C A ATA AT G AC AG G G T T G G TAG G T C G TA A AT C C
C G G T C AC C T T G G TAG C C AC TATAG G T G G G T C T TA AG AG A A
G A A G A T T C C T C T T G T G C C T G C G G C G A G A C C G C G C A C G G T
C C A C AG G T T T G A C C A A T AG G G T C A C AG G G A AG G A C C C T G
G AC C C T G C C C T T C C C G G T G G G G T G G G A A AT G C AT G G G G C
C AC C C AG C T C C G C G G C G G C C T C AG AT TA ATAG C T C T T T C T
T G AT T T C T T G G AT G G T G AT G CAT G G C C G T T T T TAG T T C G T G
A ATAT G AT T T G T C T G G T TA AT T C C G ATA AC G A AC G AG AT C T
TAACCTGCTAATTAGCGGT

499 23S ribosomal RNA 
(11- 164) NR_076399.1
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TABLE II
Table showing sequences of primers and probes used in this studys, as well as conditions for multiplex PCR assays

Assay Cycling conditions Target Description
Final 

concentration Sequence 5’ - 3’ Reference

1
95°C for 3 min; 40 

cycles of 95°C for 15 
s and 50°C for 40 s.

Leptospira spp.

Forward 0.22 µM CGGGAGGCAGCAGTTAAGAA
(1)Reverse 0.22 µM AACAACGCTTGCACCATACG

Probe 0.22 µM FAM-TGAAGCAGCGACGCCGCGTG

Rickettsia spp.

Forward 0.22 µM GTGAATGAAAGATTACACTATTTAT
(2)Reverse 0.22 µM GTATCTTAGCAATCATTCTAATAGC

Probe 0.22 µM CY5-CTATTATGCTTGCRGCTGTYGGTTC

Borrelia spp.

Forward 0.22 µM CCTTGGATACCCCAAATYAT
(2)Reverse 0.22 µM GGYAATGMRTCAATTCTAAA

Probe 0.22 µM HEX-ATGGRSAAATSACAGGTCTTA

2
95°C for 3 min; 40 

cycles of 95°C for 15 
s and 60°C for 40 s.

Anaplasma spp.

Forward 0.3 µM TGACAGCGTACCTTTTGCAT
(2)Reverse 0.3 µM GTAACAGGTTCGGTCCTCCA

Probe 0.15 µM CY5-GGATTAGACCCGAAACCAAG

Brucella spp.

Forward 0.4 µM TCTTTGTGGGCGGCTATCC
(3)Reverse 0.4 µM CCGTTCGAGATGGCCAGTT

Probe 0.2 µM FAM-ACGGGCGCAATCT

Bartonella spp.

Forward 0.4 µM GCTATGGTAATAAATGGACAATGAAATAA
(3)Reverse 0.4 µM GCTTCTGTTGCCAGGTG

Probe 0.2 µM HEX-CGTCGCAGRTYTAAGCGGGGT

TABLE III
Table showing a matrix of in-silico analysis of the primer’s specificity in this study.  

Results are shown as the number of target hits after primer-BLAST analysis

Targets

Number of hits (percentage) against the target

SpecificityTotal Leptospira spp. Rickettsia spp. Borrelia spp. Anaplasma spp. Bartonella spp. Brucella spp.

Leptospira spp. 71 71 (100%) 0 0 0 0 0 100%

Rickettsia spp. 18 0 18 (100%) 0 0 0 0 100%

Borrelia spp. 12 0 0 12 (100%) 0 0 0 100%

Anaplasma spp. 12 0 0 0 12 (100%) 0 0 100%

Bartonella sp 23 0 0 0 0 23 (100%) 0 100%

Brucella sp 8 0 0 0 0 0 8 (100%) 100%
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TABLE IV
Table showing inter and intra-assay variations for molecular detection of bacteria  

in singleplex and multiplex formats in this study

A
ss

ay
 

co
nf

ig
ur

at
io

n

Bacterial species

D
ilu

tio
n

Leptospira spp. Rickettsia spp. Borrelia spp. Anaplasma spp. Brucella spp. Bartonella spp.

Intra-
assay 

CV(%)

Inter-
assay 

CV(%)

Intra-
assay 

CV(%)

Inter-
assay 

CV(%)

Intra-
assay 

CV(%)

Inter-
assay 

CV(%)

Intra-
assay 

CV(%)

Inter-
assay 

CV(%)

Intra-
assay 

CV(%)

Inter-
assay 

CV(%)

Intra-
assay 

CV(%)

Inter-
assay 

CV(%)

Si
ng

le
pl

ex

10-1 2.56 0.27 0.35 0.57 3.82 0.25 2.31 0.56 0.75 0.31 2.8 1.42
10-2 0.51 0.36 1 0.2 2.41 0.33 4.56 0.88 0.54 1.4 0.69 1.76

10-3 0.6 1.31 0.54 1.58 0.54 1 0.39 2.21 0.88 3.03 0.5 0.19

10-4 0.66 0.96 0.86 0.07 0.89 0.85 0.71 0.72 0.05 0.52 0.15 1.03

10-5 1.54 0.77 0.69 3.39 0.63 1.16 0.13 0.51 0.45 0.77 0.81 1.69

10-6 0.5 0.07 0.25 0.43 0.53 1.2 0.3 1.11 0.62 0.35 0.62 0.18

10-7 1.33 0.44 0.94 1.48 1.18 0.06 2 1.82 1.41 1.94 1.34 1.14

10-8 - - 1.98 0.22 - - 1.11 1.22 - - 0.83 0.65

M
ul

tip
le

x

10-1 2.09 0.45 1.16 0.3 4.77 0.23 0.71 1.57 1.67 5.53 2.54 2.65

10-2 0.63 1.76 1.14 0.24 1.41 2.84 0.84 0.63 4.91 1.03 4.4 2.92

10-3 0.22 2.57 0.17 0.1 0.05 2.71 0.53 0.72 0.1 6.27 3.12 0.62

10-4 0.52 2.14 0.34 0.38 0.21 1.26 0.35 0.69 0.94 1.87 3.71 2.01

10-5 1.68 0.99 1.19 0.5 0.99 1.24 0.06 0.65 0.45 2.07 1.89 0.92

10-6 0.76 1.26 1.01 0.53 0.74 1.2 0.52 0.45 0.39 2.09 2.54 0.87

10-7 1.65 1.93 1.19 1.09 1.2 0.56 0.47 1.4 0.58 2.23 0.89 1.87

10-8 8.71 0.08 0.91 1.39 1.21 1.27 - - - - - -
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