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Brucella sppis capable of causing disease in a range of animal hosts, anduman

brucellosis is regarded as a life-threating disease. A novdsothermal ampli cation

technique, termed multiple cross displacement ampli caton (MCDA), was employed for
detecting allBrucellaspecies strains.Brucella-MCDA targets theBscp31 gene Brucella

species-speci ¢ gene) to speci cally design a set of 10 priners. The Brucella-MCDA

can be coupled with nanoparticles-based lateral ow bioseisor (LFB) for highly speci c,
simple, rapid, and visual detection ofBrucellaspeci ¢ amplicons. Using the protocol,

a MCDA ampli cation followed by 2 min LFB resulted in visuaation of DNA products

trapped at the LFB test line. Various species of Gram-posite and Gram-negative strains
are applied for optimizing and evaluating the target assayptimal MCDA condition is
found to be 63 C for 40 min, with detection limits at 10 fg of templates in thepure

cultures. The speci city of MCDA-LFB technique is of 100%, ad no cross-reactions to

non-Brucellastrains are observed according to the speci city examinatn. Furthermore,

dUTP and AUDG enzyme are added into the MCDA reaction mixtuse which are used

for removing false-positive ampli cation generating frontarryover contamination. Thus,
20 min for rapid template extraction followed by AUDG digestn (5 min), MCDA (40 min)
combined with LFB detection (2 min) resulted in a total assatime of 70 min. In sum,

BrucellaMCDA-LFB technique is a rapid, simple, reliable, and serts¥e method to detect

all Brucella species strains, and can be used as potential screening todlor Brucella

strains in various laboratories.
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Lietal. MCDA-LFB for Detection ofBrucella

INTRODUCTION expensive laboratory instrument (real-time turbidimeter o
uorescence apparatus), expensive regents (calcein), and
Brucella Sppare facultative intracellular bacteria that COﬂSiStSadditiona] ana]ysis procedure (agarose ge| e|ectroph0rasi5) t
of six classical specieBrucella melitensi¢B. melitens)s B. indicate assay's resultS¢ng et al., 2012; Soleimani et al., 2013;
abortus B. canisB. ovisB. suisB. neotomaeone human origin - Ren et al., 2096 Thus, a valuable diagnostic tool that is faster,
speciesB. innoponita and two marine specie®. cetiand B.  simpler, less hazardous, and usually more sensitive is required
pennipedilis(De et al., 2008 Brucellaspecies are responsible for Brucelladetection.
for brucellosis in a range of animal hosts, including marine To achieve such e ective detection technidue, a novel
mammals, wildlife, domesticated livestock, and human#el  jsothermal ampli cation, termed multiple cross displacement
et al., 201)) These bacteria are typically transmitted to humansampli cation (MCDA), is employed to detecBrucella(Wang
through exposure to tissues or uids from infected animals, 0 et al., 2015 MCDA technique is capable of amplifying nucleic
consumption of unpasteurized dairy productSr@xler et al., acid sequences with high sensitivity and e ciency using simple
2013 Brucellosis is the commonest zoonotic disease WOf'dWid@eaction eduipmen[ at a xed tempera[ure. In the reaction
which is characterized by fetal death and spontaneous aworti system, a total of 10 primers (displacement primers F1 and
in animals, and chronic disease, focal complications, andrsev F, cross primers CP1 and CP2, ampli cation primers C1, D1,
u-like symptoms in humans (e Glanville et al., 20)7Thus, R1, C2, D2, and R2) were added into reaction mixtures, which
Brucellaspp. can cause economic losses to the |iVGStOCkindUStr\y/ere Specia”y designed on the target sequences, possessing
and serious health prOblemS to animals and humans. T(h|gh Speci C|ty for nucleic acid detectiorWang et al., 20])5
e ectively control and prevent these pathogens, the suitablth order to achieve faster analysis and simplify diagnostic
diagnostic techniques using a sensitive, reliable, andiragsay tools, the standard MCDA method coupled with nanoparticle-
are required in eld, clinical, and veterinary laboratasie based lateral ow biosensor (MCDA-LFB) has been reported
Diagnostic assays, including microbiological isolationat the recent publications, providing rapid, reliable, ancueis
of organisms, bacterial identication, and nucleic aciddetection of target pathogens in clinical diagnostics and
ampli cation-based methods, have been developed anderving as a point-of-care deviceVéng et al., 2017, 201Ba
used for detection oBrucellapathogens in various samples More recently, MCDA-LFB method is integrated with AUDG
(Kattar et al., 2007 Although traditional bacteriological (antarctic thermal sensitive uracil-DNA-glycosylase) ciege
techniques of diagnosing@rucellaare the gold standard, the to eliminate false-positive results, which are generatednfro
method is time-consuming, and requires highly skilled teical  carryover contamination \(/ang et al., 2017, 2018},bAs a
personnel for handling live cultureS@gi et al., 20).7Serological  potentially valuable detection technique for the reliatilgghosis
tests, including Rose Bengal Plate Test and Standard TuBgpathogen infection, the study reports on an assay for dietect
Agglutination Test, are not highly specic, and antibodiesof Brucellaspp. by MCDA-LFB method, and examines the assay

may cross react with other pathogens, such Faancisella performance with pure culture and clinical samples.
tularensis E. coli O:116, Yersinia enterocoliticaerotype O:9,

Salmonellagnd Pasteurella multocidéBounaadja et al., 2009
In addition, Brucella is a Select Agent in the USA and is als<l)v|'6‘TERIALS AND METHODS
highly transmissible such that laboratorians frequentlgt g Reagents and Apparatus
infected when manipulating cultures. Molecular methods,sothermal ampli cation kits, visual detection reagent (Mehite
such as polymerase chain reaction (PCR)-based techniqug$een, MG) and dUTP were purchased from Bei-Jing
(conventional PCR, multiplex PCR and real-time PCR), ar¢yaiTaizhengYuan. Co., Ltd. (Beijing, China). The backiagd
useful for detection ofBrucellapathogens and diagnosis of sample pad, conjugate pad, nitrocellulose membrane (NC), and
brucellosis because these techniques are rapid, sensittve apsorbent pad were purchased from the Jie-Yi Biotechnology.
speci ¢ (Kattar et al., 2007; Bounaadja et al., 2009; Kaden et a¢o., Ltd. (Shanghai, China). Biotinylated bovine serunuaim
2017. However, PCR-based assays require costly specializgfbtin-BSA) and rabbit anti- uorescein antibody (antiFFC)
apparatus and skilled personnel, which limit their wideryere obtained from Abcam. Co., Ltd. (Shanghai, China). Dye
application in various elds, such as point-of-care testing,Crimson red) streptavidin coated polymer nanoparticles
eld diagnosis and morel(aw et al., 2014 Herein, advanced (129 nm, 10mg mL%, 100 mM borate, pH 8.5 with 0.1% BSA,
teChniques are required for Simple, reliable and sensitivg_05o/o Tween 20, and 10mM EDTA) were purchased from
detection of target pathogens to ensure optimal therapy an@angs Laboratories, INC. (Indiana, USA). Antarctic thermal
management of patients. sensitive uracil-DNA-glycosylase (AUDG), dATP, dTTP, dCTP,
The recently established isothermal ampli cation technislue agnd dGTP was purchased from New England Biolabs, INC.
are the next generation molecular tools, which due to their(Beijing, China). The DNA extraction kits (QIAamp DNA
ruggedness, simplicity, and low cost could oer majorminikits; Qiagen, Hilden, Germany) were obtained from Qiage
advantages L( and Macdonald, 2015 Although several (Beijing, China).
isothermal ampli cation-based techniques, including loop-
mediated isothermal ampli cation and recombinase polymeras Primer Design
ampli cation, have been reported to detection d@rucella A set of 10 primers targeted toward tfBscp3lgene (Genbank
pathogens, these assays been restricted due to the need decession no. M20404) of thBrucella spp. was designed
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using PRIMER PREMIER 5.0 software based on the conservéhalytical Sensitivity of MCDA-LFB Assay
sequences examined by the alignment of tBecp3lgene In this report, we determined the analytical sensitivity of RIS
sequences obtained from GenBank (https://blast.ncbimiim. LFB method using the serial dilution &. suis(GZ-CDC-S2),
gov/Blast.cgi). Particularly, thBscp3lgene encodes a 31-kDa which cover the range of 10 ngi ® to 100 agml ! (10 ng,
surface protein in alBrucellaspecies and biovar®ftsukietal., 10 pg, 1 pg, 100 fg, 10 fg, 1 fg, and 100 ag per microliter). A
2009. The primers were listed iMable 1 and synthesized by volume of 1m of genomic template was added into the MCDA
TsingKe Biotech Co., Ltd (Beijing, China). The primer seqeesn reaction mixtures. As described above, MCDA reactions were
and their positions in the expression site of tBecp3fene were performed at a constant temperature to determine the limit of
displayed inFigure 1 detection (LoD), which was con rmed as the last dilution afod
positive test.

Particularly, optimal duration of time required for MCDA-
. LFB approach during the isothermal ampli cation stage also
Preparation was examined. A total of four reaction times, including 30,
A total of 97 bacterial strains, includir. melitensisB. abortus 40, 50, and 60 min, were tested and compared at the optimal

B. canis B. ovis B. suis B. neotomaeand 18 nonBrucella  yeaction condition, and the ampli cation results were indied
strains were used in this studyrdble 9. The vaccine strain sing LFB.

of B. suis(GZ-CDC-S2) was selected for the optimization of

target method. The genomic templates were extracted using DNSimulating Carryover Contamination

extraction Kites (QIAamp DNA minikits, Hilden, Germany) The MCDA amplicons produced from 10 pg¥ in absence
according the manufacturer's instructions. Then, the tea@s of AUDG enzyme were quantitated using ultraviolet
were quanti ed using ultraviolet spectrophotometer (Nan@gr  spectrophotometer (NanoDrop ND-1000, Calibre, Beijing,

Bacterial Strains and Genomic DNA

ND-1000, Calibre, Beijing, China) at A260/280. China), which were used for making serial dilution from 1
10 8to1 10 gmL 1. A volume of 1l of each dilution
Preparation and Operation of Lateral Elow was employed as the templates for MCDA reactions, which were

used as the source of simulating carryover contaminants.

Biosensor (LFB)

Lateral ow biosensor (LFB) was constructed according tgpreyvention of Carryover Contamination by
previous reports and used for indicating the MCDA resultsAUDG Enzyme

W t al., 2017 Bri he bi i f ki -
(Wang et al., 201)7Brie y, the biosensor consists of a bac Ing'To demonstrate the usability of AUDG enzyme to remove

pad, an immersion pad, a conjugate pad, NC membrane, an o
an absorbent pad. SA-PNPs (Dye streptavidin coated polym ﬁge unwanted results due to carryover contamination, MCDA

nanoparticles) were gathered in the conjugate pad. Anti-FIT(E:eO?T?t'g?eS th;th QjL(JJI[')nG z;]r;do\;w;qotu;?;%G I\;Vtzrse Cl%n?]UCtig and
and biotin-BSA were a xed at the test line (TL) and controhg P y Ing h P ( 9, P9,

. 1 pg, 100 fg, 10 fg, 1 fg, and 100 ag per microliter) anali 1
(CL), respectively. of simulated carryover contamination of 1 10 18 gm 1in
the same reaction tube. For each MCDA reaction, total mass of
MCDA Reactions simulated carryover contaminants (110 18g)is approximately
BrucellaMCDA reactions were conducted in a one-step reactiorequivalent to a 0.2im-diameter aerosol droplet, which did not
in a 25/ mixture containing 2.5m 10 X of the supplied be completely prevented by either high e ciency particulate
bu er, 0.4mM each of displacement primers F1 and F2,i8\8  air Iters or brous pipette tip lters in the biosafety cabinst
each of ampli cation primers C1, C2, R1, R2, D1, and D2, (Le Rouzic, 2006; Barhate and Ramakrishna, 2007; Wang et al.,
1.6mM each of cross primers CP1 and CP2, 0.8M betain€018). The LoD of MCDA method without AUDG and with
(Sigma-Aldrich), 1.4mM dATP, 1.0mM dCTP, 0.4mM biotin- AUDG cleavage before isothermal reaction was compared to
14-dCTP, 1.4mM dGTP, 1.4mM dUTP, il (8U) of Bst verifywhether AUDG enzyme is capable of eliminating undesire
2.0 polymerase, 0.31 (0.3U) of AUDG, and 1m DNA resultsinthe MCDA assays.
template. A total of three detection methods, including réale ] o
turbidity (LA-320C), colorimetric indicator (Malachite @en, Analytical Speci city of MCDA-LFB Assay
MG) and LFB detection, are employed for the conrming In the current report, we examined the analytical speci cify o
and verifying theBrucellaMCDA products. The strategy of MCDA-LFB using DNA templates (at least 10 ng per microliters)
visualizing ampli cation products on LFB was adapted fromfrom 79-Brucellastrains to 18 norBrucellastrains {Table 2. All
previous publications\{/ang et al., 2019b MCDA results were reported using lateral ow biosensor and all

We then examined the optimal temperatures Bfucella  tests were repeated three times.

MCDA primers during the ampli cation stage. Temperatures . . I
ranging from 60 to 67C (with 1 C intervals) were tested and EXamination of the Feasibility of
compared. MCDA mixtures with Im of DNA template of MCDA Assay
Salmonellgisolated strain) andacillus cereu@solated strain) A total number of 156 whole blood samples of human and goat
were employed for negative controls (NC), andrilof double suspected from Brucellosis were obtained from distinct regjion
distilled water (DW) were employed as a blank control (BC).  of Guizhou province, China. All the 156 samples were subjected
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TABLE 1 | The primers used in the current report.

Primers @ Sequences and modi cations P Length © Genes
F1 50TCGGTTGCCAATATCAATGC3 20 nt Bscp31
F2 5.GAACCCGGCTCATCCAG-8 17 nt

CcP1 50.CGTTATAGGCCCAATAGGCAACGTATCAAGTCGGGCGCTCH-3 41 mer

cP2 5.GGCGACGCTTTACCCGGAAAGCCTTTCAGGTCTGCGA:3 37 mer

c1 50.CGTTATAGGCCCAATAGGCAACGTS 24 nt

c1* 50FITC-CGTTATAGGCCCAATAGGCAACGTS 24 nt

c2 50GGCGACGCTTTACCCGGAAA-S 20 nt

D1 50ACTGCGTAAAGCCGGACT-8 18 nt

D2 50CGTAAGGATGCAAACATCAAS 20 nt

R1 50GCCCTTGCCATCATAAAG-8 18 nt

R2 50AAGGTGGAAGATTTGCG-3 17 nt

ac1x, 5%abeled with FITC when used in MCDA-LFB assay.
PFITC, uorescein isothiocyanate.
®mer, monomeric unit; nt, nucleotide.

F1 P1 D1
TGGCTCGGTTGCCAATATCAATGCGATCAAGTCGGGCGCTCTGGAGTCCGGCTTTACGCAGTCAGACGTT
C1 . R1 R2 X -
GCCTATTGGGCCTATAACGGCACCGGCCTTTATGATGGCAAGGGCAAGGTGGAAGATTTGCGCCTTCTGG
C2 : D2 ‘
CGACGCTTTACCCGGAAACGATCCATATCGTTGCGCGTAAGGATGCAAACATCAAATCGGTCGCAGACCT
P2 4 F2

GAAAGGCAAGCGCGTTTCGCTGGATGAGCCGGGTTCTGGCACCATCGTCGATGCGCGTATCGTTCTTGAA

FIGURE 1 | Sequence and location ofBscp31 gene used to design multiple cross displacement ampli catio primers. The nucleotide sequences of the sense
strand of Bscp31 are listed. Right arrows and left arrows indicate sense andamplementary sequences that are used.

for Brucellaspp. detection using traditional culture, PCR, andRESULTS

MCDA-LFB methods. Around 3 mL of venous blood collected . .

from the goat and human was aseptically injected into a tvvo-DemonStratIon and Detection of
phase culture ask (BIOVD, Zhengzhou, Henan, China) for MCDA Products

cultivation. After incubation at 37C and 5% C@ atmosphere As shown inFigure 2 the color change from blue to light green
for 3-5 days (blind passage for more 3-5 days of cultivatiopn mavhen the samples are positive is visible to the unaided eye
be needed), th@rucellasuspicious bacteria strain was streaked!nder natural light. However, the color change from blue to
on both a blood agar plate andBrucellaagar plate for further ~colorlessness when the samples are negative is visiblertalied
identi cation. Traditional biological methods includingolony  eye under natural lightRigure 2A).

morphology, Gram stain, C®requirements, HS production, By LFB, a volume of I of MCDA products (FITC and
agglutination with monospeci ¢ antisera, and phage lysig, tes biotin-labeled MCDA amplicons) was rstly loaded into the
were used for the identication of theBrucella suspicious immersion pad. Then, a 6@l aliquot of running bu er also
bacterial isolatesYang et al., 20)&Simultaneously, genomic was loaded into the immersion pad. The capillary ow is
templates from the 156 whole blood samples were extractedple to transfer amplicons and SA-PNPs from the conjugate
using protocol of QIAamp. PCR performance of all the 156 DNAPad to TL (Test line) and CL (Control line). Biotin-labeled
templates was conducted usiyucellaspp. specic primers products form complex with SA-PNPs via biotin-streptavidin-
(B4 and B5 primers) targetingscpf_{gene having an amp]icon biotin interactions at the conjugated pad, and biotin/MCDA
size of 224 bpHaily et al., 1992 The results obtained from complexes were captured at the TL by interaction between

MCDA-LFB assay were compared with conventional culture an@nti-FITC and FITC. In particular, SA-PNPs that did not form
PCR test. complexes were immobilized at the CL by interaction between
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TABLE 2 | Bacterial strains used in the current study.
Bacteria Strain no. (source of No.of  MCDA-LFB

strains) & strains  resultP
BRUCELLA SPECIES
B. suis Vaccine strain 1 P

(GZ-CDC-S2)
B. suis Isolated strains 1 P
B. melitensis Vaccine strain 1 P

(GZ-CDC-M5)
B. melitensis Isolated strains 69 P
B. abortus Vaccine strain 1 P

(GZ-CDC-A19)
B. abortus Isolated strains 3 P
B. canis Isolated strains 1 P
B. ovi Isolated strains 1 P
B. neotoma Isolated strains 1 P
NON-BRUCELLA SPECIES
Salmonella Isolated strains 1 N
Bacillus cereus Isolated strains 1 N
Shigella dysenteriae Isolated strains 1 N
Shigella boydii Isolated strains 1 N
Shigella exneria Isolated strains 1 N
Shigella sonneri Isolated strains 1 N
Listeria monocytogenes ATCC-EGD-e 1 N
Enterococcus faecalis ATCC35667 1 N
Enterococcus faecium Isolated strains 1 N
Pseudomonas aeruginosa  Isolated strains 1 N FIGURE 2 | Con rmation and veri cation of Brucella—MCDA products. (A?

. Color change ofBrucellaMCDA tubes; (B) LFB applied for visual detection of

Streptococcus pneumonia - ATCC700674 1 N BrucellaMCDA products. Tube Al (biosensor B1), positive ampli catin; tube
Klebsiella pneumoniae Isolated strains 1 N A2 (biosensor B2), negative ampli cation$almonelld, tube A3 (biosensor B3),
Vibrio cholera Isolated strains 1 N negative ampli cation Bacillus cereug, tube A4 (biosensor B4), negative
Enterotoxigenic E. coli Isolated strains 1 N control (DW).
Neisseria.meningitidis Isolated strains 1 N
Bordetella pertussis Isolated strains 1 N
Staphylococcus aureus  Isolated strains r N kinetics graphsFigure 3). Faster ampli cations were observed
Leptospira interrogans Isolated strains 1 N

for assay temperature of 62—&5 Ampli cation temperature of
aATCC, American Type Culture Collection; GZ-CDC, Guizhou Center fBisease Control 63 C was selected as Optlmal amp“ cation COI’]dItIOI’], and was

and Prevention. used for performing the rest of MCDA reactions conducted in
bp, positive; N, negative. Only Brucella species strains could be detéed by the MCDA- the current report.
LFB technique, indicating the extremely high selectivity of the method.

Analytical Sensitivity of
biotin and streptavidin. As a result, FITC/MCDA/SA-DNPs Brucella -MCDA Assay

cqmplexes a_nd non-complexed SA-PNPs were indicafced b)(s showing inFigure 4, BrucellaMCDA assay was able to detect
crimson red lines at the TL and CL,.respe_c-tlver. Two crimsonyqin to 10 fg genomic DNA per vessel. Two crimson bands (TL
red lines (TL and CL) were seen for in positive results, ang onl, 4 ¢| ) simultaneously appeared on the biosensors, indicating
the CL appeared in the negative and blank contféiglire 28). ;¢ positive results foBscp3gene Figure 4C). The sensitivity

Herein, the primer set designed in the report was available f05¢ gycellaMCDA obtained from biosensor was in complete
developing MCDA-based assays for rapid detectioBuicella  ,ccqrgance with real-time turbidity analysigigure 44) and

Spp. strains. colorimetric indicator detectionFigure 4B).
Optimal Reaction Temperature of MCDA Brucella -MCDA Detect Simulated
Primer Set Carryover Contamination

A total of eight temperatures (60-62, with 1 C interval) were To verify that the ampli cation products fronBrucellaMCDA
compared under standard MCDA protocol described abovemethod are sucient to contaminate newBrucellaMCDA
Real-time turbidity was employed for monitoring tHgrucella  reaction, the serial dilution oBrucellaMCDA amplicons (1
MCDA reactions, and all examined temperatures yielded the 1013 1 101 1 1011 1011 101 1
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per tube. The graphs from 3 (62C) to 6 (65 C) showed robust ampli cation.
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FIGURE 3 | Optimal temperature forBrucellaMCDA primer set. The MCDA reactions for detection oBscp31 gene were monitored by real-time measurement of
turbidity and the corresponding curves of concentrations btemplates were marked in the gures. The threshold value wa®.1 and the turbidity of> 0.1 was
considered to be positive. Eight kinetic graphs (1-8) werelsiained at various temperatures (60-67C, 1 C intervals) with target pathogens DNA at the level of 1 pg
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FIGURE 4 |, Sensitivity of MCDA-LFB assay using serially diluted genuc templates with B. suis strain GZ-CDC-S2. Signals(A)/Tubes (B)/Biosensors (C) 1-8
represented the DNA levels of 10 ng, 10 pg, 1 pg, 100 fg, 10 fg, Xg, 100 atto gram per reaction and blank control (DW). The geasmic DNA levels of 10 ng to 10 fg
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FIGURE 5 | Control of carryover contamination in MCDA-LFB assay. Seiitvity examination of MCDA without AUDG treatmenfA) and MCDA with AUDG treatment
(B) using 10-fold serial dilutions of simulated carryover coamination (dUTP-incorporated products, concentration dited from1 10 13,1 10 14,1 10 151
10 61 10 Y71 10 181 10 19 and1 10 29 gmL 1)as determined using LFB.

10 8 1 1019 and 1 10 20 g/mL) was prepared for of BrucellaMCDA without AUDG and AUDG enzyme is
performing BrucellaMCDA ampli cations. In BrucellaMCDA  conducted using serial dilution d&. suisGZ-CDC-S2 templates,
assay without AUDG digestion, MCDA was able to detectind contaminants (dUTP-incorporated amplicons) at the level o
downto 1 10 2 g of simulated carryover contaminant per 1 10 ¥ gm 1 also is added into reaction tube. Brucella
reaction Figure 5A). In parallel,BrucellaMCDA ampli cation ~ MCDA reactions with AUDG digestion, assay's sensitivity was
with AUDG digestion can only detect 1 10 1® g of consistent with the aforementioned sensitivity teBigures 4
simulated carryover contaminant per tubeigure 5B). Our data  6A). Comparing withBrucellaMCDA without AUDG cleavage,
demonstrated that a source contaminant (1 10 18 g/mL), all tested samples exhibited positive amplications, even
which is equivalent to a 0.Bm-diameter aerosol droplet and including examined samples with undetectable leveBokuis
can't be e ciently eliminated by brous pipette tip lters, is GZ-CDC-S2 templates<(l fg per reaction), which are regarded
su cient to contaminate newBrucellaMCDA ampli cations.  as false-positive resultSigure 6B). Therefore, we can't correctly
In addition, BrucellaMCDA assay with AUDG enzyme can examine the sensitivity oBrucellaMCDA without AUDG
prevent the reactions of up to 2dold higher concentration of treatment. These data indicated thBtucellaMCDA method
carryover contaminant amplicons, which signi cantly dease developed here could successfully remove the false-positive
the likelihood of unwanted results iBrucellaMCDA detection.  results generating from carryover contamination.

Brucella -MCDA Method With AUDG The Time Optimization of the
Enzyme Removes Brucella -MCDA Assay
False-Positive Ampll cations In this report, we also examined the optimum time Brucella

To further validate thatBrucellaMCDA assay using AUDG MCDA method during the reaction stage. A total of four
enzyme has the ability to reduce the likelihood of undesire@ampli cation times, ranging from 30 to 60min (at 10 min
results due to carryover contamination. Sensitivity eséihn  interval), were examined and compared at optimal ampli cation
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FIGURE 6 | MCDA-LFB assay eliminates false-positive detection due toarryover contamination. Sensitivity test of MCDA-LFB asgy with AUDG treatment(A) and
MCDA-LFB assay without AUDG treatmen(B) using serial dilutions (10 ngn 1,20 pgm 1, 1pgm 1, 100fgm 1, 10fgm 1, 1fgm 1, and 100 agm 1) of
Gz-CDC-S2and1 10 18 gmL 1 of simulated carryover contamination (dUTP-incorporatedh-MCDA products) as determined using LFB.

FIGURE 7 | Optimal duration of time required for MCDA-LFB assay. Fourifferent reaction times (A), 30 min; (B), 40 min; (C), 50 min; and (D), 60 min] were tested
and compared at 63 C. Biosensors 1, 2, 3, 4, 5, 6, 7, and 8 represent DNA levels ofang m 1,10 pg, 1 pgm 1, 100fg, 10fgm 1, 1fgm 1,100 agm 1, and
blank control (DW). The best sensitivity was seen when the gpii cation lasted for 40 min (B).
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FIGURE 8 | Analytical Speci city of MCDA-LFB assay using different baerial strains. The MCDA-LFB was evaluated using differegenomic DNA templates.
Biosensor 1, B. suis (GZ-CDC-S2); biosensor 2B. melitensis(GZ-CDC-M5); biosensor 3,B. abortus (GZ-CDC-A19); biosensor 4B. suis (isolated strain); biosensor
5-8, B. melitensis(isolated strains); biosensor 9B. abortus (isolated strain); biosensor 9B. canis (isolated strain); biosensor 10B. ovi (isolated strain); biosensor 11,
B. neotoma (isolated strain); Biosensor 12—29Salmonellg Bacillus cereus Shigella dysenteriag Shigella boydij Shigella exnerig Shigella sonner; Listeria
monocytogenes, Enterococcus faecalis Enterococcus faecium Pseudomonas aeruginosa Streptococcus pneumonia, Klebsiella pneumoniage Vibrio cholera
Enterotoxigenic E. coliNeisseria meningitidis Bordetella pertussis Staphylococcus aureus Leptospira interrogans Biosensor 30, negative control (DW).

TABLE 3 | Comparison of conventional PCR, culture-biotechnical, ath appeared on the biosensor, indicating the negative resuits fo
MCDA-LFB assays for the detection oBrucellaspecies in whole blood samples non-Brucellastrains and blank control (Double distilled water,
of human and goat. DW). Our data veried that MCDA-LFB assay established
Detection methods Whole blood samples ( n D 156) in the current report is able to correctly identify all target
pathogens Kigure 8 and Table 2. No cross-reactions to non-
Brucella strains were observed according to the analytical
PCR 1 142 speci city determination. These results demonstrated tha t
MCDA-LFB assay displayed high selectivity for detection of
Brucellastrains.

Positive Negative

Culture 17 139
MCDA-LFB 17 139

Evaluation of the MCDA-LFB Using Whole
temperature (63C). The lowest level of DNA templates (10 fg) Blood Sample of Human and Goat
was detected wheBrucellaMCDA ampli cation only lasted |n order to further examine the suitability of MCDA-LFB
40min at 63C (Figure7). Hence, an isothermal time of 35 a useful tool forBrucella detection, a total of 156
40min was employed as the optimal MCDA reaction timewhole blood samples of human and goat suspected from
for the rest MCDA performances conducted in the currentprycellosis were examined using culture-biotechnical metho
report. The whole process, including template preparationtonyentional PCR and MCDA-LFB assays. Genomic templates
(20min), AUDG digestion (5min),BrucellaMCDA reaction \yere directly extracted from the 156 whole blood samples,
(40 min), and result reporting (2 min), could be completed withi \yhich were used for conductindrucellaMCDA-LFB and

70 min. BrucellaPCR. The results were summarizedTable 3 In the
o case of whole blood samples, 17 (10.99%), and 14 (8.97%)
Specicity of Brucella -MCDA-LFB Assay whole blood samples werBrucellapositive by MCDA-LFB

The assay's speci city is evaluated using DNA templates frorand conventional PCR, respectivelfable 3. The MCDA-
Brucellastrains and norBrucellastrains. After a 40 min reaction LFB detection accuracy obtained was 100% when compared
at the optimal conditions, only the templates extracted fromto the conventional culture-biotechnical technique (1938).
Brucella strains produced the positive result&igure 8 and Our data exhibited that theBrucellaMCDA-LFB method
Table 2. Test line (TL) and control line (CL) simultaneously developed in this study was a valuable tool fBrucella
appeared on biosensor, suggesting the positive results fgettar detection, and had higher detection ability when compared to
pathogens Figure 8 biosensor 1-11). Only control line (CL) PCR diagnostic.

Frontiers in Cellular and Infection Microbiology | www.frdiersin.org 9 March 2019 | Volume 9 | Article 78



Lietal. MCDA-LFB for Detection ofBrucella

DISCUSSION products subsequently yielded from the target DNA could not
be digested, permitting MCDA reaction to normally proceed.
Brucella sppis capable of causing disease in both animals angthys, the use of heat-labile enzyme enables the MCDA teckeniqu
human, and human brucellosis, regarding as a life-thr@ptinto conducted in a single closed tub&Véng et al., 2017
disease, is the results of animal products consumption, tireqhe whole procedure, including template preparation (20 min),
contact with infected animals or animal carcass/§m et al., AUDG digestion (5min), isothermal reaction (40min), and
2019. There is an urgent requirement to devise a method folresult reporting (2 min), was nished within 80 min.
reliable detection oBrucellawith acceptable simplicity, rapidity, In this report, the BrucellaMCDA-LFB method developed
sensitivity, and speci city, especially for eld, basic, atidical  here for detectin@scp3bene was 10 fg of nucleic acid templates
laboratories. To achieve more such e ective diagnostic,toober vessel, and the analytical sensitivity using LFB analysis of
a MCDA-LFB method targeting@3scp3lgene was successfully MCDA products was in complete accordance with colorimetric
established for detectinBrucellaspp. strains. A set of MCDA indicator (MG) analysis and real-time turbidity detection
primer, which specially recognized 10 regions of #8scp31 (Figure 4). Then, to further determine the practical feasibility
gene, was designed on the basis of MCDA principle, thugf MCDA-LFB detection toBrucellaspp., we examined 156
provided a high degree of speci city f@rucellaspp. detection \hole blood samples of human using MCDA-LFB detection, PCR
(Figure ). To con rm the analytical speci city of MCDA-LFB  analysis, culture bio-technique method. The MCDA-LFB assay
assay, genomic templates extracted fromBr@cellastrains o showed high analysis sensitivity for target pathogens conapare
18 nonBrucellastrains were successfully examingélglre 8 to PCR technique. Three blood samples were demonstrated
andTable 2. Positive results were obtained only from the assayo be positive by MCDA-LFB assay and culture-biotechnical
of all Brucellastrains but not for nonBrucellastrains. These approach, but negative by conventional PCR diagnostic. The
data suggested that MCDA-LFB assay targetinggbep3yene |ower detection rate of PCR assay may be due the reasonéhat t
identi ed Brucellaspp. strains with 100% speci city. copy numbers oBrucellaspp. nucleic acids were lower than the
In this report, we employed the lateral ow biosensor analytical sensitivity or the presence of some inhibitors spéx
(LFB) to detect reaction products, because of its rapid resultthe PCR method a ected the diagnostic sensitivity. Comparing
simple operation, and ease of use in eld, basic, and clinicakith PCR and culture-based techniques, MCDA-LFB assay can
settings. Comparing with the other measurement methodge performed with only simple equipment (such as a regular
(i.e., colorimetric indicator and turbidity) employed in éh |aboratory bath or heat block) that o ers a xed temperature of
current report Figures 2 3), detection of MCDA products 63 C, eliminating the long turnaround times and avoiding the
using biosensor was not only simpler, but also more rapid;se of complex instrument.
and less error-prone. Particularly, analysis of MCDA product  |n summary, a MCDA-LFB method for detection 8fucella
using biosensor could eliminate the use of special instrumenspp. strains based oBscp3igene were successfully developed
reagent, and additional procedures, thus LFB was more daitaband  evaluated. BrucellaMCDA-LFB assay displayed high
than other detection techniques for simple, visual, and rapidpeci city for target pathogen detection, and had the anabiti
indication of ampli cation results. sensitivity of 10 fg per reaction with pure culture. By biosenso
To obtain the visual and objective analysis of ampli cationthe ampli cation products were visually analyzed, which was
products using biosensor, opening of the MCDA reaction tubesasy-to-use, disposable and objective. Most important, the
is an essential step. As a result, aerosol droplets of di ereninwanted ampli cations arising from carryover contamination
sizes, which contain high concentration of amplicons, arllgié  could be removed by using dUTP and AUDG enzyme. Hence,
in this step. Hence, false-positive result arising from prasio BrucellaMCDA-LFB developed here was a rapid, simple, reliable
MCDA reactions is one of very tricky problems, because MCDAgnd sensitive technique to identify @rucellaspp. strains, and

technique is extremely vulnerable to contaminantéag et al.,  could be used as potential screening tool Byucellastrains in
20189. Our data indicated that a trace amount of amplicons e|d, basic, and clinical laboratory.

(1 10 20 g/vessel) is able to generate the unwanted results,

thus preventing the carryover contamination is a key factor f

reliable diagnosis. The current report successfully elitéida AUTHOR CONTRIBUTIONS

the carryover contamination using two additional compongnt
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ampli cation can be speci cally cleaved by the AUDG enzyme

(Wang et al., 2007 The natural nucleic acid templates remain

completely una ected, because they are uracil-free DNA ( EUNDING
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