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Application of Loop-Mediated Isothermal Amplificati on (LAMP)
Assay to Rapid Detection of Methicillin-Resistant
Staphylococcus aureus from Blood Cultures

Yun-Hee Baek**, Mi-Young Jo**%, Min-Suk Song"*,
Seung-Bok Hond* and Kyeong-Seob Shifi™*

Department of Microbiology", Laboratory Medicine?, Chungbuk National University
College of Medicine, Cheongju 28644, Korea
®Department of Nursing Science, Kyungbuk College of Natural Sciences, Yeongju 36133, Korea
“Department of Clinical Laboratory Science, Chungbuk Health & Science Unviersity, Cheongju 28150, Korea

We developed the multiplex LAMP assay using 16SARMA andmecA genes for direct detection of the methicillin
resistance in Staphylococci from positive bloodwel To simultaneously recognize Staphylococcuge® aureus
and methicillin resistance, three sets of six prirfer 16S rRNAfemA andmecA were designed, respectively. The
performance of LAMP assay was affirmed using VIT&stem for the phenotypic methods of identificatmwl for
oxacillin and cefoxitin antimicrobial susceptihyilifThe optimal condition for LAMP assay was obtdineder 64~ for
50 min. The detection limit was determined to b@@fcopies and CFU/reaction {XOFU/mL). For clinical application
of comparison with phenotypic methods, the seiitsitand specificity of the LAMP witliemA gene for detecting
aureus was 95.31% and 100%, respectively. The sensitivity specificity of the LAMP witlnecA gene for detecting
methicillin resistance was 98.46% and 100%, resmdygt The multiplex LAMP assay witfermA and mecA gene
successfully detected all of MRSA (38 isolates)aies from 103 Staphylococci in blood cultures. TAMP assay
developed in this study is sensitive, specific, ahdxcellent agreement with the phenotypic methods

Key Words: Blood culture, Methicillin-resistanBaphylococcus aureus, 16S rRNA, femA, mecA, Loop-mediated
isothermal amplification
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7F sk Adol = AP Fasith Notomi
= (Notomi et al., 200®)| Bst polymerasd ]3]l 7} ¥4

254 57 (Escherichia coli, Klebsidla pneumoniae,
Enterobacter doacae, Citrobacter freundii, Pseudomonas aerugi-
nosa, Acinetobacter baumannii), ~12]31 17]¢] X (Candida
albicans) = & 17719 EFHFE o833
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FARRE 10 mle] Polg FrH oz APsto] BacT
/ALERT SA standard aerobic bottle (bioMérieux Indarcy-I

Etoile, Francejl BacT/ALERT SN standard anaerobic bottle

of 74z} 5 mA YAtk v BacT/ALERT 3D A5
Nl k7] (bioMérieux Inc., Durham, NC, USAJA 54714
Aldsiain) mlYg G A7t UE A9 a898E A
33k 5 g d9-Fulx|(Blood agar plate, Asan, Kored}
MacConkey-$-5-#] %] (Asan, Koreadll Althulokale] +¢]
7 9 Al 7 ZAtel o] 8sith 1 Ao A

a1k z174gHAd (autocycling strand displacement nucleic acid Saphylococcus speciegl 22 749 olujok HojlA &
amplificationyl] 7] %%} loop-mediated isothermal amplificaion ¢ 5 mLE- F ko] &7 F-2]¥H(serum separator tulsd) 57!

(LAMP) "HS 7HsE o] % o] WS o] 83 A} o
&g o] FAol o] 8F L
Kudo et al., 2005; Ito et al., 2006; Curtis et2008; Hara-Kudo
et al., 2008; Yamazaki et al., 2008). LAMPH -2 4~67]12]
primerZ ©]-8-3}o] PCR H.t} Eolaln, 52 %7(isother-
mal condition¥l|A] FZ&17] wjFol| FZA|7to] o] W 7
ol Itk Ah} ZENEE v Bol X 482 7]
Zsh= 5Rgh WHo] I8 x| ekom pH x| A|*Kindicator)
U g3S o]l wor TEAHES FRlo] rhEsitt
(Lietal., 2017).

o] Ao A AAES GAnjolA S aureuset methi-
cilin W4 A3 #HEsk7] flall 37k f82kE o83t
U(multiplex) LAMP S 7skelar o] whige] s

& Bt sk

HE 2wy

AR

WA AAS oz st 3 16S IRNAY oS
H7kelz] Sl 1070 1Y EE(Saphylococcus
aureus [ATCC 25923, ATCC 25913]3aphylococcus epider-
midis, Sreptococcus pyogenes, Sreptococcus agalactiae, Srepto-
coccus bovis, Sreptococcus pneumoniae, Sreptococcus salivarius,
Enterococcus faecalis, Enterococcus cassdiflavus), 6712 —1

SJtHiwamoto et al., 2003; Hara-

% 3,000 rpndll A 1087 PAlRElste] A5l Bear
A vl 9le] gl FHALE WO eppendorfFEol
A N8BS & o7kA] 20T 2aakgick

| S8 U methicillin Z=d HAL

5
AN T8 VITEK 2 AFEn] 51417 (hioMérieux
Inc., Hazelwood, MO, USA} &15}% T Methicilin 34
Al 744 A Vitek system (bioMérieuxd ©]-8-31o]
oxacillinz} cefoxitin 774 #AFS Al &SFATHCLSI, 2018).

LAMP primer2| A7l 2 %[ HIS T2

Saphylococcus speciesS aureus 2 methicillin W4 F-31
A5 7AE57] 918 16S RNA femA 2 mecA 341
GenBankll A HA8H3lar zkzte] 7| dE AAslnh
o]% LAMP assay 93+ primer A2 1382] Primer
Explorer V5 software (http://primerexplore.jp/efxchtml: Eiken
chemical Co. Ltd, Japa#) A-8-314] 7} -2} = 259
215 primer (F3} B3), 28] W4~ primer (FIP} BIP) 2
2%2] loop primer (F loop primer (L} B loop primer (LB))
5 % 659 primers A5k THTable 1 & Fig. 1).

LAMP assayWF-5-2 primer (FIP & BIP, 46:80 pmol; F3 &
B3, 5~10 pmol; LF & LB, 20 pmol) 3iL, genomic DNA 2uL,

WarmStart colorimetric LAMP master mix (New England

Biolabs Inc., MA, USA) SulLE tlsle] 23 858 10l
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Table 1.The sequences of primers for LAMP assay usedsrstidy

Target gene Primer Sequence (5> 3Y)

16S rRNA F3 TGGAATTCCATGTGTAGCGG
B3 AGGCGGAGTGCTTAATTGC
FIP TCGCACATCAGCGTCAGTTACA-ATGCGCAGAGATATGGAGGA
BIP AGATACCCTGGTAGTCCACGCC-CACTAAGGGGCGGAAACC
LF CCAGAAAGTCGCCTTCGCCACT
LB AAACGATGAGTGCTAAGTGTTAGG

femA F3 CAGAATCAAAAGCTTTTGCTG
B3 AAGTTATCTCGCTTGTTGTG
FIP CTAAAGGTACTAACACACGGTCTTT-TCGTGATGACAAATTTTACRCA
BIP AAGAACTAAACGAAGAGCGTGAT-CAGGACGTTTTTCAATATCCTT
LF GTAATATTTTAAGCGAT
LB TAAAGATTTAAATAAAGCGT

mecA F3 TGATGCTAAAGTTCAAAAGAGT
B3 GTAATCTGGAACTTGTTGACC
FIP AGGTGTGCTTACAAGTGCTAATAAT-CAACATGAAAAATGATTATGGCT
BIP TGACGTCTATCCATTTATGTATGGC-GAGGTTCTTTTTTATCTTCGTTA
LF TGAGGGTGGATAGCAGTACC
LB TGAGTAACGAAGAATAT

*Two outer primers F3 and B3 were also used asgusrior PCR of 16S rRNAemA andmecA.
Abbreviations: loop-mediated isothermal amplification; FIP, forwardénprimer; BIP, backward inner primer; LF, forw#dp primer
LB, backward loop primer

A. 16S rRNA
621  TGGAATTCCATGTGTAGCGGTGAAATGCGCAGAGATATGGAGGAACACCAGTGGCGAAGGCGACTTTCTGGTC AAGCGTGGGGA 726
| L ] |
‘ F3 ' F2 LF ' ‘
727 TCAAACAGGATT GTAAACGATGAGTGCTAAGTGTTAGGGGGTTTCCGCCCCTTAGTGCTGCAGCTAACGCATTAAGCACTCCGCCT 834
s .
' ‘ LB B2c ' B3
B. femA
635  CAGAATCAAAAGCTTTTGCTGATCGTGATGACAAATTTTACTACAATCGCTTAAAATATTAC CGTATATCAACTTTGATGAATATATTA 748
| | |
F3 ! F2 LF ‘
40 TATTTTAAATAAAGATTTAAATAAAGCGTTAAAGGATAT TGAAAAACGTCCTGAAAATAAAARAGCACACAACAAGCGAGATAACTT - 857
| I !
' ' LB B2c ' B3
C. mecA
%2 ATTGATGCTAAAGTTCAAAAGAGTATTTATAACAACATGAAAAATGATTATGGCTCAGGTACTGCTATCCACCCTCAAAC AGGTGA! 102
' F3 ‘ ' F2 ‘ LF ' ‘

1093 TCATATL ATGAGTAACGAAGAATATA ATAAATTAACCGAAGATAAAAAAGAACCTCITGCTCAACAAGTTCCAGATTACAACTTCACCA 1204
f } |

LB B2c B3

Fig. 1. Primers designed for 16S rRNf&mMA, mecA loop-mediated isothermal amplification (LAMP) assayscieatide sequences
16S rRNA (A),femA (B), mecA (C) and the location of LAMP primers. The forwairtl backward inner primers are F1c-F2 and Ba.c-
sequences, respectively. The forward and backwaed primers are F3 and B3, respectively.
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Fig. 2. Visual (A) and agarose gel (B) images of the IBSA, mecA, femA loop-mediated isothermal amplification (LAMP) produc
MSSA and MRSA on various reaction times. The yelkmlor change of pH indicator was interpreted pasiior amplification ofDNA
(A). The electrophoresis was performed at 2% agageband the aptified products typically showed the ladder likepe (B). The be
reaction was obtained at 64 and 50 minAbbreviations: NEG, negative; MSSA, methicillin-susceptil@aphylococcus aureus; MRSA,
methicillin-resistan8aphylococcus aureus; M, molecular size marker
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Alatdar 72CelA 73t HF vhe& Aldsielth &
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Fig. 3. Visual (A) and agarose gel (B) images of the IBISA, mecA, femA loop-mediated isothermal amplification (LAMP) produc
clinical MRSA isolate at serial diluted concentrat{1G ~ 10/ CFU/mL). The yellow color change of pH indicatasinterpreted positive
for amplification of DNA (A). The electrophoresiss/performed at 2% agarose gel and the amplifeatlipts typically showed the ladder
like shape at TOCFU/mL except faint amplification products of 168NA (B). Abbreviation: Neg, negative
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MSSAS MRSA & dl’d 2= 60~65C <2} 30, 40, 50,
602 HHSA|TS 2 LAMP assayg Al3)ste] 64T 508
oA 7P FEgh Auks Blom® o] RE AFE

64Coll A 500 = 733l tHFig. 2).
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LAMP assay Z= oizi=
&

S aureusE ©]-8-8 16S rRNA, femA, mecA genell digt
LAMP 2} conventional PCR] ™3t A& 77+ Table 2
3} Z-9ktH(Table 2 & Fig. 3). Conventional PGR 16S rRNA
ol A= 10 CFUMML o)l SZ 50 al femAS} mecAE
10 CFUIML o] doll Al SZ= AR LAMP -2 37119
A2 25 10' CFUIML 5504 Z%5] o] conventional
PCRIl Hl&) 10~1004] %17F&k3iTt,

16S rRNA LAMP assay2| S0|=

1709 EEdF(OHdAYT 107, 13347 67

Table 2. Detection limits of LAMP assay, conventional PCF
16S rRNA femA andmecA genes ofSaphylococcus aureus

Detection limit CFU/mL (copies/run)

Gene
LAMP PCR
16S rRNA 106 (20 copies) 19(200 copies)
femA 10* (20 copies) 1%(2,000 copies)
mecA 10* (20 copies) 1%(2,000 copies)

Abbreviation: CFU, colony forming unit

C. albicans 15)2 iAo 2 3k 16S rRNA LAMP 73 Aol A
B Ak ArE ®B3lvk(Table 3).

olA HHME X% LAMP assay2| fIZt=0| £0|=

g7t

ool A Fele 10309 TS e 3
16S rRNA LAMP ZALo| A B% kA4S 5t} femA
LAMP A= 37He] MSSAS H&skA] %ot
A 1007 A Ads wo] Ages 54 2 3t
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Table 3. Specificity of LAMP assay for detecting the 16S rR
gene of Staphylococci in reference strains

744 A AHE Ve ke oule
7} 95.31% (61/64)}F 100% (39/39)121t}. mecA LAMP A}

= R
Sole= 7t

Result for “ o AZ==17] malod o
Microorganisms Rg{:ear;r;ce 16S rRNA = el MRCoNSE H&3H4] Z38ki oyt v 1027
LAMPassay o] HAl= 4&3g A7E Mo ouleel Solws 747}
Gram positive bacteria 98.46% (64/653F 100% (38/383] 21 tH(Tables 4 & 5).
Saphylococcus aureus ATCC 25923 Positive
Saphylococcus aureus ATCC 25913 Positive In =}
Saphylococcus -
epidermidis ATCC 12228 Positive
3o 3ol =0 73337
Sreptococcus pyogenes ATCC 19615 Negative ez doamdlr MRSAS e RAEH Y
Sreptococcus agalactiae ATCC 12386 Negative H(phenotypic method)-= & “57g38kal methicillin 7+
Sreptococcus bovis ATCC 49147 Negative 4 HARE ok Blo] L W o R Eof QAN o] MY
o o oF Ex wl 7)k2=x] ARX A}
Sr:gjtn(;g:gicacgs ATCC 49619 Negative & o] A, s 2 A Akl 36r%F o)
p o | 29Tk AR BE] g8 deolujok oy 77
Sreptococwssallva-rlus ATCC 40412 Negatl.ve o)A 24 Bare-AsA 7K} W = MALDITOF =
Enterococcus faecalis ATCC 29212 Negative L - ) -
Enterococcus < o] &3h= oy A= gk Bl (Stamper et al,
cassdliflavus ATCC 700327 Negative 2007; Stevenson et al., 2010; Clerc et al., 20&4p\en et al.,
Gram negative bacteria 2015) Utk AR FAAH] BH-S DNAS] 3%
Escherichia coli ATCC 25922 Negative 2 AZAH] 7} D Qs FEA|7ro] 3AZF o)AF A QT
Klebsiella pneumoniae ATCC 700603 Negative batch W2l © 2 Al38af|of st} 18] MALDI-TOF "
Enterobacter cloacae ATCC 700323  Negative 2 mass spectrophotometly 2.3, methicillin W4-&
Citrobacter freundii ATCC 8090 Negative 7‘5]%_3}7] ‘?4—3“}\1% —E—tg :l_ 1:/1_7:"7}_ _%_7}_§_ %g__s_}_]:}_(opota
Pseudomoas aeruginosa ATCC 27853 Negative
Acinetobacter by i ATCC 19606 Negati stal, 2013).
cinetobacter baumannii egative
_ ’ 0] 2708 LAMP 24} e 687 Sol 59l
ungus
O1xE= 6712 nrimes o]8s =S F A
Candida albicans TIMM 3316 Negative AAH= 671l primers: o] 8:6te] Bst DNA 538 2]
2]8} autocycling strand displacement DN S E5}o] 4]

Table 4.Results of LAMP assay for detectifegnA andmecA genes in 103 clinical isolates from positive bloatture

Organisms Multiplex LAMP assay Num?seglgIeginical
femA+mecA+ femA+mecA- femA-mecA+ femA-mecA-
MRSA 38 - - - 33
MSSA - 23 - 3 26
MRCoNS - - 26 1 27
MSCoNS - - - 12 12

Abbreviations: MRSA, methicillin-resistan8aphylococcus aureus, MSSA, methicillin-susceptibl&aphylococcus aureus, MRCoNS
methicillin-resistant coagulase negative StaphylocdSCoNS, methicillin-susceptible coagulase tiggestaphylococci

Table 5. Sensitivity, specificity, positive predictive val{PPV) and negative predictive value (NPV) of LAEE3ay wittfemA andmecA
genes for detection of MRSA 103 clinical isolatesyf positive blood cultures

Genes Sensitivity (%) Specificity (%) PPV (%) NP)(
femA 61/64 (95.31) 39/39 (100) 61/61 (100) 38/41 (92.68)
mecA 64/65 (98.46) 38/38 (100) 64/64 (100) 38/39 (97.43)
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o oro] DNALE A E3lT WEA ZEAZ S 9t} ©
3 60C AxEe] FeolA F%a] el L7 wsls}

B $ro R HAF 5 9l o] UrkU et al, 2017).
gl 9y GRS ol 88 LAMP A4 S auras 1

MRSAZ 71&35h=d| o]-&53lth spa (Misawa et al., 2007),

nuc (Chen et al., 2017 emA (Xihong et al., 2013)} S aureus
= A&kt o] &5, methicilin WS HE3H=)
mecA7} ©]-8-5 Atk T3 orfXi= S aureuse} MRSAE 7
Zal=t o] 857]% 3IEKSu et al., 2014y Aol A=
16S rRNA, femA 5! mecA FH2HE ©]&3F t<s LAMP
AAE o] &ate] deulek 8 Aol A Saphylococcus
speciesS aureus 2 methicilin A& S0l &}t
Skt

LAMP assayp] 7% <|WI%=Z conventional PCRF 1]l
3l A3 Table 21 7%o] LAMP assagil 4] 3702] &=}l
e #E owlx= 10' CFU/ML (20 copieyith. 34 1¢
CFU/mL 5%=2] MRSAA femA9l mecAe] A=}l
g LAMP ZAtoll A g akgh Afthe] weke] SEkeol]
ZE QAR 16S rRNA LAMP 71AH= 100 CFU/ML A &=
sjnlapx| et 33] WhE Ay RSFoA A8 SFE o]
9] Al tig LAMP] 7E o7%=E 10" CFUML
2 AR £ A Z2FH o2 LAMP WHHLS conven-

tional PCR] 16S rRNA= 109, femA2} mecA= 10090 A

T WzkskAtE o] LAMP assayl A strand displacement

activity’} 33 DNA 45| o] SEago] Hrh=s 4l
< om|gtth

10374¢] o HAE ddos Asishd 54 3 et
Al 73 AlE At vl algk femA9t mecA LAMP
WA =9} Eoliii= Table 4} Table %} v} 64719

Lo

S aureus 5 femAol] thall 24491 o] 3TT2 femAl] 7
7= 95.31% (6164512 3979 CNS= -7 femAel
[e]

1

Z7dolo1H Eoli= 100%] 0 femA 27321 S aureus7}
357 EAE7) wlitel S aureuse] 7HEC femA o] 2]
nuc s FAAE F7he & a7t glS Blojth 65/
°] MRSA%} MRCONS 5 1752 A|2)8kal 2% mecA
LAMPS 948 Wl 38 MSSAYt MSCoNS= S41S
Hol ouE Bo|ii= 7H7) 98.46%¢F 100%]31th $14
A2l MRCoNS?| 749 methicillin WAdell #olsls= 4
Z7F mecA ¥Rt olu 2}, mecAl, A2, mecB, mecCe} 22

mec A2} Al (homologuesy 78-%- 544121 mecA <
o ol AZEEHA] &%k 7Fsde] ATHWu et al., 2001).
A ool 4] MRSA9} non-MRSA] 7118 0] %] 5o
7P TagH,  ATelA femASt mecAE Aol AL
& uf MRSA%H o]¢]e] w52t 7HE2 100% 7Fs 8ttt
(Tables 4 & 5).

LAMP assaytevt ofu]e} EApAL o] v dof
kol A MSSASH MRCoNS7} ‘5410l &415H MRSA2]
9ok (false positive)2 37t L} 4= 9l A o]tiBecker
et al., 2006). 8 Mool A 17 9= w9 =Ex|ut ¢
o2 MRSAY tgt Eo] marke®] 7l = HgholLh
LAMP assay°|$- #9] Wi Aas gRlsfjof & 3lo|th

AgHoR 919} & A=A el Bkl
ok FdHolA] MRSAS A4 HAEsH=t] LAMP
assag] %8 MRSA 183 3hxo] A&e ag 7}

7 Sl v Ewol 2 Ao w AbREh
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