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Swabs are useful and common sampling tools in various research fields, such as medicine, ecology,
biotechnology, forensic medicine, and pollutant monitoring systems. Collection reagents are one of
the essential components in sampling. It is important to develop a sample collection kit and

designate an appropriate storage temperature because samples need to be stored for a long time.
The purpose of this study was to identify the effects of three collection reagents and three storage
temperatures on the recovery of living bacteria without media. We selected Escherichia coli and
Staphylococcus aureus as representative environmental bacteria. Distilled water (DW), phosphate
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buffered saline (PBS), and Tris—EDTA (TE) buffer were used as collection reagents and stored at
22°C, 4°C, and —70°C after sampling. The results of using each collection reagent and storage
temperature on the bacteria were compared using relative light units (RLU) and the number of colony
forming units (CFU). When using —70°C storage temperature and the TE buffer, the number of living
bacteria and the RLU values remained constant. It is therefore recommended that the sample be
stored at —70°C immediately after collection and a TE buffer solution be used as the collection
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of e}, Lot 5% iR 9] AR Aol At Bl-8-2 A4
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1. A8 o5 H HHY

Brain heart infusion agar (BHIA) (Difco, Bitek; Becton,
Dickinson and Company, Sparks, MD, USA)°l Z coli
(KACC 11598)%} S, aureus (KACC 10768)% 33%5104 CO2 Hi
%7|(Heraeus Instruments, Hanau, Germany)°i4] 36.5°C9)
0= 24A7F Bt viFStItt. £ coli= 270 HE S
aureus= 171 & AF ot 22 100 mLe] BwE Luria-
Bertani broth (Difco, Bitek; Becton, Dickinson and
Company)®ll 85510 36.5°C, 140 rpm/min®] 2% vliF
71(JEIO TECH, ISF-7100, Daejeon, Korea)ollA] 15417+ &
Ot vt ©]% UV/Vis spectrophotometer (Optizen
POP, KLAB, Daejeon, Korea)2] single wavelength mode
600 nm R2ACZ E. coli, S aureus] Optical density (OD)

= 2171 1.092, 1.138= 95=0] Aol= XIg¥siitH 16, 171.
A 9] A8l 342 Figure 19 1O 2 YERITH
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E.coli S.aureus
l l |
BHIA BHIA

two colonies pick up J; J} one colony pick up

LB broth LB broth

0D value QD value

B broth(10mL)>»><]

Smear on a desk

Swabbing
with DW, PBS, TE
buffer

Figure 1. Each bacteria were cultured on BHIA and incubated at 37°C
for 24 h. After that, two colonies of £ co/i and one colony of S.
aureus from BHIA were incubated in LB broth for 24 h at 37°C. 5
mL of £ coliin LB broth and 5 mL of S. aureus in LB broth were
mixed. With sterilized cotton, we smeared the bacterial solution on
a desk. The samples were swabbed from the 5x5 c¢cm area of the
substrates for each condition.

ol Zgstoict. At a2 Hd FHo| dof 4°C,
22°C, —70°ColM 477, 85t HA3ISiH: 0F= e B2
Lo} A1F0llA] baseline©] Hli= #H0& A& HFE X1¥gH =
IARE o= Adsigich. AF AlFe= ARG PBS=
sodium chloride (Sigma-Aldrich, St Louis, MO, USA)S
ol-g3}0] A|Zx3F3.0H, Tris-EDTAS] 242 Tris 100 mM,
EDTA 10 mM, KCL 2.7 mM, NaHPO4 10 mM, KH,PO4 2

mM, NaCl 1000 mM, pH 8.0°]tH6].

3. Mz &= Zl==(CFUs)

2.5 mL2] PBSO|| 53t w52 911 S55to] Hgof A
S e Zjet el 39S 16 A Sslo
MacConkey agar (Difco, Bitek; Becton, Dickinson and
Company)2} Mannitol Salt agar (Difco, Bitek; Becton,
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5191 o(Figure S1), A3t Axk= 514 w2t CFUs/mLE
Fitslol ATE ARSI Pojxl ghe 2ogko R wgkst
gor, A5 EAAE7IA] B85k

4. ATP M2 22t 24

ATP: BacTiter-Glo™ Microbial Cell Viability Assay
(Promega, Madison, WI, USA) A|2FS AR&oto] 24513 0.
], A2 JA 2] A= RIgFSHATH19]. Z+ FAlollA ATP &
B2 HES Yar 23o] o]F0oi%l PBSE ARE5to] X386}t
[19]. VICTOR % 3 (PerkinFlmer, Waltham, MA, USA) 717]
£ ARESte] RLUE 33] HEE: S4J5191aL = RLU 442 Wl
well o] BHgrS wh ko = VRt doj=l ke 27k
o= Hgsilom, Ay EARE7IA] E7]613

5. SA=ZM

[LS |

Statistical Package for Social Sciences (SPSS version
20.0, Chicago, IL, USA)E A&5}o] 4513t 35] HEE- A
H_F CFUs?}F RLU 23 H|o|8li= Pearson J8AIE -85t
o] CFUs?t RLU 71| A £4610H: A8 2=
GraphPad Prism (GraphPad Software version 6, San
Diego, CA, USA)Z AREslo] T8i=a YR Ic B3R}
£ g7 57] s Il 2 E EE510aL, AREAIE 5
flef FA S SR At T2 E 28513l

ER

1. 23 229k {7 A|2f0]| T2 ATPRL Ml 5

HEARE Z3o] w2 A5 Al2FE2] RLU 442t CFUs gk
L7 v W S Figure 2). 050llA4 A3 A1kl uk
2 RLUS CFUs9 gk 0.06 Log RLU/mL, 0.36 Log
CFUs/mL oJ5}29] Zfol& Hepiitt. 22°Collx] Hasiel2 o
(Figure 2A, B), PBSE A|2]5t TE, DW (Figure 2B)°llA 74
Sh= o] TEEE 85004 DWA= 2.27 (£0.02) Log
RLU/mL, 2.89 (+0.085) Log CFUs/mL, PBS:= 2.41
(+0.01) Log RLU/mL, 3.63 (£0.046) Log CFUs/mL, TE
buffer=2.41 (£0.009) Log RLU/mL, 3.86 (+0.057) Log
CFUs/mLo]™, TE buffer, PBS, DW =02 =7 25| qict.

4°CollA B5198-2 w(Figure 2C, D), 850|41= DW, PBS,
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TE buffer 4:2& 3.12 (+0.008), 3.12 (+0.002), 3.16
(+£0.004) Log RLU/mL (Figure 20)& #&=lom, 3.34
(£0.059), 3.22 (£0.194), 3.81 (£0.016) Log CFUs/mL
(Figure 2D)9] A+ =71 =4 = %It w2bA TE buffer, DW,
PBS 402 =4 4AEIL. —70°ColA B3siAS o,
RLU®t CFUsgkS Yebd 18 xo|c(Figure 2E, F). 85014
DW, PBS, TE buffer =& 3.22 (+0.006), 3.80 (+0.000),
3.86 (£0.005) Log RLU/mL (Figure 2E), 4.73 (+0.11),
6.03 (£0.013), 6.27 (£0.008) Log CFUs/mL (Figure 2P)&
=0 H TE buffer, PBS, DW =02 t=7] =]k

2. RF| Alfnt 2 20 T2 ATPL} Ml 40| A2

24

ATP®} CFU A% 23= 719k = RLUSF CFUS] A
H| WS {Jof] EAE S FA51 K Figure 3). DWE ARESto]
ZHFRE 7, 22°CollA Hasl= W, Log RLUS} Log CFU%L
o] AFASE 0.955019, 4°CollA EashE o, 0.999,
—70°CollA 0.945= A= ]I PBSE A5 3+, 22°COll
A B3t A], 0.896, 4°CollA] Bt A, 0.827, —70°CollA] Bt

Korean J Clin Lab Sci. Vol. 53, No. 4, December 2021 329

8

Figure 2. Bar graphs of RLU and CFU
values of samples devided by storage
temperatures. All resulting values were

B DW converted to logarithms. Figure A, C,
= PBS E are signals detections of £ coli'and
= Tris-EDTA S. aureus (Log RLU/mL+SD), Figure B,

D, F are the number of colonies of £
8 coliand S. aureus (Log CFU/mL=SD).
Each pattern represents the reagents.

Al, 0.9912 A= TE buffer= 25_E & J8A=
22°ClA 0.879, 4°CllA 0.971, —70°CollA O.964§:7§
=3t

g
2

A50] B! B AN AHGE 5 G Al et B

R WAL A} oIS AR AH 4,9
20, 21). 6] GO 8 0183To] A58 Al vk
@m NB 871 M S AT S8 Bl o

ISJSick, A1) 250} B . 7Y ol o A )
ifz%( ) i} Az Aol wie} oz Aot ol A}
o7} gii= Fdo] ek A3 Aok Bt Lk 3 4 9l

] 215 AR 004 = PBSE ARESto] AF6I S w2
4.54 Log RLU/mL, 7.04 Log CFUs/mL= Al 7}A] A|2F & 7}
7 5:80] =0t A T AIRE Rt A9, iR A2kt

7IZtollA —70° CollA Haslghe w Almo] BE X -FA7H&
=itk Baseline (059 o] AtellA] 7 71 A1FR1 85+ H
WS, TE buffere= —70°C E34ol|A 6.27 Log CFUs/mL
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a6 pvalue: 0.0 ' ; o 0,00C E . ’/'
2, 2, 3, Figure 3. Scatterplot of ATP assay
< ‘ < 2 values (Log RLU/mL) and colony count
=y Sy =2 (Log CFU/mL) of samples. Graph about
correlation between RLU values and
[t T T T T 1 .
’ Pz 3 4 s ) R 0 1 » 3 4 5 CFU values. All resulting values were
Log RLU/mL Log RLU/mL Log RLU/mL converted to |ogarithms_
2 Upeh} E R A0} RIS SO A 4TI A 7150] Lotk B ATelAs AlRO| pHE AT AVt 5

Al 243t AL #ASIACKFigure 2). T3 TE bufferS AR
slof AlZE AFetal —70°CollA] Bt Axk7F DWe PBS
£ AR8sto] —70°CollA] Hast AutE ot BARES] plot A €]
7} 52 7S 3018t 4= QI thFigure 3). WebA Al2E A7
7+ 2303F A9l TE bufferS AR&51o] AfiFsl= o] Bt =
SR Fref ke 2RI 4= Qlrt. ESH o] A¥= —70°Coll B
k= A9 B 0] A HjR|7F B R SHA] Qhth= oA Ak}

A

2o Als w&3F 4= QIrh2l.
CFUs%} DNAS] AJ3H ko] Atz RE][22], TE buffer

3
9] A= DNase=HE| DNAS Ho5k= 282 5lof dibke
HES =715 BetS HEshes 45480l A= S
&= I PBSE o Aol w2 Rl AR BEES
HRl Z}k o] o] Aol = AR B3 FRIEIHHOL. 11
2Lt 22°CH4° CollA] Hat Al s thE A o] AR A5
AlRFHT Z EEHARS ER1T 4= Il or folet e &
QIS 4= AUt (Figure 2). PBS &2 A|5.9] pHE FAIGH=
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FA] 3ot pH7F GASHAl RAIEIREA & 4= itk AlES] pH
A= Al70] HEo] glo] 583 FEo|7] whiol, PBS Az}
1910] pH W5 Aozt 44t E3HATP 57 Al pH
w2} luciferase®} luciferin ¥Fgo] ZAgH= o)A
A7 ZAxH23]2} Zo| CFUse} RLUS] AfHAo] HojHe Ao
& 35k DWE ol-8sto] JiFetar 4°CollM 4F27HA] B
3t Aol A A 5= 4.56 Log CFU/mLE 3&=|glom,
22 A3 Aleko g —70°Cofl 45714 Hst oA At
4= 6.49 Log CFUs/mL=Z TAE| I}, 2:2 274004 B
T2 A|9F9] F2-Ht}0.02~2.4 Log CFUs/mL A& &=A &
A=t & Aol AR 33 SR AT 2k T
FrE gol2, A7 ol AE BafolAA R e
ol.2o] Z|chgt A A=|2L7] wEo] A= HXE F3e] U™
RO = ol F=H24].

ATPE} At 5= Ak B0 2 At 5= §-A o theh = 2t
O] A = ZRISKIKFigure 3). ATPF CFUS] AR

Jdo

o
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rE 1o
2
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AP O R Pearson AR £A40] S ARSEM
25, 26], ATP %= A3l CFUZF 225 7 342 A

1#‘—;}4% A AFFE0| W5, 6, 14, 27). wEhA] ATPR}
Al 9] HEo1A] 923 whitoll ATPS] eHAlet H& &
T Bl Slk= St EA7HA] o]of A AL QITHG, 28]. & AT
oM A2 W et ATP 3= 5787 34 CFUs 5789 At
TAIE FRIsISir = ARolA ATPeL At 422 Al =
PBSE ARESHe] 22°C, 4°CollA a5 wiet TE buffers
ARgste] 22° CollA] BhE whE A|QlotHd thE wE Zlo|
A=0.9 o< *Jﬂrﬂl*e ERHtKFigure 3). 229 24
HE JREAS 19 I =2 AAASE SRS 5= ASA]
o, E%ATPSMFF Ao A Q] A2 0. 7302 =t
£ Zxjo] Bl v 22 *J{Jrﬂl*e Hl

0] AdolA AleS Badt o) 2412 JEE(—70°0)
< 19 OPE}Z 29]. & AollA @@%22 CoH4°C=2AL
5 T} H| 1 ER1Z Pfsl} AAlslsint. 11 Axt 22°Cet
4°CE Hl S wf Al7te] Aol Wt CFU gke] #1501 4°C
oflA A ERIT &= Utk o3t A= Y H A AR

Wae] 7| =2 Qlsto] QA1 Fet 2
A

A7} o]FofR]2] ot A= ' =P gt ofHet A3t
UERTIL & &= QIT}. SERIRE 22°CollA] 85 old Bt A,

PBS, TE buffer& o]-83t bioﬂ/ﬂ go]o] LS 8oto 7
15171 wizel A714R1 SolAe] Hat L= 22°C7t
4°CHY 2ot By 25 E'JF < 4 gl

o] A= A3Y5t A} 0, 4, %= A3 7|71o] Wl CFU
A Slol AAIEE w2 314 HikeZ 245K A0 8%
o, 452] CFUsoA A HiA] SI AL Al=E AMESHA] o
UHe S LS i, MSA BiA|ef 0 Allet 57 2 32 A
A= Alz2] gho] obd = it & AFollat= Alm A R Hat
S Ho]—_g_g;do] /\]Olz_,] HEH_L].EI_J,]-_QE HE}]oﬂ u;}E AR= _,]
Slrg2 BrRoke Aol 7 R A B 242
BIS B3 AR HESTE bufferS Akg51o] 3] 2 EJ—Po]—
= Zo] 7§ 522090tk TE buffert= RNA, DNA HE0]
0] 717 UHkA O 2 o] B = Alofo e ZAMIESH I A
7F AR A Aol A ol R AR S o] AR
FollA ZHgt R o = o] gd A o= A7t
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R HEPIIAH AL BAT 00 F bl A
22 7Rk Haefo sk 4 ol Az A 7
S5/} B0l of 7] L v

o] v A=
E C0]19]-5 aureuss /\Vq o}oﬂr,} *‘n——r( , tg‘x_rl‘% Qlik
AZH(PBY), Tris-EDTA (TE) HHE 5] A|2F02 ARg5}
oq Aﬂ—ao}% 22, 4, —70°ColA] Hakg 213t 2 215
AleFdl Byt 27} /\lioﬂ “lZF 32 RLUSH CFU= 23t
W)Wt —70°C B 201 TE M E ARgSH uf CFU
9}RLU gkt }_Zﬂoﬂ/ﬂiq LA A== el 5
Ak, WA o] A= AlE7FAF 2% —70° CoflA] HaE]o]
of 5h, A A|2FC= TE Huel T ARsh= Aol £tk
A= AARRITH
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