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ABSTRACT

Background: Respiratory specimens subjected to mycobacterial detection were initially pre-
treated with N-acetyl-L-cysteine-sodium hydroxide (NALC-NaOH) to remove the mucus and
normal flora. Next, they were washed and neutralized with phosphate-buffered solution (PBS).
The effectiveness of distilled water (DW) compared to PBS as a washing neutralizer during
identification of mycobacteria was evaluated in this study.

Methods: We analyzed the results of mycobacterial test conducted at a general hospital in
Gwangju from October 2016 to September 2018. PBS and DW were used as a respiratory
sample washing agent for one year each.

Results: The positive culture rate for the culture of mycobacteria was 12.7% (1,843/14,532)
and 14.7% (2,095/14,291), when PBS and DW were used, respectively. The recovery rate of
the mycobacteria growth indicator tubes (MGIT) and the separation rates of Mycobacterium
tuberculosis complex and nontuberculous mycobacteria (NTM) showed no significant change.
However, in 2% Ogawa medium, as the NTM culture increased from 47.4% (399/841) to 56.1%
(630/1,122), the recovery rate increased from 45.6% (841/1,843) to 53.6% (1,122/2,095). The
MGIT contamination rate decreased from 6.5% to 4.1%.

Conclusion: DW as a washing agent for NALC-NaOH increased the recovery rate of Ogawa
media and reduced the contamination rate of MGIT. Therefore, use of DW instead of PBS as a
washing neutralizer during identification of mycobacteria might be useful.

Keywords: Mycobacterial culture, Mycobacterium spp., Nontuberculous mycobacteria,
Sodium hydroxide, Sputum

INTRODUCTION

A FH(MTBC, Mycobacterium tuberculosis complex)< H| &St A3 §HAHH(NTM, non-
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tuberculous mycobacteria) 7= XE517] Y3l AldYsh= Akt BIYF AR LEE Al
HjQF £ 57} o] A3t A7ho] A Q&= of2]Zo] JUTH1]. o|2|g o] fF & 11X
S HHALS oA v} S-Alof) Z18isto] B AL AL R AR ©EAl7]

Footaith2). 2|2 A W &2 7HASHHA 3] /4 AAol| A NTM] 22| &0] F7}5}
131 NTMof| 23k 22k 3 90% o|/do] HAZHS XA E[4,5] 257 AAollA ikt 4
ZE2 =017] Y3 A 2] Wt uioFdol digh A7t o 2ok Aol 35 7] HA
Z -2 Holat it 2 7hsAd 02 Qs A2 A| 2 AFE-E]= N-acetyl-L-cysteine-sodium
hydroxide (NALC-NaOH)E- ©]-85l| HA-S o] e JHF-Z A Ast= HH S Bl AEES =
A 4= QUtHe). o] Tl M Al Alazs E44F 212 Q] A7t 4] B e 2ol oigt
A= Algotol[7] 2ol AP = 20 AT A A7} 7hsotet. A 2 1A HY
Foll vlsl v g4 o] =A|H v A] FEH L3t AAE S-7F4(DW, distilled water)L @14F
2+3-8-9H(PBS, phosphate buffered solution, pH 6.8)= A3l MZ{sk= To] D stThs-11]. &
A Aol A=[5-8] PBSE o]l Al F3} £ Hij o]l o] 83l o] H Aol A= DWE AlH &
PBSE F3I0t & uljfo] o]-8517| & rh2]. shA|RE M 2] Birol wh2 it HAEE HA
B & mycobacterium growth indicator tube (MGIT; Becton Dickinson, Franklin Lakes, NJ, USA) 2 &
< H|wgh A B UATH2,8] AA A AlA S el e At AEE Ee Y
£ H| = oFA71A] EarE v gl

RIorlo iy
;o o>

Nt

n g

—~

polymerase chain reaction (PCR) HAF 22+ EA45t0] DW thA] ARgoll teh 5-8/d2 &<lskal
Asigic

MATERIALS AND METHODS

1.oHd

2016\ 10¥ 195E] 2018 9 30¥717] 21 59t F7| SR v EHAME Fakdt A
AHE Q)25 A/t A 28,8237 2t o2 Akt B AR PCRAAFE Q& H 621171
< 24513} 20161 10€ 1€95E] 20179 9 3027HA] 14,5327 & 587 HA(AH, 7128
A MZ M= HA2] & PBSE o] 88l A4, T3t 2017 102 125 20181 9 302 7HA]
14291712 58 HA-ZS54(JW pharmaceutical, Seoul, Korea)= Al 25T}, ]| vt 314
HjS SAlof| AlYSH At Bl Ak PCRIAL ATHE thid o2 53F2 ZAS Al¥gich
2 A= 3758 A2 91 Y S (Institutional Review Board)?] 5912 Aol A5k
(IRB No. KCHIRB-RE-2020-006).

2. Al

6.0% NaOH (Ducksan pure chemical, Ansan, Korea)2} 2.9% sodium citrate tribasic dehydrate (Ducksan

pure chemical) 8= TH50] 121°C, 15b psiollA] 152 Y H++ & AFHE A5 4]0] NaOH &

Annals of Clinical Microbiology 2020 December Vol.23(4) 202



DW Used as Washing Agent in Mycobacterial Cutture

T2 3%2 92 & NALC (Sigma-Aldrich, Darmstadt, Germany) 2 0.5% 527t 522 & &35
of 25| g3l A1# ARE3ATE PBS (pH 6.8)2 4.74 g sodium phosphate dibasic anhydrous (Na,HPO,)
(Ducksan pure chemical)?} 4.54 g potassium phosphate monobasic (KH,PO,)(Ducksan pure chemicaly-
DW 1L0] 591 5 119} H#5}o] ARg3ict.

3.237| AN HKZ

A kot $87] AA7FE01%)+= 50 mL screw cap centrifuge tubeoﬂ ZAA|2] 2-38) 7}Fe]
NALC-3%NaOHE- %] g]5}0] Al2ofA] 202 59t 5182 7HA 0 2 343] F83] &5t A
23} 5 AjH 2 Z31E 9|8} 50 mL7HA] PBS = HAEH42 2315 S Continent 512R (Hanil,
Gimpo, Korea)Z ©]2-5f 4°C, 3,600 RPMOZ 2027+ LAl Ba]5}o] Akl )| A & gFatA J A
ZAAtol| 0] 8511 5 mL2] PBS -2 DWE IS F-8-5}0] v ool AFR5}13T)
FA}

—

O

HHSF Z4 A

4. S

a

Hzj2] 34o] Bt T pBSL DW 0 &2 295 A A= AuME S %7477} 712t
AEE SETFAIRE T 100 uLE IAHA] Q] 2% Ogawa medium (Union Lab, Seoul, Korea)©l] 4
Fsjo] vlx] TRiS) 4717} k2= 2 37°C Bl Jof 3k Sk Ho| =itk Al A 837k ok
Sto] % A58 Eelstoinh AA| i A MGITOll Ak-S 2 v gst7] 18t growth
supplement (Becton Dickinson, Franklin Lakes, NJ, USA)2} PANTA (Becton Dickinson)= 2 4101 800
UL B33 E 24| 0.5 mL2 351t MGIT-2 BACTEC MGIT 960 system (Becton Dickinson)
o ztsto] Alte] oz AAAE AT wet BE = FE= Sk oz #o
o} 2.8 219 % 637 ISt

EN]

0

5. MGIT 4| e ¥ 2 Al X2

BACTEC MGIT 960 systemOllA] Y3 A && EUl= MGITE & 233t &
A T Eato|=E ARl &3 A (auramine-thodamine) s S35l ikt o2&

PCRZA} 51Tt

6.357| AN LEE AHM
PBS AR A7) ©87] ZAA|1= 1402390, DW AFE Al7] 257] Z4A|1= 13,7940 2 0]% MGIT
960 systemOl| 4] Y/JA S5 FAA| T AA| Frkdo] AEE A & 74 2 PEZ sttt

7. PCROf| 2/$t MTBC X NTM ZHZE

AAle v g 5L o 2 A 2|5 & A E AdvanSure TB/NTM real-time PCR Kit
(LG chem, Seoul, Korea)E- ©]-8-5}%] SLAN-96P Real-Time PCR System (LG chem)l] A|Z=A] ATy
Alof| ket A 3Y5}3IT.
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8.pH =H

2 2]} NALC-3% NaOHS} PBS, A2 F2] A2t AA| 1E & MGITY] pHE pH-200
meter (HM Digital, Inc. Culver City, CA, USA)Z 0|-&35}0] 2451}
9. 84 24

PBSE AFE5}91S wie} DWE AF2519S ufjo] AAF AT} 2fo]s EA| T 233 Medcalc
(version 19.5.3, MedCalc Software Ltd., Ostend, Belgium)=- ©]-835}0] X* 7442 A8 G242 4
Zeloick p<0052 o frolat afol7} gleka alfsigle,

RESULTS

1. ehita Ui L 5 QAE

e Astoo] M FEAE PBSE AFSoIs W AT Bl FAHES 12.7%
(1,843/14,532) 3L DW AREAI= 14.7% (2,095/14291) 2 5-2] 3 2o] 7+ QIATHP < 0.01). PBS A}
SAl= LYE0] 6.5% (907/14,023)2 LERH HHH DW ARSAl= 4.1% (563/13,794)2 AT
(Table 1)(P<0.01).

Table 1. Mycobacteria culture results of specimen processed by PBS and DW

Washing No. No. (%) of positive culture for No. (%)

solution  of specimen All MTBC NTM of contamination*
PBS 14,532 1,843 (12.7) 684 (4.7) 1,159 (8.0)  907/14,023 (6.5)
DW 14,291 2,095 (14.7) 754 (5.3) 1,341 (9.4)  563/13,794 (4.1)

*Respiratory specimen.
Abbreviations: MTBC, Mycobacterium tuberculosis complex; NTM, nontuberculous
mycobacteria; PBS, phosphate buffered solution; DW, distilled water.

2. 10K uh o} K| B 2t

PBS thAl DWE AR5 & 14| BiF FAIE-2 45.6% (841/1,843)011 41 53.6% (1,122/2,095)& &
7} 2.1 (Table 2)(P < 0.01), NTM2] B 432 0] 47.4% (399/841)°11 A4 56.2% (630/1,122)= &
=]l k(Fig. 1P <0.01). A F/JE the] BA] v MGITOI A 2] F/d &2 PBS2E DWoIlA] 22k
98.1%2} 98.0%% -2 3t 2Ho]| 7} Gl A ThTable 2).

Table 2. Comparison of MGIT 960 system and Ogawa medium results by PBS and DW

Washing No. (%) of positive culture for

solution Total MGIT MGIT only Ogawa Ogawa only
PBS 1,843 (100) 1,808 (98.1) 1,002 (54.4) 841 (45.6) 35(1.9)
DW 2,095 (100) 2,054 (98.0) 973 (46.4) 1,122 (53.6) 41 (2.0)

Abbreviations: MGIT, mycobacterium growth indicator tube; PBS, phosphate buffered
solution; DW, distilled water.
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Fig 1. The number of Mycobacterium tuberculosis compiex (MTBC) and nontuberculous
mycobacterium (NTM) cultured in Ogawa (A) and MGIT (B) medium. MGIT, mycobacterium growth
indicator tube; PBS, phosphate buffered solution; DW, distilled water.

3. MTBC2I NTM AEH|

PBS AHE A17] (20161 102 5E] 20179 9€7HA]) MTBC2} NTM HEH]+= 37.1% (684/1,843)
9k 62.9% (1,159/1,843)1 DWS AFHE3H A17](2017d 1029 5E 2018'F 9€7HA)) = 36.0%
(754/2,095)2} 64.0% (1,341/2,095) = -2 gt x}o]7} gl]lth. MTBC= ©] A1711t o] A RE Al&
Aashe 4= Holal JlthFig. 2). B A 22]8-2 MGITOl| 4| MTBC2F NTM #2]H|=37.7%
(681/1,808)2F 62.3% (1,127/1,808)2} DW A& A]7]ofl MTBCE 36.6% (751/2,054)2F NTM 63.4%
(1,303/2,054) k. Ogawa media®ll A= 52.6% (442/841)2F 47.4% (399/841)0lA] DW A& A]7]o]]
43.9% (492/1,122)2}F 56.1% (630/1,122)2 YERF NTM 28] 7157} Z7Fghol| w2hP < 0.01) Ogawa

i A g g0l S7H= ATk

100-
N CINT™M
é 80- C—_IMTBC
s 55.1
= 62.9 64.0
z 60'
wn
> 40-
2
£ 201 | 449 37.1 36.0
0

201510~ 201610~ 201710~
201609 201709 201809

Fig 2. Annual change in the proportion of Mycobacterium tuberculosis compiex (MTBC) vs non-
tuberculous mycobacteria (NTM) isolated in patients.
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4. PCR @A+ 22t

PCR Y7352 PBS AHE- A17] 5.4% (168/3,080)011 41 DW AR A17] 7.1% (222/3,131) 2 /&53F3
THP <0.01). MTBC2} NTM- PBS AR A]7]01] 4.2% (130/3,080)2} 1.2% (38/3,080), DW AR A]7]
of| 5.2% (162/3,131)2} 1.9% (60/3,131) 2 21 =] ATk

5. PBS2} DW AHZ0| (HE pH &}

PBSE A4 F8Fet & AA|9] pHi= B 7.3 ©| AL MGITOl| 1E % pH= 6.8°] AT DWE A
25t A= WA pH 12.10] 12U MGITo]| A& Foil= pH 6.8°] 21 THFig. 3).

14.0 C—IPBS
' 12.1 —
10.5-
7.3
- 6.8 6.7 6.8 6.8
Q. 7.0'
3.5-
0.0

A B C

Fig 3. Changes of pH after washing pretreatment agent with PBS or DW and after inoculation of the
specimenin MGIT. (A) pH of PBS and DW, (B) pH of the specimen after pretreatment and

washing, (C) pH of the MGIT after inoculation of the specimen. MGIT, mycobacterium growth
indicator tube; PBS, phosphate buffered solution; DW, distilled water.

Table 3. PCR results of specimen processed by PBS and DW
No. (%) of positive PCR for

Washing solution ~ No.of specimen

MTBC NTM Mycobacteria
PBS 3,080 130(4.2) 38(1.2) 168 (54)
DW 3,131 162(5.2) 60(1.9) 222(7.1)

Abbreviations: PCR, polymerase chain reaction; MTBC, Mycobacterium tuberculosis
complex; NTM, nontuberculous mycobacteria; PBS, phosphate buffered solution; DW,
distilled water.
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DISCUSSION

H Ao A= 557 A ]2l MHA|2 PBS thAl DW ARE-2] 58S ERlsH ] ¢
3l 219 5-2F2] mycobacteria ZAF ATHS FAISIQATE F AJ2A]| AREoll thek ekt vl HANS
sl 5L 717 5L AAIE 085k o] A-sht Ade] B4 AXE Hes] ¥
£ Zlo] 44| gkol PBSeF DW AHS7 |3t ZH2F 11d o] Axtg vl wsto] 244513 7]of] 2
] o= A o] Qg BRIt 35 7] AA2] HA g 32 YA -Z o] 11 Afolof| )]
= PrE AFAIZ 4 91o] mycobacteria HEE-2 07| Y5 ol¢- 525 2 olthe). o] T}
7goll A A 2 A NALC-3% NaOH2| A4 A = ARG PBS thAl DWE AR 3E ol HAME 9
Sk AJeke] A| 2 3 o] Tl ] Aol A Q== ATt 2] & A oket 42 QlTt o] Aol &
A AnHE B PBS tiAlol DWE AREEH Al 7] ol Fhkte] PA3E-2 12.7% (1,843/14,532)0114]
14.7% (2,095/14291)2 Z71e HHH @ JE-2 6.5% (907/14,023)011 4] 4.1% (563/13,794)2 2.5]H
4gHs 3ol 4= QIgich A 2] A1) NALC-NaOH2| &5 F= ikt vl A] @ &0l IS
T Ba50] = NaOH 555 6%2 S3le ] LAE2 £ HEEC] T7Rit= 2
7} A O H[8] 1.5% NaOHE A& AAtollA= R FE0] 134%= B =TI 12{u 2 &
Toll A= NaOHS] =5 3% LHE FAI5HHA DWE AMHA = AHEFHO 24 2 A Eo| A5}
=3 e T7HE S I 4 ATk LY DW AIHA] AREA]7] AAL o] =] ghate] 51
Eoll thgt kst =7} glgi7 1ol vl &0l S7H=lol A HEEo| S7H=E At Telet 4
£ UA|TEDW ARg-o] it Bigoll= S FA] FUthe A & 4= Tk

A EiA] MGITOl &= 7 mL2] & F Middlebrook 7H9 broth H|o] A7} S0 Q|31 HAuljz] £0]]
ool 8&4tart Eisto] P2 AAIStL Jth7t Akt = 7|6} o] ARpHA At
2B SHA| EJHA] 365-nm UV light Stof| A @312 A e] -2 YefuiA] =1L 3 4A]717L o] &
AAGo 24 A2 v 25 Fakd-S HET 4= ATHS). o] ) 2 o] WA ARTHH MGIT
S Ho|l A AW S &Rl IS AXA 2F 0= A ejE]o] ako] At EA|etE A
=3 4 QA Fek o] ATLol| A= NALC-3% NaOHZ 3] 2]H 7|2 DW= A|351aL 2 2
5 MGIT A A7HA] &Z2] AdelpH 1217 fA =, Fakete] 749 A1 Mz £
g 220 vl Y A2 2] A LA T ol APEE o] A= S Ao A7t
Hot. 22) 31 HA HE Foll= MGIT 2ol S0 $)+= disodium phosphate, monopotassium phosphate
F 32 A2 st Eof vl B.ogH A7 pH7H A vl S FA Bk
710 2 A& EchFig. 3). 12U MGIT i A]= NaOH %27} 0™ Q|94 9] 7540 Qlo] A
A Fo)7t d gt 7 dze] AEfe] AAE 3l AT EX|SHH HEE FFS E T UL
D2 2 A oA YAAAAAE DWE -7 T 58 o] 4 A A|sHA] a1 MGIToll 53Tt

AAE DWE £-7 3 24| Al7to] 2 @ AE3} /& HStol| st AE2 whE A3y

N

2
>

ZUjollA] EaE 22 oA MGITS] 2 HE-2 NaOH| 5t A 2] 2710 wfat o) 7} 9l
o] 5-10% [12], &2 10% o1de] LPEE B=AITH10] Do) R SR o)A Ly
St AR Aofxf= LR 02 5-10%Cl A 7/ dAlitoll 2lgt 2 o] EASHaL 2 E0] 5%
He} o d ik 2ol e F7e I 4 lom dA 7R Bt 2 HE 0] 10%S Fet
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QAR A o] chst o] P astrtar AJAJsEAL Qlet. 2 Aol A= PBS A BA MGIT 2
HE2 6.5%J 2L Bt DW AFEO 2 218) 4.1%2 WobA] A9 2 o] o AlA= S-S <&

4= Ut 2 A7717F Ogawa media HI Y 275 0JH| 2 DAY 2 FE AFFo] E7Fso1 &
= Bhelck

A B FAdollA] ZpA|sh= TAEA] B FE 0] 45.6%C1A] DWAREA]7]of] 53.6%= 5
7V 2 A o= kel fREL wAIglo] AEA] viY/d A o] FYE S-S on|gct
A o] = ‘% T A w2 M 2] H AXE BA| vt -SAlol FZ5HA E AL A
ol vlal) AEEZ =o17] ASH A77F EE53H Zo| Abdolt). 12fut Ogawat Z] = AHA]
o] tMd = 2 Q15 DWE A ste] dze] Al HAE HETF o =M vl oA F317F Dot
Hj g2 o] SxE]o] Y& S7HE olojx] 25| DW| ARgo] o A3te 4= Qa2 AlAkSH
o}, Al 2] A E F7 = AR 7L A e FEAHA 743 A S 7 HAPEES
& of S 4 01%%7&01 Act. =5t Aaighate] x| & s ke NTMol| 25 Hj 2 g
o] 4 ol ot WA 7HsohH Aol s AR B 4 A= Aol e

AR A RE 22 HE akd-e AED 4 7] whiEol] AiA| vigte = BE i A

3 A&
4 Qe A= AT 4= lth12,13]. Z1of| BFs] MGIT 4] vl PBS ARE-A] 710l A FAE
THH] 98.1%2}F DW AFE-A| 70| 98.0%= KASF7F glo] JAl| v} Dre] A vl /g o= F3F

= A|X[A] 22 2 0= AR Th NTME] B &l MGIT A Bl Fo] 14| B E T NTM Hi%F
Fdo] A =rhe Earek Zho|[12] 1A v oA 2] NTM HiFEo] F2 AHE AR DW
£ A3 749 Ogawa media®l| 4] MTBCS] 22]+= A|51=A] GO THA NTM2 47.4%Cl1 A1 56.2%

E 37V Ch(Fig. 1). SFATE 2 1ol A DW AR Fof| = Ogawa media2] Bl 43242 i 6]
A FdE thH] 53.6%C] 22 (Table 2) TFE: H 114 9] 60% ©]/4J2H8,14] 80% O HCH13] &
F2|0 M S A il e =017 gt A7t o Bash Aol

PCR ZAAF FAIE0] DW Al A ARE-A] 5.4% (168/3,080)°014 7.1% (222/3,131)2 Z7 3 Ch(Table
3). ALl H]sl pHE| Y= & W 2 02 AFR = PCR AL Y& S7H= DW AR
A1719] P EO| AAE S7F6ISE 7Hs/d S HiAIE 4= QIAIREPCR AL 2 2] 2hxp7} ulj oAt
|| Fzto] 22901 1x]3 MTBC2F NTM 7 EH] 5 v AL Ak} ohEA Ui HE
7t AA 8 E SV ABIAIE =79l HEol BRIk 5Tk 22 NTMe] 7= A
A Akt vl FAEO] Eo15A] Rl /o] A1E5A Q1 ZA|eF AbASE 24 o] H Q5 Helrt 11
2] 11 o 3tol| w2 F7|5H AUA|T -2 717t Akt A ATFE 7.2% (1,311/18,189)°141 9.1%
(1,5771737)Z S7Fsto] DW ARg-o] ikt FAAAOIA ikt HEC) FFS FA] Lok

=% qlth

AeHoz 587) 4 AHA|) X F3HAIZ ALS = PBS ThAl DW AFEo] MGIT %
AFo] 9.5 W3 T PR, FHAFE AAAoIN AR 715 5S4 2o
£5] WA AolA] GAFT) HFEE S7HA17) D2 A0 AHAIZ DWE AHg SR 2
= 8870 g
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| 7: ak AARE 913 =57] AAlle A2t Al 271E 2150 N-acetyl-L-cysteine-sodium
hydroxide (NALC-NaOH) 2 %] 2] et &, QlAkerE-8ol 0 & A at F3HE AX|A it & A+
o|A= IAkEE-E ATl ol T4 AREoll et /8482 B7kekaLat sl eich

W 20161 10256 2018 92 7HA] 21 5o FF Al T3 W ol X8 H FAFHANE
A3} 871 A A 2] MAHAR QJaketE- gt S 745 ZHE 134 ARgsto] AAL
St

A3k viF FAHE2 AakhES8H AFEA7]0 12.7% (1,843/14,532), 74 AFHEAI 7100l 14.7%
(2,095/14,291)th. MGITS] FAE1F MTBC2F NTM2] E2jH| &= #sh7} Qidch 22 2%
Ogawa media®l|A1= NTM2] Bl 0] 47.4% (399/841)°114] 56.1% (630/1,122)& Z7}5tol w}} AUA]
590 45.6% (841/1,843)011 41 53.6% (1,121/2,095)2 Z7}5+ATH MGIT LGE-2 6.5%04] 4.1% =
Aastick

ZE: NALC-NaOH MHAH| = F-74E Aot 22 MGITS] 2 FE2 FAAI7|HA Ogawa
media®] FIES S7HAZITE Wb, ikt vl ZHALol| A A 2] M2 2 QlatehE-g-lry
A SFF A E 8 A 02 AR H)

ol
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