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Microbial Contamination of Masks Worn by Healthcare Professionals

Hyekyung Seo’
The College of Biotechnology and Health, Shinhan University

ABSTRACT

Case Reports

Objectives: Microbial contamination of face masks used by healthcare professionals can vary depending on the
degree of exposure to biocaerosols in various healthcare environments. However, research on this topic is limited.
Therefore, we analyzed microbial contamination of N95 respirators used in hospital offices, wards, and outpatient
settings.

Methods: Samples isolated from N95 respirators worn for 2, 4, and 6 hours were incubated at a temperature of
35-37°C or 25-28°C for 24 hours or for 3-7 days, and colony—forming units were counted in chocolate agar, tryptic
soy agar, and Sabouraud dextrose agar plates. Total indoor airborne bacteria were also measured in the healthcare
environments. Finally, microbial species were identified using Gram staining with a microscopic speculum.

Results: The three types of environments did not deviate from the maintenance of standard indoor air quality.
There was no difference between the microbial species identified in the healthcare environment and mask
contamination. However, the number of bacteria in the masks worn in each environment differed, and the
degree of contamination increased with mask-wearing time (p<0.05).

Conclusions: Therefore, care must be taken to avoid recontamination of masks due to improper use and
exposure to biological hazards in healthcare environments. In conclusion, scientific evidence is necessary for
safe mask—wearing times. Based on the results of this study, we hope to conduct further research to establish
guidelines for the safe use of face masks during respiratory disease epidemics.

Key words: biological hazard, healthcare professionals, N95 respirator, microbial contamination

I. ZAPHQ o2 AAEsk= AL HAskL A LA FAIRE AR

o 8ot ofuzt AREsk= A7 R o R s

S AP = 933t A=A 9l x}il?_ﬂ 35 3 9t} AP A-HChughtai et al., 2019)0A4+= 9=
718 B BHOE AREShe HE 9 988 niA oA A& ARERE viAT IHo| QH HhE| o}
% COVID-19(Corona Virus Disease of 19) B4 4 vlo]HA Fo] £oly mHE 53] $87|2 Y
o] g} UM TAE ZA =AUt skATE 2 7Fs/do] okl Baskoitt RhH AR B
ol "tAIE ZHIEA ARESH| 913k 7ho]=Elo] Sgor ARERE wiAA=E Qs AT 4 e A
A= A goug AYAREC] gt HAsH <14 A, A FAT 7t 4= glou s AARge] Qb
o] Bz3g} Agtoltt, E3] 988 npAd AL thald < BRAISH A+E YK Lindsley et al., 2015; Mills
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et al., 2018; Kachorn et al., 2021). I8EZ ¥4
F=o] mpAT ARG A7l tiRt A& AlSSHA| e
H B&4Ql upAd 2Hgof tigt 384 B3 4l §
282 2T 7FsAdol Atk
AT Al AF AIZE okATE 285 A2 Tokal
To= Qo =2 &t 257t §AE A% vk
3 3H| F2E ngdE 29 YA o BUd A
BRIt v} 9ltHSeo et al., 2021). ol& wiAd HUH
o} HAUSES el E5t ofgt AT HAYFS
2 Qls) mgEo] ol 7hsAdel Slom AAE
Tcharktchia et al.(2021)°f 9Jskd XA} 2
3 O|=8 vpAT A AT, BT, T
59w 5ol SAEHAN sHTE EE B
A BAIZE atAFE ARG wEE g7 ERE 50
WS TH= B 31(Rosner, 2020)% JoBvZ st
e {FofJAAT 2A5ks Q=g 9] wkAT 2R
AlZE dAGe] 28 4= Stk mRAA 2R ARE 7
2 QIgt F2EL2 AwtstAHoAN T A t=A] 49k
™ Seo et al.(2021)> YRIEHHOA 283 viAF 1]
e Q%do] mpad 2RE ARt F710 Wk Rofet Ap
o7} Ut HISHIet o9t T2 TN BT
I Fo= Qs HAd nAE =& 9ol ¥
& Y849 mtAT E 2 542 55|
85ttty & & Utk PAEE e¥E uAIE 9
FE0NA A AREE A9 WAEE= 2ol 9
2 A= EE T} A 9 & S+
271 WEoltt. Homaria et al.(2016)°] Eigk 9J&
HHANA FAIZE EAots AEFAA} vlo|2| ALt o
94 34 MEOA gRlE 357 8¢ HolgA
(respiratory syncytial virus, RSV)5-< 0|9} -2 H
kg9l ]lo] & &= Sl

O77|HE tFAA AYZ7IE 7ol Qs F55
Al 800 CFU/m’ oat, #%o] 500 CFU/m’ °lsk&
SAJ5Fodof SFEHMOE ES 02701. 1d, 2021). E3] &
7182 AMutEl= oF 29kE F 2 2005 H%ol7F Adol
Az A= OF 300 Fol A4l FKim,
2008)= "Xl stEE o] RA|A = At &
ot gol7t Al AAAHeE gRlstaAt 5l
of I88g AJE upAFolA wiekE Ald 9 ]
7} 953 A} FARMA| FotE il npAgo] @ HH
Mt AZ<(clolny forming unit, CFU)E 730 w
2} vt} upAeto g upAzo] @ JH At HE

Ho oy

e
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7} Abg A7l wet Z7HSReA Blmattt et ol
A o7 B0 ta ALgo] e B 24
S RZAZ Folw, 357] AAPORTE vpaaS
Ao AT 4 UEE WA 2A vhelo] B

A stgict.

RIS

TEIN

1. B0 Tt

A FoE At F YmrEe Ast o=
Ql 4590] FofstithTable 1). A€ 9=71# W
AR, QHeT, el Ak AR T 5
S]] Mgt dVIAE A LSt AT =7
55 ST 718AE-E2 919 8] (SHIRB-202103-HR -
122-0DAHSE SHzFAeH A7 JEIT s
BoE ok

2. Nz ™MF 2 FIt
1) 0AT A A2

Algo]| AMERE FtAT = vl = AP A A
Y(National Institute for Occupational Safety and
Health, NIOSH)9] vlA3 7]& #4 N95 552 vt
3t /15 AFLE oA Ak AlEolqlH. oA
< 7F= Zo] 100 mm, AlZ Z°] 155 mm 2l ol
Holg HdE I X7} gloH, Judiey wej
S 28R wEY {9} & Flof IFAZIES EHof
2R d=37] 9 AR AdEglo] x| 1Y
2 A upam 23 9 iR EYn=ddl A
2 HAx de:= YEERE BARZ Y4 33
(layer) #-2o|tKFigure 1). A¥AE(Mackenzie, 2020;
Fisher et al., 2020)& F1& A|g opA3 28 A|7H
= 2AIZL, 4A17E, OAIZEC B2 A st AlRE AHFH S
of. 283t npAT = HE Q90| YojubR] ks
o FFol "ol At A AT & AYANA
SA FF D Higsielth vl 371 5 A= AFH
ARERE TSA(tryptic soy agar) HiA[2t FL AZS A
&5kt

Lol

2) 871 & AR
AYF7] F SHEFAIE SYFHMOE, ES 02701.
1d, 2021)°l wet & o 7139 ARE, 2, HE9

371 & FaAle AFsln. AR e dHE

Journal of Korean Society of Occupational and Environmental Hygiene, 2023: 33(4): 395-402



olo] Ai&Z2{(one-stage viable particulate cascade
impactor, TE-10-890 TISCH Environmental, USA)
£ 150 cm =ol°] AA|sto] £ 28.3 L FFo=E &
SAIFAHFigure 2). 3857 FP(Holes)e B3l 3=
Ao g 5ol Al TSA HiRZ AHsHct &
AlgupHo] whet 208 HA0 =R 33] A& ZASHAIT
20| A=A HED HA| F4E Lo} gt BEL
2 4gotal 7[5 Qo) FoshHA] ARAR A1&5]
25kste] BiFAIFT. A= AFHE o] =T
FA 24.5C, FHiL 25.5C0H &= 28.2%,
& 44.8%F FAIsk= 70|l

3 Oz 2 Hot

s 2AZ Brishr] g A S BERA &
A(Biosafety cabinet, 1300 Series A2 1378.
Thermo Fisher Scientific. USA)o|A A &gstsict &=
At otAT AlgE F=E 9H4(Liu et al., 2018)°.&
2 #5E JIST 371 T AR AF o AHESE
TSA vjA|2} 5LSE HiA|E ARESto] mpAd A9 1/2
o A4 =S EuiFAF . olnf mtAT 1g9
A JEE Al JEeE S0k QA= FHolod
=8 %(pure culture) AIFT 7IHEL 557] HY
A At B0l AMgol= HAEE 55 AdHIAIR] &
3 Sk wliR](chocolate agar)= 35~37C 24AI7F
59t #iF(Incubator: C-IND1. Changshin Science.
Korea)otH H&H ol &2l 9l A&t SDA
i z](Sabouraud Dextrose Aga)w= 25~28C 3~7Y
7F WiFA AT FE2FH o7 Aol &g Fe 1Y
A(Gram stain, YD Diagnostics Corp. Korea)dt &
u]7(Laboratory Microscope BX41, OLYMPUS.
USAAZE & SRINES B8l 752 Ikt

() /Y

Figure 1. Sampling mask (a) N95 respirator (b) three-layer
structure of mask
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Figure 2. Airborne microbial measurement in a healthcare
setting

4) A2
37 L AR D8R 0 Bk ARdEs B

BEAEA(ANOVA)C & B Wt AFF BEA4L SPSS
system ver. 20(IBM spss Inc.USA)S ©]&3}
FolE 2=0.055 7|F£22 5AF FYAHS H7lok

k.
I, Z=AFZ L}

1. &0 oA 54

ol Exes ool dAHET weken 20t
33.3%(15%), 30t 24.4%(11%) 40tH 33.3%(15%)
50t 8.9%(4%) wEE H3or ol59 dFeE>
A, A, BE &= w0t o B B¥eed &
7= & 457 5 3078(06.7%) & 247(53.3%)=
W oA olg2 Y H A EH= A
2 oo A= PAr 698(13.3%)> 1HA &k
o dauE] BFSAF 108 AT A S Rt
1579(33.3%)2 Aol AFE st 2 9 A
IHe FFOHA] FktHTable 1).

o

Ol

2. 0123 2 S7| 5 AM=0M 221E O|ME 2F

ol& THoA 283t AT 9 BRE vdE 29
< RIS Ayk= Table 29 2t wpAIT A Eejd
AL 37 & A=A E2d AL fFE FASHAR
o IJFEFd Ll I I Staphylococcus
aureus), ANEGH(Streptococcus)st 1AL SA
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Table 1. General characteristics

Classification (N=45) N(%)"
Male 7(15,6)
Gender
Female 38(84.4)
20~29 15(33.3)
30~39 11(24.4)
Age
40~49 15(33.3)
»50 4(8.9)
Hospital office 15(33.3)
Working site Outpatient 20(44.5)
Ward 10(22.2)
Nurse 24(53.3)
, Medical administrator 6(13.3)
Occupation .
Researching nurse 10(22.2)
Infection control nurse 5(11.1)
. _ Yes 24(53.3)
Occupational exposure to blood or body fluids
No 21(46.7)

"Number of subjects(%)

Table 2. Microbial species isolated from masks and airborne

Bacteria

Fungi

Masks

Airborne CNS, GPB

CNS, GPB, GNB, S. aureus, Streptococcus,
Enterococcus, Bacillus spp., Lactobacilli

Yeast spp. Candlida spp.

Penicillin spp. Yeast spp. Candida albicans

CNS; Coagulase—negative bacteria, GNB; Gram-negative bacteria, GPB; Gram-positive bacteria

Z =K coagulase-negative staphylococci, CNS),
IHFY I<H(Gram positive bacteria, GPB), &

(Yeast spp.), ZXHth ¥(Candida spp.)°ltt. wet

A 283 ntAIE QPAIZ nPEL 3] F ERd
AT FstA] ekgkont geld #7g0] F feiet 1

thgo] Sie.

3. QEE M7 HEfrol 84 E H|W

371 & /‘]ioﬂ/ﬂ A F FoAdt sE= ’—‘4(1)
o] Hod JHLE HAMacher. 1989)st] F
AT 52 /\]'EO]‘ o AR AF &4 == 31
A 24.5C, FHi 25.5CHoH AHdszel FHigh
28.2%, gk 44.8%° ]‘”‘3} T 71dolA Zt 3314
AT &4 E B Jgee AR 9, HE o2
2 =9ttKTable 3). F3t —}%“’l AT AldSsE AF
5, 9, ¥5 &£2& =of 37 F AFT A=t +
ARt F0|& EQANE Ml Heh= Table 42 |9

www.kiha.kr

St A TH(p=.803).

CFU

V(25°CA latm)

C=

C : airborne microbial concentration in indoor

(CFU/m>)
CFU :

Vast, 1am) *

calibrated colony

Table 3. Airborne bacteria in working sites

converted collection air volume(m?)

C(CFU/m3 CFU" CFUT  V(m®
Hospital office 21 7 57 0.335
Outpatient 12 4 54 0.336
Ward 0 0 40 0.335

“Calibrated colony (ES 02701.1d_10.1.2)
TNumber of colony forming units counted on 90 mm

Petri dish
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Table 4. Bacterial colony count on mask

NT CFU/g p-value'
Mean SE
Hospital office 45 147.62 25.18
Outpatient 60 145.15 18.61 .803
Ward 30 125.30  26.97

T2 N: Number of samples (participants x 3times)
I nonparametric test by Kruskal-Wallis
Mean: Arithmetic mean, SE: Standard error

4. 227 E7H| 2 OA T M2
-G AJ7to] F71etol| wet mpAd @
5).

o
Mo
ol
N
o
ol
3R

HTable 5). £3] 2A7F B} 4A17F &2 647t 2H8
o A% B Y FHP SRR A2 S
7ol whet §2lstA] UotTHp=.352).
Table 5. Differences in bacteria contamination by wearing
time
NT CFU/g p-value!
Mean SE

2 hrs 45 116.04 21.03

4 hrs 60 161.80 22.80 .352

6 hrs 30 146.84 24.31

T2 N: Number of samples(participants x 3 times)
I Nonparametric test by Kruskal-Wallis
Mean: Arithmetic mean, SE: Standard error

5. 0/d8E @F It

ow3d W F§ ndET FHEet ntAIE 2 FA
71 AL # 2 Zo] AR dRE2 B AAS
(normal flora)o] YA AMEEHFOA AH3HE FBo]
% A4oA "HegAgst 7135 o g fLd 52
do7|= Mty Fcandida spp)= AJTHFigure
3). 3HH F7] T Al=olA EAEA od HuAdd &
Bol(Penicillin spp.)7} AtAT A=olA E2=] ATt

V.1 #

HgEL 5] 9 94 SoA 83 BB
Hoh JUAEA F eid ok RO nyBe
solei, Al 9ol 5 2A 3R 25 4 9
th H2 Holga W AF Sl fuEE 537 %
@FomsE HEY o ThAIE A% ASL
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Figure 3. Type of microbial species cultured on medium (a)
GPB in all environments (b) Candlida spp. in hospital
office (c) Candida spp. and Penicillin spp. cultured
with SDA

Utk sHARE 357 Yo ERE FAE npAT
& AlFboll thgh ekd EAY Bhe| 2o}, HiolHA
BESH [ORIAIZEE FHsHA HIREE 4= 9l
upAT AR 7|l 5 AfE+= H|H[SiT

22| AFAE Bof HASHNAY viAT FEL
e 79 A9 dAfo] Atk sHHA e F Uoke
AL O8R4 BHT AT Aldtgrt © SV
At B skt Homaria et al., 2016; Liu et al.,
2018). o]9] ttgt SHFolA e 7] F HBE LY
oE A9 d+E AHEY Zavieh et al.(2021)2
AeH AY B8 Ao 5 2 UA(Pseudomonas),
R AT, WA Escherichia coli) B1%=7F &30
2H5E7t SV AS Al SR Harskoltt
EQE U AFFAollA o] E A E7] kEo| 45}
o}l B8 Wiszniewska et al.(2009)°f &JslH &
T A9 gy =)o s EF 580 2 A8
Aojung 71 A7t Eastthal s5hyict. o9k ol g
73 SOl EAch= ohet nAEo] AT AR AIZE S
7to] Wt QA% F7FEEA] At Seo et al.(2021)
9 Liu et al.(2018)°4 % vtAT ¥ At 37 74
o] Aot sieltt. 5] 4~6AI7E ol 2HeRt B &
O3t ZjolE Hthal EA5II. o]AZ o A+ 2
o} FARIR O™, 2417 283t mpAT HTE 4A17E 5

ool e
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AlZE 2Hg3E kAT mgE 290l ¥ =90
2ha3E npA O e FH nAES &2
A% O= Qs 357 HE E°14 5= Aot
%3} Luksamijarulkul et al.(2014) 9+=
Aotz m]d=o] 283 nkAIE QPAIE
o okt & B WL 45 52 S5 2
5 Sek QIXE SiE 713 4= ATkl skqith. o] A
P AT (Luksamijarulkul et al., 2014; Liu et al.,
2018)52 =& ollA ARERE ufATo] TigE viE
LFL UF7]= SIAIRE 8 AdAE &4 F B
s s A S5 = Lot

71 T 55 rAES WEY ojd] o7 €4 &
ofofl Al Atk T4 Eoprt ofH et AT T g
FEAA 9 tFol8AE FolA 20049E o]% miHH
AY3714 B2 (MOE, ES 02701.1d, 2021)] sk
BRAlT 71 5ol 8= ok Frojr|3e] 54
& 800 CFU/mlolske FFskal AT AL 59
MR ZE ofds] mdE 299 7Fs/dol &A1ttt
(Monalisa et al., 2017; Gund et al., 2020). £3]
571 =& Al vkAE AsES 208~308 & FH
AstE|EE 34 F Hio|Q ofoj2&0] 23t 2o &
oA g2}t TFo = Qs F3F ol ndE &
ARS 7EBAIE §2 Qo] 5~6AIZE Bl Aoz ]l
S 21 F4 SEE HolA HEE ulBE 57t $71
4> QtkLee et al., 2014). Wb 34 = ZA5H
| BE A= 2RAF 2700 wet f54o=E 7t
A7} lom tiEE oJE7|Ho] 5k 28.2%~
8%, &L 24.5C~25.5C HAE LA Alofst
7= SHARE R HE HFEY F4] S= V1A Ao]
7t & o AUtk

g AolA 4T 3 W i Al mrAa
AZoflA SHE A2
Al AFREHY, 9], B¥E o2 ESIT} o9} Zol] At

Lo
s
N
o =
o i N

(i

30 O o gy
lo = o

Ay e orlr b

il
v
o

B ok e it

58170] 97 9 WEWART £ 0@L HYH ol
R0l gste] AT £, FE 24 ol9] A WA »
Zeo] So& Qg A B9 Beld W4T} nlgE
ool JFL wFEA F/t= AFsor T Zelet.

EH B W EF=T vE 299 Il A=A
gelo] " gsitt. Kim & Kim(2022) 3371 &

M =EHe 571 T gt FFo7H A 9 &
S7tek Beo] il shiARt omre olet £
A& LGl RABIER o]9] et IR Higk &
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7F A7 993 & oy 9 d& McLure et al.
(1998)2 Qlto)7} AA7E uAd 2Hgol= S Ho}
1 T 92 ZA ofjof gtk shl=Tl, vkA= &
& ARt S71eF Ooke SAe R Qs 4 W =
o] Z7ItEE mAd Y9 F8 QXL H & Yok
I B 5HQIch

9 AHle 2 7] ARRE 2
T 4% mT|IE S4le=E Y 3y
OF oF Al A7eke Y 2 5k
7AollA AESE Aolunz Uutdel ulE 4 2E

It o=

i 30

=2

ot E3 oE87it Wi 5 Al 9 F30] S8 AHH
O F H|wsA| gtk IHE=E o] At WY &4
o i3t uFE 2] ARkE}; 9 HFH FEAoltal
£ 4 glod AYA(Seo et al., 2021) Zo] vpAI
ZREAIZE St digh ndE 2 S AR 9]
WA SISt AtmET 3 AT Aok
N @49 Ff uE SHS 2HE nkAIet ddY
H|WSHA] oo ug Q<o) et S AFHo=
A5 = ottt

ol Ax7t AWF714d FA° thgk =71 5 o
S0l &A1 BeAlwtS 800 CFU/m® 2 &°] 500
CFU/m’ 7152 gloluA] Q9kAlet oaridolel= &
o AT ol &= BESE FolidAF TEE &
S AF =2l A4l A&H] Fojacle] 2 &
A= Holl Fo7F 2 asitt. &3] AYar|ed €4
J AAEH, dHEA 5 A 242 gETE
g)(Jeon & Hwang, 2015)°] t& 593 Aojo}.
gEE Fgo| &2 dHEE7] d]lo] "Ho= EX
(Wiszniewska et al., 2009)E 1L&s}o] 7|&A#] o]s}
o] Al € FZo] 5 FARTAL st 28
23 WollA =EH F30] T el dish 7kastA|
Totop g+ Aolo}, E3FF 28R 86.7%7 oFF dH
nAFE AACE WASHAY AL 6AIZE o) 285
L A2(Seo et al., 2021) "YE 2FO 7 QI3 A
HEE ZATE 2 5 Aok AS 2REARE0] /145t
of g Ao|t},

wEba] o]Egh AHE IR EI7HA] ARMEE B
otal th7| 9 ot 304 7 A7 JgE
o uAdE 2ol et vpAI ARE AAAZRS dA
o A5hy Amrt olEE 4 S Aotk §3] 9=Q
oA 42 & U= FAIZE vAT 2B o= IgH H

&
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% qloug 7|z Aol ouzt glrk Abre

V.2 &

JRFAA AT A 0BT 0 A 2t
£ et ol aokd 4 gtk

3. 2749 ol 5
AolGAT ST 4 A= F= et
4. 2§ B0 42 MR oS AR o, ¥

5. UBE QHL 2AZHETH 4A1ZE B2 GAIREIA
2go] F7t=9lot §OIst Aol ohigict

AgAow, F8 shagold v A 2
o] F& ol=AHoNA SIE Ak FARE Bk of
A SE AR, o) 9 ¥ £o e
HoiTh deER 84 F BAE nAEe H8g
A9E OPAFOM PR QAL B et
gt ES ohado] oQE Al ARE AR A7
of wet S7bstAonR o7 BN A8 A
9] B2 9GS 7HsHA) glolof & Ao A
v BT S0l ag npAT Abgo] TiE Q14
o] spglolof & Holt.

o C, o4
i E o

=

H
flo

et

ALl 2

o] QA7 20233hdE AlghfekL U SReTH]
LIAZ A (No.28)20m ole] ZA=YU ek, A
2 m9t & FEGIARNA SHs BA,
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