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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 bioaerosols 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.
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et al., 2018; Kachorn et al., 2021). 2822 ¥4
F=o] mpAS ARG AlZto] tiRt A& AlESHA| e
H B&4Ql upAT ZHgof tigt 384 B3 4l
282 2T 7FsAdol
AT Al AF A7t opAFE 285 A2 Tokal
TEo= Qo =2 &t 257t §AE A% vk
3 #Ho| F2hE uBE o9 AR o Bitd A
BRIt v} 9ltHSeo et al., 2021). ol& wkA3 HUH
o} HAYUSES Wl Bt ot T HAYFS
2 Qlsf mgEo] ol 7hsAdel Slom AAE
Tcharktchia et al.(2021)°] 9ot A|#ejAbr} 28
3 O|=8 vpAT FHA AT, BT, T
599 5ol SAHAN sHTE E YRS
A BAIZE atAFE AR wEE g7 EfE 50
S TH= B 31(Rosner, 2020)% JoBvZ kst
e {FofJAAT 2A5ks Q=g 9] wkAT 2R
AlZE dAGke] 28 4= Stk mRAA 2R ARE 7
2 QIgt F2EL2 AwtstHoAN T A t=EA] U9k
™ Seo et al.(2021)> YRIEHHOA 283 viAF T
e Q%do] npad 2RE ARt F710 wEb Fofet Af
o7} UAttal HsHIek o] =
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& Y84 AT HE 2 & 5
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2 A= EE T} A 9 & S+
271 W&ol Homaria et al.(2016)°] Ei1gk 9J&
HHANA FAIZE EAots AEFAA} vlo|2| ALt o
4 3 MEA ERlE 357 &Y HolgA
(respiratory syncytial virus, RSV)5-< 0|9} -2 X
Z2kg-9] ]lo] & &= Sl

O77|HE tFAA AYZ7IE 7ol Qs F55
Al 800 CFU/m’ oat, %] 500 CFU/m’ °]5t&
SAJstoofF SHHMOE ES 02701. 1d, 2021). &3] &
7182 AMupEl= oF 29E § 2 2005 HEol7F Adol
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of 88 g AJE upAFolA wiekE Al 9 FEo]
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1. B0 THAE

A FoE At F YmrEe Ast o=
Ql 457g0] FofslitkTable 1). A4H o=7]¢ W
AR, e, Bl Ak AR T 5
S Mgt dhIAE A LSt AT =7
55 ST 718E-&2 919 8] (SHIRB-202103-HR -
122-0DAHSE SHsFIeH A7 JEIt s
BoE Qo

2. Nz ™MF 2 FIt
1) 0AT A A2

Algo]| AMERE FtAT = vl = AP A A
H(National Institute for Occupational Safety and
Health, NIOSH)9] vlA3 7]& 4 N95 582 vt
3t /IS AlFLE oA AR AlEolqlH oA
< 7F= Zo] 100 mm, AlZ Z°] 155 mm ¢l o|&
Holg HdE I X7} glor, Judiey wejt
S 2829 ey {9} & Flof APAEF Eof U
2R d=E37] 9 AR AdEglo] A 1Y
2 A upam 23 9 iR EYn=ddl A
2L HAx de:= WEERE BARZ 44 33
(layer) #-20o|tKFigure 1). A¥AE(Mackenzie, 2020;
Fisher et al., 2020)5 12 Al opA3 28 A7+
< 2AIZL, 4A17E, OAIZER B A st AlRE AFH SR
of. 2R3t AT = HE Q90| dojubR] ks
o FFo| "ol At A AT & AN A
SA FF D aigsielth viAls 371 5 A= AFH
ARERE TSA(tryptic soy agar) HiA[2t EL ZZS A
&5kt

Lol

2) 87 & AR
AYF7] F SHEFAITE SYFHMOE, ES 02701.
1d, 2021)°f wet &= Fo 7139 ARE 2, a9

371 & FaAle AFsin. Ar e dHE
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olo] AiZ2{(one-stage viable particulate cascade
impactor, TE-10-890 TISCH Environmental, USA)
£ 150 cm =ol°] A5t £ 28.3 L {FFo= &
SAIFAHFigure 2). 3857 FP(Holes)e B3l &
Ao g 5ol Al TSA HiRZ A|HsHct &
AlgupHo] whet 208 HA0 =R 33 A& ZASHAIT
20| A=A HED HA| F4E Eof gt BEL
2 4gotal 7|8 Qo) FoshHA] ARAR Al&5]
28kste] BiFAIFE. A= AFHE o] =T
FA 24.5C, i 25.5C0H JhEE 28.2%,
#* 44.8%F FAIsk= &0l

3 Oz 2 Hot

s 2AZ Brishr] g A S BERA &
A(Biosafety cabinet, 1300 Series A2 1378.
Thermo Fisher Scientific. USA)o|A A5}t 4=
Ast upA3 Alg2E A= H(Liu et al., 2018)0.2
2 #5E JISAT 371 T AR AAF o ARESE
TSA vjA|2} 5LSE HiA|E ARESto] mpAd AW 1/2
o A&H =S EuiFAF . olnf mkAZ 1g9
A JEE Al JEeE S0k QA= FHolod
A pure culture) AF T 72 387] Y
A At B0l AMgole= HAEE 55 ARl 2
3 S wliR]|(chocolate agar)= 35~37C 24AI17F
59t #iF(Incubator: C-IND1. Changshin Science.
Korea)otH H&H ol &2lZ 9 A&t SDA
v z|(Sabouraud Dextrose Aga)w= 25~28C 3~7Y
7F WiFA AT FE2FH o7 dojul & FTe 1Y
Al(Gram stain, YD Diagnostics Corp. Korea)dt &
t]7(Laboratory Microscope BX41, OLYMPUS.
USAATE & 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) SHEN

4 9 ARHE v3E 2 Frke Mg B
(mean) ¥ #F2XKstandard error, SE)Z #7|5}11,
BEAEA(ANOVA)C. 2 B|welgict. A& B42 SPSS
system ver. 20(IBM spss Inc.USA)& ©|-83l3 o™
Fo+E 2=0.058 7|€°0E A R4S HUtst
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1. &0 Xt EY
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50t 8.9%(4%) £2E Hom olE9 dFIFS
olff, AHE, B £o2 Ut o 9 ¥edg I
TR & 457 F 309(66.7%) 22 248(53.3%)2
A ZESAGLE o5 EY W Ao EHE
FE styom Q= PAF 69H(13.3%)> 1HA] oAt
o AT ISAF 108 A+ TFSAE 58S st
15%8(33.3%)2> AFFeHgolA gF-g o EH 9 A
RS FFoHA L3tHTable 1).

2. 0123 2 B7| 5 AM=0M 221E O|M=E 2F

ol& THoA 283t AT 9 BRE vdE 29
< ERISH Ayk= Table 29 2t} vpAT A Eejd
A2 37 & A=A E2d AL fFE FASHAR
o IJFEFd Ll FAIEE K Staphylococcus
aureus), ANEGTH(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

Penicillin spp. Yeast spp. Candida albicans

Yeast spp. Candlida spp.

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

Z =K coagulase-negative staphylococci, CNS),
IHFY I (Gram positive bacteria, GPB), &
(Yeast spp.), ZXHth ¥(Candida spp.)°ltt. wet
Al 2REeE AT E QLAY PES 3] 5 FRE
A3t FshA] koront geld Fgo] F fofgh 1t
o] AU

3. QYE M7 Ht4o ot E Hw

371 & ARA AFHT F AT == A1)
Zo] B HgE 2 (Macher. 1989)3t0] &
AT FER ARSIl AR AF & 2= F
A 24.5C, #H1 25.5CHoH AHUEEe FHig
28.2%, XtHak 44.8%°1et. F 7oA Z+ 3314
AT 2 E B A AR, 9, ¥ 2
2 ESHTable 3). E3F 283 viAT Al At
5, 98, BHE <02 wof 37 T At A5} 7
ARE Z0l5 EJAIT Mt M Table 42 79

www.kiha.kr

SHA] UTHp=.803).

Cz — CFU s 1)

V(25°CA latm)

C : airborne microbial concentration in indoor
(CFU/m’)

CFU : calibrated colony

Vost. 1am  converted collection air volume(m?)

Table 3. Airborne bacteria in working sites

C(CFU/m3 CFU" CFUT  V(m®
Hospital office 21 7 57 0.335
Qutpatient 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 EIH| 2 OAT M2
g A|7to] F7Ketol| wet mpAd @
5).

of
Mo
ol
N
o
-
3R

HTable 5). £3] 2A7F B} 4A17F &2 647t 2H8
3 A% BE Yt FHP STRAAR A2 S
7ol whet §olstA| SRokeHp=.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. 0/8E @F It

ow3d W F§ ndET FEet ntAIE QFA
1 AL ® 2 Zo] FARKAH. RS B AAS
(normal flora)o] YA AMEEHFCA AH3HE F3o]
% A4oA "HegAgst 7135 o g fLd 52
do7|= MYt Fcandida spp)= AJTHFigure
3). 3HH 7] T Al=olA EAEA o HuAdd &
Bol(Penicillin spp.)7} AtAT A=olA E2=] ATt

V.1 #

AEES B3] 98] A4 ol f8T AuARY
Bt JUARA T LA A SEHoE nyee
HlolgA, A, #%o] & 3A 7R BERE 4+ 9
o H2 wol2ia R Al 5oI4 fEEe 387 1
FTomnE BEsp] 93 vads AF Agst

~
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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
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22| AFAE Bofl HASHNAY viAT FEL
e 79 A9 dAfo] Atk sHHA e F Uoke
AL O8R4 BT utAT Aldtgrt © SV
Aty skt Homaria et al., 2016; Liu et al.,
2018). o]9] ttFgt XS] 7] F BE L9
oE A9 d+E AHEY Zavieh et al.(2021)2
AeH AY B Ao 5 w2 YUA(Pseudomonas),
R At W9 (Bscherichia coli) W=7t E3k0™
2H5E7t SV AS Al SR Harskoltt
ESF v 2ol A o] ¥ FEY] kEol At
o}l B8 Wiszniewska et al.(2009)°f &JslH BH&
T A9 gy =r)e s EF 5980 2 A8
Aojung 71 A7h Eastthal s5h3ict. o9k ol g
73 SOl EAch= ohet nAEo] AT AR AIZE S
7to] Wt QA% F7FEEA] AeE Seo et al.(2021)
9 Liu et al.(2018)°4 %= vtAT ¥ Aot 371 74
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P AT (Luksamijarulkul et al., 2014; Liu et al.,
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2L UF7]= SIARE 98 AdAE &4 F R
s s A S5 = Lot

71 T 55 AES WEY oHd 7] &
ofoll A Akt T4l Hoprt ol ittt skA|gE
FEAA 9 tFol8AE FolA 20049 o]% mRHH
AYF714 B2 (MOE, ES 02701.1d, 2021)°] 2Jsh
/Al 71 5ol 8= ok Froj7|3e] 54
& 800 CFU/mlolsks FFstal AT AL 49
AR e ofds] mdE 299 7FsAdol &A1ttt
(Monalisa et al., 2017; Gund et al., 2020). £3]
571 =& Al vkAE osES 208~308 & FH
AStE|EE 34 F Hio|Q ofoj2&0] 23t 2ol &
oA 282t TFo = Qs FTF o] ndE &
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7F A7 993 & Aty A d& McLure et al.
(1998)2 Qlko)7} AA7E upAd 2Hgsh= A Ho}
1 e T U2 ZA ofjof gt shl=Tl, vkA= Z
& ARt S719F Ookes SAe R Qls) 4 W vBE
o] Z7ItEE mAd Y9 F8 QXL H & ok
I B 5kQch

9 A= 2 7 AES 2 Sk w3
T 45 mT|IE S4eE W gH A oA
oF 3 A Ay AR 2, S5 &
oA Alget AolEE UitAR]] ndE 4 A8
o= 7i1AQ1 E4do] o REIEA =
oh E3 Tk W 5 Al 2 380 & FFE
O F H|wsiA] gtk IHE=E o] At WY &4
of tigt mdE 299 dnkel 9 A=A FEAolgn
E 4 glod AYA(Seo et al., 2021) &o] vfA=
ZREAIZE St ot mdE 2F 7 AFE 9H]
UA ERIstATH AlEEY. E3 VAT AESk=
M 9 Ff mAdE SHS 28 nadet doid
H|WSHA] ggtoug Q<o tiet S AFH o=
A5 A= A4Sttt

ol A7t AWF714d FA° gk =71 5 o
S0l &A1 BeAlwtS 800 CFU/m® 2 &%°] 500
CFU/m’ 7152 gloluA] Q9kAlet 9ar|dolel= &
o AT ol eEE= BESE FolidAF TEE &
% AF =2l A%l A&H] Fojacle] & &
U= Aol Fo71 B 835t 53] Avsr|ed €4
1 AAEH, dHEA T AT 2242 g7
g)(Jeon & Hwang, 2015)° ©]& 588 Ao|o}.
gEE Fgo] &2 deE7] Hjlo] Hrk= E
(Wiszniewska et al., 2009)E 1L&sto] 7|4 ols}
o] Al 9 FZo] 5 FARTAL st 28
3 WollA eEH F30] T Aol dish 7kastA|
Totop g+ Aolo}, E3FF 28R 86.7%7 oFF dH
nAFE AMACE WASHAY AL 6AIZE o) 285
= 3%(Seo et al., 2021) U|¥E LFOo 7 QI EHA
A ZATE 2 5 Aok AE 2REARE0] /145t
of g Ao|t},

wEbA o]t AHE v e R EIHA] AHEE H
otal op7| 9 ot oA 7 A7 JgE
o vdE 2ol et vpAI ARE AAAZRS dA
o A5Hy Amrt uhHE 4 kS Aotk £9] =Ll
oA 42 & U= BARKE vpAT 2EOo 2 QIgt 1
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A FYSE AR, o 2 9 02 %8 4
HoiTh deER 84 F BA nAEe H8g
A3E OPAFOM PR QAL B et
gt ES kAol oQH Al AR AR A7
of wet S7bstAonR o7 BN ABSHE mia
9] B2 9GS 7 glolof & Ao At
v RS Suolq ag npAT AMgo] TiE Q14
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P

g

ALl 2

o] QA7 20233hdE AlghfetiL WU sREiTH]
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