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Colonization of Pathogens in Earphones and Observation of
Effective Sterilization Methods and Cycles
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The use of earphones has recently been widely used around the world. In currently, students wear earphones a lot in a
daily life. The types of earphones are open-carphones, Canalphones, and headphones. Many students don't periodically
to sterilization their earphones. Therefore, it can be an incubator that can induced ear infections. The objective of this
study was to detect the pathogenic bacteria from the earphones used by the students. A total of 3 type earphones swabs
were collected by sterile cotton swabs. The swabs were inoculated onto BHI agar and incubated aerobically 48 hour at
377C. 16s rRNA PCR, electrophoresis and sequencing were performed to confirm the identification of all the bacterial
isolates. As a result, 24 pathogens were identified in sequencing. Three types of earphones were sterilized in three ways:
ultraviolet (UV), 70% ethyl alcohol, and antibacterial wet tissue. If you use earphones for a long time without disinfecting
them for a long time, it causes various diseases such as external ear infections. The findings of this study the users

periodically to sterilization their respective earphones.
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Table 1. Primer sequences to amplify 16s rRNA gene

Primer name Sequence

Amplicon (bp) References

Forward 27F
Reverse 1492r

5-AGAGTTTGATCCTGGCTCAG-3'
5-GGTTACCTTGTTACGACTT-3'

1,504 (Lane et al., 1985)

Musso and Crews, 2016). L £]2] °F 10%2] o2& F
E3-33o] S (Aspergillus) 80~90%7} A ThBoustred, 1999;
Sander, 2001) Qlojdo] 27| T2 7HE5
nn| gt TS SRk, o]Fol= SAlg 5ol wuke
TH(Wiegand et al,, 2019). ]2 <13 2Al] W&
Folu Hajo] ofE] RS FRkglth fo|=g o X
HE AL AR Asstal, Ao XEA &
=2 A gstofof gt o] g FHUYE A4
Aol ol AUlal iLES Aok sl flol=
g REEA] o]n] Q1S3 SfAfel] Js) A~ A s
Aof gt} fJo|x=dd 5 7 IS st &3 A,
Jo]E B8 2r]5 oz a=stelol gthSander, 2001).
Jo158 AREsh= AFES A S7kehe W, joxd]
s v Aol digk AFEA A il e gl
H7E A9l glo] Aol Faids <14 ] 7171 §18l &+ A

& Ak & ATl A= o
ARg-3ste] ojw g tﬂ%v—fol A=A FRlstaL =
70% Ethyl alcohol,
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16S IRNA 34} 42| PCR 52 Bacteria primer
(Table 1)E AFE-3FITE PCR ZH4-2(Marchesi et al., 1998)<
o gl wgste] WS AFYSF3ITE Initial denaturation
95Tl 10+ denaturation 95C 30,
extension 72°C 30%, 32 Cycle &
53 &<t AAISHSTE 1% Agarose gel (Lonza, Basel, Swiss)
ol NEOgreen (CELLGENTEK, Deajeon, Korea) A]2FS &
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A8+ 3L, ChemiDoc XRS+ (Bio-Rad, CA, USA)E o] &3}
o] DNA BandE 21315t A719% 4 -2(Southem,
1975) FaL 5L Wysto] AAeleh 971D 242
Macrogen (Seoul, Korea)ol| 2]%|3}e] &3} ).
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o ZEa AR o] 258910H ARl(UV) a5
2 254 nm IPFOE 103, 204, 3002 sl
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Aol $ALES Bl o) BAE SRIE,

Staphylococcus  epidermidis T&°] 1271 Staphylococcus

M

H7IBS U GG 24

S3%% PCR A& #7195 3 F(Fig. 1), Macrogen capitis & 571, Staphylococcus caprae 1% 271, Staphylo-
o G7IME 45 AFsIth A7IME B4 A= coccus hominis subsp. Novobiosepticus T8 271 Z18] 3L
NCBI BLAST (National Center for Biotechnology information Kocuria marina, Micrococcous yunnanensis, Bacillus velezensis

Basic Local Alignment Search Tool) 2138 F3| 7] TFo] 7 17134 2= UK Table 2).

M 1 2 3 456 7 8 91011 1213 14 15 16 17 18 19 20 21 22 23 24
Fig. 1. PCR gel electrophoresis showing 16S
rRNA gene bands (at 1,500 bp) of the isolated
bacterial groups. Samples were collected bac-
teria from earphones and then 1% agarose gel
electrophoresis analysis of 16s rRNA gene amp
1,500 bp lified. Lane M, 1 kb DNA ladder; lanes 1 to 5 are
Open earphones DNA bands, and lanes 6 to 21
are Canalphones DNA bands. The last 22nd to
=2ke 24th lanes are Headphones DNA bands.

1,000 bp

Table 2. Sequencing results of identified pathogens in 3 types of earphones

Type No. Binominal nomenclature ;Zi.rﬁljlﬁ
1 Staphylococcus capitis 100%
2 Staphylococcus hominis subsp. Novobiosepticus 99.8%
Open earphones 3 Staphylococcus hominis subsp. Novobiosepticus 99.6%
4 Staphylococcus epidermidis 100%
5 Staphylococcus epidermidis 99.9%
1 Staphylococcus epidermidis 99.7%
2 Staphylococcus epidermidis 99.9%
3 Staphylococcus epidermidis 99.8%
4 staphylococcus caprae 98%
5 Staphylococcus epidermidis 99.82%
6 Staphylococcus epidermidis 99.9%
7 Staphylococcus epidermidis 100%
8 Staphylococcus epidermidis 99.56%
Canalphones
9 Staphylococcus epidermidis 100%
10 Micrococcus yunnanensis 100%
11 Staphylococcus capitis 100%
12 Staphylococcus capitis 100%
13 Staphylococcus epidermidis 100%
14 Bacillus velezensis 100%
15 Staphylococcus capitis 100%
16 Staphylococcus caprae 100%
Staphylococcus epidermidis 100%
Headphones 2 Staphylococcus capitis subsp. urealyticus 100%
Kocuria marina 99.8%
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Table 3. The results of the CFU counts after the sterilization

uv
Type 10 min 20 min 30 min
Before After Sterilization Before After Sterilization Before After Sterilization
(CFU/mL)  (CFU/mL) rates (%) (CFU/mL)  (CFU/mL) rates (%) (CFU/mL)  (CFU/mL) rates (%)
Open earphones 172 45 26.1% 1,208 9 99.25% 544 0 100%
Canalphones TNTC TNTC 0% TNTC 25 99% 1,592 0 100%
Headphones 51 4 7.84% 542 8 98.5% 327 0 100%

TNTC: Too Numerous To Count

Table 3. The results of the CFU counts after the sterilization (continues)

70% Ethyl alcohol

Antibacterial wet tissue

Type Before After Sterilization Before After Sterilization
(CFU/mL) (CFU/mL) rates (%) (CFU/mL) (CFU/mL) rates (%)
Open earphones 398 0 100% 326 3 99.08%
Canalphones TNTC 3 99% 789 17 97.85%
Headphones 164 3 98.17% 141 2 98.58%

TNTC: Too Numerous To Count

O[0jE &%

2F214(UV), 70% Ethyl alcohol, @t EE|4F 37F4] H
o7 253 Ay AL]XUV) 1087 20800 A%
HE 2 gldlon, 3085 25 avE B 4
ATKTable 3). 3=t EE]4T, 70% Ethyl alcohol A~ WS
k€] 1032, 203 Ht; a7E B 5 JUSATKTable 3).
o] g ALHAUV) 2% 300 7Y Fokon o
+ 70% Ethyl alcohol, @+t EETF £O=2 Aol a3rt
AATE AR S 1087 =E3AHE Al 2ZF olo]EL
172 CFU/MLOIA 45 CFUMLE 26.1% 2% 9at, AYE
©]oJE TNTC (Too Numerous To Count)o*] TNTCZ 0%,
& =3 51 CFUMLOIA 4 CFUMLE 7.84% A% 1t
201 =EAAS wols ©E3 o]ofE 1,208 CFUML
oA 9 CFU/MLE 99.25%, AEE ©]o]E TNTCOA
25 CFUMLE 99%, 3| =<& 542 CFU/mI°IA] 8 CFU/MLZ
98.5% AFEITE 301 =EFAIAES woll= 355 o|o)E
R 100% At a9 = 5 ASATh 70% Ethyl alcohol &
2 oJo]E S ok wjol @3 o]o]EL 398 CFU
/mLolA 0 CFU/MLZ 100%, #'93 o] TNTCOIA
3 CFU/mLZ 99%, &= 164 CFUmMLo|A] 3 CFU/mL
2 98.17% Ahto] Hlom, FtE ElrE o834 ol
oJE FHE TokS o= 93 0]oJE 326 CFU/mL
oAl 3 CFU/MLE 99.08%, 23 ©]o]E 789 CFU/mLA]

o ¥ o

Bor

] 17 CFU/mLE 97.85%, =3 141 CFUMLIA] 2 CFU/
mLZ 98.58% A% ATt

&3] AFE3t ©]o]E 3FF(Open earphones, Canal-
phones, Headphones)& o= G7|d B4 23} Sta-
phylococcus epidermidis T&°] 1271 Staphylococcus capitis

% 571, Staphylococcus caprae & 271, Staphylococcus
hominis subsp. Novobiosepticus T 271 Z12]3l Kocuria
marina, Micrococcous yunnanensis, Bacillus velezensis TZ50|
2y 172 2= QYL S, epidermidis, S. capitis, S. caprae, S.
hominis T1&-2 Coagulase Negative Species (CoNS)©|H, 3]
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