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Presence of Bacteria and Fungi in Inner Compartment of Personal Computers(PCs)

Kil-koang Kwon - Seok-Min Yoon - Chang-Ho Choi + Bong-Geun Jeong
Ki-Won Lee - Dong-Heui Yi - HyungJoo Kim'

Department of Microbial Engineering, Konkuk University

ABSTRACT : Presence and distribution of bacteria and fungi in inner compartment of PCs(Personal Computers) were investigated. Samples
for the analysis were collected from inside of PCs which had been used in various facilities including public computer facilities, laboratories
and computer training rooms of a university. Total number of PC examined in this study was 51 each. When the total CFU(colony form-
ing unit) of the inner compartment of the PCs was measured, the bacterial count was found to be dependent on the operation time(total
running time) of PCs. When the distribution of bacteria in the inner compartment of PCs was estimated, CPU(Central Processing Unit)
cooling fan area showed the highest bacterial concentration(average 605 CFU/em?). In the case of the fungi, various opportunistic patho-
gens including Aspergillus sp. and Penicillium sp. were isolated and identified in the inner compartment of PCs. And the average of bacterial
number in the dust collected from the PCs was 212 CFU/mg. These results indicated that handling of PC might have a risk of infection by
the microorganism.
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mL(pH 7.0+ 0.2)7} 27 ependorff tubeol] 345 %' =
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2.2, HHQ¥
AT A8 MF CFU 23< A% 4PAXE nutri-
ent agar(nutrient broth 0.8%, 1.5% agar, pH 7.0+ 0.2)H] 3]
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Y AFAT W F AL EAbdel HER S A%
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PC #Z& ¥ CFU &3 & 9 439 2%, A8 AT
Aol AAF FEA met ZRsIer, dEHeE AT
%, CPU Wzh &, dRE 9 EH) Y7z} @, Jl= &8 2,
WF A9 FEA 59 REoE BRaED:

PC W5 FWHe &% CFU Atol9] A4 L &A37]
Ystaed, e 2ZA(ETI-8810, Wonwoo System, Korea)E
Agstd Aag AAD AR LES 2Fsgon, pCe)
AQol AR F 1A o4 A5H ¥W LEE s|F0E 3
Ak

Fgole) AZS BAD A(BXSOF4, Olympus, Japan)&
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% 284 5o AT B 59 FHF RolE o L3519
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PC Y% A4 1 mgd CFUS 5171 g3t A8 A
AT A A8 wE WA NE A% o8 0% %
A Al E FAF ¥, 539 CFUFA S vt 1 mgd
CFUE &3ttt
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2 Z3HNen, & AEA|Z0] 24,8404 2.2 1
ZAA ZAHE PCe AL(PCY), CFU7} 17,850 CFU/cm’ .2
712 =74 23994 =3, £ ZEA3H & CFUY 43
BAE B4 29, 33 %9 EE2A 1,569, AFAS 0.90
€ vepignh 039 ARAAE AFH AR A7) F71
st Alw9 CFUR 7} sk AL JeRlx ik

31.2. PC W ¥ £E°| CFU &3

PC W ¥F B9 1 om’3 A9 BF CFU 23 A,
CPU ¥Zt 2 1 Z9ojA] 605 CFU/m’S.g2 713 =7
ZA5Qom, 1 9o JI= &2 ¥ 345 CFUm®, W2
A9 FFAH 1 Fdo] 220 CFUem’, B4 Y% @ 3
o] 190 CFU/em’ S22 239l T3, A A2 = A
o] AF AEHA F2 AEE EAA gt PC W
5 5E ¥d EAske Ad9 CFU £¥ & Fig. 29 Yt
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Fig. 1. Correlation between PC running time and CFU(rZ:
correlation coefficient).
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Fig. 2. Distribution of bacterial CFU in the inner compart-
ment of PC.
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PC U§ B¥9 ¥W 259 AlF CFUY 4@#AE Fig.
3o Yehich 23 2 vw dd, FE5U PCY UF
Rz 3o @7 EE 302:1.7C2 &3HYen, L&
T ¥ 230 73 & CFUE Jehd CPU ¥Z4 9
9] A$(605 CFU/cm’®), 29+ 1.1CE Hgrt 43 ge &
T2 Z23HA 7 5L 257 231 = &F ¥
A$(393+1.4C), 345 CFU/em’S JepjQom, 27.7408°C
27 3L 252 238 R AYAL 220 CFUem’2
vebgth E% ¥F 100 CFUem’e} ¥23 AL CFUE 4
B HQRE JE Aolxak 7 363+12C, 31.3+£03C
2 &350, 259 oz BT {4 CFUE Y
B Aol 1A T3 FW 259 CFUY J4aE#A
2 2% A%, 48A$ 00048 JeTh 9 43 2
#E 58 B d PC ¥ W 25+ X9 Alg CFUq| &
FFE FA FE AL & F Utk

3.2. PC RN 2AS = ZEO0I

PC U502 43 A)ZES malt extract agar vixol] v
& 23, BE Alg0lA FPoPt AEHe A& FAAT
A BN BT FHOIE o= Fdio] T wFH
% 2% @nlZe 59 944 54 2% ¥ @07 AL
Fig. 48} 5¢] Z}2} Y A8 A Zde] ©BE &
A5e Fdo| B3 A, Aspergillus sp.9} Penicillium sp.
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Fig. 3. Effect of temperature of PC compartment on the
bacterial CFU.
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Fig. 4. Presence of fungi in the inner compartment of PCs
(black: Aspergillus sp., light gray: Penicillium sp., dark
gray: Others). (a) Public computer facility(4spergillus
sp.: 32%, Penicillium sp.: 17%), (b) Laboratory(4spergillus
sp.: 30%, Penicillium sp.: 15%), (¢) computer training
room(Aspergillus sp.: 50%, Penicillium sp.: 15%).



®
Fig. 5. Micrographs of fungi isolated from the inner compartment of PCs. (a) Aspergillus sp., (b) Penicillium sp., (c) Candida

sp., (d) Cladosporium sp., (e) Fonsecaea sp., (f) Rhizomucor sp., (g) Trichophyton sp., (h) Ulocladium sp(a, c, e, g, h
magnification x 400. b, d, f: magnification x 200).

7 A g2 HegR EA4FE GAS9 gE PC ol & A
A2 Aspergillus sp.7} 32+ 6.3%, Penicillium sp.7t 17+2.9%
9 vg= AEFen, U AP 30£54%, 15+3.5%,
NSANFLL 50+8.1%, 15+1.8%2] v g2 Z7 AZEHA
k. 2 Qo= Candida sp., Cladosporium sp., Fonsecaea sp.,

Rhizomucor sp., Trichophyton sp., Ulocladium sp., Alternaria
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gAom, 2 M9 1 om® B 0.5~47 mge 2 AT
B FF d A9 B FAE CPU YA A 2 1 3
AA 29 mge 2 M EA FAFHJLH, = &% e
1.8 mg, & AY F5 AF 2 Fo] 1.2 mg, ¥A ¥z
9 FHol 1.l mg §LE EFHHJ o] AFHE UF ¥
& ¥ CFU$ mlsly & o, dx9 FA7} Frtshe A
vlgatd CFU 94 7kt A& € 4= Aok a8 74
ZHe WA A &3 F a9 g Ad9 £F CFU= &
4, iwstged, 1 2% WA 1 mgd FF 212 CFU/mg
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B @79 2%, PC URANE e Azt B 5
#9) FPoUt FANTL Yok RS AU PC & A
AT AR & CFUS 338 A9 2%, I

Ng5E AZ CFUE 94 F7bshe 202 Ueyth o

£ HAY CFU &% Ao HlFo & o, FEAR] &
olgFE WA AFHe] Wre) AF CFU 94 F7tste
Aeg &4

e @9)RE me dAsE CFUE CPU W2t 9 %
I BadA HE 605 CFUm 22 712 %A A&HgoH,
FtE EE B, R AFY, EA 33 A 59 ¢ ¥

A B2HAAT o] A} J8AIHNA ALEEHE PCE 2A
@ 7129 AFARV vis g o A5t A 1004
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- He9FHE 28 B2 £A9 nAEo] YR RAPg
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4% w4 235949 CPU W7 @, B4 ¥4 @, Y
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CFU % AR ¢ A7} 7bd 84 239 CPU YR oA &
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sp.9} Penicillium sp.QJch. dutd oz 433 FFole F3f
A QF A 954, Aspergillus sp.- BEEH <gsle] g
& 71879, ¢8R, 559 37HA dEHQA fAHLS 7t
N Aoz GHA lown, Penicillium sp.e BYFHo] <3}
8 &5 2= Penicilliosis, %4, ¢HTFHE, AFE
°1%, &AL A, AU, 5L, 859 §Y A S
god 4 9 Aoz AA k' 2 9ol Cladosporium
spe W3, 299, &FF AFF, 2, A79d €0]
He Aoz g8A lew, dlternaria sp AR 7,
A9 3o A¥ e FINZ F e e M Ao ¢
R LA

OJMFH WF PC o]& A4, g AF4, g ALLdFE
A AMgSE PCY U Fde dge Aud B s FF
o falg FZot EAGE Y AR FAFH, AR
AA AEE 4o F At AP EAY Aoz F59
. d& 5o FFHY FHt FELH, AEE PCY A
PCe §-F A HFA 24 ¢ A= PC EAY 53
5oz AFH UF HASE 37 FLE #HAA He 3
Ue] 2agld uAEY v $E9 $3e] jlon, o2
A AHEA 2 F A AAE AEE 42 el
ol £& AT FZIAth WA ol 22 AFE gt
71 8l AFE R® ol URe] Fr1FA Faut &
L3 Aoz #gdrt PC 4 JHHAEY T Fhe FF
o] #/E AAAY =FE AME & ¢ GLEER, FEBR
oz AAE go] I JAFPL7E ol &t dojd |
A AAsE, GV AE 94 AAAE o] &3t &
wol 2ol Sle AAE AAGT £ HL AdE FHL
2 A% PAE OF B39 L7 JLBE, oA Hig
A% A 227} Bod Zo® gudch PCA dE F
Aok 9] 3HLE 5l F7] Fo2 4F gl H
AR 0|2 QIF o] B £ Sl 49 2 AT A=
goze] ATE Fotd IF B Aotk

i

+ o

o

R A

>,

5.2 B

B A7 AL HFEHEPC) WM 2ASE ATy



CFUSt F30l9 F/E 4L 243 Ao Wg Aoltk PC
T ASALH? R A7 ¥ CFUE 248 23, PCY
ZEAL 3715t @el CFUR 3718e 89 & 4 A9
HEE A5 0.90). PC ¥ ¥F Z CFU7L 718 &4 2
B9 X2 CPU ¥z #o2 B 605 CFUem’E S8R
o, JI= &£F ¥7} W 345 CFUCm’, Wi A9 33 4
o] P 220 CFU/em’, 3 ¥z} o] H¥F 190 CFU/em®
2.2 AH[Y. FFol= Aspergillus sp.$} Penicillium sp.
7t 748 @ol A2IUL, 2 o Candida sp., Cladosporium
sp., Fonsecaea sp., Rhizomucor sp., Trichophyton sp.,
Ulocladium sp., Alternaria sp. 5 QAo |48 @ 28
7t g AEEAT AFE R AR CFUE | mg B
B 212 CFUmge 2 AEHACH, #FH B ¥ 9z
8 A zolg gl Utk & A7 A, PC YRE
TFE mAEl EASHH, )BT wAE A% I A
e ¥35le §7 BAY 24 2 Jet 24 mAA 9%
€ ¥ 7ksdel Atta #usER, F713Q PC YR Aa
g PG A 227 €2 Ao wdEn

AF Ab

PC XNE #H =&
AAEIY T,

tjo
N
>
Mo
ox.
¥
ox,
to
o
oy
4>
rﬂ,{
aC
X

- RFAA, F7HE RS A, pp. 19~20(2006).

2. 837 043% 43R A AER AE AELYT o]
225 % F 5 AF(205).

3. FAHE, ¥=9 A3 A E(2003).

Bures, S., Fishbain, J. T., Uyehara, C. F. T., Parker, J.
M., and Berg, B. W., “Computer keyboards and faucet
handles as reservoirs of nosocomial pathogens in the
intensive care unit,” Am. J. Infect. Control, 28, 465~
470(2000).

5. Man, G. S., Olapoju, M., Chadwick, M. V., Vuddamalay,
P, Hall, A. V., Edwards, A., and Kerr, J. R., “Bacterial
contamination of ward-based computer terminals,” J. Hosp.
Infect., 52, 314~315(2002).

6. Schultz, M., Gill, J., Zubairi, S., Huber, R., and Gordin,
F., “Bacterial contamination of computer keyboards in a
teaching hospital,” Infect. Control Hosp. Epidemiol., 24,
302 ~303(2003).

7. Neely, A. N, Maley, M. P., and Warden, G. D., “Computer
keyboards as reservoirs for Acinetobacter baumannii in a
burn hospital,” Clin. Infect. Dis., 29, 1358 ~1360(1999).

8. Neely, A. N, Joan, M., Weber., Patricia, C., Alastair,
M., Carlos, M., Marie, N., Patricia, B., and Donald, L.,

“Computer equipment used in patient care within a mul-

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.
22.

AAE HFH HRAAM 2= A Fgo] 733

tihospitals for cleaning and disinfection,” Am. J. Infect.
Control, 33(4), 233~237(2005).

Neely, A. N. and Sittig, D. F., “Basic Microbiologic and
infection control information to reduce the potential trans-
mission of pathogens to patients via computer hardware,”
J. Am. Med. Inform. Assoc., 9, 500~508(2002).
Watson, S. P., Clements, M. O., and Foster, S. J., “Cha-
racterization of the starvation-survival response of Staphy-
lococcus aureus,” J. Bacteriol., 180, 1750 ~1758(1998).
Neely, A. N. and Maley, M. P., “Survival of entero-
cocci and staphylococci on hospital fabrics and plastic,”
J. Clin. Microbiol., 38, 724 ~726(2000).

Neely, A. N, “A survey of gram-negative bacteria sur-
vival on hospital fabrics and plastics,” J. Burn. Care.
Rehabil., 21, 523 ~527(2000).

Neely, A. N. and Orloff, M. M., “Survival of some
medically important fungi on hospital fabrics and pla-
stics,” J. Clin. Microbiol., 39, 3360~3361(2001).
Rangel-Frausto, M. S., Houston, A. K., Bale, M. J., Fu,
C., and Wenzel, R. P., “an experimental model for study
of candida survival and transmission in human volun-
teers,” Eur. J. Clin. Microbiol. Infect. Dis., 13, 590~595
(1994).

Noskin, G. A., Bednarz, P., Suriano, T., Reiner, S., Pe-
terson, L. R., “Persistent contamination of fabric-covered
furniture by vancomycin-resistant enterococci: Implications
for upholstery selection in hospitals,” Am. J. Infect.
Control, 28, 311~313(2000).

Quinzio, L., Blazek, M., Hartmann, B., Rohrig, R., Wille,
B., Junger, A., and Hempelmann, G., “Computers in anes-
thesia and intensive care: Lack of evidence that the
central unit serves as reservoir of pathogens,” Int. J.
Hyg. Environ. Health, 208, 299 ~304(2005).

o|AZF, A, BREA, B, Yot FAEHAN £
3 Al &4, Kor. J Microbiol. Biotechnol., 33(4),
248 ~254(2005).

olAE, “ANFFL2ZRH EeHE FBol” Anmual
Rev. Inst. Anim. Med., 6, 5~10(1997).

Eduard, W. and Heederik, D., “Methods for quantitative
assessment of airborne levels of noninfectious microorga-
nisms in highly contaminated work environments,” Am.
Ind. Hyg. Assoc. J., 59, 113~127(1998).

Larone, D. H., Medically important fungi: A guide to
identification, 4th ed., ASM Press, Washington D. C,,
pp. 140~271(2002).

AR, A Z712 FH(2003).

HET, 3L, 1Y, “Fo) &A1 QW] A
E 2G4 #AF A, Kor. J. Air-Conditioning
Refrigeration Eng., 18(8), 620~ 626(2006).

THOIE B OrYIX] 207 63, 2007 6



