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Evaluation of Microbiological Contamination of Water Purifiers
at Two Universities in Chungcheong Region

Jin Young Yun'™*

Department of Clinical Laboratory Science, Chungbuk Health & Science University, Cheongju 28150, Korea

The purpose of this study is to investigate microbial contamination in water purifiers from two universities (A and B)

in Chungcheong region and to evaluate about the harmfulness of the isolated bacteria to the human. The degree of

microbiological contamination of six water purifiers at university A was investigated three times from July 2018 to
September 2019, and nine water purifiers at university B were investigated in 2023. The isolated bacteria were
biochemically identified using an API kit and Vitek-2 system, and then the bacteria were identified to the species level
using MALDI-TOF MS. In addition, the possibility of human infection of the isolated bacteria was evaluated through a
literature search. In July 2018 and September 2019, the number of bacteria isolated inside the faucet was below the
acceptable standard for hot water, but exceed for cold water in all water purifiers. In January and September 2019, bacteria

exceeding the acceptable standards were isolated nine times from the cold water of six water purifies (a total of 12

water purifiers). Bacteria identified by MALDI-TOF MS included anaerobic bacteria (Clostridium novyi, Clostridium

themopalmarium etc.), Gram-positive bacilli (Microbacterium testaceum, Arthrobacter woluwensis etc.), and Gram-

negative bacilli (Acinetobacter nosocomialis, Comamonas kerstersii etc.), which are difficult identify by biochemical

methods. In conclusion, bacteria exceeding the acceptable standard were isolated from the cold water of most of the

water purifiers. Most of the isolated bacteria were low-pathogenic bacteria from natural environment, but opportunistic

bacteria that can cause infection in humans were also isolated from some water purifiers.
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Wl digk mAESH] AR digh ohekgk A7t
o] Fo] A E‘r(Burlingame et al., 1984; Armas and Sutherland,

T
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FEEA ] Yo oz AFH3 A= gt
Z vl X|(Blood agar plate, BAP)$} MacConkey Hi#]oll 4%
aFolom 4823k ot wjdet & A o 5 BEs)
Atk AAL] = wijAel G489 He 5 VIEeR
3} tH(Colony forming unit/plate, CFU/P). 4712 T 2+=
EolA AFHS HA 1 mLE BAPS} MacConkey Bl 4]l
BT 5 HIAIE 48413 EF wiFRE & A o e

= HEEth 7= mL F Ak [ R SRt
(CFUML). 7 21R1& flsf wixjel A Apek =& API kit
(bioMérieux, Marcy 1'Etoile, France), VITKE II compact system
(bioMérieux, Marcy I'Etoile, France), matrix assistant laser
desorption ionization-time of flight mass spectrometry (MALDI-
TOF MS, Bruker, Daltonic, Bremen, Germany)S ©|-83}] o
< gl 2018 79 B 2019 1ol EEjE Al
= a2HAMste] H AlE 4 Alrem 2§

13 1S API Staph, API 20Strep, API Coryne®, <&
S API 20E 2! API NEZ 772 o2 3Rlalgit). 14
o] FIEA] g2 Alit-2 VITEK II compact systemE ©]-8-
aholtk 2019 99 W 20231 9ol EEjH Ao 2l
< MALDI-TOF MS “H]E ©]-83}31 21 MALDI-Biotyper
2.0 software (Bruker, Daltonic, Bremen, Germany)S 53l &}
915}t MALDI-Biotyper= 2327} 2.0 o4 74-¢-
Z(species) TAIA], 2.0~1.77FA 5 Si(genus) THA| 7FA],
1.7 mRkd A5 Algide] gle Aow Fsidit) 2
¥ -2 Pubmed (ttps:/pubmed.ncbi.nlm.nih.gov) =3 7344
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Table 1. Number of microorganisms isolated from the hot and cold
faucets of six water purifiers in 2018 and 2019 years

Number of microorganisms /Plate

puwnf“ézrrs Sram JUL2018 SEP 2019
H C H C
A GP 3 614 0 134
GN 0 0 0 9%
B GP 0 886 0 252
GN 0 1 0 251
C GP 0 385 0 0
GN 0 497 0 448
D GP 0 761 0 0
GN 0 0 0 31
E GP 12 718 0 346
GN 0 629 0 37
F GP 9 43 0 119
GN 0 525 0 0
Total 3 5059 0 2339
Mean 883  843.0 0 380.83

Abbreviations: JUL, July; SEP, September; GP, gram positive;
GN, gram negative; H, hot water; C, cold water

Range and mean of temperature of cold and hot water was 5.37C
(4~9C)and 76 C (70~817)
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(0~32)2} 0 (0) CFUs/Plate] W9l om, W4 =34
Yol Het Al = 943.0 (0~886)9F 389.83 (0~448)
CFUs/Plate i TH(Table 1).

20191 197} 9ol Aol AX]¥]o] = 670 A
719l 2= &5t Yol A vk Eoll A ujst Al
o] 4= Table 29} 2t} 2t 671 F57] 25l AEH
Hyt Al 5 0 CFU/MLS} 0.17 (0~1) CFUs/mL2] <]
Qom, Warol| A= Hat 219.33 (0~320) CFUYmLS} 173.5
(0~387) CFU/mL2] All¢fo] 2|5 %tk Table 2). 671 44
715 19l 2+ 23] SA3SS W(d 123]) 93] ol A
e B 7Sl Al 88 71 10070 ©lsH1 mL)
< 2k Ak Ml 57 22 E Ak

202311 99 Bogte] 97le] Gg7]o] FEEA] Yo}
ZEE EoA EEE dukAlde] 44 Table 33} 7t}
25oE Wi 2 2% EoA 0 CFUPlates} 2.56
CFU/mLS] Ayt Algto] |l ont o] 79 it
9} 2% Eo|A 9144 (0~274) CFU/Plate?} 50.22 (0~
158) CFU/mMLS| dntAlgto] 2] 3AtHTable 3). =<0l
A= 107 wRke] ARk Alito] R E o Wl A=
270 AF7lolA e & 74 7S 2k ot

117

Table 2. Number of microorganisms isolated from the hot and cold
water of six water purifiers in January and September 2019 year

Number of microorganisms/mL

puwnf“tfleerrs reGarc am JAN 2019 SEP 2019
H C H C
A GP 0 20 0 0
GN 0 256 0 89
B GP 0 320 1 0
GN 0 0 0 164
C GP 0 7 0 0
GN 0 169 0 387
D GP 0 88 0 0
GN 0 0 218
E GP 0 0 0
GN 0 0 183
F GP 0 191 0 0
GN 0 0 0 0
Total 0 1316 0 1,041
Mean 0 21933 017 17350

Abbreviations: JAN, January; SEP, September; GP, gram positive;
GN, gram negative; H, hot water; C, cold water

Range and mean of temperature of cold and hot water was 5.37C
(4~9°C)and 76 C (70~81C)

At 7t el = Ak

HalolM 2218 M2l ol

2018 1€ A47)olA E2E #S API kitE ©]-83}
o] golstle ul IHFATS

Bacillus cereus, Bacillus spp., coagulase negative Staphylococci

Staphylococcus aureus,
(CNS), Corynebacterium spp., Micrococcus spp. o= 65°] =
YEANL, 2T T Acinetobacter baumannii, Acineto-
bacter pitti, Brevundimonas aurantiaca, glucose nonfermenting
gram negative bacilli (GNFB), Pantoea septica & 5%-°] 2]
%] 1 THTable 4).

20191 1€ A7]ellA EelE S Vitek system O =
3R1sk Az}, YA Bacillus cereus, Bacillus spp.,

CNS, Micrococcus spp. ‘s 45°] &= QaL, Tead+t

Table 3. Number of microorganisms isolated from the faucets and
water of nine water purifiers in September 2023 year

No of No of
microorganisms/ microorganisms/
Water Gram Plate mL
purifiers  reaction FAUCET WATER
H C H C
G GP 0 263 10 158
GN 0 0 0 0
H GP 0 40 5
GN 0 0 0 0
I GP 0 274 4 132
GN 0 0 0
J GP 0 23 4
GN 0 0 0
K GP 0 2 0 20
GN 0 0 0 0
L GP 0 0 0 10
GN 0 0 0 0
M GP 0 0 0 0
GN 0 0 0 0
N GP 0 0 0 0
GN 0 0 0 0
(¢} GP 0 221 0 118
GN 0 0 0 0
Total 0 823 23 452
Mean 0 91.44 2.56 50.22

Abbreviations: GP, gram positive; GN, gram negative; H, hot water;
C, cold water
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Table 4. Results of identification of isolates from six water purifiers in July 2018 and January 2019 by API kit and Vitek system

Water Gram Identification of microorganisms
purifiers reaction Jul 2018 by API kit Jan 2019 by Vitek
Hot water GP Staphylococcus aureus, Bacillus cereus Bacillus cereus
GN ND ND
Cold water GP Arthrobacter spp, Bacillus spp, coagulase negative Bacillus cereus, Bacillus spp., coagulase
Staphylococci, Corynebacterium spp., Micrococcus spp. negative Staphylococci, Micrococcus spp.
GN Acinetobacter baumannii, Acinetobacter pitti, Acinetobacter baumannii, GNFB, Proteus

Brevundimonas aurantiaca, GNFB, Pantoea septica

penneri, Roseomonas spp., Sphingomonas
paucimobilis

Abbreviations: GP, gram positive; GN, gram negative; ND, not detected; GNFB, gram negative nonfermenting bacilli

Table 5. Results of identification of isolates from water purifiers in September 2019 and September 2023 by MALDI-TOF MS

Water Gram Identification of microorganisms
purifiers reaction Sep 2019 Sep 2023
Hot water GP Bacillus spp. Bacillus spp.
GN ND Moraxella spp.
Cold water GP Clostridium novyi, Clostridium themopalmarium, Arthrobacter woluwensis, Bacillus
Glutamicibacter bergerei, Microbacterium lacticum, cereus, Bacillus infantis, Bacillus spp.,
Microbacterium testaceum, Pseudoathrobacter Staphylococcus capitis, Staphylococcus
polychromogenes, Staphylococcus warneri, warneri
Tsukamurella paurometabola
GN Acidovorax temperans, Acinetobacter nosocomialis, Brevundimonas aurantiaca,

Acinetobacter tandoii, Aquinocola tertiaricarbonis,

Comamonas testosteroini

Brevundimonas aurantiaca, Brevundimonas albigilva,
Comamonas kerstersii, Delftia acidovorans,
Hydrogenophaga flava, Pseudomonas alcaligenes,
Pseudomonas Mexicana, Spingomonas acrolata,

Spingomonas panni

Abbreviations: GP, gram positive; GN, gram negative; ND, not detected

2 Acinetobacter baumannii, GNFB, Proteus penneri, Roseo-
monas spp., Sphingomonas paucimobilis & 5%°] ¥
UH(Table 4).

2019 99 & 20239 9ol Ee|E HES A}
WO R Ejlo] o]y o] BY] Wi o]F S5
7] $18) MALDI-TOF MS= 9] #Q1& Al:=3tgleh

T olee] 457] B Lol Wt s Ae
o] o] EelH =, LHYd It Bacillus spp.7t
F olge] 24 A57loA Btk dREe) Fe
Qe B Rglon, T Aol A ke T3
9 SAdte] B S A=, Bacillus spp.2} Staphylococcus
warneri (CNS) A=t FrARHAl 2l aL, A2 v o
Fet o] FE]EATH(Table 5). 1Y AEA Wy
o2 Zlo] oA #7113 (Clostridium novyi, Clostridium

£

ol

]_

¢

themopalmarium)¥} “13+%/3 =t (Microbacterium lacticum,
Microbacterium testaceum, Pseudoathrobacter polychromogenes,
Tsukamurella paurometabola, Arthrobacter woluwensis, Bacilus
infantis)©] F7FE ] E vk 18] IES AT E st
g om gjlo] off Y M| At 2R
(Acidovorax temperans, Acinetobacter nosocomialis, Acineto-
bacter tanoii, Aquinocola tertiaricabonis, Brevundimonas
aurantiaca, Brevundimonas albigilva, Comamonas kerstersii,
Delftia acidovorans, Hydrogenophaga flava, Pseudomonas
alcaligenes, P Mexicana, Spingomonas acrolata, S. panni)s©|
AT Table 5). °1& ZHFw SIS o
I AAAY ES ZolA BelHe wom A o
ZEA AR RS 4ol TIFEdEe] X

oy AT}, SH Escherichia coli, Salmonella, Shigella,

o rlo
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olom o] Brjate] 970e] A7) A AT H<k
of Eeld Al ot & etk g diz =
B Yol B Algte] ReHom, S W
i B2 ERTE B Aol —‘?'ﬂElh dFs B

B

1

O
=
2 3

o} 25l His oA Uuk Al 4= 8

WRAAIRE Y=2] 735 ool A o%%‘ﬂdﬁ% Z7gk A
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ARt HE B 3 7S 298HE A7 ATk &
¥l At it EFoluh ApAshE o] EollA EA)s)
= gEooy A HEL Wo] AAE Ajol A
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W R 54 Aol EEEAEH, Iy RS L
G714 M 2 2= vdE aHSA 1t A9
AstA gl W o 2= ERlol| A7 A%l 2H MALDI-
TOF MS9] 4= 212& vt o thefst MotS

Felg 4 ATk

201841 797 20194 99 FETA] UH-E WEoR
AF st vk A, 2o A= shke] uiF] oA 327)
o] o] AAINE Wl = 67) H47] 5ol A
e = T4 7S 2ske Aol el EAThE
843/Plate, 389/Plate) (Table 1). = A4719] W47} 251
U H1EE Al U 8 =S AL geld 5= 9glen
ol 2FolA 9 Ayt = Hit J= 75 VeeR W
TEU Ath= A8 A9k YA8HA tHLee, 2008). ©]H
Ao M= 2420 Hyt 25 76 C(HY: 70~8110)% <
] o] AEo] oy &8tk ¢ 7ol Bl o
S(843/HPC)7} 9ol 2% + F+(389/HPC)X.t} 20 ©]
ol o= 7123 FXTF wol Alte] Sl o
2 S AlFetr] diolet AAE 018 7Y/
201913 9 HH7]> 9 ek 27.9C(24~3210)225C
(18~26.8 C) 2 185.6 mm/139.8 mm). WA 7]&0] =51
7t = 4ol "% A5 FEHAE Aok
= ?EE} Yol FeiAE vey AR 8 deld
L7 Qvkar AbsEnh gk 20194 198+ 7] 0T
(4.8~5.7C)1 99¢] nue]E xfol7t Aol glorn=
71 Fieo] zpolitwt ofue} ] F7] W He] At
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l

ojt &% ol AT Aojth o] thi-E AEALA]
SAoA H= & FE] Akt 58 752 & 1 mL
F 10070 olake] AMlgtolvHEAN HE, He & dey
At 352 2 Y= B A 7l 2 HAF Bl st
T 6712 ATl A AFHT 1 mLe] =& A HiA
o] HE3}o] HHOE A3} 20190 193 9ol 712} 67
o] A7) 5 79 Ag7IeA TEs sk Alato]
2] ¥ ATHTable 2). 1] aL 2704 = ool AehA] %9

AL @geollA 7S Z3skgin 2023y #e] A7) o
& 71e] Aok Hlaskar el Buiste] ArlE A
ARt 9719 A7) F 37MellA 7S ZeRsich
(Table 3). 57X EEld Al % Aasiole 1] o]
© 5 718 Atele] ] e 7] 3
7] wiizolet Azt k. gokshd EelE At 2THE
o} Yol A aejal s2s SR
o] = A97F Bokom, 71%11 FE7t e 5o
H B Aol &

A whe] Aol whet BeEs Aﬂ T ztolE
EO*E‘r A G7] AR 71re] weol A e & 4
AE ANHAT Aol Al 7 S7F] ¢le] & 3
TH(Heo, 2012; Seo et al., 2009)7} 1o o|H A& A4
We] EHT Ao 2o =
o 7]._5/&33 EOPG Al o]q_

Ar7lolA el w2 Akl wheh 27] 22018
220199 1€)olA = Ak WH(APT kite}t Vitek
skl ot o gle] A7 Slel 20197
99 o]%o|= MALDI-TOF MS o= S ghelst
Atk 20181 API kit= SRISHIS W 759 194
w3 5F0] O] F1HNeH olF 5Fo] &
“(genus level)ol A ¥ 1= QAck 18] a1 20193 Vitek-
2 systemO. 2 018k A3} 4Fo] I AI 559
gk el ERIHAET olF 5Fel & FE (genus
level)ol Ak 2H1 %] THTable 4). ©] m B el
< Solg vk ARRRe: tit ] 2 kA ol %ZH
= YA o] w2 Mol ey Saphylococcus aureus
(Kwiecinski and Horswill, 2020) 2! Acinetobacter baumanii
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AEE dog 5 e AdeER e E At
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23 E ¥ (mass spectrum)< 7|
A3 Wl #E A
218} tH(Croxatto et al., 2012).
g1 At 20191300 = 10—5‘-/] aFFdTT 135 T

SATES F F(species level)7FA] Bleh = e Eﬁ]
20230l 7% 0] IR FI} 2% 0] WS FS 5

o138t 4= 21ATHTable 5). MALDI-TOF MS: Al4te] =
A A & 4 goma 20199 2 202319

A57) Boln 2.d® Ase] AA deld aAe o

o7 o ¥ #3185 HH A (Pubmed: https:/pubmed.ncbi.

nimnih.gov)& Eall Lopr gkt tlfto] o Eqfolut

Aot 22 AAAS oA EelE= Hdde] w2 Al
ol ot dRe] & Ho] gk Aol A 3H4
o] Bzt Ak g T A Aol Bard
TFolli= Microbacterium testaceum (Gneiding et al., 2008),
Tsukamurella paurometabola (Yamaguchi et al., 2023), Arthro-
bacter woluwensis (Kyeong et al., 2006) 5-°] Ao 13t
Fd #7135 Clostridium novyi= Ao ol &
A= Ao 2 T3t toxine S 4= 9lom, AR
74, gas gangrene 55 Yo7 kil HAlEIL itk
(Watanabe et al., 2019). 1334 I & QA o] B
AE gF=

Acinetobacter tandoii (Tian et al.,

Acinetobacter nosocomialis (Liu et al., 2017),
2018), Brevundimonas
aurantiaca (Soto et al., 2022), Comamonas kerstersii (Opota et
al., 2014), Pseudomonas alcaligenes (Ono et al., 2023) 5=

o
=

ArHow B i /) vstel AxE 45719 1]
I
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BE 0.9 geis AFEH S naA ek 24}
O 45l A FESAS YA #E
12 Sl 98 ATl pARR, Bald e
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