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Detection of Enterococci and their Vancomycin Resistance in Drinking Spring-Water
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Abstract : This study was performed to detect enterococci strain as an indicator of faecal contamination, to identify of 16S rDNA
sequence and vancomycin resistance by MIC (Minimum Inhibitory Concentration) test from drinking spring-water samples in Seoul.
The detection frequency of enterococci was 42 (19.8%) among 212 samples, and its concentration was ranged from 0 to 110 CFU/
100 mL. These results were confirmed the possibility as an indicator microorganisms that similar to the frequency of E. coli detec-
tion (¢ test p-value 0.268, significant level 0.05). Isolated 56 enterococci samples were identified by 16S rDNA sequence data and
their NCBI BLAST searching. They were identified to Enterococcus faecalis of 24 samples, E. faecium (10), E. casseliflavus (10),
E. gallinarum (3), E. hirae (2), E. durans (2), E. sanguinicola (1). E. faecalis was dominant species that clinical case report of
a domestic was similar. Vancomycin resistant enterococci (VRE) of 53 samples showed that vanB and vanC1/C2 type with 2 and 12
case, respectively. These results indicated that the drinking spring-water quarantined to fecal pollution for block out outbreak of
gastrointestinal symptom with using such as disinfection process.
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Table 1, Minimal Inhibitory Concentration test for phenotype interpretation of vancomycin resistance enterococci using E-test kit

Phenotype MICvancomyein (Lg/mL) MICreicoptanin (Lg/mL) Species Resistance type
vanA >32 (R) and >16 (I-R) E. faecalls, E. faecium Acquired
vanB >8~256 (I-R) and <4(9) E. faecalls, E, faecium Acquired
vanC1 4~16 (S-I) and S) E. gallinarum Intrinsic
vanC2 4~16 (S-) and (S) E, casseliflavus, E. flavescens Intrinsic
vanD 64 (R) and S) E. faecium Acquired
vank 16 (1) and S) E. faecalis Acquired

(R) : Resistant, (I) : intermediate, (S) : Susceptible

o] &3] EA HE =U3dt T E-test (AB biodisk, Sweden)
Kit% ¥hnto] 41(0.016~256 pg/mL)2t E]o] FZed(0.016~
256 ug/mL)E A8t 35°Cof|A] 24~48A17F vl QFsto] &
A e ARE ERlsklh Al A EMIC: Mi-
nimal Inhibitory Concentration)A]gd 3[4 A AL 23}
CLSI (Clinical and Laboratory Standards Institute)”]|<=0]| twh
e} agstglon, Table 10 A<t A 4 AR 9
7)2e ey Qok
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Table 2, Indicator microorganism quantity from a drinking spring-
water in Seoul (n=212)

(lfj?:t]) Min Max  Mean SD, D;;anizi/oo)n
pH 53 8.1 6.6 04 not applied
Tt{?ﬂ)ty 00" 36 02 03 not applied
ooy 0w w s
S
(CF51g%”mL) 0 8 2 10 1o
cumomy 0 M0 2 9 198

*: Below detection limit, S.D: Standard Deviation, SPC: Standard
Plate Count

M SPCbacteria

frequency

not detected <1 <10

Fig. 1. Detection levels of indicator microorganisms from drinking

M total coliforms

I E.coli

M Enterococci

£100 <1000 <£10000

range
spring-water in Seoul,

CHEHERA 28ESIR| | 327 M[105| 20104 102 |

981



982

R TR R
SEfS - 0] B - O2% - ofelst - einzl

o] FAT ofrEo] HgE 4 G AOR Uehgo
A AgE 4 QeAE B 9l8) AN -
4 AT o4 0050 A(BSAA p-value 0.268) 4§

el Y] Axu e SHAA| et HEsE BEXE
Abw B Fig. 1o Urebdinke} Zro 100 CFU/mL
olsl7} 91.5%F e, FHwtte] 7-f- 100 CFU/100
mL ©]3}7} 77.9%, 10 CFU/100 mL ©]&}7} 35.9%% el
AL ek wbde] Attt tigatte] 4S9l 10 CFU/
100 mL ©]3}7} ZH2}F 95.6%, 96.2%S eIt A3
o Ittt gt ® Atatel oY dE HSE
vl siEke W SR we] dEReE FEe e
= lem, Atatd el HEEUNS BF Hew
FHAAEY ke HiFE 10 CFU/100 mL ©]a}o] &3
Uetlls Aoz deE ]l

e
z
=
£l
(o] rlo

My 1S ne o

3.2. 1ol et datstd SEak 165 DNA &7(M
20
=

E. faecalis
unidentified 20%

45%

E. faecium
20%

Lactococcus lactis
ssp lactis
5%
(a) Biochemical identification of enterococci using API 20 Strep kit
E. faecium
18%

E. gallinarum

5%

E. hirae

4%

E. sanguinicola
2%

unidentified
5%
Aerococcussp. 4103

2%

E. faecalis
42%

E. casseliflavus
18%

E. durans
4%
(b) Genotyping identification of enterococci using
16S rDNA gene sequencing
Fig. 2. Distribution of enterococci species in drinking spring-
water in Seoul,

of detiigich. A& Aatols 2EAoz 53 20
N AAE APL strep kits AME-SF] 4% Ayf F 114

AANA E. faecalis, E. faecium E. durans, Aerococcus Viri-
dans, Lactococcus lactis ssp lactis <A = ZFZF 20%, 20%,
5%, 5%, 5% FF=Aem 971 HA(45%)= Y2shA]
AARE Sl o 4 19thFig. 2(a)). T 165 DNA
71EE 0] &3 s E BEHOE &3 5671 HA
o\ X E. faecalis, E. faecium, E. casseliflavus, E. gallinarum,
E. hirae, E. durans, E. sanguinicola, Aerococcus SP. 4103 &
A2 ZrZF 42%, 18%, 18%, 5%, 4%, 4%, 2%, 2% O =2
54 Hew 371 HAG%) = d7IAERHeR T
2] FATHFig. 2(b)).

Fo T EAEHOIA $e83 $Fl Aolr}
2 em yepten, ol st FANIA E fue-
ciume E. casseliflavus, E. gallinarum= -8 4= Ql+= H
Hol AgtAol7] Wwom wekE ek shA|vE F74A] v
W BE E faecalis7} S-FCE e 7]EY] S HA
o4 AR Ao} vl ATE BE 4 slglem,
A AANA EeRh At S 2ot YAt
Ag shelshgiet
Agstsba el Ww o= 20719 HA ol il sAlol H71A
NS Sue AT Avun Table 3o ekl vet

Table 3, Comparison of enterococci identification with 16S rDNA
gene sequencing and biochemical test from isolates
in drinking spring-water

(16(83 ?Bcl:ltxpeene Phenotype VRE Sample code
Sequencir?g | (API 20 Strep) P

j%%coccus . Aerococcus viridans  nd W09-24735-05A
E. casselifiavus nd vanC2 \W09-25079-09A
E. casselifiavus nd vanC2 \W09-00998-04A
E. casselifiavus nd vanC2 \W09-00998-05A
E. casseliflavus nd vanC2 \W09-24446-18A
E. durans E. faecium nd W09-24735-03A
E. durans nd nd W09-24905-07A
E. faecalis E, faecalis nd W09-24905-04A
E. faecalis E. faecalis nd W09-00998-03A
E. faecalis E, faecalis nd W09-06609-01A
E, faecalis E. faecium nd W09-24905-01A
E. faecalis nd nd W09-25079-22A
E. faecium E. faecalis nd W09-24471-05A
E. faecium E. faecium nd W09-24749-01A
E. faecium nd nd W09-24474-10A
E. faecium nd nd W09-24735-01A
E. fraecium nd vanB  W09-24837-01A
E. gallinarum E. faecium vanC7 \WQ09-24474-04A

E. hirae E. durans nd W09-24471-05B
E. sanguinicola Lacfococcug lactis nd W09-24446-01A
ssp lactis
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QI E. gallinarum= by, ol= *gﬂﬁm SolA E. 4 atolch Al E AHEY 7|20 By A4k 1F
Sfaecium O 2 B E= AL 16S rDNA AR} G714E & 3} 23 AR Ao Foxgu™® E faecalis+=
AL ol gdlo] e W 4 Q= Aog HuErt? B 247 (Sample no. W09-10803-02A~W09-10847-03B) =%
Ao A E He=E oFrHoA theFel At 5 (Spe- o9 LS FAMSS YeERHSATH nRI7IAR E. faecium
cies) & YERHIL Loz AssrAQl FAH A= AW T 1084 5% S fAMS UErlew, E faecium

A FE Q) Aty 5ol B T 4 glong FPA R A % NCBI no. AY735408 A 54A(W09-10918-02B,

O

tjoFst At &8 T YeiAE A7IAGEAH WO09-10918-02A, W09-24905-01B, W09-24735-01A, W09-
o5t EAo] Al&slal HeY o AoR 3,_4_",:_]'%1’4—.27) 24837-01A)2} AJ420800 A% 374iﬂ(W09-24749-01A, w09-
24474-10A, W09-00998-03C) & E25] ¢l 11, o|o] %a}7] o

3.3, ATR0| hEt ASEHR0l 2 AT} £ 27 A|(W09-24471-05A, W09- 00995- 04B)2 BA 9T} E
0] 16S IDNAS 0|83 A Eslz 0] ML 95 o durans 73A) 2719] 7$(W09-24735-03A, W09-24905-07A)

=

o] oAl A AFRES o]|8ato] ﬁ]%;(phy]ogenetic = E. faecium ASI fAFSte] GHE5h7] ofgglon, E

E.durans(AJ420801)

E faecium(AY735408)

\W09-10918-02B

89 W09-10918-02A
W09-24905-01B

W09-00998-03C

)

E raffinosus(AJ301838)
E.dispar(AF061007)
E.asini(Y11621)
E. saccharolytlcus(AJ301839)
91 E.flavescens(AJ420802)
E.casseliflavus(AJ301832)

-01A

76 W09-10803-08A
W09-10803-06A

991 W09-25079-24A
W09-00998-03B
E.gallinarum(AJ420805)
31§ W09-24446-18A
W09-24474-04A
W09-00998-04A
72| W09-00998-05A
W09-00998-05B
W09-10803-02A
E.faecalis(ATCC29212)
E faecalis(AJ420803)
W09-24905-01A
W09-24905-04A
W09-25079-22A
W09-00998-03A
W09-05385-01A
W09-05385-02A
W09-05385-05A
W09-06609-01A
W09-11282-02A
W09-11397-10A
99 | W09-11397-10B
W09-11397-03A
W09-11397-09A
W09-11415-05A
W09-11397-05A
W09-11397-05B
W09-11415-05B
W09-11415-05C
W09-11415-005
W09-10847-02A
W09-10918-01A
W09-10847-03A
99 W09-10847-03B
E.columbae(AJ301828)
99 E.cecorum(AF061009)
W09-24735-05A
V fluvialis(X74703)

0.05
Fig. 3. 16S rDNA-based tree reflecting the relationship of enteroccoci species on drinking spring water samples. Vibrio #fuvialis is an

outgroup,
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hirae®) 75 2719 A BE e WHT FAE vheh
Wtk E gallinarum 27 A(W09-25079-24A, W09-00998-03B)
L o) Iy SAEE YelYon, E casseliflavus 2] 7
= NPAz EFE[MEH 5 E gallinarumz 578
1HA(W09-24474- 04A)7} 23k = Qich Az 22 Ad
O] 1%l E. casseliflavus, E. gallinarum, E. flavescens+=
HAl et 168 IDNA gene o] 83 A% £ of 4 F2
sHA HEsh] olgE Ao® FEITh 1 kel . san-
guinicola (W09-24446-01A)2] 7%- E. avim = E. raffinosus
o} gARH FHR BREUL. Ee ATEoR BREA
OFO Aerococcus spp. 4103 (sample no. W09-24735-05A)2]
A9 AT 4 S obe AEANE ksl

3.4. 22| HEE 770l et Ht3otold S LH
A

ATt olgsto] wtaintolAl WA AEsH] Hel F
S3A|e] el tisl Haa FAPQL Etests St
derl= J

Y ARt A3 1438 4](26.4%) 914 VRE W/t
22 39l shglonl Asew ojulsh Ak & 4 9
= 9= Ut Aoz AlRE=
vand B AT A Yok, whEutol Al FEU Ao H)
L vanB 79 AL 38%E

At el Sa/do] oA AsE Ay

AR vanCl/C2 G0 22.7%E Efo] of27k7] B
= SrHoA FEEE AT JAEA Hs) WA
sl e Zo® WYY HH, W ool
A+ AEE VRE 1445 5 A9 FEfQl E casse-
liflavus} E. gallinarum?} 85.7%=% &S Yehll:= A
oz gaEy s WA FEi vand F2 AEEHA &
oy S=UA HENQ vanB B2 E. faecalis®} E. fae-
ciumol A 7t7E 1714 25|98 shelatalnt. zhzte] %
F AANES BxZE AW BEW E faecalis7} SHO1E A
& 24344 VRERZ 1% 9= 17HA(4.2%)0] L, E.
faecium®) A 10874 F 18A10%)2 e vFS 4
EF L QO E. casseliflavus= 108A] = 93 A(90%) 3}

Table 4, Classification of vancomycin resistance enrtococci from
drinking spring -water in Seoul

No. of isolate . )

VRE type isolates  ratio(%) Enterococci species of samples

vanA 0 0

vanB 2 38 E, faecalis (1), E. faecium (1)

vanC1 3 57 E. gallinarum (3)

vanC2 9 170 E. casselifiavus (9)

E, faecalis (23), E. faecium (9),
E. adurans (2), E, hirae (2)

non VRE 39 736 E. casseliflavus (1),

E, sanguinicola (1)
Aerococcus sp, 4103 (1)*

* non-enterococci

E. gallinarum 377 % 37A(100%)% leo] wig
ofrEolA Z2 HE3 VRE: AWl vanCl1/C27}
©4% e BEE e At Ao BREHAY
(Table 4).

2 AT ASAR ST BB oHpEA 2uod
E g 2Aeks JoBM AFE

|

7t ool A7) grot
oprEe] xol whet 9% 0 B 59 59 7HsAol
}\(1)1 al
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A A HeE o Eo A At HAEES 198 %
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T STk
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FASHY T BEGEE UHd= Aer Fofgion
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