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T BT RAREAT A, [ R]1206 W KAEF A 35 KA £42RE, H+ KIRK 20
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Ho, T K Fo o R K 89 KR 7T e F 55 A 33.3%A= 63.6%. ERIC-PCR 364 iR L 542+
BJBMEANH 3%, TEFFEAARAADEB K. [L£]) 7 &8 LRRkey ERE TR ZH
BEHTHRAKGTEE, B LRKGKEKFTEESY, EKGTRTK,

XEIE: A RK, LRK, EHIRE, 5%, ERIC-PCR
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Studies on the contamination investigation and
ERIC-PCR typing of Enterococcus faecalis
in mineral and spring water
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QUE Shao-Hui®* GUO Wei-Peng®

(1. School of Bioscience and Bioengineering, South China University of Technology, Guangzhou,
Guangdong 510006, China)

(2. Guangdong Institute of Microbiology, State Key Laboratory of Applied Microbiology (Minis-
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Guangzhou, Guangdong 510070, China)

(3. Guangdong Huankai Microbial Science and Technology Company Limited,

Guangzhou, Guangdong 510663, China)

Abstract: [Objective] The contamination of Enterococcus faecalis in source water, activated
carbon filtered water and finished water from mineral and spring water plants in Guangdong
province was investigated for offering important data to control the E. faecalis pollution.
[Methods] The standard GB/T 8538-2008/4.53 with little modification was used to detect the
existence of E. faecalis, then to carry out the ERIC-PCR fingerprinting of E. faecalis. [Re-
sults] Thirty-five samples were detected positively for E. faecalis with the total contamination
rate of 17%. Among the 35 positive samples, the source water, activated carbon filtered water,
and finished water samples were 20 (26.3%), 13 (20%) and 2 (3.1%) respectively. According
to ERIC-PCR, E. faecalis strains from 35 samples were divided into three groups and the type
B was the main genotype in Guangdong province. [Conclusion] The results indicated that the
contamination rate of E. faecalis in spring water in Guangdong province was much higher than
that of mineral water, moreover, as far as spring water was concerned, the source water conta-
mination rate was higher from surface water than from ground water.

Keywords: Mineral water, Spring water, Enterococcus faecalis, Contamination rate,
ERIC-PCR

i 3K 14 (Enterococcus) i T Xt Z bt 4 K3 1, MRk AR KD W, 2008 4
Rer= AEPUE, BHETRCN FEE B BG5S 5] GB/T8537-2008 { Tk F KRR IR K ) Bk 14 &
SRR, B SR AT 5 O A 1Y Z€ 4% 2K I (Enterococcus  faecalis)§1] AHorpr,
IR . ORI R 4 R DU A WA Y R
AU 5 R (Escherichia coli) L, Bk M AW S T SR K A S SRR
TEAK AR A S | B i b, R 3efidenR RIS 00 . AHTSE A ARG 21T 2008 464
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BT HLIX 16 R4 SR K AR 7 il a4 o 2o A1 L
T (Pseudomonas aeruginosa) i IR, & 5K
15Uy 24.44%, BULKIGIEN 10%, LazIo
Varga 2B 2009 4 9 H 1] 2010 4F 3 H 7 &) 4
4 [ [ I SE 7 SR KK RE 492 7 (a4 27 1~
PN 452 O3 FE L AT 8 A [EIAM AR 40 3 FF )it
TR, Bags RE M, BRXBEHE. K
WA IOATR . W BRDE . B SR Bp T . W aiAR
R FRRE AR 31, 7. 6. 7 ML 1y, V5
RN 6.3%., 1.4%. 1.2%. 1.4%. 0.2%, 4
I A A W9 48 78 28 55 BRI TE T SR K
SRk A BT5 GL 1 Ol

H X ZE 5 BR R AT 0 5 43 B G Rk
A Tk b 37 BE I H Uk (PFGE) F Z2 2 a2 51 73 7Y
(Multi locus sequence typing, MLST)P " i
PFGE 7EA[ASE g % 2 M (B E A, HARME
PR, MLST 38 ) X8 5 B IR 471 14 00 5 e
R[] AR A HE AR OC R, PN L 2 B
ERIC-PCR 43 BU 7 AR 52 Jk T i 18 41 141 K& B (1) ey
BEAR-SF 1 & J7 41 (Enterobaeterial repetitive in-
tergenic consensus, ERIC)miiXit#47 PCR 43
)5 ¥k, Kosek 251 ] PFGE fil ERIC-PCR Fifi
g3 B 7 ¥ 7 B IRAT A (Shigella) i 47 L P 43 2,
KB ERIC-PCR 73 #U%5 R 5 PFGE HA R —3
PE, Hoor B ik 0961 (95% & 5 X [A] =
0.886-1.000), ERIC-PCR Hy-F I fAifH . Pk,
ZEUFAFRRL, TR SR TR | R A A A B
Ji% FT 1 (Enterobacter sakazakii) 5 £ 154 200 7
4y 7 B i g8 20 e Y, SRk
ERIC-PCR . i3l FIF 3k A 1"* 1 43 7
A i

AR E R RGP T T RET RKH
R AR ANl A 2 BEBR TR 15 G O, X iz e 7K 5
Jo i B KK L Sl AR RS AR A e ]
IR ——3 P a2 U8 5 2K (T PR R f 7K 1 s ke

7 TR LA K T R G, BTE WK
AL IR AR A b 7E A= 7™ o i rpo (2R s G i
HlHEHtS %, R}, it ERIC-PCR AR AR XS
DRIRRIEA T 43143 BRI 43 BT i G 240 TR (1) S 22 R (R
F A R R K R K Hh ZEAEER A 15 Y SR IS

1 MRETTA

1.1 HmXRE&E

M 2011 4 12 FITFURRAE, SRAEH 5 2y Y
KX, B[ (Central Guangdong, &5 CG, {4
FE7OM L ATE L BN R, rhaln . BREERIVIT).
B At(North Guangdong, fij5 NG, fufEH AT
L) . B 7 (Bast Guangdong, fii’5 EG, fuffinl
g IH) L) B H.9% (West Guangdong, 5 WG, {45
HEPR . mTFRIBATL)

MR R, AT OKFER IR, R
FE 2 # B CR P R R SR Kk 38 571 )
GB/T8538-2008/4.2P% 47, 44K ) R4 K I
K RIE KT A K 1 4y, B FALEKTH
BZAKYH, IR KIEKZ . AT
68 KW R K 25 4, 1IERIK)TFK 43 1)
HRAEIKFE 206 (0 SRKT K 79 4y, 1LIRKT
F 127 4y), Hedokisok 76 4@ R K 29 3
HSRIKT 5 4T 1), fikJe 7K 65 (SR sK) K 25
03 LSRR 52 40 13), JUahoK 65 (B SRk %K
24 i . ISROKT 5 AL 4y). FUARINGR 1 FR,

FEFTRAE WK KRE Al v, 29 3 SRk 4l
KPR R T IK, A7 3 I SRR Al i 7K K
Hog 11 By K A HEROK, Ha 36 73
JHROK . BRI 2 PR
1.2 HEFEFAF

KF Bk ABUNR G . -0 R A TUEE R
BE. 3%t EALE I T AR AE YRR PR
a) PR, JEREIE B Millipore 23 ], APl STREP %5
S5 KoM R B AR W 1 s A LR 2N |, DNA
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*1 BFXEREFHE

Table 1 The sampling qualities of different districts

X35 JTHA JKUEK g7k ALK J5¥ e
Districts Plant type Source water Activated carbon filtered water  Finished water Total amount
Central Guangdong M 22 18 18 58
49 41 41 131
S 27 23 23 73
North Guangdong M 2 2 2 6
9 7 7 23
S 7 5 5 17
East Guangdong M 4 4 4 12
9 8 8 25
S 5 4 4 13
West Guangdong M 1 1 1 3
9 9 9 27
S 8 8 8 24
Guangdong M 29 25 25 79
76 65 65 206
S 47 40 40 127

Note: M: Represents the mineral water; S: Represents the spring water.

*2 BXEILRKPREIRKHBESH

Table 2 The numbers of different source water of
spring water in different districts

X3 K HiF K
Districts Surface water Ground water
Central Guangdong 6 21
North Guangdong 4 3
East Guangdong 1 4
West Guangdong 0 8
Guangdong 1 36

FEBUAR G B A AR TR () A R A,
Taq it J2 PCR rdsid Ml [ FARAE fbRHE (db )
HRAH], DNA 519 AR EE R A WA .

13 XAk

131 EEKENSBEE: SEE (KX
SR KK 7 1 ) GBIT 8538-2008/4.53 ki ¥k
-8, f 250 mL KRR FHIFLAE N 0.45 pm
BN U, Ve E KF BRI Bk B rE R
FIE L, T 36 TH T iRAFRESE 48 h, T
o LT LRI YR . WA SRV, TN TR TR
(KT 5 AHEHLBRE 54, /N 544 i) e Fh Tl
- IR A B R SR B AT IR PRI, A A Ak
ARG B, FH AP STREP %57 S 34 ER 1A

http://journals.im.ac.cn/wswxtbcn

(T PEAE o Al A PR TR 9 13 O TIE P 3
B BAME 2R, A4 250 mL KRR e
BREAHCR, 45 1L CFU/250 mL 2R,

1.3.2 FEHETKE ERIC-PCR: 243 5% T 2%
FEERTA, B — R AL B — Rk, BRUERE R
CMCC32223 >k A/ ARA WA . SEHAH
DNA BRI AE TR &, vk i BRIZI )
EWNIUL I TEAE . RIETXT ERIC-PCR {A FR ik
rite, tefbEr B R FR N 25 pL, Hfy
& 1 L B (29 50 ng) 200 pmol/L dNTPs. 2.5 L
10>Buffer . 2.5 pmol/L Mg?* . 0.5 pmol/L | Fi#5|
Py# 1.5 U Taq BCRARA:1E) . ERIC-PCR #1244
ATF:95 T5min; 94 T 1 min, 36 T 1 min, 72 T
2 min, 3t 35 AMEH; 72 T 8 min, ¥
1.2%0 TAE Biig /e 110 V HE R HE Uk 40 min, 5
LRI B R RGNS . 43 At R
Gel-Pro Analyzer k{451 Ntsys ZA4- b PR3 Hr o

2 HR54HH

2.1 FEHEIKEISREBEA
211 EHKEMREER: 4% 68 1N XK
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I 22 AR KGH FERERRTE, PRERE AL TS G
H#7E 100 CFU/250 mL DI G4 314>, 100-200
CFU/250 mL Z [l #54 14>, 200-300 CFU/250 mL
Z A 24, E¥5YeE N 48.3 CFU/250 mL,
For R K L S5 7K RIS ah 7K 4 3235 e 1 433l
4 50.2., 39.4 F187.5 CFU/250 mL ., HAKAH:H
FERMNR 3 PR() FILIEX g5, ARA Y

K)o

FET IR A SRR Al s K1) 206 1y
IKFEH, B 35 KRR H 2R BR T, S5 L
R 17%, XS RE S FE KK 20 £ L Bk)E
K 13 BRI K 2 4y, AKUEK L Tl AR s 7K
HI5 3R 00k 26.3% ., 20.0%F1 3.1%., | /A
SR B 4% X1 Yt L an 2R 4 s .

*3 EWUKERLLER

Table 3 Detection results of Enterococcus faecalis

i
Manufacture No.

VISTViN
Source water (CFU/250 mL)

Carbon filtered water (CFU/250 mL)

B 7K K

Finished water (CFU/250 mL)

Central Guangdong

CG2# 6
CG12# 1
CG13# 1
CG14# 50
CGl16# 263
CG17# 4

CG21#* 2

63"
CG25# .

47
CG30# 24°
CG31#* nd
CG39# 60
CG40# 1
CG4a2# 43
CG43# 10

North Guangdong

NG4# 12°

NG5# 15°

NG6# 54°

East Guangdong

EG3# ND

EGT# 264°
EGo#* ND

West Guangdong
WG1# 84
WG2# 1

ND ND
ND -
ND ND
38 ND
- 172
2 ND
ND ND
21 ND
ND ND
1 ND
1 ND
ND ND
38 3
ND ND
24 ND
30 ND
28 ND
2 ND
263 ND
6 ND
58 ND
ND ND

Note: —: None; ° represents the mineral water, the others represent spring water; ° represents the surface water, the others represent

the ground water; ND: Not detected.
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212 HRKPEFEKENTRBELSW: A
BIET FOKIERH 3 OyBAVERE §h, BI5eRN
3.8%, JKIEK . BJG KRB A K A SIS s 1 00y 2
310 ByBAYE, HI5 G 5l 3.4% . 8.0%71 0,
Bunl LA L, BARTS PR B, Horb ks Ky
TSP LR . HARNER 5 R,

2.1.3 WRKPEEIKEWITERBERI: A
AR A5 DX LSRR I S BEER TR 5 L1 DL A& 6 i
MRo TAAR IR FpIEAG 32 1 BRYERE B85
YeZohy 25.2%, KUK B JE K USRS Y
AR 19, 10 A1 2 ByPAMERE &L, V53R 5
J 40.4%. 27.5%F1 5.0%, KK TH RKKTG

Bk

EA RIS, R KA 7K I8 i T HoR
AT, YR BA RS, R 7 Fir,
ERMHT KI5 YRRy 33.3%, HiRKIGHER
63.6%, LAHE T 7K SRy K U8 1) 5 /K HL SR 4 1R 1A s Y
AN K N KR —F A A
2.2 #4ETKE ERIC-PCR BRI R

T4y BB 35 HiFehE R ERIC-PCR 4345
R 1R, B A 4-8 1~ K/INE 200 bp
#) 2 500 bp Z [l &y, A 17 Fharal, Wk
AL R ABLC %, o ARRAL & 14 BRTA, AR
A 70%-86%, B L& 19 ki, M

*® 4 FEHREETE XA RERL

Table 4 The contamination rates of Enterococcus faecalis in different districts

KK Tl K ALK Y
Source water Carbon filtered water Finished water Total amount
bk PR R MR TR MR SRR MR k¥
Districts Positive Contamination Positive Contamina- Positive  Contamina- Positive  Contamina-
amount rate amount tion rate amount tion rate amount tion rate
(%) (%) (%) (%)
Central Guangdong 14 28.6 6 14.6 2 5.0 22 16.8
North Guangdong 3 33.3 3 42.8 ND 0 6 26.1
East Guangdong 1 1.1 3 37.5 ND 0 4 16.0
West Guangdong 2 22.2 1 1.1 ND 0 3 1.1
Guangdong 20 26.3 13 20.0 2 3.1 35 17.0

Note: ND: Not detected.

&5 WRKPEEKEITEER

Table 5 The contamination rates of Enterococcus faecalis in mineral water

VSV S

a7k

Bk IEYi

) Source water Carbon filtered water Finished water Total amount
Xk RS TEReR MM SR MR ERR MM EREX
Districts Positive  Contamina-  Positive  Contamina- Positive  Contamina-  Positive  Contamina-
amount tion rate amount tion rate amount tion rate amount tion rate
(%) (%) (%) (%)
Central Guangdong 1 4.5 1 5.6 ND 0 2 3.4
North Guangdong ND 0 ND 0 ND 0 ND 0
East Guangdong ND 0 1 25.0 ND 0 1 8.3
West Guangdong ND 0 ND 0 ND 0 ND 0
Guangdong 1 34 2 8.0 ND 0 3 3.8

Note: ND: Not detected.
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F6 LSRR EHEREBRIER

Table 6 The contamination rates of Enterococcus faecalis in spring water

K UEK WeJg K ALK B
Source water Carbon filtered water Finished water Total amount
X 3k FH % e S FH % V5 YL FE: %5 bEPES FE: %5 EPES
Districts Positive Contami-  Positive  Contamina-  Positive  Contamina-  Positive  Contamina-

amount nation rate  amount tion rate amount tion rate amount tion rate
(%) (%) (%) (%)
Central Guangdong 13 48.1 5 21.7 2 8.7 20 27.4
North Guangdong 3 42.8 3 60.0 ND 0 6 35.3
East Guangdong 1 20.0 2 50.0 ND 0 3 23.1
West Guangdong 2 25.0 1 12.5 ND 0 3 12.5
Guangdong 19 40.4 u 275 2 5.0 32 25.2

Note: ND: Not detected.

F 7 WRKPLRRERIFEKIREEEKES R IER

Table 7 The contamination rates of Enterococcus faecalis in different source water of spring water

K K
X35, Groundwater Surface water
Districts PR %L b S PR %L i S
Positive amount Contamination rate (%) Positive amount Contamination rate (%)
Central Guangdong 10 47.6 3 50.0
North Guangdong 0 0.0 3 75.0
East Guangdong 0 0.0 1 100.0
West Guangdong 2 25.0 = =
Guangdong 12 33.3 7 63.6

Note: —: None.

IMETE 68%—86% 2 1], HA4x 3 ¥krE CHEH, AL
PEH 80%—88%.

R 4% R 809 (AR MBI Ay it ] — AR AT
i [Al— R E R, B FEH TR 3. 4. 10,
19, 20, 21, 22, 23, 27, 28, 30, 32, 35 it
13 PR B AR R G LR, Wi R,
PRIFATERE R A LA TR S TRVRE, A R TP Y TR RR
2.5.33, 6.7, 14, 16, 17 4t 8 tkpd AA®
ERRG KR

3 Wik
FI AT PN G T 0K R K B9 B A 10 1 A F 5 3

N, B FEERER T 19 % 1] HiE
RFF KWK, DhRE R A R KR

SR AOK IS T SR R MR T A R, RS
YRl 22.50%, AHFFEAIBAF 2008 45 JE 415 i,
J7ARAR W SR KK R B S AR B TR TS G R
24.44%0 AT IR A LB, TRAE TR
K 2Bk BR T A TS e R I Tl R K BT
R,OURK IG5 3 E R KUK b, E5E
BEE, K rKEKPAEZEERK, K
%G FrE R KA 63.6%, G THE R K A
R, R A AT RE 2 Tk — MRS 1B 5 | i 1 5
R f i RWE K, HoKERIHRSZE 5
o, WA SR B R PR PR, TR LR K
J7gR, HoKE K BA SR, [RIEE ™ 2 6
Uk, PR A KPR A
EEOE BRK A ESE A2 —, HA
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GIM
Meizhou EG 3#2

Dongguan CG 25#1a
Jiangmen  CG 42#1

Q
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Q
Q
W
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P B3y : 8 |

S .

s - Guangzhou CG 12#1

I T s 5 Guangzhou CG 16#1

BN T T 33 Jiangmen  CG 39#1

> Cluster A

[ e 3 6 Guangzhou CG 16#3
— BN ¥ N 7 Guangzhou CG 17#1

B ] SN 14 Dongguan  CG 25#2

B O N 6 Shaogun NG 622

EN T v Shaoguan NG 4#1

B 0w G2

L SN > Zwane WG

1 Guangzhou CG 13#1
18 Shaoguan NG 4#2

Guangzhou CG 14#1
4 Guangzhou CG 14#2
20 Shaoguan NG 5#2

(98]

10* Dongguan CG 21#1
19 Shaoguan NG 5#1
21* Heyuan EG 9#2
22 Heyuan EG 7#1
27 Zhaoging WG 2#1 Cluster B
28%* Foshan CG 31#2
30 Jiangmen  CG 42#2
32 Jiangmen  CG 40#1

35 Jiangmen  CG 43#1

ﬁ

23 Heyuan EG 7#2

24 Huizhou CG 30#1
26 Zhaoging WG 1#2
31 Jiangmen  CG 42#3
34 Jiangmen CG 39#2

8 Guangzhou CG 17#2
12 CG 25#1b } Cluster C

h

Dongguan
15 Shaoguan NG 6#1

T T

0.60 0.70 0.80 0.90 1.00

1 ZE4ETKE ERIC-PCR 1E4EL
Fig. 1 ERIC-PCR patterns of Enterococcus faecalis
Note: GIM is the abbreviation of Guangdong Institute of Microbiology; #1: Represents the source water, #2: Represents the activated
carbon filtered water; #3: Represents the finish water; a and b: Reflect the different samples in the same plant; *: Indicates the strain
is isolated from mineral plants.

DCRT AW B Sk, o ml AR — RE I BZE D, 18 Al A P Rl AR o ANBIT 5T 1 IR RS P Ak 8
IS BOK R R E S SR, KR, JEKBEATRCEY IR A, A X AR 45 R
B, WIe K RS RERR IR AR m] AR SRR —A W], RGE I VRO I T I AR, R
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W, WRIE KR RN S B RS . AT, A
TR B A SR IEA O, RIS 2 7 ot
TE PR AE AR E R

B K B9T5 B P — A K) Ee B, [A)A
VRS S BUNERE E 1 1] ES DT €/ Ty NE At i
D R DAL )30 ok 4 PR I AR AT A5 1, AT LA
— B TRBE Y S VA TS YUE O, TLI3AR T T
o T A o TR TS 4P 2004 45 1 H 2010
46 AR LRI T SRk 860 11y, ANAHEE
3.49%; 115K 1 612y, FEKE 5.02%, ¥%
DAY SECHPR, AR KM EHE L B 1R SRR
FEBERRT DA SR SR R D . AN R IR A
H 2 FINRARA M A K AR SRR BR TR, 15
Az A e AR U2 T B T T [, iR
ARSI RN . BIETE R T A s sl it
TR AGAL B S 44 R 25 G,

TG Y BRRR 4y T B a5 R A W, T 2R
BHEAEREE R AL B iR, W RKH5
EH4S o 10, 21 F1 28 (1 3 PRISEERR T, A
ooy g AR, (B B —3, 3 PRI Z (0]
AR IR E] 100%, A& 754 SR 7K s g i T 2
A EEREYE, BT BRI E R D, R
ARIHE o 4 o T EEASWTI S K R K R 2 ke
W, ARBCE Z (R AR, DL ST 25 BR T B 4 s
JE, R RTR K i T KU PEAL . AR, 2R
KRR, [F—] ZWER W HE R AR S
AL, Wngms 13 Fil 14, {HAALL) K42 2 A9
AT RIS 22 500, g5 7 18, 30 i 31 4,
ULEHZ) KA B R AT R MR T 58 X5

TR R B K T R R, Al AF i
Tk A B i A A 5 B K P B K PR TR, IR
AR K DS B R i, TR R B A 7 L R
i, s A e AR P AR, R T R R
FHRE AR NG, AR ITF-B, KA
BRI B —HE T K R . AR EIRRSR

HORF IR IKFNTSR K P (O FEEEBR R A TR A,
PRAKA AR AL T AR TS U B, RIS Xl £ 2
AZETERR A T T B, 4R T {5 gL SR KA
R K FEFERR TR Y 2 2L R, A5 PAIX 28 28
HEN TR BIFTEXTGR, 3 ( FT 2 il ek IOk
TR EERR R R T B LR, RIS ROCR s 2
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