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摘  要: 【目的】通过调查广东省矿泉水和山泉水生产企业水源水、碳后水和成品水中

的粪链球菌(Enterococcus faecalis)污染情况, 为生产企业微生物控制提供相应的依据。【方

法】粪链球菌的检测方法采用稍作修改的 GB/T8538-2008/4.53, 并运用 ERIC-PCR 技术对

主要污染菌株进行分型。【结果】206 份水样中有 35 份水样检出粪链球菌, 其中水源水 20

份、碳后水 13 份和成品水 2 份, 水源水、碳后水和成品水的污染率分别为 26.3%、20%

和 3.1%, 总污染率为 17%。矿泉水和山泉水的总污染率分别为 3.8%和 25.2%, 山泉水、

地下水和地表水的水源污染率分别为 33.3%和 63.6%。ERIC-PCR 指纹图谱聚类分析显示

35 株菌分为 3 簇, 主要污染菌基因型在 B 簇。【结论】广东省山泉水的粪链球菌污染率明

显高于矿泉水的污染率, 同时山泉水的水源水污染率中, 地表水高于地下水。 
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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/T8538-2008/4.53 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 cont a-

mination rate was higher from surface water than from ground water.  
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1  材料与方法 

1.1  样品采集 
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表 1  各区域采样数量 

Table 1  The sampling qualities of different districts 

 

Districts 

 

Plant type 

 

Source water 

 

Activated carbon filtered water 

 

Finished water 

 

Total amount 

Central Guangdong M 22 
49 

18 
41 

18 
41 

58 
131 

S 27 23 23 73 

North Guangdong M 2 
9 

2 
7 

2 
7 

6 
23 

S 7 5 5 17 

East Guangdong M 4 
9 

4 
8 

4 
8 

12 
25 

S 5 4 4 13 

West Guangdong M 1 
9 

1 
9 

1 
9 

3 
27 

S 8 8 8 24 

Guangdong M 29 
76 

25 
65 

25 
65 

79 
206 

S 47 40 40 127 

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

 

表 2  各区域山泉水中不同源水的数量分布 

Table 2  The numbers of different source water of 

spring water in different districts  

 

Districts 

 

Surface water 

 

Ground water 

Central Guangdong 6 21 

North Guangdong 4 3 

East Guangdong 1 4 

West Guangdong 0 8 

Guangdong 11 36 

 

( ) , 

Taq PCR ( )

, DNA  

1.3  实验方法 

1.3.1  粪链球菌的分离鉴定: 

GB/T 8538-2008/4.53

- [20] 250 mL 0.45 μm

, KF

, 36 °C±1 °C 48 h, 

, 

( 5 5 , 5 )

- , 

, API STREP

, 250 mL

, CFU/250 mL  

1.3.2  粪链球菌 ERIC-PCR: 

, , 

CMCC32223

DNA , 

ERIC-PCR

, 25 µL, 

1 µL ( 50 ng) 200 µmol/L dNTPs 2.5 µL 

10×Buffer 2.5 µmol/L Mg2+ 0.5 µmol/L

1.5 U Taq ( ) ERIC-PCR

: 95 °C 5 min; 94 °C 1 min, 36 °C 1 min, 72 °C 

2 min, 35 ; 72 °C 8 min

1.2% TAE 110 V 40 min, 

Gel-Pro Analyzer Ntsys  

2  结果与分析 

2.1  粪链球菌污染情况 

2.1.1  粪链球菌的检出结果: 68
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22 , 

100 CFU/250 mL 31 , 100−200 

CFU/250 mL 1 , 200−300 CFU/250 mL

2 , 48.3 CFU/250 mL

50.2 39.4 87.5 CFU/250 mL

3 ( , 

)  

206

, 35 , 

17%, 20

13 2 , 

26.3% 20.0% 3.1%

4  

 

表 3  粪链球菌检出结果 

Table 3  Detection results of Enterococcus faecalis 

 

Manufacture No. 

 

Source water (CFU/250 mL) 

 

Carbon filtered water (CFU/250 mL) 

 

Finished water (CFU/250 mL) 

Central Guangdong 

CG2# 6 ND ND 

CG12# 1 ND − 

CG13# 1 ND ND 

CG14# 50 38 ND 

CG16# 263 − 172 

CG17# 4 2 ND 

CG21#
a
 2 ND ND 

CG25# 
63

b
 

21 ND 
47

b
 

CG30# 24
b
 ND ND 

CG31#
a
 nd 1 ND 

CG39# 60 1 ND 

CG40# 1 ND ND 

CG42# 43 38 3 

CG43# 10 ND ND 

North Guangdong 

NG4# 12
b
 24 ND 

NG5# 15
b
 30 ND 

NG6# 54
b
 28 ND 

East Guangdong 

EG3# ND 2 ND 

EG7# 264
b
 263 ND 

EG9#
a
 ND 6 ND 

West Guangdong 

WG1# 84 58 ND 

WG2# 1 ND ND 

Note: −: None; 
a
 represents the mineral water, the others represent spring water; 

b
 represents the surface water, the others represent 

the ground water; ND: Not detected. 
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2.1.2  矿泉水中粪链球菌的污染情况分析: 

3 , 

3.8%, 1 2

0 , 3.4% 8.0% 0, 

, , 

5  

2.1.3  山泉水中粪链球菌的污染情况分析: 

6

32 , 

25.2%, 

19 11 2 , 

40.4% 27.5% 5.0%, 

 

, 

, , 7

33.3%, 

63.6%, 

 

2.2  粪链球菌 ERIC-PCR 分型结果 

35 ERIC-PCR

1 , 4−8 200 bp

2 500 bp , 17 , 

A B C , A 14 , 

70%−86%,  B 19 ,  

 

表 4  粪链球菌在不同地区的污染情况 
Table 4  The contamination rates of Enterococcus faecalis in different districts 

 

Districts 

 

Source water 

 

Carbon filtered water 

 

Finished water 

 

Total amount 

 

Positive 
amount 

Contamination 
rate  
(%) 

Positive 
amount 

Contamina-
tion rate 

(%) 

Positive 
amount 

Contamina-
tion rate 

(%) 

Positive 
amount 

Contamina-
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 11.1 3 37.5 ND 0 4 16.0 

West Guangdong 2 22.2 1 11.1 ND 0 3 11.1 

Guangdong 20 26.3 13 20.0 2 3.1 35 17.0 

Note: ND: Not detected.  

 

表 5  矿泉水中粪链球菌污染情况 

Table 5  The contamination rates of Enterococcus faecalis in mineral water 

 

Districts 

 

Source water 

 

Carbon filtered water 

 

Finished water 

 

Total amount 

Positive 

amount 

Contamina-

tion rate  

(%) 

Positive 

amount 

Contamina-

tion rate 

(%) 

Positive 

amount 

Contamina-

tion rate 

(%) 

Positive 

amount 

Contamina-

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 3.4 2 8.0 ND 0 3 3.8 

Note: ND: Not detected.  
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表 6  山泉水中粪链球菌污染情况 

Table 6  The contamination rates of Enterococcus faecalis in spring water 

 

Districts 

 

Source water 

 

Carbon filtered water 

 

Finished water 

 

Total amount 

Positive 
amount 

Contami-
nation rate 

(%) 

Positive 
amount 

Contamina-
tion rate 

(%) 

Positive 
amount 

Contamina-
tion rate 

(%) 

Positive 
amount 

Contamina-
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 11 27.5  2 5.0 32 25.2 

Note: ND: Not detected.  

 

表 7  山泉水中不同来源水源的粪链球菌污染情况 

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

 

Districts 

 

Groundwater 

 

Surface water 

 

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.  
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图 1  粪链球菌 ERIC-PCR指纹图谱 

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. 

 

, , 

, , 

, 

, 

, , 



: ERIC-PCR 889 

 

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

, , 

, 

 

, 

, 

, 

[24] 2004 1 −2010

6 860 , 

3.49%; 1 612 , 5.02%, 

, 

2 , 

, 

 

, 

A B , 

10 21 28 3 , 

, , 3

100%, 

, , 

, , 

, , 

, 

, 13 14, 

, 7 8, 30 31 , 

 

, 

, 

, 

, , 

, , 

, 

, 

, 

, 

, 

, 

 

参 考 文 献 

[1] Murray BE, Weinstock GM. Enterococci: new 

aspects of an old organism[J]. Proceedings of the 

Association of American Physicians, 1999, 111(4): 

328−334. 

[2] Zou LK, Wang HN, Zeng B, et al. Erythromycin 

resistance and virulence genes in Enterococcus 

faecalis from swine in China[J]. New Microbiology, 

2011, 34(1): 73−80. 

[3] Kayser FH. Safety aspects of enterococci from the 

medical point of view[J]. International Journal of 

Food Microbiology, 2003, 88(2/3): 255−262. 

[4] Tendolkar PM, Baghdayan AS, Shankar N. 

Pathogenic enterococci: new developments in the 

21st century[J]. Cellular and Molecular Life 

Sciences, 2003, 60(12): 2622−2636. 

[5] Guidelines for Drinking-water Quality−Fourth 

Edition[S].  

[6] GB8537-2008. [S].  

[7] , , , . 

[J]. , 

2009, 19(11): 2672−2673. 

[8] László V. Bacteriological quality of bottled natural 

mineral waters commercialized in Hungary[J]. 

Food Control, 2011, 22(3/4): 591−595. 

[9] Chowdhury SA, Arias CA, Nallapareddy SR, et al. 

A tri- locus sequence typing scheme for hospital 

epide-miology and subspecies differentiation of an 

important nosocomial pathogen, Enterococcus 

faecalis[J]. Journal of Clinical Microbiology, 2009, 

47(9): 2713−2719. 

[10] Ewa S, Aleksandra S, Waleria H. Comparison of 

http://www.ncbi.nlm.nih.gov/pubmed?term=Murray%20BE%5BAuthor%5D&cauthor=true&cauthor_uid=10417741
http://www.ncbi.nlm.nih.gov/pubmed?term=Baghdayan%20AS%5BAuthor%5D&cauthor=true&cauthor_uid=14685687


890 微生物学通报 Microbiol. China 2013, Vol.40, No.5 

  

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

multilocus variable-number tandem-repeat analysis 

with mult ilocus sequence typing and pulsed-field 

gel electrophoresis for Enterococcus faecalis[J]. 

Polish Journal of Microbiology, 2011, 60(4): 

335−339. 

[11] Sreedhar R, Nallapareddy, Ruay-Wang Duh, et al. 

Molecular typing of selected Enterococcus faecalis 

isolates: pilot study using multilocus sequence 

typing and pulsed-field gel electrophoresis[J]. 

Journal of Clinical Microbiology, 2002, 40(3): 

868−876. 

[12] Jamet E, Akary E, Poisson MA, et al. Prevalence 

and characterization of antibiotic resistant 

Enterococcus faecalis in French cheeses[J]. Food 

Microbiology, 2012, 31(2): 191−198. 

[13] Burgos MJ, López RL, Abriouel H, et al. Mult ilocus 

sequence typing of Enterococcus faecalis from 

vegetable foods reveals two new sequence types[J]. 

Foodborne Pathogens and Disease, 2009, 6(3): 

321−327. 

[14] Kosek M, Yori PP, Gilman RH, et al. Facilitated 

molecular typing of shigella isolates using 

ERIC-PCR[J]. The American Journal of Tropical 

Medicine and Hygiene, 2012, 86(6): 1018−1025. 

[15] Fuentefria DB, Ferreira AE, Corção G. 

Antibiotic- resistant Pseudomonas aeruginosa from 

hospital wastewater and superficia l water: Are they 

genetically related?[J]. Journal of Environmental 

Management, 2011, 92(1): 250−255. 

[16] Yuan W, Chai TJ, Miao ZM. ERIC-PCR 

identification of the spread of airborne Escherichia 

coli in pig houses[J]. The Science of the Total 

Environment, 2010, 408(6): 1446−1450. 

[17] Ye YW, Wu QP, Zhou YH, et al. Analys is of major 

band of Enterobacter sakazakii by ERIC-PCR and 

development of a species-specific PCR for 

detection of Ent. sakazakii in dry food samples[J]. 

Journal of Microbiological Methods, 2008, 75(3): 

392−397. 

[18] Martín-Platero AM, Valdivia E, Maqueda M, et al. 

Characterization and safety evaluation of 

enterococci isolated from Spanish goats’ milk 

cheeses[J]. International Journal of Food 

Microbiology, 2009, 132(1): 24−32. 

[19] Sánchez Valenzuela A, Benomar N, Abriouel H, et 

al. Characterization of Enterococcus faecalis and 

Enterococcus faecium from wild flowers[J]. 

Antonie van Leeuwenhoek, 2012, 101(4): 701−711. 

[20] GB/T 8538-2008. [S]. 

[21] Wolska K, Szweda P. A comrarative evaluation of 

PCR ribotyping and ERIC PCR for detection the 

diversity of clinical Pseudomonas aeruginosa  

isolates[J]. Polish Journal of Microbiology, 2008, 

57(2): 157−163. 

[22] Syrmis MW, O’Carroll MR, Sloots TP, et al. Rapid 

genotyping of Pseudomonas aeruginosa isolates 

harboured by adult and paediatric patients with 

cystic fibrosis using repetitive-element-based PCR 

assays[J]. Journal of Medical Microbiology, 2004, 

53(Pt11): 1089−1096. 

[23]  , , , . 

[J]. , 

2001, 18(3): 157−159.  

[24] , , . 2004 ~2010

[J]. , 

2010, 21(6): 41−42. 

 


