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Distribution of four kinds of typical enteric pathogens in different surface waters
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Abstract: The cell densities of Escherichia coli, Salmonella typhrmurium, Shigella dysenteriae and Vibrio
cholerae in clean waters, slightly polluted waters and seriously polluted waters located in urban area of
Xi'an were detected continuously for four months by using real-time quantitative PCR(QPCR) method.
The results showed that the Vibrio cholerae was not existed in any kinds of surface waters, even not found
in municipal wastewater. However, E. coli is the one that can be most frequently found out in all kinds of
waters. When the water was polluted slightly, it could be detected continually. In seriously polluted waters,
the cell densities of E. coli is 10*~10° copies-(100 mL) ', the cell densities of Salmonella typhrmurium
and Shigella flexneri are 10'~10" copies-(100 mL) ', and can be detected continually. In clean waters and
slightly polluted waters, the cell densities of three enteric pathogens above are 10 copies-(100 mL)"', and
can not be detected continually. These results indicated that the E. coli is the main pathogenic bacteria
in the seriously polluted waters, although the cell densities of Salmonella typhrmurium and Shigella
flexneri are far lower than that of E. coli, it still can be considered as one of the marks of water pathogenic
pollution.
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X T AR Th g i R AR R T IR R A R
ERBRAER A 22T, AT A — R
FIE I (Kong et al, 2002) . Rk £ (1) N 4aiF
GO T A TR R AT, DA SK 4 J A W R
155 1A] (Guy et al, 2003; Maria et al, 2004) . Hr
Z e m R A MR Y (QPCR) T
(Lu et al, 2007; Olga et al, 2007) . X —FZ A% H
SIAEREF R, O 2 N A R 2 4 s A
W AN 7K A B9 Js AR WAl - (Abu-Halaweh et al,
2005; Megan et al, 2007) , X~ AT {fi R 5
45 SIS ) 247 2 3 JLAS /N

AW TS HY S 9¢ 16 5 F: PCR 4 AR AN /) 4
55 K AR h K 545 I # (Escherichia coli) « 1 %€
WK B (Salmonella typhrmurium) ¥ 95 &
[ (Shigella dysenteriae) F % FL 9K & (Vibrio
cholerae) 1¥) tHBLFNGRAT 15 B BEAT R 48 &= 704,
R 20 0 AR AAR AT A A T R0 i 5 % LR T
M B 5E Bl
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8:00—12:00, RALLL S AAKER 172 4bo [N ek BE
AW A KRR e A BERE, RS pHL R
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BEUCHIEAT# (Shigella dysenteriae) , %E il
yREE (Vibrio cholerae) , 7€V 11 IKIE (Salmonella
typhrmurium) M A [RGB (E. coli) 4 R
JR AN R S| e A AR 2, 519 Bl R

R AT

#1 WA
Table 1 Water quality of the different water bodies
Wk ;‘rjﬂ@i@ﬁ el AR el L) 2R ]
UK (A (B) © (D) (E)
ME (NTUD 2.4~13.1 11.1~747.0 6.1~67.0 8.1~75.0 1.7~16.3
pH 1 7.1~8.4 7.4~8.3 7.3~8.8 6.7~9.8 8.1~8.7
DO (mg'Lfl) 2.2~7.6 0.6~4.3 7.8~13.5 3.8~11.2 8.1~12.4
S (mgL™ 62.7~85.8 9.6~43.6 2.5~5 8.5~21.4 0.2~0.7
S (mgL™) 0.4~2.9 0.07~1.4 0.04~0.5 0.1~2.5 0.02~0.3
MA (mgL™ 1.3~19.4 2.0~13.4 0.4~1.0 0.1~2.2 0.2~0.7
COD (mgL™" 30.4~65.7 13.3~65.7 7.3~22.9 27.1~68.9 2.3~8.7
KA i IRk ghyGIKAR B SHI K SO PRI
i AT DK ISR enoktk REROKE
CRIE#) KA
*2 LIRS
Table 2 Sequences of primers used in this study
GIL/ETRe SR 519751 276 IR
. . ipaHl 5-GTTCCTTGACCGCCTTTCCGATAC-3' Theron et al, 2001;
Shigella flexneri

Salmonella typhi

Esl
Escherichia coli

Vibrio cholerae

0 9 N L AW~

ipaH3 5'-CATTTCCTTCACGGCAGTGGA-3'
ST3 5-AGATGGTACTGGCGTTGCTC-3'
ST4 5'-TGGAGACTTCGGTCGCGTAG-3'
5'-TGTTCAGTGGCAAGAGTT-3'
Es2 5-TAATCGATATACCCGCTC-3'
ctxAl 5'-CTCAGACGGGATTTGTTAGGCACG-3'
ctxA2 5'-TCTATCTCTGTAGCCCCTATTACG-3'

Hartman et al, 1990
Song et al, 1993;

Wei and Joys, 1985
Venkatesan et al, 1988;
Sethabutr et al, 1993
Nandi et al, 2000;
Keasler and Hall, 1993
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1.3 QPCR #5m4kiE

b fE B R ARSI R0 W T IR

(Salmonella typhrmurium) K1 E F, 98 W (Vibrio

cholerae) FrfE BRI F 52 [F & #p L .0 (ATCC)
G IR AT (Shigella dysenteriae) FRAS KK
AT W (E. coli) W I BTG A WAL, A0
Rl LB Wigdigedt (1 LK. 10 g AN,
5gNaCl, 5 g [ RHZ )37 °C PR R 24 h )5,
B9 (10000 rmin™) e AE R A4

40 v DNA [ $& B B bR 35 95 1 1.5 mL 8¢
100 mL Hi1 & /K ZKAE T K 250V B0 (10000 T-min
10 min) J&, F% BIEE: DOEDIINA 567 pL (1244
2% b ¥ (40 mmol-L ™ Tris-HCI, pH 8.0, 20 mmol-L"
ZI8%h, 1 mmol L' EDTA, 1% SDS) , KREWFIT{H
Z FHHETE, HAG A 66 pL 5 mol'L™ NaCl, 7843
A1JE, 10000 rmin' B5.0r 10 min 544 B —H B
B, O MNSERRI Y / E A/ e (25:24:1 K
FREL) , 4R35, B0 (10000 rmin”, 4~5min) ;
IS E, N 0.6 f5 TR N R, RS
FI| DNA JilE MK, YiEn R0 JiEH 1 mL 1
70% LEEDES)E, BOFE R (XK ZEAE, 2008) .

QPCR #rifEh£k: Al LB [ fAR: I3 (1 LK.
10 g AR, 5¢gNaCl, 5 g WERRF, 1.5 g Bl
ZPHOT L, WA R R AW . B
IRy — S A EEEAN # 2 DNA, 4858 5 DNA
10 fE5BA FERR RS, LUEAE ) QPCR 4 ih £k il 4 1)
DNA BEMR, BEASM BB BE AT A 3 4, IS
FERRE 40 7 DNA 4250 QPCR KLY Cr {E 5 4H
S (1 21 T BT AR 4T 250 5 S5 5 11 2 H S [ U e A
bR (UK ESE, 2008) .
1.4 QPCR 4#f

7E QPCR Jx W & Z 1 in A %¢ ) ik 7l Syber
Green 1, FH %615 5 5 B K Il PCR i 7.
Syber Green [ 5 &8 T KA AL FBFE A7 B A 7]
(b5 o QPCR VAR R SR 25 pL, A# 1X
realMastrMix/1 X SYBR solution, _F T 514 4 5l
4 0.1 mmol-L"', DNA # #Z 2 pL. # QPCR & &
KN OB JUiE S (M Research TLS-0251) , ]
4 o B (M Research TCS-0803) 4 2 W 4%
N E R PCR X (2£[H BIO-RAD MJ) HE4T4~ 14
RN, QPCR 34 4 4 K. 94°C #il4Z 1 5 min,
94°C 30's, 55°C 30s, 72°C 30s, 85°C 2s, 3L35
MG B 02s ABhig Ik, BB E AN K
IR 3~T MG DA ARE I 2211 10 £% (Haugland

etal, 1999) .

FH T 7K AA955 i 40 B ARSI 1¥) DNAFE i 42 /0P AT
34, M REAT N TR A B A0 0 B A R n A
R0 Y04 S 1 A e e ok DA S U AR R SR A 2
(), YO R 107~10". IREEKFE R H Ar g 5 40 i
HGCE 1) o A I O 0 40 R B0 16 R 4 B QPCR
it 2 HE W L (R A O 2
2 GERE5HM
2.1 4 #iERME PCR 2L R

PL 4 B H br B 0 5 DNA A B, 43 5 Fl

GBI KT B (Shigella dysenteriae) , 4E fil,
5K & (Vibrio cholerae) , ¥V '] K W (Salmonella

typhrmurium) FIZ A KT (E. coli) [1)F¢ 5
PESIHREAT PCR 1S, S5l 1 ros. AH R
HARBRRAT R 384, 37384 V) % 1R
A e SR CGRER) WRPATFF T KT 4
XPRE SRS 1T H A B AT A e (R e

M 1 2 3 4 5

1.0kb
0.8kb
0.6kb
0.4kb
0.2kb

0.1kb

BT 4 Pl s 4 o () 57 PE 51 4 PCR ARG 4 21

Fig.1 PCR amplification results of the four target strains with

specific primers
M: DNA Marker; 1: Shigella dysenteriae; 2: Vibrio cholerae;
3: Salmonella typhrmurium; 4: E. coli; 5: B %]
1: Shigella dysenteriae; 2: Vibrio cholerae; 3: Salmonella typhrmurium;

4: E. coli; 5: Negative control

22 AEMFRKE 4 FHEREMAE QPCR il 45 R

X VY 22 T 1 K AR R T Y K AR R
75 G K AR S 5 AN Ml 3R K AR KRR A A B IR R AT
£ AL I (Vibrio
cholerae) , I TR (Salmonella typhrmurium)
A I KA E (E. coli) ) QPCR A U {H U 3 3
PR, BEASZKAR AL ASEL S 301 8 55 (n=55)

HERLINE (Vibrio cholerae) TEFTA /KARP#HEA
AR, 10 B2 D BRI R LI A P 2 T XK
PAFAE AT REEAR /e AEVE KA (B) , B4y
KA (E. colid , BB IRIFIIEFT B (Shigella
dysenteriae) FYPITIKEE (Salmonella typhrmurium)
(¥ 7 5346 AR 53 930 2} 2.7 copies-(100 mL)™ .
4.0 copies:(100 mL) " F1 0.7 copies<(100 mL)"'. HJ*

(Shigella dysenteriae) ,
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R 3 AR LR AN B 1 40 % 5 (copies-(100 mL) ')

Table 3 Cell densities of different pathogenic bacteria in surface water samples (copies-(100 mL) ")

2R KAk A B C D E
(Tj;iz) (n=55) (n=55) (n=55) (n=55) (n=55)
e KA 1.6x10° 2.5x10° 2.2x10' 2.6x10 1.6x10'
KGR G /M 1.8x10* 2.0x10° 0 1.0x10' 0
SESA 5.0x10* 9.1x10* 7.2 6.7x10' 2.7
YN 1.3x10 3.0x10? 2.1x10' 3.0x10' 1
lGES NN e/ IME 2.1x10" 2.5x10" 1 1.0 0
SESAE 6.3x10' 9.2x10 5.2 6.0 0.7
S 2.5%10 3.3x10° 2.1x10' 8.9x10' 2.7%10'
G I/ ME 3.0 2.0 0 0 0
SESA 3.3x10' 4.6x10' 2.5 1.5x10' 4.0
YN 1.6 0 0 0 0
FEHLINTR f/ME 0 0 0 0 0
SEIE 0.1 0 0 0 0

IRV 2 T KWK, 22 R IR, 7K
IABAT 2 B0 SR AR5 Gt o

TERRE V5 GeKAR T (C, D), 3245 I K AT 1 (E.
& PR FF # (Shigella dysenteriae)
M TTIK® (Salmonella typhrmurium) 1]
K A 4> 5 k7.2~67 copies (100 mL) ™',
2.5~15 copies-(100 mL) ' I 5~6 copies-(100 mL) ',
FEE TG e KA (A, B, 54 IR R S 1R =
Ky AE A (5~9.1)x10" copies<(100 mL)"; & %4 [K 9
VAR (Shigella dysenteriae) F1y0 | [ # (Salmonella
typhrmurium) IR 23591 4 33~46 copies-(100 mL) ™
A1 63~92 copies-(100 mL) ',
23 HRFRIKGRA 4 Fhiw R B 894G B 3 E

WL 4 PR, {65 PR KAESL 55 M FEA,
FEBLINEE A A2 “0” o FEAN [A] I HORE Hb A3
i, RIVIERA KT R (E. coli) , BB E
M (Shigella dysenteriae) F1YP| T (Salmonella
typhrmurium) RS ARAG B 2 57 . Hop KR &
GBI AP TR AR5 G B KAR (A, B) FilEE
FEV5 Bk (C, D) R AL S 100%. {5

coli) ,

AR KA (B) KR4y IKE HOA A
B Ry 72.7%, TS TR AL H AR A B
N 27.3% 0 A5 IR AT R AE VS 5™ F IR K AR
(A, B) [# HAIEAE 90% LA I, (H e
GEKAR (C, D) A KA (B, RS 5E R
PRAT B RS R A A, Ol 18.2%.

FERMK) S5 AN FERh B Ay GO i 1 A 25 il K
A BOARRE dpe e, HLAE KRR B — 52 ¥ G Ja R
gekrtho AEVS R AR, YD AN G
FIDAT B R FFSE PR Y, R Al DA A A2 K5 G 1
R&EZ
24 HWRKEPFRRFRBEDLLREDS

B2 BT 7 i AN [R) H 2% 7K R R 4 B DR B AR
WA AR ) 4 A B . AE VT Y T 1) K Ak
o CE2A, 2B) o, JLRF R ZEBURE B, R
A BQOK W RN 25 Bl K AR RS HE A R e, A
41 L 9K FE 24 10*~10° copies-(100 mL) ™", V011G
FED ORI B AR LA Y, At i S A A 7
10'~10” copies<(100 mL) "', 1 H.AEWS KR £LK . Fr
DL, 0T G P o KA, A IR B 7K v i

Rd ARG SR A AR

Table 4 Detection frequencies of bacterial pathogens in surface water samples

TSR B R (%)

H sk R IKAEAR (n =55)
A B C D E
(n=11) (n=11) (n=11) (n=11) (n=11)
K45 I 100 100 100 100 72.7
SN 100 100 100 100 27.3
SR E D BB 91.9 100 18.2 72.7 18.2
FEELIN 0 0 0 0 0
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Fig.2 Distribution of positive frequencies of bacterial

pathogens in surface water samples
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SRS RVE I TR A KT ABLIRTRE T LA 2
IKTG G bR AERR TS QKR (] 2C, 2D) Al
HER AT (K 2E) , BAKIE . WK

SR EC A (R 38 S #57E 10 copies(100 mL) ' A2 47,
I HARENS E LA

DL ES2gb st BN, A SR SRS e,
AKRER 1 — R A3 v K b B ) R 2 3 1 — S
Ko B S KBER EVA, A S KR T
ACHEN, SR TR B . D SR BRI 4R
W, IR 2 B A S K A R TS Y, AN AR HE
AT, N T VS R, (H 5206 45 R R i
W3 JEL A 2 A R R A AR T . € KRR
B [ N T3, 5 D SRR L, 9 e
WA BE A, A AS B JE 40 T 2 K R s, X Af
fe 5 KR IR S 5. B SoKRE A KT B
UGB T A0 AR BRIt 4 1 2 K AR AR LT, 1%
BRI [ 76 22 T 7K Y5 b ST, 33 A 2K K Y5 2 )
BLF I (0
3 #ig

(1) FERLINER AE & PR bR KAk, HEER TG
A ISR Y, 18 W20 D B 3 R 400 T AR VG el
DOKARAEE R AT REPEAR /N s S84 IR i AN 25 Fh
IR (PR B v, HLAE K AR SZ 31— 5 5 4% ) B
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I HANREG LA o YOI TG 22 T /KU K 32 SR 47
FIORS, 38T SORK BT 523 N5 30 R 5% W 1 52 3]
AN TE WIS B
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(RS I i QA NI T S o S ol - o R
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