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Salmonella enterica( Salmonella spp. ) . Legionella pneumophila( L. pneumophila) Fll Pseudomonas aeruginosa( P. aeruginosa) %57~ 3$8
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Real-time PCR Detection and Quantification of Emerging Waterborne Pathogens
(EWPs) and Antibiotic Resistance Genes ( ARGs) in the Downstream Area of

Jiulong River

WANG Qing, LIN Hui-rong, ZHANG Shu-ting, YU Xin

(Key Laboratory of Urban Environment and Health, Institute of Urban Environment, Chinese Academy of Sciences, Xiamen 361021,
China)

Abstract: The emerging waterborne pathogens ( EWPs) and antibiotic resistance genes ( ARGs) are important for drinking water
safety. The detection and quantification of 7 EWPs and 4 ARGs were carried out in Jiulong River, which is the main water source of
southwestern Fujian Province. The water samples were collected from four sites of the Jiulong River downstream area and a drinking
water treatment plant nearby. DNA was extracted and quantified by real-time (SYBR Green) PCR methods after the samples were
filtered through 0.22 pm membranes. The results showed that the amount of Salmonella enterica ( Salmonella spp. ), Legionella
pneumophila( L. pneumophila) and Pseudomonas aeruginosa ( P. aeruginosa) could reach up to 10*, 10" and 10° copies-mL ™",
respectively. The concentration of organic matter in water may affect the copy numbers significantly. The water plant could effectively
remove most EWPs and ARGs except Salmonella spp. . Therefore, more efforts should be made on water pollution source control, water
treatment technology and point-of-use system to make sure the safety of drinking water.

Key words : emerging waterborne pathogens( EWPs) ; antibiotic resistance genes(ARGs) ; drinking water; Jiulong River; real-time PCR
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Fig. 1 Jiulong River area and the locations of sampling sites captured by Google Earth
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Table 1  PCR primers targeting ARG and EWP families

PWRBARE  GBKRE

LE-S FEH 3] (57-3" ik
A 514 T (57-3") /b g e ik
DUFR 5L st tetA-1 CGATATCACTGATGGCGATG 318 60 80 [13]
LetA-2 TGTCCGACAAGTTGCATGAT

T e tetG-F GCT CGG TGG TAT CTC TGC TC 468 55 80 [14]
tetG-R AGC AAC AGA ATC GGG AAC AC

i E I vand VanABF GTAGGCTGCGATATTCAAAGC 231 60 80 [15]
VanAR CGATTCAATTGCGTAGTCCAA

R B S e BT CATTTAACGACGAAACTGGC 424 60 80 [16]
ermB-2 GGAACATCTGTGGTATGGCG

WAL Vibrio cholerae L EpsM-F GAATTATTGGCTCCTGTGCAGG 248 60 80 [17]
FETL EpsM-R ATCGCTTGGCGCATCACTGCCC

KIGHFF B 0157 .17 KIGFF B stx2-r GTC ATG GAA ACC GTT GTC AC 200 60 80 [18]

Escherichia coli 0157 ;H7 KB stx-2f ATT AAC CAC ACC CCA CCG

RN EB R TE BB TEcol533-F TGGGAAGCGAAAATCCTG 258 60 80 [19]

Shigella soonei AT TEcol754-R CAGTACAGGTAGACTTCTG

] 31 PR TR Hi 4k PALL ATGGAAATGCTGAAATTCGGC 60 80 [20]

Pseudomonas aeruginosa HLk PAL2 CTTCTTCAGCTCGACGCGACG

W il 2 1A A JFP AGGGTTGATAGGTTAAGAGC 386 55 78 [21]

Legionella pneumophila JRP CCAACAGCTAGTTGACATCG

W BT TR TS 311 Hfor ACTCAGGCTTCCCGTAACGC 423 55 80 [22]

Salmonella enterica 7017 Ha-rev GAGGCCAGCACCATCAAGTGC

4 A AT BRI 4 Sa-1 GAAAGGGCAATACGCAAAGA 482 55 73 [23]

Staphylococcus aureus 4 Sa-2 TAGCCAAGCCTTGACGAACT

2 HR5ITR

2.1 IR I S 53 A

s SR A W FR PR TE L TL R Ul 4 ARSI
Kty (HTEKF A I Ry 225 (K 2).

E. coli 0157 .H7 . S. aureus 1 V. cholerae BJ7KF-
AR, HAm 935 78 10° ~ 10 copies * mL ™' KR TE
RFERZE] RO 22 57 A B35 A E. coli 0157
H7 TE 4 D REE S B KF LYY S, aureus TE ST
BEIOBERZ M V. cholerae T IR K458 5.

Shigella spp. BJH: 7K ¥ 7E 10° copies-mL ™
TRFELLTR  (HCHAE o HER F A B KF I el v T
i3 AR A AL IR SR K AE N 676 copies -
ml " HAR 3 UCRFELS SARLTE 200 copies-mL ™' KA
5. Shigella spp. FEHA 3 4N SRAE 5T B9 H 7K
PIXE 100 copies-mL ™' KEELL . Salmonella spp. 1)
JKEAE 10 ~ 103copies-mL47J<*$,H/E%§<7kﬁé¢'
ARG K5 H B e T A 3 A SR R B KA HE K
-4 6.58 x 107 copiesmL ™' /K ¥E. L. pneumophila 1)

& KEAE 107 ~ 10400pies-mL_17J(1¢,7£fE?$77% ]

ARG S K T HA 3 AN R AE L. P. aeruginosa
AR HH ZKEFE 10 ~ 107 copies - mL ™' K AL 76 JE THL
JK F AR A ARG K

HUK R BEAESR AR 0] 1 (3R 2) 4 AR AR,
JEHERE T BOD, | i AR ER 15 KA TOC 25 LY
FEARYE T A 3 N RAE S T V. cholerae . Shigella
spp. F L. pneumophila W5 JA H 7KF- 35 Hh IR AE X
B RIIE LTS G T BE 2 5w K A4 rhoi S )
IR ER
2.2 HUARGUIESLA I 23 o3 A

A RPUIERERITE 4 A RAE S A K HTE
K EA TS (E 3). tetd BIK HKSEAE 10° ~
107 copies-mL ™' JKFE. tetG BIKE H AKEIIFE 5 x 107
copies-mL_lﬂiﬁuﬁF. ermB BYK Y K SEAE 107 ~
10° copies-mL_lﬂ(ﬁé. vanA WK K SEAE 10° ~ 10°
copies-mL ™' KFE. BR T vanAd ZAb, Hogx 3 T bR
TEJEHEE D ALA e KA A H . KR B B A 46 bs
AN 2) e HHRE D R)FE BOD, | iR PR ER 4 £X
I TOC AR A, BERAT ML 15 G4 n] BEXS /K A4 it
A U I P KOS A BR R .
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Fig. 2 Geographical and temporal distribution of EWPs
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Fig. 3 Geographical and temporal distribution of ARGs
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A R PR R AE 12 7 15 H AYIBIEED.

HUKFERMIALIS IR AT AT (3 2) ,12 H 15 HEYA RIRBUEYAIGTE KRBTSR — 5

P 5 Q AR BRI B i A L T B 15 loxt T
M.

K2 RESKEHELER/ mg-mL !

Table 2 Physicochemical properties of water samples/mg-mL ~!

REEEN RBAAE  oH Rl PR gy IR TR A
2010-12-01  HRN 7.19 7.72 5 4.36 3.69  0.138 3.5 0.032 0.012 24.8
2010-12-06  JpHEYZEO 6.82 3.82 5.4 5.23 3.44  0.148 3.16 0.023 0.01L 29.5
2010-12-15  JpHEYZEN 7.14 8.62 4.9 3.23 3.9 0.125 3.77 0.041 0.035 12.3
2010-12-22  FHRN 7.18 6.26 6.9 2. 64 3.78  0.18 3.44 0. 063 0.014 15
2010-12-01 RO 7.53 10. 38 4.6 3.09 2.64  0.125 2.54 0.079 0. 061 11.2
2010-12-06 RN 7.06 7.79 2.1 2.44 2.28  0.077 2.24 0.041 0.031 21.6
2010-12-15  EEEN 7.09 11. 14 2.5 1.82 2,23 0.114 2.04 0. 037 0.025 15.2
2010-12-22 HEEO 7.53 9.04 2.8 2.18 2.44  0.141 2.36 0. 047 0.035 5.54
2010-12-01  ffak 7.24 8. 54 3.1 2.6l 2.31  0.053 2.23 0.022 0.01L 7.46
2010-12-06  fifask 7.01 4.96 2.3 2.95 2.88  0.07 2.79 0.031 0.01 10.3
2010-12-15  fifak 7.12 9.84 1.17 1.68 3.13  0.046 3.05 0. 026 0.016 2.03
2010-12-22  fifask 7.3 9 2.2 1.88 3.2 0.091 3.05 0.039 0.031 8.63
2010-12-01  EH[1HUKkOD 7.22 7.38 1.57 2.23 2.89  0.069 2.8 0. 047 0.026 17.4
2010-12-06  JE IOk 6.98 5.88 2.2 2.15 2.96  0.075 2.85 0.028 0.017 13.6
2010-12-15  El1HUkO 7.27 9.24 1. 64 1.91 2.53  0.05 2.46 0. 027 0.013 2.99
2010-12-22  JEI1HUK D 7.26 8.98 2.7 2.43 3.2 0.109 3.02 0. 04 0.031 16.2

2.3 KK RS A R B SRR K B AR SC 38 AR AT T HUORE A B (3R

IKIEIK ARG T 22 350 U A W R AR Bk
Fabs , SR KA M) 22 S VA BT AE B D 1 M
HART R TR LEFEARAY L BRF AL, £ 2010 4F 1 H X

3). kK 1 HCA ST RTKRE K, HEK 2 HH IR EE
K, K T A IR S K K 2 BE KR
T A K.

*3 FKI#HKQMIET BT/ copies-mL ™!

Table 3 Copy numbers and average removal rates of ARGs and EWPs in the inflow and outflow of a drinking water treatment plant/copies+mL '

FE G2 FR K1 k2 Hk 1 k2 T L% %
tetA 5.71 x10° 3.77 x10° 6.54 x10° 2.53 x10° 99.0
tetG 4.24 x10% 7.49 x10? 1.63 x10° 1.84 x10° 99.7
ermB 7.02 x 10* 5.24 x10° 3.32 x10! 2.68 x 10? 99.6
vanA 5.68 x10° 6.10 x10° 2.03 x 10? 7.41 x 10? 99.9
Escherichia coli 0157 ;H7 2.73 x10° 1.42 x10° 2.29 x107! 4.84 x107! 82.8
Staphylococcus aureus 1.15 x10° 3.03x10 ! 2.37 x1073 1.05x10 2 99. 1
Legionella pneumophila 3.55 x10° 1.98 x 10° 6.72 x10? 2.17 x 10? 83.9
Pseudomonas aeruginosa 2.79 x 10* 3.16 x 10* 3.47 x 10? 3.26 x 107 98.9
Shigella soonei 5.27 x 10! 3.09 x 10° 1.39 x10° 1.79 x 10° 94.3
Vibrio cholerae 1.21 x 10" 1.19 x 10! 1.06 x10 ! 9.71 x10 2 2.1
Salmonella enterica 1.93 x10° 2.51 x10? 4.16 x10° 5.43 x10°

B T Salmonella spp. , H KK X 48 K 2 5k
DI E AT LA BIARSF 1) EBRSOR. JEH R Salmonella
spp. TEJUIBTTKFE iy Ae th Kt A v, TR I 7 22
Xof LAV A P ARG P 25 3 AL

3 it

(1) o Bl A Rt A R BT IR U TR
WEl) 4 AR 2B A K, Salmonella spp. | L.
pneumophila F1 P. aeruginosa %5 MHIF5FR AT I5%] 107

10*, 10’ copies-mL ™' /K. ZEFEARTE Jp AR 1K
HH AR K SF85  FERAT I ] BE P, JEHEE TR
B v T oAt 3 A SRR A R ML 5 e nl
B 0 7K AR b L A B AT A 3R B ik B Y
K.

(2) B AR B T2 AR LR RE
B AR B B AR R e R A H R X T
Salmonella spp. W23 BB A R IMA. P b 75 2 %7
Salmonella spp. TS TERA P9 XU 253 /55 FE EE AL
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