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The pollution survey of Pseudomonas aeruginosa in mineral
water and spring water and the analyses of virulence genes and
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Abstract: [Objective] This experiment was made to obtain a preliminary understanding of pollution of
Pseudomonas aeruginosa in the production process of mineral water and spring water. Pathogenicity
and antibiotic resistance of P. aeruginosa of mineral water and spring water were analyzed. [Methods]
This experiment based on 108 samples from 36 mineral water and spring water factories in 9 provinces.
According to the methods for examination of drinking natural mineral water (GB/T8538-2008), the
pollution rates and pollution levels of P. aeruginosa had been obtained. The tests of virulence gene and
antibiotic resistance were tested on collected P. aeruginosa isolates. [Results] The pollution rates of
source water, activated carbon filtered water and finished products of mineral water were 16.7%,
16.7%, 0 respectively. The pollution levels of source water, activated carbon filtered water and finished
products of mineral water were 3.7, 2.0, 0 CFU/250 mL respectively. The pollution rates of source
water, activated carbon filtered water and finished products of spring water were 66.7%, 83.3% and
5.6% respectively. The pollution levels of source water, activated carbon filtered water and finished
products of spring water were 5.1, 7.3, 2.0 CFU/250 mL respectively. The virulence gene and antibiotic
resistance tests of 36 P. aeruginosa isolates showed that the detection rates of exoU, exoS, phzM, toxA
and lasB were 25.0%, 75.0%, 100%, 88.8%, 100% respectively; 36 P. aeruginosa strains were sensitive
to 14 kinds of antibiotics which were selected according National Committee for Clinical Laboratory
Standards of The United States of America. [Conclusion] The pollution rates of source water, activated
carbon filtered water and finished products of spring water were significantly higher than mineral
water. Both the pollution levels of 2 kinds of water samples were relatively low and there was no
greater than 40.0 CFU/250 mL of the sample. The activated carbon filtered water of spring water was
the highest pollution rate among all samples, which indicated that most of the factories had some
microbial pollution in the activated carbon filter link. The high detection rates of virulence genes,
including exoU, exoS, phzM, toxA and lasB in 36 strains of collected P. aeruginosa were analysed. All
36 isolates of collected P. aeruginosa were sensitive to 14 kinds of antibiotics.
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RERER | R PE R A LR ) R, Pk
exoS Fl exoU 4 5ll4wtS 4 M ExoS Fl ExoU,
ExoS 2L i 015 A0 AL h B 1 An i 20
HESEAE R LA W/ E A, 11 ExoU J& A Wl
it AR BRI AL BTG ME O AN EE 2K 5 JEIA toxA ZiD
ARSI R A, B RIBHIETE &
MEEE ARG AL, FZURSE; JEH phzM Zifid
WAk A Py A T i 20 IR A 5 35 B lasB 4
it %) P e P T LA K e T S A0 R 1 s 2
SELE AR BUR Y WS R IR IR R 8 3R
SRR ], SMEGER T RERK, R
IR K- Ko A AR 7 DR Wb R FH e [ 52 e 2
I R R ED . BEE DRI IZ R, B
Stk Z I BT T 2R S R R R R . —
FREUA Ay A 2t A1 B0 L DR 38 2o ™ A B A 38 KT Rl e AR
U5 E R RUREAL . RBe b 5 S S AMHERR Tl 254
)3k HAE FHEEAL . T8 BUAE PR S5 TLRR I 3 7™ A= Tid
2,

164 R 1R AT S F 0 SR K5 1 SRk R %
AR P TS YLt B R i, ABFSR N 9 N4 36
FAHOKFNLSRAOK) L SREET 108 DKHE, e
NSRS (RN Ol UREE 2 SN LY & O S TP B
SR TRARIEA T8 ) R 5258000, DU SRk
TSR KCEE 77 A Ml R i 22 4 M 0 11 7 4 A 2

PR P 7 e AR AR
1 MRETE
1.1 #HmEE

R 3 PR R AR A SR K I 2% e R A
(GB/T 8538-2008), M 2013 4 1 A PG, 291R4E
SOV, R, MR Wik, B dbat. mE. 5t
ML 9 AEM L BB REE 4 FOK)THR
K BRIGAKFIZARIEAK,, 3612 A KEE, BT 36 KK
J7, 108 KA. RFUKHEITE 4 °C 1 d WiB 35
B == A A
1.2 MRS

API2ONE A= fb %7 5%, ik EM IR A
0.45 um JEAR, ZE[H Millipore /A H]; CN KiFpkk |
M-H #5555  AFHZ IR RS, | AHI A
DNA 5149, # KRB Aw); DNA 2O &, 4
AW TRARRA ] 258540, Oxoid 2AH] .
1.3 SRIEAE

HfE GB/T 8538-2008, % 250 mL sKFEiE T
0.45 pm UEME, FFUEBCE T CN B I,
36 °C #55% 2 d, SRR IERES K 1,

PL P. aeruginosa ATCC 15442 SMFH:X}HE,
Escherichia coli ATCC 25922 Jy FHH:%} &, ecfX X}
REFEIA, 435l exoU, exoS. phzM. toxA. lasB
TE 36 PRHISRAB AR P AR L. SR B
Yty 2 8 PCR 52, BRI 46002 BOCHR[12],
W3 BG4 Wy HEA T R UK S FH S8 A BE I R G LS
HEAH

x1 ARREMAEFERSEE

Table 1 The selection and evaluation of Pseudomonas aeruginosa colony

WKL LA AL B 4% B IR R POl FE

Colony morphology Acetamide broth Oxidase test Kim B (Fluorescent) Judge
#%/%% Blue/Green NT NT NT Y
JEWE L% 779t No B/G, Fluorescent 4+ NT NT Y
1454 Reddish brown + + + Y
HAth Other NT NT NT N

TE: NT: AHi; NoB/G: dEiESk; +: PHE; Y. SAGEREAMIPIME: N SRagE .

Note: NT: No test; No B/G: No Blue/Green; +: Positive; Y: P. aeruginosa positive; N: P. aeruginosa negative.
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AR 56 ] 50 I R 52 06 = b AL & B 4y
(NCCLS)#5ifE, LA P. aeruginosa ATCC 15442 HH
PEXFIE, E. coli ATCC 25922 N FHYENT AR, R FHAEH
PrEk, AR R(CIP, S pg/i). Z2ARYP
E(LEV, 5ug/i). AHRIPEOFX, 5pg/hr). Wi
WE(NOR, 10 pg/F). BRREZE(CN, 10 pg/h).
HEEHEZX(TOB, 10 pg/H). AT K&HEZK(AK,
10 ug/F). ZHEZE B (PB, 300 units), R
(YMP, 10 pg/l). EPHRMEM, 10 pg/k). B
15 HRBEIE IR 2R (ATM, 30 pg/h). SkHifhiE(CAZ,

30 ug/H). SKAALAS(FEP, 30 pg/Fr). WRE FaAkfdms

ELIH(TZP, 100/10 pg)SEtruErPRERT 14 Fhehfiy

XSO B A A s IR M A T2 0 . 2580

53 STBCHE C VR A B el e Al S B BT R B R 1, A

37 °C KiF-A KGR 24 h i, ARSI e

RN

2 ZR545H

2.1 AGREREBEAEISEEMTERKE
nEe 2 R, R KT NIRRT 108 437K A

A 34 KRR AR SRR PRI T, TS RN

x2 IRBREMEREER

Table 2 The detection results of Pseudomonas aeruginosa

Al 45 IKIEIK e SUR/I YIS AR AR
Manufactory No. Source water (CFU/250 mL) Carbon filtered water (CFU/250 mL) Finished water (CFU/250 mL)
H: AGUIA 40.0
H: B GUI B 1.0 2.0
H: CGuIC 7.0 3.0
] A MIN A 20.0
% B MIN B 2.0
E B DIAN B 1.0
# A QIAN A 30.0 20.0
# B QIAN A 1.0 3.0
ZRAEA 3.0 2.0
ZSBEB 1.0
ZRCEC 1.0
JIl ACHUAN A 2.0 2.0
JIl BCHUAN B 2.0
i AHAIA 5.0 3.0
% B HAI B 4.0 4.0
I C HAI C 1.0
% D HAI D 3.0
PAHUA 5.0 2.0
¥ BHUB 4.0
It AJING A 3.0 3.0 1.0
7t BJING B 2.0 3.0
 CJING C 2.0
J L SIZ A
Tﬁz::wjﬁ 4.8 6.4 1.0

TE: AFIB: HisK; CHID: HRK.
Note: A and B: Spring water; C and D: Mineral water.

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



BRSO SRR AN L SR K rP i S i B TR 75 G IR 4 I o3 B TR R B T R 5 T 244 23 129

31.5%, XEERs B A A dE KUK 15 £ L TG PR
IR K 18 ALK 1 . 18 M SRKT M
18 LSRR F ey 5 A SRk M 17 A1l
SRR R R R, 15 YR R A
B SRR K H TC R S B AR R A 1L SRR
i KA 1 R SRR M B . SRk Sl
IR HES TS PR ARG, Jo#Ed 50 CFU/250 mL
FESR 3375 YKk 5.4 CFU/250 mL, FHorr
IKUEIK L S KRR St 7K B 25935 K43 51k 4.8
6.4 F1 1.0 CFU/250 mL,

W 3 Fron, B RK) BTG RR R 11.1%, H
AKUEAK . BRSE AT K BT5 YR a5 16.7%
16.7%F1 0, 75 4« 7KF-43 514 3.7.2.0 .0 CFU/250 mL
R s el 51.9%, HoKIEK . BRIGKF
KBTS YL 50h 66.7% . 83.3%F 5.6%, 15
YKok 5.1, 7.3, 2.0 CFU/250 mL.,

k4 pon, 0 RKSIERAKOKIEK S, Dt

TR KK IR AR IR AL 33 45y, 5 4 H6 AR 4R B
B, HATH T KR 15.2%, DLk R KR K
PEKAE 3 0y, 2 OV ARSI, AR
K1 66.6%
22 HEBESHERSH

DL P. aeruginosa ATCC 15442 Sy BHMEXT 7,
E. coli ATCC 25922 Jy [ LR R, ectX Syl BEEDA
Ay 5K exoU . exoS. phzM. toxA. lasB 7E 36 #k
B2 AR AR R R AR AE NS . AR 5 ThRT LI
X RAEEDA ecfX FERTA Wbk Pk i, HAREE ) B5E
TEOE PR R, exoU . exoS. phzM. toxA.
lasB Z:Il7E 9. 27, 36, 32. 36 FkE HARH, K
RAHIHR 25.0% . 75.0%. 100%. 88.8%. 100%.
2.3 D EERRAENE

mk 6 i, AMORIREEREH, A 36 t
AL St Hh 35 ) el Al BRI BT AR RE NCCLS Aifierh
VEELI 14 FhpiA 208, WeAT & LT 25 BRI Ak .

&3 AMK PEFERRARETEER

Table 3 The pollution situation of Pseudomonas aeruginosa in two Kinds of water treatment plants

IKIFEIK TEPERR AT IR 5 7K AT ot
Source water Carbon filtered water Finished water Total amount
= — Nt N Nt N N N N
PR TTEROE iR BIRKE RER WRATE BRE BRKE TRE

Samples Contamination Contamination Contamination Contamination Contamination Contamination Contamination Contamination

rate level rate level rate level rate level
(CFU/250 mL) (%) (CFU/250 mL) (%) (CFU/250 mL) (%) (CFU/250 mL) (%)
SRk 3.7 16.7 2.0 16.7 0 0 2.8 11.1
Mineral
water
=Y 5.1 66.7 7.3 83.3 2.0 5.6 6.1 51.9
Spring
water
S 4.8 41.7 6.4 50.0 1.0 2.8 54 31.5
Average

x4 TRIKFERFFRBRESRFR

Table 4 The contamination rates of Pseudomonas aeruginosa in different source water samples

FE i Samples BHPE%E: Positive amount

FESESL Total {54* Contamination rate (%)

Hi /K Surface water 2

#hF 7K Ground water 5

3 66.6

33 15.2
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x5 ERREMESHERLNE

Table S The detection results of virulence gene

gﬁf exoU  exoS phzM  toxA lasB ecfX gﬁ;’% exoU exoS phzM  toxA  lasB  ecfX
4 4 4 + + 18 4 o - 4 N

B i 19 4 + i 4 +
! + i T * + 20 A + + + T
2 + + 4+ + 4 21 4 o N N
3 + + 4+ + 4 22 4 o ~ N N
4 P + o + 23 4 o N N
5 + + + + o1 24 N N . . .
6 s s + + + 25 4 . ~ N .
7 + + + + ¥ 26 N N N . N
8 + + 4+ + 4 27 4 o ~ N N
9 + + + 3 3 28 + T I " o
10 A s 4 + + 29 4 i n N .
11 + + + e A 30 + + + 4 o
12 + + + + o431 N N . . .
13 + + + + L3 . . . . .
14 + + + + n 33 N N N . N
15 %+ 4 + + + i 34 4 o ~ N N
16 + + + o35 . . . N .
17 +* 4 + + + 36 4 o ~ N N
1;?,)/?;1 25.0 75.0 100 88.8 100 100

W A HIZRHBSAMEE ATCC 15442; B: KIGHFE ATCC 25922.
Note: A: P.aeruginosa ATCC 15442; B: E. coli ATCC 25922.

6 RRREMALHYALLER

The susceptibility test results of Pseudomonas aeruginosa isolates

CIP LEV ~ OFX NOR CN TOB AK PB IPM  MEM ATM CAZ FEP TZP

gff (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm)
S =21 =17 =16 =17 =15 =15 =17 =12 =16 =16 =16 =18 =18 =18
I 1620 14-16 13-15 13-16 13-14 13-14 15-16 -  14-15 1415 14-15 15-17 15-17  —
R <15 <I3 <I2 <I2 <I2 <I2 <I4 <Il <13 <13 <13 <14 <14 <I7
A 2901 282 323 411 295 369 298 317 297 309 264 291 243 339
B 276 290 344 391 295 336 293 275 253 349 263 298 254 307
1 281 334 333 405 203 303 303 346 351 378 315 186 222 318
2 292 264 304 426 203 324 273 347 366 368 323 193 246 326

(frge)

http://journals.im.ac.cn/wswxtbcn
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&)
3 30.8 26.3 30.0 44.5 24.8 33.1 28.6 34.4 24.5 30.5 33.9 20.0 25.4 342
4 27.4 25.2 30.7 36.8 24.4 36.8 26.7 29.7 33.7 33.5 25.3 21.3 24.7 35.5
5 29.1 27.2 30.3 41.1 25.5 36.0 28.8 35.7 39.7 31.9 274 19.1 24.3 339
6 28.2 28.2 30.3 39.1 26.3 36.0 27.0 32.6 36.5 32.8 324 20.2 27.8 32.5
7 25.6 30.0 31.4 35.0 22.5 334 28.3 29.5 233 36.9 233 19.8 253 30.6
8 232 34.6 29.5 31.2 34.9 33.7 35.6 21.7 30.0 35.6 31.3 21.6 244 30.9
9 25.6 36.1 25.7 33.9 33.1 32.3 27.1 17.8 21.7 33.0 32.5 22.5 27.8 30.2

10 26.6 31.0 254 27.1 30.3 36.8 29.6 19.6 21.2 33.5 27.1 213 20.8 30.2
11 233 32.8 21.6 31.6 34.9 32.0 28.7 18.9 21.6 344 27.4 23.7 29.6 29.9
12 25.8 35.1 23.8 32.8 29.9 31.6 35.1 21.1 24.5 36.5 28.9 252 28.5 342
13 27.2 32.0 233 33.5 32.9 36.9 28.0 19.7 21.9 35.0 28.7 25.2 26.5 35.5
14 23.8 34.8 24.5 32.8 33.6 354 29.1 19.9 20.6 31.7 323 21.3 24.8 33.5
15 26.1 30.7 23.2 333 32.0 333 33.1 19.9 22.9 34.4 28.9 22.8 26.1 33.8
16 27.2 30.7 25.5 324 27.2 35.5 29.6 19.0 23.1 35.7 38.6 222 25.9 31.7
17 27.0 32.1 26.7 33.6 29.2 332 29.5 17.9 22.7 33.9 28.8 232 24.5 32.8
18 27.0 344 21.2 334 334 31.7 29.0 19.9 21.9 314 273 20.6 23.4 30.4
19 28.2 24.8 26.0 30.0 31.1 323 344 23.1 23.1 324 28.9 19.8 24.1 32.8
20 25.5 28.3 29.5 25.0 26.8 29.1 23.1 25.1 23.5 29.0 28.0 26.5 26.0 24.9
21 259 30.3 30.8 33.2 25.2 34.0 253 31.5 33.9 31.9 28.0 19.7 24.9 35.5
22 29.3 27.1 26.9 30.4 20.8 33.8 27.5 34.8 31.6 30.4 24.1 19.9 23.6 30.3
23 32.7 22.0 334 37.1 27.1 30.7 29.2 333 36.0 38.3 29.1 21.6 27.7 30.0
24 29.6 26.9 28.0 33.8 29.2 31.7 27.5 324 322 37.5 24.6 29.6 27.6 31.2
25 28.4 29.3 30.5 38.0 23.9 31.0 27.6 30.7 352 37.2 28.5 19.6 20.8 33.9
26 314 28.4 28.2 36.8 259 31.5 31.2 30.4 334 33.7 26.0 19.0 21.4 31.3
27 30.5 29.9 31.9 39.3 25.2 34.9 28.9 31.1 40.1 333 30.5 19.1 24.1 32.6
28 29.9 27.4 29.9 41.4 24.3 332 313 36.1 36.1 344 304 19.7 25.1 334
29 32.5 32.0 33.0 424 26.6 36.8 35.8 33.8 25.5 333 30.9 20.3 25.6 36.5
30 32.6 28.8 29.2 37.6 26.3 33.8 28.6 31.9 37.9 32.8 28.5 19.7 28.1 352
31 30.8 34.7 32.7 37.5 27.6 34.7 33.0 29.4 352 35.5 26.7 21.2 27.2 36.5
32 21.5 37.3 343 41.1 28.1 37.0 33.5 394 37.9 373 38.2 18.8 19.8 323
33 27.1 33.5 353 35.6 24.3 30.5 33.4 33.7 34.1 31.9 30.6 28.6 222 31.9
34 253 26.5 324 32.7 29.3 32.7 29.3 35.7 33.6 30.8 39.4 31.4 24.6 32.6
35 27.8 233 40.9 28.5 29.8 34.0 25.6 334 29.5 34.5 30.9 25.0 254 342
36 29.4 242 31.7 28.8 28.4 36.5 27.7 26.6 30.7 30.5 29.3 313 24.7 35.5

e A BISHBREEMIPE ATCC 15442; B: KIAAFIA ATCC 259225 S: ffusk; 1. "EmZE; R: M2y
Note: A: P. aeruginosa ATCC 15442; B: E. coli ATCC 25922; S: Sensitive; I: Intermedium resistance; R: Resistance.
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W KT TS YR 11.1%, HoKEK ., w5
IKFRL A K 5 YR 5 16.7%, 16.7%H10, 15
YerKE53 51 3.7, 2.0, 0 CFU/250 mL, 1L1EKT
PTG YR Ny 51.9%, HIKWEIK . B K FUBL K Y
TSYLRIHIH 66.7%. 83.3%F1 5.6%, 15YLIKF4)
Mk 5.1, 7.3, 2.0 CFU/250 mL, 1R AKKIEK
TEPERIT IR E K . B KIS YR B B S T SROK
{RY5 YeAREIBAR, TEFHMERE L, 3575 K
AR KTF 10.0 CFU/250 mL, #RK 5 R K F AL
Al 7K AR SRR B A TS YR ARG, 7E 18 1 SRK
TR 7K A R S AR SRR LR, 18 1L SR K AR
7K AR 1 R SRR M B, KA,
SR AR SRR 8 J5 /KT ety , A5 T 83.3%,
P ICER A3 Al E TG PR UE IR T A7 15 Y [l
A PRV 25 TS PR IR R S AL,
MHEPERHEA ISR FITE B o A7 IR K S 1 SR ZKOK IR
W, T KA SRR B S YR N TR OK b
KA ERAR BN P 1975 G Ry 15.2% ., i FOK AR 2
R AT T BT UL % 66.6%. 1 713 [H exoU . exoS.
phzM. toxA. lasB TEUAEFIN 36 k&5 witk A
RS, XRIIHER M . [HX] NCCLS #rifErh
() 14 Ry I TEm 2y, HoaT s rkis
S % 3wk
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