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Abstract: The study objectives were to comprehensively evaluate the pollution situation, drug resistance, and
phylogenetic relationship of Pseudomonas aeruginosa strains in Ningxia barreled water production enterprises; identify the
pollution source; and improve the product quality. Detection of P. aeruginosa was conducted in water samples from each
production link of the enterprise. The isolates in the water samples were identified using a VITEK-2 microbial identification
system, matrix-assisted laser desorption ionization-time of flight mass spectrometry (MALDI-TOF MS), and 16S rRNA gene
sequencing. The antimicrobial resistance of P. aeruginosa was assessed using a compact VITEK 2 system, a phylogenetic

tree was constructed using 16S rRNA gene sequencing data, and homology was analyzed using MALDI-TOF MS. The
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identification results of the VITEK-2 system, MALDI-TOF MS, and 16S rRNA gene sequencing were 100% consistent with

the identification results of the 24 positive strains isolated using conventional methods. Two of the 24 P. aeruginosa strains,

5-B-1 and 7-C-5, were drug-resistant, and the drug resistance rate was 8.3%, indicating that the drug resistance level of water-

borne strains was low. The mass spectrometry results showed that the positive strains from the same area were closely related.

The phylogeny analysis showed that the isolates of P. aeruginosa were not related to the geographical region, but the strains

of P. aeruginosa from the same source were in the same cluster, and the main source of P. aeruginosa was water. This study

provides accumulated data for the contamination traceability of P. aeruginosa in barreled water and the theoretical basis for

further research on contamination traceability of bacterial species.

Key words: Pseudomonas aeruginosa; drug resistance analysis; matrix-assisted laser desorption ionization-time of
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Table 1 Detection results of Pseudomonas aeruginosa in every link of barreled drinking water enterprises

Jp KK FHRAEBK  FREES MG K EE K &
A e AR KM B MK R e A% Ak HS AR
1 2 0 / / 5 2 2 0 2 1 / 0
2 2 0 / / 5 1 2 0 2 0 / 0
3 2 0 / / 5 4 2 0 / / / 0
4 2 1 / / / / 2 0 / / / 0
5 2 0 2 1 / / 2 0 2 0 / 0
6 2 0 2 0 5 0 2 0 2 0 / 0
7 / / / / 5 2 / / / / 5 0
8 2 0 2 0 5 0 2 0 2 0 5 0
9 2 0 / / 5 1 2 0 2 0 5 0
10 2 0 2 0 5 0 2 0 2 0 5 0
11 2 0 / / 5 0 2 0 2 0 5 0
12 2 2 / / 5 5 2 0 2 1 5 0
13 2 0 / / 5 2 2 0 / / 5 0
14 2 1 / / / / / / / / / /
smvHLL% 26 4 8 1 5 17 24 0 18 2 71 0
ES /S GE-YIA 15.4 12.5 30.9 0 11.1 0
grwEc, o na

E:
x 2 AR BREMEAEERRERL RS

Table 2 Sources and number of the Pseudomonas aeruginosa

KB AR BEK e B BTk
0 / 1-C-2. 1-C-4 1-E-1
0 / 2-C-3 0
0 / 3-C-2. 3-C-3. 3-C-4, 3-C-5 /

4-A-2 / / /

0 5-B-1 / 0
0 0 0 0
/ / 7-C-1. 7-C-5 /
0 0 0 0
0 / 9-C-5 0
0 0 0 0
0 / 0 0

R

----- 0 / 13-C2. 13-C-3 /

14-A-1 / / /

Z: BT @GR TREEL, FERREFLY, B
& 2 F KA R — R IR S
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Table 3 Drug sensitivity of 24 Pseudomonas aeruginosa strains

N i
kG5
AMK GEN FEP CAZ CPZ CEF CFO TZP IMP SMZ CIP LVX TE MIN
1-C-2 S S S S S R R S S R S S R R
1-C-4 S S S S S R R S S R S S R R
1-E-1 S S S S S R R S S R S S R R
2-C-3 S S S S S R R S S R S S R R
3-C-2 S S S S S R R S S R S S R R
3-C-3 S S S S S R R S S R S S R R
3-C-4 S S S S S R R S S R S S R R
3-C-5 S S S S S R R S S R S S R R
4-A-2 S S S S S R R S S R S S R R
5-B-1 S S S S S R R S S R R S R R
7-C-1 S S S S S R R S S R S S R R
7-C-5 S S S S S R S S S R R R R R
9-C-5 S S S S S R R S S R S S R R
12-A-1 S S S S S R R S S R S S R R
12-A-2 S S S S S R R S S R S S R R
12-C-1 S S S S S R R S S R S S R R
12-C-2 S S S S S R R S S R S S R R
12-C-3 S S S S S R R S S R S S R R
12-C-4 S S S S S R R S S R I S R R
12-C-5 S S S S S R R S S R S S R R
12-E-2 S S S S S R R S S R S S R R
13-C-2 S S S S S R R S S R S S R R
13-C-3 S S S S S R R S S R S S R R
14-A-1 S S S S S R R S S R S S R R
ATCC27853 S S S S S R R S S R S S R R
ATCC10145 S S S S S R R S S R S S R R
E: R AT, SEATHE

2.3 MALDI TOF %5 & 4 #t

24 ¥R 4 MALDI TOF MS M, H45 8RN
MR MR, % s RS0 KRZHAE 9.4 77D E,
ZEREE G RS RS R @ 24 PR
SR M T ) R R FE BB AT R 2T 24 #k
W SR AR RGO BN B 1 TR, SRERR
PEAy PR AR B, o A S8 oy WFiK,
—R RS K 1-B-1, H 5FrHER ATCC27853
A ATCC15442 N — 1%, RUIZMRE 5 P8R AR #E
EEE R FARAAL; H— Rk E 3 Ml
FIK T, ek | R — M X B P B AR SR 205 R
I Cner, EAERT R, FRUERE R CMCC10104 5
12-C-5 C[E ST XK B D I BH MR SR 2500 &
WTo B ZRAEE R 13-C-3 A2 [R]— 13 X A9 BH M R

13-C-3 SR E AW, b B el fSoas £ 2 52 A A
A 51 R A SR T PR TS e, N T B i
R 7 A 3 ) XU

2.4 16S rRNAF 7| 47

MONCBI £ #5 J2 o 8 %3 b 4 2% 1 5 8 1A
br #E P P aeruginosa ATCC 27853 (genebank
AF094719.1). P. aeruginosa ATCC 15442 (genebank
AF094718.1). P. aeruginosa CMCC(B)10104
(genebank MK341714.1), ¥ H 5 24 ¥ B W /7
Ji 9 16s TRNA 2 [X] F¥ 41 {£ NCBI | £t i BLAST
Eeoxd, Hox &5 BB i S 5 A T A R AR
99.4% LA . K22 LLR R Pseudomonas
Sluorescens OP493230.1 4 #F B 17 16S rRNA &
FP B & g8k A, AT v AT R 24 B 23 S R A 3
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Fig.2 The phylogenetic tree based on 16S rRNA gene sequencing

300



MR BB

Modern Food Science and Technology

2024, Vol.40, No.6

3 g

AW 7T 3 B ALK R K &R KRR
FITAZTE 1A 3 A 0 PR B AT AR DU, o [ S A 37
AT SRR R . ORI A AT R
A, SRIKARHEAT BRI, TR AR 78 A2
TEVEH . Ho A Bl AT DK I & B %
FEAR N AR, IR e 5 Y. Bl
% TV E AR &, WEEERET
LK BT IR B R0 R BE IE AN BB VR 2R, B VEAR
FAK A TR0, 38 T Yol KIR KRN 35
COAHT AR, X5 A AR DA K T A R AR
I, DRI 2 A ol ) B 2 2 T 1 v 0 P O AR IR B
WIER, HEEENE. FAEBK, SR AREE
MBI NS s AP A YA PR IEAS SO
T K GEANE TE TG e Wt Wi 25 Ve i 5 SRR
A < B b DX A R A 4 A R L R B A R T 24 7K A
WPRAR, AR 2 bk 6 Ei 250k, X 5ENIF
ATHRIE MK IR 2 B 2 BN 25 R A R — 3. R
B 7R A 4 A1 P B A T 243 A A T I R 20 B AR
AELATS T A0 58 D YA S A D00 A 22 R P 7K 4 AP B e
I 2315 0L, DAORRR KV SR oK 22 42

MALDI TOF MS EAA#ER, EilE. (KA
FIPLE, al PGl % AR, T AT R
YIEIIEE 43 A SR T B 5 1 24 R4y B AR
28 AT I IE) J5T 3 2 5 34 100% £ & AR AL % E 45 R
MALDI TOF MS i it 8 1 i e 8B it A7 52K 0 Hr
I8 TR B, 4SR5 B R B 1 23 2 5 3 B S 11
XN FR, A —HBIX 43 B A SR B P I B SR 4 K R
B, I R 2 K B AR (D 9-C-5) R H
el SRR, P VR 6 I = R R RSO ¥ g LR K
AIBE S 51 B M s 1) 22 XI5 G4, 16S rRNA R4 K
B M 45 B3R LS S v B A R U 1k 99.4%,
SR FRH [R] PR B8 R SR 5 0k R IR,  (HL T AR 10 43 2 5 b
WA BN ER, R ZIEELRLERRN
WM EERREE R, E—ERE LRE T
TIEAE B AT IR SR 5 R R MR LAFEA R .
g5 b, I FU ARG H A M PR A (1Y e IR T AT
TR TIHYMER, R T 7 2 X KR
PR SRR M B, ST T R TR A K 2 O
FB o R R 453 M1 B L AT 1 BRI I 792 s A M % K
P, WOROKIEAKAZT5 g% s HE—25 7 il K IR A4 4%
65 P R T TR USCAR AR DV AT G

KW A7 PR AR AT B3 90 FE I8 B9 Bk B SR8 o B A 1)
H R, RS BUR 2 7K AR A SR8 B0 B A 1 o P 3 i
AR H. MALDI TOF MS 5 16S rRNA [ ¥ 147
AT AT DA A A 258 7K F A M1 B B BT PR Y G R AR 2R 4
#5. MALDI TOF MS f£ & H/KF B RIEME 5
16S rRNA 7£ 531 7K1 L 19 [R5 1 43 #r 45 SR A7 1E 2%
S, AR R 5 5 e BRI T A 0 oK B ik 1 23 b B
B BHE . FRPE T8 2 2R
DI T3 W E 94 i (AT 78 5 o

(11 ESCHR, BT B, 55 TL 00 4 0 SR K AN A R AR 7K
o Al % Al B T S G O e A (0] I ARG IR A,
2017,27(3):124-126.

[2]  FBRJIEE&, E#A,55.2016-201 9 R /K i 4
AP B A AL 175 150 70 BT K nd SR (D] 9 R T B A 2
2020,31(10):806-808.

(3] &R, TR, 55 3R A A0 7K i A B0 i T
8 77 V2R 1 19 L7 AT B BT A R (] T i 2
AN 2 4R,2021,12(10):4257-4262.

[4]  ZRHEINN.2017-20184F % 44 1 X A0 B 0 H /KI5 B i 43
BT[] A e 4 o BAG ) 244,2019,10(7): 186 1-1864

[5]  FEFUIA BB, 22 0% 1 ,58.2017-20 194F 1] B9 44 W 6 IR
FH KSR 45 J A3 BT[] 3858 TLAE 24 44 7,2020,10(6):579-
583.

(6] FKERFF,HHE G 4 2L 55.2018-202 14 7R 52 1T B M
7K A o i B B B TS R 3 T (0] o R R A
A,2022,4(11):54-58.

(7] SREZEERRA, 0,55 DY )12 A 2 R 7K [l a v 4
SRR ER O TRT 107 bR VL TR T (] o 22 4 o B 2 AR,
2019,10(19):6712-6717.

(8] &N IRIKIKALBE R G AW 22 4 A 8 5 T2 L ATF
FL[D].) MR HE T K %2,2020.

[91 WEIL, WU Q, ZHANG ]J, et al. Prevalence and genetic
diversity of Enterococcus faecalis isolates from mineral water
and spring water in China [J]. Front Microbiol, 2017, 8: 1109.

[10] {5 &, K bR I /D TR, 55 AP T2 28 1 P 7K o 4 A1
P R b R N 1) 43 A S R (0] AR L2021 (15):
154-156.

[11] HESSE C, SCHULZ F, BULL C T, et al. Genome based
evolutionary history of Pseudomonas spp [J]. Environ
Microbiol, 2018, 20(6): 2142-2159.

[12] XIAO M I, WANG Y, YANG Q W, et al. Antimicrobial
susceptibility of Pseudomonas aeruginosa in China: a review
of two multicenter surveil lance programmes, and application
of revised CLSI susceptibility break points [J]. Int J Antimicrob
Agents, 2012, 40(5): 445-449.

[13] AXENA P. Biofilms: Architecture, resistance, quorum sensing

301



MR BT

Modern Food Science and Technology

2024, Vol.40, No.6

[14]

[15]

[17]

[19]

(20]

(21]

[22]

302

and control mechanisms [J]. Indian J Microbiol, 2019, 59(1):
3-12.

TR, 7K AR, SR R AT 7K v 4 A P L AT ) B 70 B0 0%
B R[] 6T 2242 9 11),2020,4:97-98.

POBIEGA M, MACIAG J, POMORSKA-WESOLOWSKA
M, et al. Urinary tract infections caused by Pseudomonas
aeruginosa among children in southern poland: virulence
factors and antibiotic resistance [J]. J Ped Urol, 2016, 12(1): 36.
CRONE S, Lorez M 'V, KVICH L, et al. The environmental
occurrence of Pseudomonas aeruginosa [J]. Apmis, 2019,
128(3): 220-231.

BOTELHO J, GROSSO F, PEIXE L. Antibiotic resistance
in Pseudomonas aeruginosa mechanisms, epidemiology and
evolution [J]. Drug Resistance Updates, 2019, 44: 26-47.
AZAM MW, KHAN AU. Updates on the pathogenicity status
of Pseudomonas aeruginosa [J]. Drug Discovery Today, 2019,
24(1): 350-359.

ke, B ) R X 56 TR K YR A 0 M i 1
25 HT LI 16S IRNARGUR B AT FL[T]. 6 i 2 42 i B
F& I 27 4%,2022,13(13):4150-4156.

KIFE, 18 RK o 00 05, 55 0, B U I P R R i R 1)
i 245 43 7 B [7) 9  F 92 (0] 7 E R ,2019,38(6):132-
135.

2 i, 0 S0E XA 2 B TS 24 L ) B 7 3 e ) LR 2452
7k £,2022,28(12):48-51.

X PR P, T 5 5 A5 R e A AR R TR 3 A B

(23]

[27]

[30]

ZGPEAr AT [J]. P D S AR ) 2 2 75,2023,18(1):82-85.
APPANEAL HJ, CAFFREY AR, JIANG L, et al. Antibiotic
resistance rates for Pseudomonas aeruginosa clinical
respiratory and blood stream isolates among the Veterans
Affairs Healthcare System from 2009 to 2013 [J]. Diagn
Microbiol Infect Dis, 2018, 90(4): 311-315.

il 4, 265 4 B, 55 A e Y 7K i) 4 Ml B L T 1) 75
Qe Ko U [T] B T U5 71 %,2019,40(11): 170-173.
FH P2, MK, 2 R AR, 55 0, B A FH K P 4 Al o
JE T ) RIS 20 BT [9] A 1 27,2022,5:128-134.

F1 52, X0 D [, FH A 06, 46 6 T Jo A B e e O L
QAT IS TV 0 3 A o 24 v Gl T R R 2 E [J].
B A A I 22 41,2021,12(7):2650-2655.

JANG KS, KIM YH. Rapid and robust MALDI-TOF MS
techniques for microbial identification: a brief overview of
their diverse applications [J]. Journal of Microbiology, 2018,
56(4): 209-216.

B, BRI, 2N, 55 R T 16S rRNAE [R5 23 BT
FEWDRER 2 FEIE (0] 2 E D 41:,2021,61(5):1044-1063.
CARUSO V, SONG XB, ASQUITH M, et al. Performance of
microbiome sequence inference methods in environments with
varying biomass [J]. mSystems, 2019, 4(1): e00163-e00118.
THS R 51, R 6 5 X HE B2 20119-202 1 4F 4 4% 5 B4 i 7
e PR 5315 e i 245 78 43 A7 (0] e PR 15 2 W 5 5 552 18,2023,
8(14):68-71.





