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Clinical distribution and drug-resistance gene analysis of carbapenem-resistant Pseudomonas aeruginosa in a
tertiary hospital in Shanghai

DENG Changzi®, SUN Yukai“, HUANG Xiaochun, WAN Yuxiang, LIN Jia, MA Wei"
Department of Clinical Laboratory, The First Affiliated Hospital of Naval Medical University (Second Military Medical
University), Shanghai 200433, China

[ Abstract | Objective To understand the clinical distribution characteristics and drug-resistance genotypes
of carbapenem-resistant Pseudomonas aeruginosa (CRPA) in a tertiary hospital in Shanghai, so as to guide the rational
use of antibiotics, reduce bacterial resistance and control nosocomial infections. Methods A total of 94 consecutive
and non-redundant CRPA strains isolated from clinical specimens were collected in The First Affiliated Hospital of
Naval Medical University between Jan. 1, and Dec. 31, 2019. The distribution of CRPA across departments and sample
sources were analyzed. Antimicrobial susceptibility testing against 13 antibiotics was determined using the VITEK 2
Compact automated microbiology analyzer and the Kirby-Bauer disk diffusion method. Polymerase chain reaction (PCR)
was employed to detect genes encoding extended-spectrum P-lactamase resistance gene, carbapenemase resistance gene,

and porin resistance gene. Homology analysis of selected isolates was performed using kSNP3, a k-mer-based software,
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for single nucleotide polymorphism (SNP) analysis. An evolutionary tree was constructed to assess genetic relationships.
Additionally, multilocus sequence typing (MLST) was performed using the Pseudomonas aeruginosa typing scheme from
the PubMLST database. Results Among the 94 CRPA isolates, high resistance rates were observed for carbapenems,
including imipenem (92.6%, 87 strains) and meropenem (87.2%, 82 strains). In contrast, low resistance rates were detected for
aminoglycosides, such as amikacin (10.6%, 10 strains), gentamicin (20.2%, 19 strains), and tobramycin (20.2%, 19 strains).
The top 3 departments in terms of isolate distribution were the Emergency Intensive Care Unit (9.6%, 9 strains), Department
of Cerebrovascular Surgery (8.5%, 8 strains), and Department of Respiratory Medicine (8.5%, 8 strains). PCR analysis of
94 CRPA strains detected outer membrane protein D2 (OprD2) gene deletion in 47 (50.0%) strains, 13 (13.8%) strains were
positive for blayyc, 4 (4.3%) strains for blay,, 2 (2.1%) strains for blay,, 1 (1.1%) strain for blayyy, 12 (12.8%) strains for
blaipy, 4 (4.3%) strains for blaygy, and 2 (2.1%) strains for blages, while blagyy s, blagc, blagy, blaygs, and blag,, were not
detected. MLST identified 36 different sequence types (STs), with ST463 and ST274 being the most common, and 2 new ST
(ST4023 and ST4024) were identified for the first time. Conclusion CRPA strains carry multiple resistance genes and exhibit
concurrent resistance to several commonly used clinical antibiotics. The resistance is primarily associated with the presence
of blay,c, blay,, and bla;g,, genes and the deletion of OprD2 gene. Clinical monitoring of CRPA should be strengthened, and
rational use of antimicrobial agents is essential to control its spread within the hospital.

[ Key words | carbapenem-resistant Pseudomonas aeruginosa; drug resistant gene; drug-resistance rate; molecular
epidemiology
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Tab 1 Primer sequences of drug-resistance genes

Gene Sequence (5'-3") Reference
blagp F: CGTCTAGTTCTGCTGTCTTG; R: CTTGTCATCCTTGTTAGGCG [6]
blayg F: GGAATAGAGTGGCTTAAYTCTC; R: GGTTTAAYAAAACAACCACC [6]
blayy, F: GATGGTGTTTGGTCGCATA; R: CGAATGCGCAGCACCAG [6]
blaypy F: GGTTTGGCGATCTGGTTTTC; R: CGGAATGGCTCATCACGATC [6]
blagys s F: GCGTGGTTAAGGATGAACAC; R: CATCAAGTTCAACCCAACCG [6]
blag, F: TATGCAGCTCCTTTAAGGGC; R: TCATTGGCGGTGCCGTACAC [6]
blag,, F: TACAAGGGATTCGGCATCG; R: TAATGGCCTGTTCCCATGTG [6]
blaygy, F: CGACTTCCATTTCCCGATGC; R: GGACTCTGCAACAAATACGC [7]
blap, F: ATGAATGTCATTATAAAAGC; R: AATTTGGGCTTAGGGCAGAA [7]
blagy F: GAGTATTCAACATTTCCGTGTC; R: TAATCAGTGAGGCACCTATCTC [7]
blagy, F: AAGATCCACTATCGCCAGCAG; R: ATTCAGTTCCGTTTCCCAGCGG [7]
blages F: ATGCGCTTCATTCACGCAC; R: CTATTTGTCCGTGCTAAGG [7]
OprD2 F: GCGCATCTCCAAGACCATG; R: GCCACGCGATTTGACGGAG [8]

blaypc: Klebsiella pneumoniae carbapenemase, a class A B-lactamase; bla,,: Imipenemase, a metallo-f-lactamase; blay,,: Verona

integron-encoded metallo-B-lactamase; blayp,;: New Delhi metallo-B-lactamase; blagy,.4s: OXA-48-type class D B-lactamase; blag:

Butirosin-inactivating carbapenemase, a class A B-lactamase; blag,;: Seoul imipenemase, a metallo-p-lactamase; blaygs: Vietnamese

extended-spectrum B-lactamase; blapgy: Pseudomonas extended resistance P-lactamase; blaygy,: Temoniera B-lactamase; blagy:

Sulthydryl variable B-lactamase; blaggs: Guiana extended-spectrum p-lactamase; OprD2: Outer membrane protein D2; F: Forward; R:

Reverse.

1.6 FRESH RHHEET k-mer 53519 KSNP3 4k
1 ( https://sourceforge.netiprojects/ksnp/ ) Xt kA IE
TR 2 1M (single nucleotide polymorphism,
SNP) St A AR . 35T PubMLST %l 2
i) 2 B B0 T B 1Y 40 Y ( hetps:/[pubmist.orglorganisms/
pseudomonas-aeruginosa ) J7 AT 225 15 T4 4y Y
( multilocus sequence typing, MLST) 43 #7, H A&
PR B RAREE R A 2 A P e 58 BRI, kTS
S FE P () i SRR B 9 P 91287 (sequence
type, ST) , KT 100% DU e () {3 FE K, T
BRI AL, BT R B A 6 JE R P A 28
BIZBHRIE, RS LR g, R AR
fHE0 ST, 7 PubMLST #iffiJ% 4% ST /5 5.

1.7 %its 42 3 WHONET 5.6 #4647
PR RN 25PE 58T, TTHECTERE LG5k v ik O
HOEER.

2 &% B

21 AMEKRREFESAHR MN20194F1H1HE
12 J1 31 H Il RAR A 43 85 1 i 22 A 1 52 CRPA
PAPE 94 bR, Forb 73 BRrES A B, 21 MR E AL
PEo BERIE T MMERRE, D60 % Ll NE
% (54.3%, 51/94) 5 DRASKUE LGS FIIH L BE
JE, H67.0% (63/94) , HARIFEALHE I H A%
(7.4%, 7/94) . 7 WPIF (7.4%, 7/94) | 5l
T (6.4%, 6/94) | MK (5.3%, 5/94) FIHA
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A (6.4%, 6/94) 5 BFEsrmlh g s. M
M A AMBHFIREIR AR 32, 43905 9.6%(9/94 ) | 8.5%
(8/94) F18.5% (8/94); CRPA £4r& At HH,
215 88.3% (183/94) .

22 CRPAX#HE ey w25 & 94 ¥k CRPA X}
Il R H FH Y 13 R 259 09 25 O ge 25 R an sk 2

Jfi7n, CRPA XV Bk B¢ M P R W e s pg . 36
BRI 245 R A, 435N 92.6% (87/94) F
87.2% (82/94) 5 X Z I AERIK KA.
IRKBEER . Z A% R T 2R A8, 72510 10.6%
(10/94) . 20.2% (19/94) F120.2% (19/94) .

&2 94tk CRPA SHUHZGMHIZ BTN
Tab 2 Antimicrobial susceptibility profiles of 94 CRPA strains

N=94, n (%)
Antimicrobial agent Resistance rate Intermediate rate Sensitivity rate

Piperacillin 33 (35.1) 19 (20.2) 42 (44.7)
Cefoperazone-sulbactam 38 (40.4) 25 (26.6) 31(33.0)
Piperacillin-tazobactam 24 (25.5) 18 (19.2) 52 (55.3)
Ceftazidime 29 (30.9) 24 (25.5) 41 (43.6)
Cefepime 23 (24.5) 12 (12.8) 59 (62.8)
Aztreonam 52 (55.3) 20 (21.3) 22 (23.4)
Imipenem 87 (92.6) 3(3.2) 4(4.3)

Meropenem 82 (87.2) 4(4.3) 8 (8.5)

Amikacin 10 (10.6) 0 84 (89.4)
Gentamicin 19 (20.2) 4(4.3) 71 (75.5)
Tobramycin 19 (20.2) 0 75 (79.8)
Ciprofloxacin 35(37.2) 11 (11.7) 48 (51.1)
Levofloxacin 36 (38.3) 8(8.5) 50 (53.2)

CRPA: Carbapenem-resistant Pseudomonas aeruginosa.

23 wHARAEMNER KUK IR 94 £k CRPA i
1T PCR Y™ #+ &E e v VKo At 13 Bk (13.8%)

blayp FATETR, 4 BE(4.3% ) blay, FHYER, 2 #£(2.1% )
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(12.8% ) blag,, FHYEE, 4 8k (4.3% ) blay, BH P
W, 28k (2.1%) blages FH P, blagysas. blagc.

blagy . blayg. blagy, SFHEFARKG, OprD2 HH Gk
0 47 kR (50.0% )
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ML A B DL T 4RAE . PEICRRR X 4 25 11 8 #k
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PSS = 53 B0 7 BRI RN blage. FATE, b6
PRIFI A TE OprD2 FE ke 5 P22 SR ER — 95 X
B T MR AR T, AT 6 MR A OprD2 FEIH kR,
Horp 3 BR[E B K blaee BEYE; S22 =050
O KRR, A 58k OprD2 BRI BG ;BRI
PIEE ) 6 BRIEET, A 4 ¥R OprD2 JEH R
24 R R A 25 A 69 CRPA 3 4k 25 S 0L
e R T R M S I DR R 4 I AL AR 1

PRI 5t 2 B R ) 485 SR R A T L X, ol P R s IR B0
AN 24558 BEURGR S R, AT LU Y R A H B
H B IS FE I 19 CRPA Tt 25 R B 5, AR AT fn]
BE IR TR R X BT 25 B U R R, SR
B S DRLRD S FL AR 1 3 DRI i 2K 1Y) CRPA T B Tt 24
T, SN Z ARG 25 )2 T 25 AR

USRI

2.5 SNP #HALK 547 & #7 MLST 2 3]

2.5.1 SNPH# ft#f 2 A 2R % T kemer 595 1Y
kSNP3 #& 14 ( https://sourceforge.net/projects/ksnp/ )

X i e AR AT 1Y 7 ik T 0 Bl S A OprD2 BE T
1Y 62 Mk ] £ {1 P jY 7 36 4T SNP 43 #r, IR A R
ge AL e DU R A T PR A I 4 )T A,

SR 3 BRI P 2 WO TR Bk, LA i) 4l 51 B TR PAO 1
(NC_002516) 4 Z % BRI, 73l # & F W
59 MEA S S IR A I T XS, PAFSAHEAM
FERTES A, el - R BGT B AR AR A ) SNP
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Fig1 Comparison of antimicrobial susceptibility profiles of CRPA strains with different resistance genes detected

A: Resistance rate; B: Intermediate rate; C: Sensitivity rate. CRPA: Carbapenem-resistant Pseudomonas aeruginosa; PIP: Piperacillin;

LVX: Levofloxacin; CIP: Ciprofloxacin; TOB: Tobramycin; GEN: Gentamicin; AMK: Amikacin; MEM: Meropenem; IPM:

Imipenem; ATM: Aztreonam; FEP: Cefepime; CAZ: Ceftazidime; TZP: Piperacillin-tazobactam; CSL: Cefoperazone-sulbactam;

OprD2: Outer membrane protein D2.

& 2

Fig2 Phylogenetic tree constructed using maximum likelihood method based on core SNP

Circle 1: ST

Circle 2: clinical

Circle 3: specimen type

[T] vIP mediical service ward 3
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Wz 02 [Jsunicu [l Abdominal fiuid
s W <023 Ml 8ununt [ site

[7] 144 [ ziz1 [l Cardiovascular surgery ICU M Biocd

] 235 [ ze85 [ Gestroenterology ward 1 [B] Broncho-alveolar lavage
W 244 [ 2382 || Emergency departmenticu [l Necrotic tissue
Wz | | 710 |1 Emergency observation ward 1 [l Pucture fluid
[l 252 || 1682 [l Emergency surgery [ secretion

[ 1260 [ 1437 M Military cadre ward 1 Il shunt fid
Wz M 417 [ Generalsurgeryward 3 [ sputum
Wzs M 133 Hematologyward 1 [ Throat swap
W 274 [ 1295 [ ceretrovascuiar surgeryward || Urine

W oss3 1248 || Neurosurgeryward 1

W 514 [ 1228 [ Neurology ward 1

W sse [0 1212 [ Otorhinalaryngology (ENT) ward 1

[ 708 I 196 [ Respiratary outpatient clinic

I 7os WM 1020 [T Plastic surgery ward

[ 733 [ e00 [7] Rehabilitation medicine ward

Tz W 2 [ Respiratory ward 1

SNP: Single nucleotide polymorphism; ST: Sequence type; ICU: Intensive care unit; VIP: Very important person.
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Tab 3 Upload results of newly discovered ST in Pseudomonas aeruginosa
Sample ST acsA aroE guaA mutL nuoD ppsA trpE
Cha-Pa 60 ST4024 17 24 37 5 3 38 25
Cha-Pa 7 ST4023 152 5 5 3 1 6 3

ST: Sequence type; acsA: Acetyl-CoA synthetase; aroE: Shikimate dehydrogenase; guaA: Guanosine synthase; mutL: DNA

mismatch repair protein MutL; nuoD: NADH dehydrogenase subunit D; ppsA: Phosphoenolpyruvate synthase; trpE: Anthranilate

synthase component [ .

3 3t g

R A R B N T DR 48 . PRI | i
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A SO ARV B, CRPA I B 2017 4R
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559, 255 WA 25 T8 1 Sy RO, U HOR Rz
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Y[R, R SRR B ) E TR 6
FRARA XS AR A SRS TR, I PRI% AR
B X5 R SCERIRE AR

M e AR R A PTAE R R R R ) T A
i 35 W ARA BT 25 AL O BE F1, A HRGEFE e, FEfl
FH HO BT B F VAT RIS, i 2 B B B B 0 4 d
) N A T i 7 B M S b A R T 2452 ) PR i
AR S I R T 0 B4 ek P S T 2 R R R
[ AEAE RO AR S ) 2o {1 B T o I g 15 i 1)
T 2454 5l 7 B M T IR 24 A s 0RO, T
i £ s B P T 5 2 5 g P 24 8 ARk AR B
Kol s IR E L ARk, BEE IR
it FIA 34 Jm, CRPA i 25 R A . AR &
BRI PR Rl 8 0 S TR 24 P et PR Rl & Tt
2RI, PP 2B R ) T RE R Sh

it 25 P L A B ZE P R

MG A B 98 9 G 1+ s, CRPA X i %5 /i
(92.6%, 87/94) MEX K (87.2%, 82/94) iy
it 25 % B v, ELAFAEXS M e e i 25 (H 6 98 2 %
FERBURRAY B RR, LA SORH I %o 56 20 1% g i 24 {5 X IF
Frie 3 e ARURR I BRI, 35 R 2 A1 B B 1) T 24 L7
A X P TR 24 E T 35 2 B R AR 0 2
R, FEZHLEE oprD FER RAE, %5874 T HUBAL
= PSS VN R S EZE /O 3 S DI S
T 5 F i 245 (X IV g 855 i SR ) R U U] 5 Mex A B-
OprM Wit Rk A K, ZR F KR T Hm ik 2
PSS, RPN v B AN TR TG 1k o

ABEFEh, K i 2 0 ik T R B R R
blaypc, H 4R blaypc,, K R E 5 2 7 1Y &
blayy, XGEROFATIGABIESE R —5. A
R R, blagc, #E it Fobi LR, JF 538 5%
I (4nexoU) A7, X FhEE A A AUIE R T
RIGEORME, FBERR T HESEmAR L.
ESBL it 24 4 Kl 22246t blargy, I H A blayy,
F blargy, TEIA—4r B AR A IS, X Fh AR
WA Z IR R I 2L, i3 26 R AR IR YL A 37 7 X
FEREn S A IR IR 94 Bk CRPA A7 47 bk
KA F) OprD2, 3% 37 B AE X S IR 53 85 % ok
ZERN AT 25 1Pk 32 202 fh G AR F: 1) OprD2 2R
FE MBURLA T A B R M i AL R
BN HH Dlaype F PR 4 ) V) Ttk 47 5 TG ol 40 7 %o
W RIS R A R T 2P, IR BRI T
Ve 8% v A S % B 0 fd . T OprD2 JE IR () ik
% D)3 35 98/ 25 A8 A HE— 20 T 250 . X St
ML A FEAEAR I T CRPA JERGL AR T MESE,
ORI R T B X PEHOLAIRYT I 38, INSs& 2 Fhint
HLI B S FH2 3R

ARG AT BT, Wk 8 I vk VR
RPN G bm o™ E3 12 B T 40 4y
R SR, IR SR A ER L R 2,
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RIIEE Y . g AT L, SNP FEAL R AERS 1 —
AAEHTARIE MLST RO TERE, JU R AEAH [R5 X 532
(TR P & IR R i — et . IXRIH, SNP HEARA
AMLEAT S PR tee tE,  [RIRHEBE P 28 X
RGBT A B SR

ABFEXT 59 PREI SRR E 4T T MLST 43
Mr, G55 En e e b2, RS 36 FiAN
[ ST, 445 34 FhELEN ST A1 2 Fligr ST (ST4023
FIST4024) . X 2 P ST B 452 BHHRE, M4
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