TR Ay SR IR May 20, 2022, 49(5): 17861798

Microbiology China DOI: 10.13344/j.microbiol.china.210701
http://journals.im.ac.cn/wswxtbcn Copyright ©2022 Microbiology China All Rights Reserved
oI4R A
DIk | 4=

ke, o BES, ARt KAR WAR

1 WL, Wil FHl 316022

2 JTRAREBEM A YIRS I AR R A P I A S SE IR S AR R R ORI e S
J7Z5 TN 510070

3 il KA R SR — R B R 2EAR IR AL, A T 510080

4 LR R S — BE B S S EAE R A=A, T4 TN 510080

SRSy, s, BURE, s, kAR, /MR SRR IR E SR A R R R PR D]. MY E R,
2022, 49(5): 1786-1798

Zhang Yahui, Li Wenru, Liao Kang, Huang Xubin, Zhang Yuexing, Xie Xiaobao. Heteroresistance of Pseudomonas aeruginosa
to penicillins[J]. Microbiology China, 2022, 49(5): 1786-1798

i E:(FF] AGBERAZRA LT LG STERE, SRRSO AFTFHIERE
FAK., [B#)] FRAEBRERASTFEELRE TN T REAGERL, HAaElEREREFR
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Abstract: [Background] Pseudomonas aeruginosa (PA) is a common opportunistic pathogen in
clinical practice, and its heteroresistance often leads to failure of clinical treatment. [Objective] To
study the heteroresistance of PA to penicillins, and to provide a basis for the treatment of related clinical
infections. [Methods] We collected 50 clinical isolates of PA and investigated their heteroresistance
characteristics by using disk diffusion method (Kirby-Bauer (K-B) test), population analysis profile
(PAP), growth assay and passage stability test. [Results] According to the preliminary screening results
obtained with K-B test, 52%, 52%, and 54% of the PA isolates had heteroresistance to piperacillin (PIP),
piperacillin/tazobactam (TZP) and ticarcillin/clavulanic acid (TIM), respectively. Thirteen (26%) strains
were confirmed to have heteroresistance by PAP. Eight heteroresistant strains were randomly selected,
and the frequency of resistant subpopulations ranged from 7.3x1077 to 1.2x107°. Without antibiotic
pressure, the heteroresistant strains PAS92 and PAS57 and their three subpopulations on the plates with
the highest PIP concentration showed no statistical difference in growth rate (P>0.05), while the growth
of the subpopulations in the inhibition zone of PAS92 was faster than that of PAS92 within 8-12 h
(P=0.002 2<0.01). The subpopulations with different levels of resistance in the inhibition zone and those
with high levels of resistance selected from the plates with the highest PIP concentration in PAP were
subcultured without antibiotic pressure. Only one of the subpopulations was found to be unstable and
returned to the sensitivity level of the original strain, while the others had good stability of resistance.
[Conclusion] In this study, PA isolates show low heteroresistance ratio while high frequency of resistant
subpopulations to penicillins. Besides, they have high heteroresistance to PIP, and most of the resistant
subpopulations had good passage stability. Therefore, when using this type of antibiotics, attention
should be paid to the occurrence of heteroresistance to prevent the emergence of strains with higher

drug-resistance from causing treatment failure.
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i £ B M T (Pseudomonas  aeruginosa,
PA)J& Al A e A 2% IR R AT TR, 2 R e A JER e
P FEFMBORE, AT ARA, T
FEFET L3 SR AOKMEA, Ry A4k
A YIRBE R Z— o IR TR TE A DL Bl S5 14
TONRIL B, (HRTE AR T .
FUE Z B BURSMNATT AR . VR AT AL .
PEIIEALST © HOT RIS R 24
W, W5 51 kgt S 4 2 M PR ek
gu, HHMPIHRAY LA B-NBERUNE &
RH CRMERE . BB dARET
FMTR M 2RSS, o B-IN LR SEBT A 25
SEIRIT A SR R M R I BT AE R . AR
B PUA R A AR, kR
it B XoF 3 ST A 2R AT 24t A AN DR 3 i
i 25 1% il Mok B, HR M T 2E
i} 25 Az T 2515 &L, 45 I IRIR T 7 ok TR K
) PRI o

WR 7 P AR 75 2% 28 T 17 1 e o ) BT A
REMEE 25, & —M iR RE R R,
TERWE . MiZHE . ME B W AT i A R
UF o FEBUAR BRI PR 7 % 3R SORH I ) e 40 ) 5] 2
G, DURHLPE bR/ Mk 30 e FHY . B
RPN, 18 2280 A 2N R SR AR PR B A UK
SERR TR, WRI PG ARBTA 2 A P P ) R SR
Y, IRET 89.70%, WIREKE B- A M
70 b s 2L DU AT 4 = #1) 94.10% . Gniadkowski
SO ZANIT I BEBE A 674 Bk PA XF 12 Fpdi
AR B 25 PRt K B, PA XTI B K% R
(imipenem, IPM) ., WR$7 P44k (piperacillin, PIP) .
Sk AL BE (ceftazidime, CAZ)SEHi/E R B,
X AT A 2R A T 24 PR 550 o

TEME SPLE W AW, B
T —Fhi 259 X——F M 24 (heteroresistance,,
HR). 5 BPE 2458 & TP I R B i 259 i Bl

R, TR AN RE AN I PR IE A 2 A
B, BLRIR S R AEIT R, 4 RI2 KA
PURGLIRITH R 2 N . S B 25 4 i
FHGE T 1947 45070, {ALE 1970 4P <5 B finf
25— A E U B F R — A AT [ — bk 4
BE 73 15 MR 8t A 2 1 ) IR B AN i) I R 2 B A
SR P AE R 2 W RO A AN AE (R A T 2 3
%, T H Y 20 TR 25 0 L 240 3 1 MIC
B 8 fRf, FRZ A«SRtEmey”, [k, 4
AT S F18) 2 A 1 238 5 A4 TR i 24 ST A 1) e 1 5
02 S Ui S R T 2 g AR SR PR R P R R
1986 41 C. A i g 15 BRI 7T % B 9 V0 2 St o P
2R O, T T % M B T 1 S
ST X R, HALH R I . H Rl
T S A B T S T i 24 A 0 A X A &2
(A BR F i 75 B M KU I 2 g % B,
7 A L ) 5 £ AR P B 0o 7 5 A B R
VTR 25 90 . AT LA PR _E 43 25 7Y 2 Bk
SRAR AT I IT X, TR A B T o
R RBPUAE R T 25 0915 50 S ML,
DA A7 1 PR 1 0 2 A SR g A 3R 9T BRI
B

WEERE

1.1 ##
1.1.1 E#RRIR

ST TR R Sy e LU R 2 B e A — R B I DK
B S50 ARESRAR BRI TR o AR DA AR R AR 2R 1R
HHLTE ATCC 27853, W) RAREBEMAY)
A3 BRI H R AT
1.1.2 EERFAMUERIERE

K-B 25840 . WRHIPEAR(PIP: 100 pg).
WK i 75 b /b i B 3H (piperacillin/tazobactam ,
TZP: 100/10 pg). R PUM/ s 4 iR (ticarcillin/
clavulanic acid, TIM: 75/10 pg), dtm Kixzy
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WIE W HRTE KNl WRPLPUARAE R, b B
IR TE RN A A B ] .

AR WA R, BT A R
Nl ZIIREREARIY, Tecan Spark 23 .

KBS B R AR G 92 56 . LB A%
B, TEANMED R AR LA
Mueller-Hinton (MH) A ¥ (FH 2+ & 77 ) 55 #%
B, JE ORI R IRA W] BHE T P
M, TN 2L e AE R R A FR S H
1.2 FHiE
121 EMEERRRE

FIr A SE B TR kR 3I 28 Vitek2 Compact 4= H 3f)
WAEY % RGSE  L I AR R I H s 1
s, BPSCI MR T LB RN IG SRS,
T 37 °C. 180 r/min HIRFEIKIEFHRUE, SH
W LB W75 50%M HimH# I 1:1 i LR
A, HUhE B T80 °C IKA - TR A7
122 KR BCE

CH T BOE AR IR A D AR A e
VERLER ) 55 4 MUTHERT o NP MR B 2 G HE gk
PE , HREEREREE R, 0.5 Z R Lihbr
e, G AR R R B 292 (1-2)x10° CFU/mL.
DL SRR Mk B 4R, 37 °C IF R 16-18 ho AR
Pl AR FNSZ 5 28 AR M P2 (Clinical and Laboratory
Standards Institute, CLSI) 2019 RRUOHE 45 51
FIFE ., WS EE N E R A WEERD
TG00, H 40 P N A TR VA R B TR R
Je G 25 AR R ) S B vk 25 TR AR, TN 2 R
JoT PR 25 BRI o A S5 B Y 2 2% o 4 T vk
W BRAMIEE ATCC 27853, HAb, #hFo4t A
PRI 24 50 ST 3 R 5 TR RV R % S o P T 245
MR, BRI EEBEE N 1x10° CFU/mL
1x10" CFU/mL #F1 7 H 4% o
123 REAFHREE

WIR 7 78 AR ) 25 150 B B T 4 o PR A1 T K 32

2 BEBR VS A R A I 015 B B v
41024 pg/mL (%) PIP ¥, 1 BB B e FH B
B B9 Mueller-Hinton (MH) R ¥ (FH 25 ¥ 1
TOXE RSB, B AL 2 v E AR A R T
YEWL(2—1 024 pg/mL), FHIF 10 MHRBERERE . 20
BRI Bl 5%10° CFU/mL, 7E 96 FLARHR
UOMA 100 pL BB B AR R TR, o
SUMA 10 pL AW, IR R 2R EE 2N
5x10° CFU/mL. R A s R TIE®
VERBHME XS B, B s (TR AN A B RAE N
BN BE . AP A R B R PR . A X R
Yt 3 AR . 37 °CHFH 1620 h 5 iHss
% AR R B4R AT ATCC 27853, )
#i CLSI HREaHEFADT s as AL, Lhosg il
0B LB K T LR LI B AT A VR AR M bk
() MIC. BHPEXT HEFLAH P IE# A4, BT IR
LA MHEARK, SHREREKNIUAER MIC
S5 0L7E CLSIHE R oK N . LR HEE 31K,
124 EEIEE S 47 (population analysis profile,
PAP)

R i 8 43 BT 1% 2 — I A 9 T 5 AH X
FE TS, WA R R M T 2 I Y 4
FRUEDT, TR 2-256 pg/mL 2k 8 M L R B vk
JES PIP B9 MH AR K 40 TR vk B R 4o
1x10° CFU/mL, RJGHEAT 10 5B RERRRE, IR
351 10’-10° CFU/mL F¥) 23 . "WH 100 uL
WIS IRATT PAP M HTAE ZFA, ARIRSEIN
AN TRV B 0 A 28 A 2 1 T BB ST AR 1 200 7
i, AP 3 HEL ., 37 )CIEF 48 h )5
W %%, J A GraphPad Prism 3445 V%
it 5 PIP WREEARER], A IRV 5 e
IV LR T 8, MIHRIA N HR. X AR
MR NSRBI TR ATCC 27853 FITi 24 4 44 1%
BB PAS90.
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AN R BT LRI Y LB RE
37 °C. 180 r/min 1E{EKFFFIFEF IR il
WP 1x10" CFU/mL AR 23K, WHL 10 uL
HERINA L E&F 100 uL LB 7 H) 96 LR
R 3 ANEREAL, SR RCE SR IR IOE
BEFRAY b 37 °C Hkiz$EFE 48 h, B/NEHIE
—¥K ODgoo Tl VLT BRI Ry AL AR, XoF g sk
[ S TR ODgoo TH A AR, H GraphPad
Prism HC{ 22 B ) AR R 2R 1L, IF4 i 245 1
E 5 LR P AR AR KO B0 1 Bis A T AR P e
e, FIWARKEERGARELER. A
SO0 AR RO B R I ATCC 27853,
FIEE 3K
1.2.6 EHRIZEMER

L AR e M S22 Sk T I SR 7 P AR 5
PRI 24 WA Pt AE RAE M T RS AR E 15t .
FREEFP ER PR K-B 2585048 1 30 7 B P il g oA
PRI VR L 48 IR X400 2 b o 8 A 2 D 3 0 T i

82%

b, EREMRE 2 . BRI
K-B 2848 i b B0 Fbm v SR P 1A A R ik o8
S T i 24 2 YRR S 25 ORI, 9 HLAE R
IR VKA (80 °OYRFEE M. 34k, FRHU PAP
g PIP W EEF-A AU 25 A, 7
PiEZR M MH AR BT (50 £R), kT
LA R MIC E I &

2 ZREA

2.1 HRMEM AR RAIRITE
ARFFEWCEE T IR IR B ) 50 FRéR 4k
R BAM T, 3 I K-B 24 Bt i i AR
KN, K F] 50 B SR8 B 43 5% PIP
TZP F1 TIM iX 3 Fi Al R 2580407 B BUSHE Bl
(B 1)o It WS B P S A /NN SE I B
AR, WL LR Bk 25 1E DL (K] 2). PIP
f) K-B 25 ie st Lo, 41 BREUR . 2 R
. 7 R Z, SRR 82%. 4%. 14%,
WIS 26 PR UM R, 5SS
BFIFRAY 52%. TZP ) K-B 2585525645 1 iR
42 RO 1 BRHRAY L 7 BRI 2, 5 Ak
84%. 2%. 14%, MWW THILER] 26 bk 51k
Mif 25 R, o5 A SIS RR Y 52%. TIM 19 K-B
A I R, 33 MR, 8 HRH AL 9 #k

E1 $RAFBREMREN PIP(A). TZP (B)F TIM (C)BI A 81E R

Figure 1

Drug susceptibility of Pseudomonas aeruginosa to PIP (A), TZP (B) and TIM (C).
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2 {RFBREBEREN PIP. TZP 0 TIM BIZ581RkE

ZHHR)ER; G, H, 1. E2TMHZH(FR)FER

A. B, C: UEAIS); D, E. F: HFEEmt

Figure 2 Pseudomonas aeruginosa drug susceptibility phenotype to PIP, TZP and TIM. A, B, C:
Susceptibility (S); D, E, F: Heteroresistance (HR); G, H, I: Fully resistant (FR).

M2y, HHHN 66%., 16%. 18%, H)4: ffik
B 27 BRR BRI 2 ERE, R S0 T R Y
54%. DL ESSIRATLIE Y, SCEEbRXT PIP A1
TZP FIREUEE e TIM 48, {HAR YR B S 56 78 #R o)
WIR 7 7 AR Tt 400 <) 710 5 A o it 00 i 550) 7o e
TREES

W 1x107 CFU/mL 1 1x10° CFU/mL X
2 AN [V B B TR R VR 4 301 X80 S0 U A T K S
AU EE T K-B 258505, |
WA E N 13108 CFU/mL 5 ¥ i PIP Il TZP
2 AT O A0 TR L PN 1 I e o A 9 B L TR A TR
JE4 1x10" CFU/mL WERINZ, 7E R B IRE

PIP

1x10" CFU/mL

d=32 mm

1x10° CFU/mL D

d=29 mm

&4 1x10" CFU/mL B TIM 24 f 4% H i 40 7 Pl
NIJC P e 7%, M7E 1x10° CFU/mL i 3
T TERE(E 3), FHULAT UL, R AR vk
FIR/INKE K-B 2 854C 7 3 K6 S Jo P i 245 B ik
AARTE W, 520 B A% i AL 7 B Hlk v B
T R A ) BT TR P A o (1¢ 10° CFU/mL)EA T
22 BRMEWMARERKRIHIA

BRI 7 % R 43 BT 245 SR 6 UE T 90 A R P I o
ARG R R 25, BN 13 B 5
M2 Rk . N BEALPR L 8 k57 5 1 id 245 B ke
4 TR Vi 1 T8 43 B 1 £ 330 46 228 I Bk ATCC 27853
FIWRL PG AR 25 bkl 2k Z 00 (B 4). Rk

TZP

d=34 mm d=29 mm

&)

d=31 mm d=26 mm

B3 KR BUERNERZEMIREX PIP. TZP 1 TIM {ER R A7
Figure 3  Effect of inoculum size on the activity of PIP, TZP and TIM, determined by disk diffusion.
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FUBE RS, TR TE AR i 2 30 v B AT LAAE
S A BB R D, S T 2 I
b D 200 TR AR 1 o (I AT PR VAR BE YRR T 8 fif . ML
X8 MRS B 24 AR MIC B, 3%} PIP
FHUAFUER, T PAP 455 B/ i 245 WX PIP i
TR AHIE, R WHEE 8-16 £ MIC fH1Y
i R AR LAA K o I A A R
PIP AR A= K A B VK 1) MIC {H -5 H I 7e - il
B PIP MeBEHEATXTEL(F 1), &K I PASS56.
PAS57. PAS58. PAS86 Fll PAS98 iX 5 ¥k A
AR MR PIP W E 5 H F A K #E&
MIC fifi—3%, 1 PAS84. PAS92 HI PAS97

A 9
8
7
SE“ 6 - ATCC 27853 (S)
= sk -+ PAS56 (HR)
G er L PASSO®R)
& al R®)
2 -
[ -
0 I 1 L ) é é ]
0 2 4 8 16 32 64 128 256
Concentration of PIP (ug/mL)
C 9
8
7
=6l - ATCC 27853 (S)
E = PAS86 (HR)
=) Sr —+ PAS98 (HR)
C4r — PAS90 (R)
503
2 -
1 -
0 | | | & & J

0 2 4 8 16 32 64
Concentration of PIP (ug/mL)

128 256

B 4 FRUEMAERHEZEESHER A

i e PIP ¥ B2~ Al b 7% 19 MIC {E (512, 256
Fl 256 pg/mL)¥KF e iy PIP ¥k B
(128 pg/mL), &4 B0 5 oV i 24 J i v ik 1Y)
i 245 . 7 j A] LATE 128 pg/mL 3 8 5 AR 7
PO EA R, B A o K CF Y T 24
B AE R W e R AR A K R TR O SRR
DA B CTEPUAE R )P B S, HEAE 8
AR IX 8 A PR 114 S o M T 24 IV e g 1 A
ZHy 7.3x107-1.2x107°,

AR R BN, 5B 25 5 Rk (R
A1) PAS92 5 H: 3 ¥k PAP S286 P i iy PIP W
SR b T 2R A K R (4-12 h) BT

9

8

7
5 sl =~ ATCC 27853 (S)
= —+ PAS58 (HR)
= Sr = PAS92 (HR)
C4r —PAS90 (R)
20 3

2 —

1 \

0 1 1 1 'y & - * ]

0 2 4 8 16 32 64 128 25
Concentration of PIP (ug/mL)

9

8

7
—_ —- ATCC 27853 (S)
2 or -=-PAS84 (HR)
E S ~+PAS97 (HR)
S 4f —~PAS90 (R)
3

2 1=

1 -

0 | | AV i j

s 4
0 2 4 8 16 32 64 128 256

Concentration of PIP (ng/mL)

PAS56. PAS57; B: PAS58. PAS92; C: PASR86.

PAS98; D: PAS84., PAS97. KMk ATCC 27853 YE MR bRUER#E, PAS90 A AW 7% i 5 21| i) 52

ENTESTE VS

Figure 4 The results of population analysis profile (PAP) for heteroresistant strains. A: PAS56, PAS57; B:
PAS58, PAS92; C: PAS86, PAS98; D: PAS84, PAS97. Strain ATCC 27853 was used as the susceptible
standard strain, PAS90 was a fully resistant strain screened in this study.
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Table 1
(PIP) heteroresistance

Population analysis profiles results of 8 Pseudomonas aeruginosa clinical isolates with piperacillin

Isolate PIP Highest PIP concentration of

PIP MIC of resistant Classification PAP

strains MIC (pg/mL)  growth in population analyses subpopulations (pg/mL) frequency
(pg/mL)
PASS56 8 64 64 HR 1.4E-6
PAS57 8 64 64/128/256 HR 2.3E-6
PASS58 8 64 64 HR 6.0E—6
PAS84 8 128 512 HR 5.7E-6
PAS86 8 64 64 HR 9.0E-7
PAS92 8 128 256 HR 1.2E-5
PAS97 8 128 256 HR 1.8E—6
PAS98 8 64 64 HR 7.3E-7

% 12 3 X [PAS92(1) (P=0.668 5). PAS92(2)
(P=0.709 7)F1 PAS92(3) (P=0.860 8)], {HIjLt
S5 TR R A K BUR B R £(0.01<P<0.05), If:
HAKSEESSZEE0LAE AT, 4158 8
R TZSHHEKRE 5A). PAS92 HlITH
N YT 25 WEE A PAS92K)HE PAS92 B4 K
BORM, 8 hAlZER LRI ¥EX, 8-12 h fi
W % 25 5(P=0.002 2), {H %A% HK
A KRR (18 5B); PAS57 5 3 Bk PAP S25G
B PIP RSl TR 24 S0 B 2 2 1 ik 1)
ARKE (49 h2ZE T TG = L[PAS57(1)
(P=0.445 8). PAS57(2) (P=0.860 8)F PAS57(3)
(P=0.902 9)], {HTi25\FH#F PASS7(1)fE A= K4k
EHHA R, A S AR D
(l 5C). PASS7 # iR P& P 1 it 245 W B (e 1
PAS57k) 5 PAS57 MK HEFZE RIS E
X(P=0.953 2) (Kl 5D), IL&5RFEW, ARUF7EH
HE I A S T 1 24 0 A B 5 O AR 8 A K
PRI G, ASIm]ifi 24 M7 A A L D 0 oA R 3 R 36
BB AR AR A .

¥ K-B 20407 10 7 Rl 9 30 4K N A 34
S 0T 245 SR A T AR 2R ISPl 3% SR AR
15d J5, #%HCF1, F5, F10 Ml F15 ¥£47 K-B 2

AR Sy, e BRAS TRl S 24 SV AR 1 4000 R
ByAs /N, i B A Z [ R R RN LR AR A

Ul LT 25 SR AV R o 38 2k U e 0 T b
53 BUA S TR) AR B0 A4 T 24 30 5 B 14 R 7 7 A
MIC & #L, F1. F5. F10 fl F15 i MIC {1
PRFERE , I H X Pt 25 22 B n] DA 8t 1%
(l 6)o AR TR PR 1 P P 24 S 5 L D 0 T e
P& MIC {HAH A AR 25 7 . PAS58
BN AR MIC {H(16 pg/mL)J2 J5 45 I
(8 ng/mL)fY 2 1% ; PAS92 & P 25 W #E (1) MIC
fH(256 pg/mL)Z A TARR(8 pg/mL)y 32 %5

PASS57 P& NI 25 WA 19 MIC {E(64 pg/mL)J2 5
R E(8 ng/mL)AY 8 %5 PASS56 [&l P 24 W ¥
) MIC fH(64 pg/mL)&JFIAREHES pg/mL)
8 o IRl $& 7R S Jo 1 Tif 245 TR R A 2 1) 56 4
it 25564k . BL Ak, BRIE T 5 R T 25 bR
PAS92 Fll PAS57 )45 3 ¥k PAP SLI6 iy = PIP
W BVl b i 2 S B [ e AE PAS92(1) .

PAS92(2). PAS92(3)#il PAS57(1). PAS57(2).

PAS57(3)], fELHIAER IR FAELS0 1),

PR E L MIC fH, & BAL — PR 25 0 B
PASO2() AR ATRE, 7 10-15 A
BN 25 A B R R, 55 25 AU 2k
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A - ATCC 27853 (S) B
-s- PAS92 parental strain
i -+ PAS92(1) resistant strain 1.0
0.9 -+ PAS92(2) resistant strain 0.9
0.8 = PAS92(3) resistant strain 0.8
0.7 0.7+
2 0.6 g 05
S Q 05
S 04 o3l - ATCC 27853 (8)
8% 02 - PAS92 parental strain
01 ¥ 0.1 —+ PAS92k resistant strain
0.0 1 1 1 1 1 1 1 | 1 1 1 L] 0.0 L 1 | 1 I 1 1 1 I 1 1 |
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Figure 5 Growth curve of piperacillin heteroresistant strains.

<
=

Resistant colonies subculture

Fl1 F5 F10 F15
- -

MIC 8 pg/mL 256 pg/mL 256 pg/mL 256 pg/mL 256 pg/mL

MIC 8 pg/mL 64 pg/mL 64 pg/mL 64 ug/mL 64 pg/mL

MIC 8 pg/mL 16 pg/mL 16 pg/mL 16 pg/mL 16 pg/mL

MIC  8pg/mL 64 pg/mL 64 pg/mL 64 pg/mL 64 pg/mL

Parental strain

PAS92

PAS57

PAS58

B 6 PIP RRMEMAEKGIEBNMIERERIZEMEEE 5 L8R T IR AT 25 IR
Figure 6 Passage stability test of piperacillin heteroresistant isolates (subpopulations within the inhibition
zone). The arrows indicate the resistant subpopulations to be subcultured.
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Z UG RARIT 257K, FEART 25 M0 A 25 78 €
P R AF7E 1015 AU A R RIER R 2).

3 L& #

AR T A VUL IR A G oE R TR
TR R4 T 57 ST R 2 R AR AP0 0 R SR R
%f PIP, TZP Fl TIM A5 M 25K 4351 R
52% (26/50). 52% (26/50)F1 54% (27/50), it
RN 14% (7/50). 14% (7/50)F1 18%
(9/50) X ) i 245 S v A S o Pk i 24 TRTAR B 7 TR
EIE RV AT RN, RN BRI 25 26%
(13/50) Sttt O, 5 i 4 A5 BRI BR X PIP
TZP F1 TIM iX 3 Fh2Gt 7 i 255 5350k
28.1%. 18.7%F1 25.5%, HiLHBHAEHE X IPM
S RET 255K 11.6% (36/310). SiF#"
T 5 ) A T XoF 22 s A 2R ) S I i 24 7
B 35% (720)AH LA, o &M
2011 4F3 2015 AT B2 25 5 TR i 24 4 21
A0 77 (carbapenem-heteroresistant Pseudomonas
aeruginosa , CHPA) W A T8 £ 4ls ', IPM-HR
il MEM-HR 15 BTk 2528 (5308 54.3%.
72.5%) A% 20 o 4 A5 B TR XoF S F b b )

TR 25 3R 57.3% (110/223)2% i 15 31 (1) 57
FT PR 2 kR R el 22 7 5 2R IR R A K,
Eb 0 S 56 DR R TR L T A 3R A R I R R
FEWANR S . AR AT T4 ¥ ik ke
B I 2 PR BE X PIP . TZP AN TIM A FHRUR
MISEM, BWEE 2 MR : 1x10" CFU/mL
1x10° CFU/mL, &IHKIER K-B 25fiss

FETE2E S o A —Fh AR 72 e i i 254
WRE A 1x10° CFU/mL WY RBIRES], X5 im]
RE S A7 7 A R — 1% B0 T 3 ORI 45

HFFZ5, Cuenca 5P o T N A G BEIE N
AR YRS I AG I T 2 PR (R G BUR B ik
i 25 P AR . S IO R 24 TR PR A ) R Rk R
1x10° CFU/mL 1 1x10° CFU/mL 4T B 45 5,
R IR AFAE 25 5 IF 0 S o i 24 B A 1 80 2 7
AR, Hjort PG IR, 2K BRI
JE4 10° CFU/mL #Y F4%5 ZE 55 BR 1 4 F T
Etest 148 S A6 I 24 015 00 i~ Al sE R LR
P25 W FE, (HM4 R ERINE 10° CFU/mL
W, A B B FEFERR T AR R I T S e it
2y, 4, ARPFFEEHESF T 1x10° CFU/mL I
1x10° CFU/mL P4~ 5 B AT B VA S50 0E e

#*2 PIP RRMMAERPAP XK H &S PIP KE FR LRI AT R ERIREMLE

Table 2 Passage stability test of piperacillin heteroresistant isolates (resistant subpopulations on plates with

the highest PIP concentration in the PAP test)

Generations of propagation

MIC of resistant colonies subculture (pug/mL)

PAS92(1)  PAS92(2) PAS92(3) PAS57(1)  PAS57(2)  PAS57(3)
F1 256 256 256 128 256 256

F5 256 256 256 128 256 256

F10 256 256 256 128 128 128-256
F15 128 128-256 256 128 128 128

F20 16 128 128 128 128 128
F25 8 128 128 128 128 128
F30 8 128 128-256 128 128 128

F35 8 128 128-256 128 128 128

F40 8 128 128-256 128 128 128

F45 8 128 256 128 128 128

F50 8 128 256 128 128 128
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J b BT AR TR 24 7K S FLAR 4 5 5 1 it 2 5 2
SR AEAS W5 v & B0 BA7 B PN AN [0 ik 245 7K SF 1)
M 25 W FE TP AE RAEIR 15 d 5, REHEBILE
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24, XTA\ PAP S5 iR =y PIP ¥ B Al b HkHR
R KT 25 W REREA T 50 R ot A E AL AT
BRI, A — R 25 AN AR FLR A B D
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Azl AT, T AR AR E R R KO T
2y o TR 2 R A i K T I PR B 1 2 40 1 1t
FARCR = A5, HAILHIMT R dh S ot

B ) Time-killing

0.9 - ATCC 27853 (S)
- -=PAS92 (HR)

11111

¢ (h)

A: HEFPUEEE R 1x10° CFU/mL; B: $FpkpE

Figure 7 The growth of different concentrations of bacteria at lethal concentrations of drugs. A: Inoculum

size 1x10° CFU/mL; B: Inoculum size 1x10® CFU/mL.
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