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Drug resistance of Acinetobacter spp. in the environments of five pet
hospitals in Shanghai and sequencing of an Acinetobacter pittii strain

ZHANG Yujie, WANG Xiaoxu, XU Feng, SHEN Liping, JU Gongne, TANG Congsheng,
QI Xinyong, XU Ping, WANG Jian"

Shanghai Animal Disease Control Center, Shanghai 201103, China

Abstract: [Background] Acinetobacter spp. are common opportunistic pathogens of hospital
infection, and the emergence of drug-resistant strains of Acinetobacter poses a serious threat to
public health. [Objective] To understand the prevalence and drug resistance of Acinetobacter
spp. in the pet hospital environments in Shanghai. [Methods] Environmental samples were
collected from pet hospitals in Shanghai, and the isolated strains were identified by a mass
spectrometer for bacterial identification. The minimum inhibitory concentration (MIC) was
determined by the broth dilution method, and then the genome sequence and genetic
characteristics of a carbapenem-resistant isolate were analyzed. [Results] A total of 124 strains
of Gram-negative bacteria were isolated from 730 environmental samples, and 14 strains were
identified as Acinetobacter spp., of which 9 strains were A. Iwoffii. All the 14 Acinetobacter
strains were sensitive to minocycline. Two A. pittii strains and two A. Iwoffii strains
demonstrated multidrug resistance to carbapenems. Five A. Iwoffii strains were resistant to
sulfamethoxazole trimethoprim, and one A. johnsonii strain was resistant to ciprofloxacin. The
results of genome sequencing showed that the A. pittii strain with multidrug resistance to
carbapenems carried drug resistance genes such as NDM-1, OXA-500, and OXA-727. The
multilocus sequence typing (MLST) results showed that the isolate was of ST1037 and the
single nucleotide polymorphism (SNP) analysis revealed that the isolate was close to A. pittii
AP43 isolated from clinical urine in Zhejiang. [Conclusion] The drug resistance rate of
Acinetobacter spp. in the environments of five pet hospitals in Shanghai was <40%, and there
was multi-drug resistance (Five Acinetobacter strains were resistant to >3 drugs). A. pittii
carried multiple drug resistance genes.

Keywords: pet hospital; Acinetobacter spp.; carbapenem; drug resistance; sequencing

AN B FF A (Acinetobacter spp.)&—Fh) iz
i F AR AP 22 [CBAMTE, ATAAE T3
NERMEFATE P, Hd, 8 A3 R
(Acinetobacter baumannii)e: [ P B 4L 5 R AR
AR A . AIMAE | PR BRI K g gt
T A & LRz FE AN B AT 1 (Acinetobacter  pittii) th
J A — 0 e P SRR T e A R 2
VIR IT Z E M 25 AN S AF R B T 259

{ELH T AN Sl iR B 7 B 2 T 25 TR R A HE B
TS Bk T 5 M AN Bl T Ry 3 N 3 T A 7
AN E T

AT A F B 2 U Bk A M DS T 245 J R AN
BJ) #F T (carbapenem-resistant Acinetobacter pittii,
CRAP)ZEAT Tz W5, FHHEZHE T4~
[F] B B v 2 M T 24 6 B, 03E OXA-58 HY
OXA-500 % | OXA-357 Bl NDM-1 Hyl-41%
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(B 7 5 B 4B AN PR T 1A G 1R D o Sy T
figp L Vi 3t IX 7 0 R e P05 R AN SR BT A T K
2515 B0, AT R AR i M X W) B2 e A B4
SRR AR AT AN ST RS> B 208, Xt 14 BRO>E
AT H L2 Wy R, IR R 1 Bk
CRAP EATHER LI P38, LA 7 T 36
355 R B R AN ST TR A 25 BRI KB R, Oy
VM X TE LT IR P 245 N S AT IR A T
BURDF AR S

1 #HRE5r=E

1.1 #&H

F20234E5 H.7H.9H . 11 H K 2024 4
1 AFIA eSwab RAFHK T RAE BT RITIX
KX SN WA X AR AE 5 K
Wy Be (IR SEAEAS , RSB B 2270 SR AR 20 1 FE
A, JESEAHKRTEANE S, ToRAE 24 h (NEA T4
PR3 1 o Jo 8 T PR % {1 B T (Pseudomonas
aeruginosa) ATCC 27853, FEER K /REHE(H
F) A FRA A
1.2 EFEMEERF. LE

B HC W M R 3R Sk (g/L) - HRR AR M
23.0, AIEHETERY 1.0, & 1LEN 5.0, HUIR 10.0,
WRETFHEF M 5% AR HEE R FR3E , Oxoid 23 Fl o
MH i, AUt AR BRI A BR A F) o 2585k
itk , BRIGRELETREARA R, MEEE
JE R AR A, A WAy LR AN F
1.3 EHRHSE. dUREE

W R FEANE AR 5 AR, AT
FHE L I [ A5 5 B, T (35+2) °CHi sk
24-48 h, PRBCREETEIE— Ak, Kaifb i
PR BB VR AT O [T A B BE T i R b, A R
NS HORER K 22 FH 41 T4 45 7 5 SR 4
o Aifb ) R 25%089 H il R %80 °C
TRAE -

1.4 YU ST

>R P 245 SR ARG I 3 B R R K VR PR 2 (MIN) |
W $37 76 AR/ by i B30 (P/T) . 27 7 A/ 67 B3
(AMS). SkIBENG(CTX)., kiEMmE(CAZ). %k
NI (FEP) i 55 79 (IPM) . 35 % H5 i (MRP) |
PR K2 (AMK) . FRNTPE(CIP), 724D 2
(LEV) . &7 B (SXT)% 12 Fhbid: Z 15/
I 5§ ¥ ¥ (minimum inhibitory concentration,
MIC). KA ST 12 73 8 PR ] MH 3 lg i 5%
o P A= FRER /K BC ) 21 22 [ 0.5, W 50 pL
HE, INZE 10 mL MH N3 391 5], AL
100 uL, % F3% 7, (35+2) °CHi3E 20-24 h, K
MR, 15k MIC fH. P3G EIf RS0 % br
4k Z% 51 23 (Clinical and Laboratory Standards
Institute, CLSDBUFRMESN R4 RO 24 B4 T vk
>~ Pseudomonas aeruginosa ATCC 27853
1.5 ERFREMNF

¥ 1.4 Iy B FIH CRAP 7T MH A
. (35+2) °C. 220 r/min X557 24 h, FE: 59
ZHCAE TAEY) TR (R ) I A BR 2 v i ]
Nlumina AN 7 & HEATHE 2 5 D3 2800 7, ol
F SPAdes 94 — A e 8die | 20 e kAT R 22
I3 .

1.6 MEFERTHF

fiff i NCBI BLAST-HEE A ZE 174155 VFDB
B8 (https://www.mgc.ac.cn/VFs/) . CARD %4
J% (https://card.mcmaster.ca) M AE 704 55 1 )7 471
(non-redundant protein sequence, NR)%&TE‘ £
(http://ncbi.nlm.nih.gov/) 4T HE X, 7538 H
F. T2 NR DR RS A DG (R B,

K 1 Oxford WL FEAN S R Y 7 M4
FILHFH, 76 PubMLST M3l b Ef7 HX, 3%
T9AH IV 19 7 51 Y (sequence type, ST)o

i fl NCBI BLAST-+H49f 4245 31| (9 JE K 21
52 i 5 58 2 (Nucleotide Sequence Database,
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NT)HATHEXF, DEELAS 45 2 AR B AR (5 2.
F3 i 58 A8 1Y BRAZ 1T R 22 A5 1 (single nucleotide
polymorphism, SNP)fF EMHERGE L E R .
1.7 ®EGIT RS

AR ARAT BRI Excel #1725
4581, FIH SPSS HAY Fischer’s i 4 46 i7F
150, P<0.05 HASGIT%EN., RELKEW
F Snippy B4 74l . H4x & R {8 ] GraphPad
Prism 9 21l

2 ERS594

2.1 RIEST

ARYGRB LWL 5 AKX 5 KB Y BB IR
BRFEAR 730 17, BARIEFE R EWE BT
TERURAE, RS W BR BE R U AR AR AR B
AMEF 20 63 1),

LMD B S, A 124 PR CBAPETS
(16.99%), WA X M5 B % m, ikl 4.80%.
M4 22 FCRA P o A AN EhFF I 14 8K, AR
X, N 4.84% (6/124), HIR KT
X 2.42% (3/124). BTTIX 1.61% (2/124), %1l
X 1.61% (2/124), #RICIX 0.81% (1/124) (3% 2).
22 HHHNER

S WAIEE, TE 14 BRAShFFRBEAC
ANEIFFERT 12 FhhiAE 2 A 25 35/ T 40%,

It HIETA AN ST B R PR R U, T2l
0%; 5 BRASSHFF T 12 Fhiud: R MUE R 3);
5 MRANBIFT BRI Z FEi 245(3% 3 THine), Hor
3 MR RIS 2 AN ST IR, T2 21.43%
(QT5-2024:1PM 5 MRP 1] MIC ¥ 8 pg/mL,
QT52-2023: IPM 5 MRP fi) MIC #J>32 pg/mL,
QT51-2023:1PM 5 MRP ] MIC #J>32 pg/mL);
1 BRI H BIHmEP AWML, WLE 7.14%
(QT30-2023:IPM 5 MRP () MIC ¥/} 4 pg/mL)
(H 1)

AN, BT 202 2 (carbapenem-resistant,
CR)ZF BEFRAIEE CR 43 B AR Z B A TS 25 28 A7 7
ZEF(FR 4), CR AR TA BIPLAE R i 24
FHR T AE CR 2F B AR(MIN BRAL, 2 TR R
HITH 25815 0), i CTX Fll CAZ i 245 547
TE 1P % 22 5(P<0.01),

23 ERERANFER

W o, WP IREE R 100x, FE3R15 5
WHEHE AL 0.943 Gb, ZIEAIEF RS 0.941 Gb
#Y9 clean data FHT /522 5inelse . RS 5E A
HR/NH 429 Mb HFELHHESR I, 4246 103 4~
contigs, N50 >4 99 882 bp, G+C &4 39%., IE
BIG k15 4 061 DM if/r51, 64 1~ (RNA, 4 4
5SrRNA, 24~ 16STRNA, 51 23StRNA, 14
LncRNA,

Fx1 730 BIRHERNEXES

Table 1 Information of 730 environment samples

SR b e FEA BB Number of samples

Area 2023.05  2023.07  2023.09  2023.11  2024.01
FEYERE A (917 X)) Pet hospital A (Minhang) 25 25 25 25 25
Y ERE B (11 X) Pet hospital B (Xuhui) 25 25 25 25 25
TEYEBE C (i 487 [X) Pet hospital C (Pudong New Area) 25 25 25 25 25

T ERE D (KT [X) Pet hospital D (Changning) 50 50 30 50 50
W EERE E (5211 X) Pet hospital E (Baoshan) 25 25 25 25 25
41 Total 150 150 130 150 150
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F2 UHKAHHERNHEXER

Table 2 Information of 14 strains of Acinetobacter spp.

P/ BRSO FEERPIEE A A B (%) [k S IR b A
Source Number of  #i# (43 #%)  Number of Acinetobacter spp. Strain No. Area
samples Number of (rate of separation)

Gram-negative
bacteria (rate of

separation)
R17IX 125 30 (4.11%) 2 (1.61%) QT52-2023 =
Minhang Both strains were A. pittii Laboratory of immunology
QT51-2023  J%EIF
Dog cage handle
BICX 125 22 (3.01%) 1 (0.81%) QT6-2024 /
Xuhui One strain was A. lwoffii
WAHX 125 35 (4.80%) 6 (4.84%) QT5-2024 MERET
Pudong All of six strains were A. woffii Dog cage stool
New Area QT4-2024 H0 5 b T
Dog cage floor
QT30-2023  HIE=E
Laboratory of immunology
QT28-2023 =
Laboratory of immunology
QT3-2024 RIER
Laboratory of immunology
QT33-2023  MEHTF
Dog cage stool
KT 230 25 (3.42%) 3 (2.42%) QT15-2023 /
Changning One strain was A. johnsonii (A. johnsonii)
Two strains were A. lwoffii CN 11 B17 FR=E
Operating room
CN 11 Bl11l FAR=
Operating room
FIX 125 12 (1.64%) 2 (1.61%) QT45-2023 FARG
Baoshan One strain was A. junii (A. junii) Operating table
One strain was A. schindler QT31-2023 FARE
(A. schindler) Operating table
BE 730 12 (16.99%) 14 (11.29%)
Total
/: No data.
2.3.1 NR BUREER DM TRH 59.82% (181 2), LUK & Hge 2 10 g it S R

Wit NR Bl e, P FEHEFI  ZhF5(6.46%).
RGO . AF5E, H 4 057 £&HFS] 232 WHEFRLELER
ERE NR B, Hop g 2 427 5L WP 515 i 24 3 [ S g 45 R R, QTS51-2023 4
FAEAR ST R L AL A R, S NR 7B PRSI 25 5L [AAC(3)-11d, APH(3)-1Va],
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F3 4 ERAHITER 12 Mtk RH MIC B

Table 3 MIC of 14 strains of Acinetobacter to 12 antibiotics

FErk4iS  MIC (ug/mL)

Strain No.  MIN P/T AMS CTX CAZ FEP IPM MRP AMK CIP LEV SXT
QT5-2024 S(<1) S(<84) S(4/2) R(128) R(>128) S(<4) R(@8) R(@B) S(<8) S(<0.5 S(<1) R(8/152)
QT52-2023 S (<1) R (128/4) R (64/32) R (>128) R (>128) R (>128) R (>32) R(>32) R(64) R(>16) R(8) S (<1/19)
QT51-2023 S (<1) R (128/4) R (64/32) R (>128) R (>128) R (128) R (>32) R(>32) R(128) R(16) R(8) S(<1/19)
QT6-2024 S(<1) S(<8/4) S(42) S(<4) S(4) S(4) S(E) S(E1) I32) R@®) SQ) R(16/304)
QT4-2024 S(<1) S(<8/4) S(42) R(>128) S(<4) S(<4) S(<1) S(<1) S(<8) S(<0.5) S(<1) R (8/152)
QT30-2023 S(<l) S(<8/4) S(42) R(64) R(>128)S(<4) 1@ 1@ S(<8) S(<0.5) S(<l) R (16/304)
QT28-2023 S(<1) S(<8/4) S(4/2) S(<4) R@32) S(4) S(1) S(EI) S8 S() Sl S(<1/19)
QT3-2024 S (=1) S(<8/4) S@4/2) S S (=4) S (=4) S(1) S(1) R(@®4) S(O) S (1) R (32/608)
QT15-2023 S(<1) S(<8/4) S@4/2) S S (8) S (=4) S(1) S(=1) S(=8) R® S(2) S(1/19)
QT33-2023 S(<1) S(<8/4) S(42) S(4) S(4) S(=4) SEI) SE) S8 S(0.5) S (1) S(<1/19)
CN 11 B17 S(=1) S(=8/4) S@4/2) S S (<4) S (<4) S(£1) S(<1) S(8) S(=0.5) S(<1) S(<1/19)
CN 11 BI1 S(<1) S(<8/4) S(42) S(4) S(4) S(=4) SEI) SE) S(8) S(0.5) S (1) S(<1/19)
QT45-2023 S(<1) S(<8/4) S(42) S(4) S(4) S(=4) SEI) SE) S8 S(20.5) S (1) S(<1/19)
QT31-2023 S(<1) S(<84) S(42) S(<4) S(4) S(4) S(<1) S(<1) S(<8) S(<0.5) S(<1) S(<1/19)
R: Mf2h; I P S: Bk, NMHFRZEML,

R: Resistance; I: Intermediary; S: Sensitivity. Bold indicates multidrug resistance.

Tl bR

MIN PT AMS CTX CAZ FEP IPM MRP AMK CIP LEV SXT

iR
Antibiotic

1 14 BRAEAFER 12 s RO HR

Figure I Resistance analysis of 14 strains of Acinetobacter to 12 antibiotics.

B & B M 25 25 B I (NDM-1, OXA-500,  REHICHL, UbAb, s H#EH7 il 24 -45 15 -4 i 7 24
OXA-727), TS 255K (suld), DU 2R 20 (resistance-nodulation-cell division, RND)H{ 4= &
25 3L [tet(39), tetA(60), tet(48), tet(32), tet(36)]F1  #MHEZE FL K (adel, adeN, adel JK, adeGH, adeN),
LRI 25 3L K (ADC-18), DL E¥5mzy 2L JE 7 K % (major facilitator superfamily,
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x4 HEBHAMAENEMARNMEER
Table 4 Resistant rates in carbapenem-resistant
and non-resistant bacteria

PUER CR 71k JE CR4TEHk PH
Antibiotic EE fiff 24 5% P value

Resistant rates Resistant rates

of CR bacteria of non-CR

(%) bacteria (%)
MIN 0 0 1.000
P/T+AMS+FEP 50 0 0.066
CTX 100 10 0.005
CAZ 100 10 0.005
AMK 50 20 0.520
CIP 50 20 0.520
LEV 50 0 0.066
SXT 50 30 0.580

CR: R HEMRMTLY

CR: Carbapenem-resistant.
MES)¥i 4= ZAMIEZR ZE [ (floR, tap), /N& 2451t 25
(small multidrug resistance, SMR)#i 4= K /MHEZR
HE[H (abeS), X SE A 71 DT ME VRS L RIR N IR |
IS . MU R AR S

Pie plot of species distribution

2 REAETEEN NR BUEENERES RS0

233 FBHEREEER

B EESE A R R, bR QT51-2023 4
5 A TR BRAH DG % 25 DX (P B AH DG ] esuA
csuC. csuD. csuE), #MEZE ompA B[ (pgaA
BT, BiEPER IR F(R I E A katA),
ERE S B T R (R ORI 2 1) bauA, bauD
bauE. barA. feoB &), LAz #E il OGR4y
phoP FIXZH 4475 R4 A A BfmRS,
234 ZALF545 B (multilocus sequence
typing, MLST) X SNP 73 #f

K H Oxford scheme, PEHUEE#E QT51-2023

M7 NMEREN, @i MLST s %
(https://pubmlst.org/) H (%) 55 {7 & K] 5 91) %5 o H:
4 ST1037 (gItA-56, gyrB-104, gdhB-137, recA-7,
cpn60-51, rpoD-74, gpi-247),

SNP M R G K B M EIR, Rtk QT51-2023
5 A pittii AP43 RYUELIE B B (& 3), %R N
SRR T-WLA I R PRI O3 B 1k o AR 41 PubMLST

a: Acinetobacter pittii (2 427)

b: Acinetobacter baumannii (262)

c: Acinetobacter sp. SH024 (153)

d: Acinetobacter pittii PHEA-2 (132)

e: Acinetobacter sp. 263903-2 (127)

f: Acinetobacter sp. 1289694 (69)

g: Acinetobacter sp. BEC1-S18-ESBL-01 (68)
h: Acinetobacter pittii ATCC 19004=CIP 70.29 (67)
it Acinetobacter pittii 42F (65)

J: Klebsiella pneumoniae (45)

k: Others (642)

Figure 2 NR database annotation result statistical chart of Acinetobacter pittii strain.
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Bootstrap percentage (BP) # BP<70  90<BP<100

Support 100
- Acinetobacter pittii AP43 (GCF_008121475.1)

-QT51 (PQ280790)

100
100

Acinetobacter pittii 2014 S07-126 (GCF_003359225.1)
- Acinetobacter pittii C54 (GCF_007954485.1)

100

- Acinetobacter pittii WCHAP100004 (GCF_002999115.2)

100
100 Acinetobacter pittii FDAARGOS 1215 (GCF_016889345.1)

- Acinetobacter pittii FDAARGOS 1214 (GCF_016889825.1)
- Acinetobacter pittii WCHAP005069 (GCF_002902805.2)

1

3 ETSNPHWIRZRER 5 NECAREREKRD GenBank & 5%5; br T AR 71Uk
YL S B s B — 0 3 BB SERGEK B R PRI EAF 2] T 100%H) 3247 UEHE ; Support
100 18R 32 FE4 100%; Bootstrap percentage fUR AT S EASEE, B MR, BI5EHS.
Figure 3 Phylogenetic tree based on SNP. Numbers in parentheses represent the accession number of each
strain in GenBank; Scale “1” represents the genetic variability of the genome; Numbers on each branch
represent the position of that branch in the evolutionary tree with 100% supporting evidence; Support 100

represents branch support rate is 100%; Bootstrap percentage represents the confidence of each node, the
higher the percentage value, the higher the confidence.

W3k R IZE bR ST1037, SR YR I 1
Pk QT51-2023 M[H], Ff H & A AHIRF) NDM-1,
OXA-500, AAC(3)-11d. APH(3)-IVa il floR %
i 25 5L A
3 Wik

AR, HA I 8 S OR S AT I B AS Zh A TR
LR E R B, R LA KRR ST
W, I H R R AS S A B P BE 78 70 8 S0 i o
IR T ANEhFF R, HAETE 1B T E
K Z M2 B FEAN S FF R B RED S, XA 2L T A=
T T E L . eAL, A 9T R B AE A AT
A PN BT v K R AN Sl BT 18 B0 1 2 1 T
SRGAFET ., WEIE, AR RS ST T
SEUA AP TE 25 A AE B/ RBOR RS, £ 5
B AN B AT T AT A BT S 5 5 i A% e Bk 4 B

B R 60 0 MO0 RO o s i VO R, AR SR
FEXT 43 85 1 AN Bl FF B 2617 T 24 M 40 A i 3 il
b SHEAP R R ERER B (FER
B SR PE RS ESMETT S L TR TR T 2K
29) 2 RS A BT TR AT, DAk 1 ifg
Hi X RIS T R TR AN B AT T 24 36 R e B )
FEH B TATRE RS . Ak, AU
XF 14 BRASSIFF 1R A it 2544 1 1 ki i B 25 2
T 245 Bz FEAN SN FF T A i 24 35 IR R e g A I
1T TSI, FERXT 4 B IEAT S P56
PR X 2 3 ok 14 S80I 0 A ABORH S 5

M 256 23 A L 14 MRAS BIAT B A B AR T 24
RIFARE, Fes OB RSE pie i . kil
PR 3% 28 (k0 i R Sk A6 At mE ) L T 25 B30
35.71%, HUKOMFMERTEZECRNTDA), M2y
RH 28.57%, KPR IR AT, TG54 0,
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X 2 R oK i P 2 RE 6% v IR A A At L A g
INFEAR G YTEE DT 250U, AR
Hu FH Xt e 2 F i 25 A8 sh AP AU e AT Oy
e e B 2 v a] TR T AN ST R R
R AM S T 2 F =0 2 — 4 Bk (5/14) H
B2, XAE LUE A B 45 15 10 fifl 2 R sl
-5 2R R A2 6 W0 R I 5 A o B T ALY
THOL, FRAEAE CR 4y Ebkrp =B, gush, &
5 H 47 NDM-1 2L [F 1) CRAP 43 B kR BN
Z F it 25 FLi 25 P B i F MR S . 3X
JERNHETE NDM i 40 TR X B 7 B S 2R
ZH AP R AR RSN 25 A, H SR NDM-1
LD AL % B ORI T A AT B RNSS A B Bk
{HIZ St 1 B 05 Tl . S 7EAS S FF I P 56 0
., BHETHFEINA , ANEhHTF 58 AT GE7E NDM S
M LR AR 1 AL HE R AT R h R R
TER,

i 25 3 DR K I 42 /R 1% CRAP B Wk iF #5 4
ADC-18, OXA-500, OXA-727 it AL
K%, ADC N ARSI A ki W, ]
kAP T kMR HEEM -
B AR A 2T 25 10T, R RN Sl TR
f) ADC-18 T 2014 4F7E I & 43 &5 bk vh %
delO AR, FEAS ST BT B R 2
IR 2 AL, OXA 7K ffe it 1) 35 M 3] &8 %
FEEAEFADT, Hrp OXA-58 JE[R &I K F &
PRI ) V2 W B A R 25 S IR, AR 5
K ) OXA-500 1 OXA-727 3 [H
OXA-500 J& Tk 254 K fi# D-B- N LI,
& KRR ST B P R AT OXA AR K, EL7E
R e RS [ A AR 22 B RS S T R RS
F, i OXA-727 R EEAFAE T AT
15 K A AR
GiE S S N B Sl
(Acinetobacter gandensis), & HAT 5 &

(Acinetobacter chinensis) .
(Acinetobacter defluvii) .

W O AEIEE, HOATIE R AGBE LT R bR
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TR e R — B0 T ek BT PR BRI, A3 AR
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R ) A AR FEAR SRR R R A Ty, &
BT 25 PE 07 A, i 25 R AU — 2,
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