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Epidemiological Analysis of Carbapenem-Resistant Enterobacteriaceae Strains in the Clinical Specimens of a
Hospital YUAN Yu, ZHOU Dan, LIAO Quan-feng, TANG Si-shi, HE Chao®. Department of Laboratory Medicine, West
China Hospital, Sichuan University, Chengdu 610041, China
A Corresponding author, E-mail: hc_wsw@126.com

[ Abstract] Objective To analyze the detection rate, in vitro susceptibility to antibiotics, and carbapenemase
types of carbapenem-resistant Enterobacteriaceae (CRE) strains in the clinical samples of a hospital and to provide
support for the prevention, control and treatment of CRE-related infections. Methods Clinical specimens were
examined according to the operating procedures of bacteriological tests. Species identification and in vitro drug
susceptibility testing were performed on the isolated strains. Carbapenemase inhibitor enhancement testing, which
combined the use of 3-aminobenzeneboronic acid and ethylenediaminetetraacetic acid, was conducted to identify the
types of carbapenemase in the CRE strains. Results In 2021, 2215 CRE strains were isolated from 157196 clinical
samples collected in this hospital, presenting a detection rate of 1.4% (2215/157196). A total of 1134 non-repetitive
strains of CRE were isolated from 903 patients. The main sources of samples were respiratory tract (494/1134, 43.6%),
secretion (191/1134, 16.8%) and blood (173/1134, 15.3%) samples. The cases with the same CRE strain isolated from the
samples of two, three and four sites accounted for 12.5%, 4.9%, and 1.1%, respectively. The most common species was
Klebsiella pneumoniae (883/1134, 77.9%), followed by Enterobacter cloacae complex (107/1 134, 9.4%) and Escherichia coli
(96/1134, 8.5%). The rates of resistance to polymyxin B and tigecycline of different species of CRE strains were not
significantly different (P<0.05). Serine carbapenemase-producing strains, metallo-p-lactamase-producing strains, and
those producing both enzymes accounted for 82.6% (809/979), 17.2% (168/979), and 0.2% (2/979), respectively.
Conclusion CRE strains are frequently isolated from samples collected from the respiratory tract, secretion, and blood.
The most common strain is serine carbapenemase-producing K. pneumoniae, which has a high resistance rate to various
antimicrobial drugs, and risk factors of its associated infections deserve more attention.

[Key words] Carbapenem-resistant Enterobacteriaceae Resistance rate Carbapenemase

AR, Tk 75 #5411 H (carbapenem-resistant ISR DAERE S CRE RS R Y B Fh 2047 Rl 25 26 B4 i
Enterobacteriaceae, CRE) 4l b 5 | # (YRR YL H 2536 2%, Wik AT AR B W3 (At X R S PR, A Hb X 73 B TR R 1Y
e M AT E0ATT, B R A 22, B 2 ki I Ay TATI S B X CREAH IR 1) Bl 5 ey 7 J L EE 2,

* DR ARTT T H (No. 2021 YESO183) 28 R, A BRI 202 14 HEBE CRE I BR ARG 0L | 14
A {5, E-mail: he_wsw@126.com A2y BB e T 20 R S, SR A o A R AR




%3 3] AR I AR A

R AT E H EARIRAT R 2 20 B 603

wmr.
1 MRS

1.1 FEASRIR

20214 U 1| R 2E ARG BE BESOIA R POREAS (I . PR
W WP TEREAC S ), i REAH DA 27 A S b v SRR R 1 7
FEACRAR . AR DU )1 K AF ARG 12 Bt A= 12 2 AR L o
R R AHE(20204E 879545 ) o
1.2 JRIZE

KA FATCC25922, ATCC35218, i 4 i F 1A
HMATCC700603, F174 /28 [KA AT B ATCC700323, Hil 2k
I ATCC27853, W 4 2F 45 L B I ATCC17666, ¥4
B RISAE P2 PR A7 TR R
1.3 UHE5RF

VITEK2-Compact4: H 8l il 4= 1) % 78 F25 53 A
(V5 [ A B4 ), 35 T 4l B O vt O P A ) B 3
(P A 8 5 ) S A

K-BIE 25840 (G ETEIR €, 2R R B INA
F I RA TR RL 2800 S QRN 2R, 3-Z Rl iR
(W22 5M0), & e 2R (AL R 3T SR
14 Fik
141 BAWG BAS I RREA T R 2K R br
BEVEIUREREA TR, 35°C . COMFA 59718 ~ 24 h, Zr 54l
AR AT BE A5 , SR FH L 0%l B A A Pl 25 T B ) S
VITEK2-Compact4: F {4 1) % 8 T2 8003t Atk A T
PN .
1.4.2 RN HURMREE R4 A SREY % E A
G SORK-BAT 7 % A AT 181 40 70 25 ARk A T8 WAL

P2 R R i . R HH PRV s R T TR e X i A
K MZHEH R BRI MIUEANE:

ORI A5 R R R Z R A R AR NI R 20y
BAFIWAR R (B R IS SR IR R Sk A g/
BT 24 [ 35 245 0 ok A e R LR HA 259 2
CLSI M100-S31"', CRE X AXJ Wik rg . £ 2 15
M R A R B 2 e 5 p AT — R 2 25 0 A AT B
HR
1.4.3 HEEHEA RN RH3-EIAEMREE S 2
VY 2R (PBA-EDTA ) Bk 7 B 45 T 00 1] 38 5t X 0 G0
CREP PR ™ A= 1B 5 B M 517
144 %it#F 7% RHAIWHONETS5.64KF#4TCREE
VS FXT TR 25 (AR S MR 2B . ASTR] BRI 24 3
Y L3R HISPSS 20. 08K 184 TR J5 K 3 Al Fisher i ) 1R
RIEKLY, P<0.05 WS A G ¥ Lo

2 #R
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20214F, IZ B 157 196073 i PREEAS v 43 28 B A AT 1
H2H1512 9168k, K5t #48.2%(12916/157 196); 4355 %]
CREEFR2 215%k, K H %8 1.4%(2 215/157 196), Horifi
TR v B AT 1 7608k, K H R A 1.1% (1760/
157 196) , Tif ik 75 %5 4 28 B VA [ AT T 2000 , A6t R
0.1%(200/157196) o
CREW R B0 AT B 456 5 3 k8509 17.1%
(2215/12916), TCREMHE . FFURIEREAS | F3-0400 A Il R
ARGy B EN Y B AT R B 4058 T CREB 4 o5 LA =5 (18.2% ~
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Table 1 Enterobacteriaceae isolated from clinical specimens in 2021

Strains of

Detection

Sample tvpe Number of Enterobacteriaceae rate of Strains of Detection rate The ratio of CRE in
ple typ samples . o CRE detected of CRE/% Enterobacteriaceae/%
detected Enterobacteriaceae/%

Respiratory tract samples 41751 4807 11.5 958 2.3 19.9
Secretion 14454 2021 14.0 368 2.5 18.2

Blood 70447 2444 3.5 484 0.7 19.8

Urine 15539 2853 18.4 209 1.3 7.3

Aseptic fluid 15005 791 53 196 1.3 248

* Pleural effusion, 24.0% (12/50); ascites, 27.5% (83/302); cerebrospinal fluid, 55.4% (41/74); puncture fluid, 15.9% (26/164); bile, 20.6% (34/165); joint fluid,

0% (0/36).
53 [ — £ 25 A [+ 387 14 2 52 T B J CRETA R A

1 1348k, 33X 85 5 #k 32 BRI kR I G AR A (494/1 134,
43.6%) . AW (191/1 134, 16.8% ) AL 7 (173/1 134,

15.3%) o
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1 1348 CREAEEE &2 B/ 25 T-90341 f 35, M5 LE A
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Table 2 CRE isolated from samples collected from different sites of the patients

Single site (n=736)

Two sites (n=113)

Three sites (n=44)

Four sites (n=10)

Sample type

Strains % Strains % Strains % Strains %
Respiratory tract samples 380 51.6 83 36.7 29 21.9 5 12.5
Secretion 101 13.7 31 13.7 33 25.0 10 25.0
Blood 82 11.1 48 21.2 34 25.8 9 225
Urine 105 14.3 27 12.0 12 9.1 4 10.0
Aseptic fluid 68 9.3 37 16.4 24 18.2 12 30.0

2.3 CREEEIBEMH TR

I RS 4325 3] 14 CRE T i LU 48 7 B 11 B
F(883/1134, 77.9%), Hk =AM AT # 2 &8 (107/
1134, 9.4% ) MR IR AR (96/1 134, 8.5%)

46.8%F142.1%; KGR %
R OHES
£ 3 CREEHHIEMSHH

A BREA R A 120 B AR 0 UL 23, il 58 se & AR
AT B8 AT 1 5 1 2 20 B TP IR AR AR, 23] o

TR=AN

PCray, T

Table 3 Species distribution of the CRE strains

B S A AT B B A0 7 PR TR
5 5 34.3%F138.1%.

Klebsiella spp. (n=910)

Enterobacter cloacae Escherichia coli

Sample type K. pneumoniae (n=883)/% K. oxytoca (n=15)/% K. aerogenes (n=12)/% complex (n=107)/% (n=96)/% Others (n=21)/%
Respiratory tract sample 46.8 46.7 332 42.1 22.9 14.3
Secretion 16.4 13.3 16.7 23.4 12.5 23.8
Blood 16.3 33.3 16.7 8.4 11.5 9.5
Urine 10.3 0.0 16.7 14.0 34.3 38.1
Aseptic fluid 10.2 6.7 16.7 12.1 18.8 143
Total 100 100 100 100 100 100

" Citrobacter freundii (11 strains), Raoultella ornithinolytica (4 strains), Providencia spp. (2 strains), Morganella morganella (1 strain), Proteus mirabilis (2

strains), and Raoultella planticola (1 strain).
2.4 CREEEITHE AWM

1 134FkCRE B MRXS 20 R PUAK . 20 U AR/ &7 [ | IR
PLPUAR/EF LA | BT S PE AR/ SR 4ERR | SAmepk, Shqtmk

F4 CREEMIIEAMKIMZIE

Table 4 Antibiotic resistance rate of the CRE strains

SRS | Sk ALE 5 AT AL B T 255 100% .
RN B 28R 22 26 T 2R A, AN TR] T X BE 187 24 1 A T 24

RESAGH¥E X (P<0.05), BAAILE4,

Klebsiella spp. (n=910)/% Enterobacter S
Antibacterial agent K. p(rrzle_uggg)niue K,( Zf){tso)ca K. Ez:laiolgze)nes ccolgf;?:x ESC(ZZ;?;; /Z o (rgzhle)l;?) % g P
= = - (n=107)/%

Ceftazidime 100.0 100.0 100.0 95.3 97.9 100.0 37.8  <0.001
Cefepime 99.2 100.0 83.3 79.4 98.9 90.4 130.4 <0.001
Aztreonam 97.7 100.0 100.0 84.1 88.5 85.7 61.3 <0.001
Imipenem 97.8 93.3 91.6 65.4 79.1 95.2 146.0 <0.001
Meropenem 97.8 93.3 83.3 65.4 79.1 95.2 150.4 <0.001
Gentamicin 72.4 66.6 25.0 35.5 67.9 52.3 59.7 <0.001
Amikacin 68.2 20.0 16.6 17.7 36.4 28.5 126.3 <0.001
Tobramycin 71.4 33.3 25.0 41.4 62.5 52.3 39.1 <0.001
Levofloxacin 97.0 86.6 25.0 68.2 93.7 95.2 114.9 <0.001
Ciprofloxacin 97.0 86.6 33.3 71.9 93.7 95.2 94.3 <0.001
Trimethoprim-Sulfamethoxazole 67.7 66.6 33.3 57.9 81.2 80.9 14.5 0.002
Tetracycline 77.0 46.6 33.3 63.5 90.6 90.4 22.89 <0.001
Minocycline 45.6 33.3 16.6 39.3 38.5 50.0 24.0 <0.001
Tigecycline 1.9 6.6 0.0 1.9 0.0 5.0 2.8 0412
Polymyxins B 3.6 0.0 0.0 0.0 0.0 0.9 2.6 0.447
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Fig 1 Examples of carbapenemase examination result for the CRE strains
Left: serine carbapenemase positive sample; middle: metal f-lactamase positive sample; right: serine carbapenemase positive and metal - lactamase positive sample.
A: imipenem (10 pg/disk); B: imipenem with 10 pL 3-aminobenzeneboronic acid (PBA, 30 g/L); C: imipenem with 10 pL ethylenediamine tetraacetic acid (EDTA,
0.1 mol/L); D: imipenemwith 10 uL. EDTA (0.1 mol/L) and 10 uL PBA (30 g/L).

5 CREEHHIBREBHEHRHFRL

Table 5 Carbapenemases detected in the CRE strains

Klebsiella spp. (n=845)

Enterobacter cloacae Escherichia coli ~ Others (n=15)/

Carbapenemase type K. preumoniae

(n=823)/strain (%)

K. oxytoca
(n=14)/strain (%)

K. aerogenes
(n=8)/strain (%)

complex (n=50)/strain (%) (n=69)/strain (%) strain (%)

Serine carbapenemase 768 (93.3) 12 (85.7) 6 (75.0) 6 (12.0) 12 (17.4) 5(33.3)

Metal B-lactamase 53 (6.4) 2(14.3) 2(25.0) 44 (88.0) 57 (82.6) 10 (66.7)

Serine carbapenemaseand 2(0.2) 0(0.0) 0(0.0) 0(0.0) 0 (0.0) 0(0.0)
metal B-lactamase
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