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[Abstract] Objective To evaluate the effect of intestinal carbapenem-resistant Enterobacteriaceae
(CRE) active screening combined with enhanced intervention in the prevention and control of nosocomial
infection in patients admitted to the hematological ward. Methods Patients who were admitted to the
Department of Hematology in a tertiary-care general hospital from March 1, 2017 to December 31, 2019
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and underwent chemotherapy or immunosuppressive therapy comprised the intervention group. They were
screened for intestinal CRE at least thrice. From December 1, 2016 to February 28, 2017, patients who
underwent chemotherapy or immunosuppressive therapy without active intestinal CRE screening in the
Department of Hematology formed the control group. Both the patient groups were monitored for CRE
infection in real time. The y* test was used to compare the changes in the CRE infection rate and mortality
in high-risk patients before and after the active screening. Results During the intervention period, the
CRE colonization rate of patients was 16.46% (66/401); in terms of disease distribution, the colonization
rate of acute leukemia was the highest 23.03% (26/113). Of the 66 colonized patients, 27 (40.9% )
patients were identified as positive for CRE at the first screening, 15 (22.7% ) were identified at the time of
the second screening, and the remaining 24 (36.4% ) were identified at the third or subsequent screening;
Carbapenem- resistant Klebsiella pneumoniae (CRPK) strains were dominant among the pathogens,
accounting for 54.55% (36/66). During the active screening period, the CRE infection rate (2.49% ) and
mortality rate (50.00% ) of high-risk patients were significantly lower than those of the controls (11.30%
and 69.23%, respectively). The pathogens of 10 CRE infection patients during the intervention period were
exactly the same as the previous active screening pathogens, and the coincidence rate was 100% .
Conclusion The CRE colonization rate was the highest in patients with acute leukemia who were
admitted in the hematology wards. CRPK is the main pathogen of CRE colonization, infection, and death.
Increasing the frequency of screening can significantly raise the positive rate of screening, Active screening
can effectively reduce the incidence and subsequent mortality of CRE in high-risk patients admitted in the
hematological wards. High coincidence rate between CRE screening positive pathogens and subsequent
CRE infection pathogens. Intestinal CRE screening can serve as an indicator of CRE bloodstream infection
in patients with hematological diseases as well as provide information for antibiotics therapy.

[Key words] Active screening; Carbapenem-resistant Enterobacteriaceae; Evaluation of effect

Fund program: Zhejiang Basic Public Welfare Research Project (LGF18H260009); Hangzhou Medi-
cal and Health Plan (2018A05); Hangzhou Science and Technology Development Plan (20142013A61)

DOI:10.3760/cma.j.issn.0253-2727.2020.11.009

+933-

W) VTR I M B RIS 2y T s B R IR (IST) 4 401 B L ¥ AR GE

HIIAAT R B R (CRE) B kA RBAE LT, A2
Tt [l VRS s, SR AAAE CRE 2 A& CRE 84
) 5 3R A S AR S S e B JR S P, CRE
FEHE S B CRE B3 DIAHOC ST R m (i
F A4 4L CRE . CRAB ,CRPsA Tl B 147 il 45 7 )
Hidg i, CRE E fH 5 T UL sl 5 B e W] i
A A TE R CRE SR Y =B, o i A5 £ 35 3k
171438 CRE = gy i 2 nl 4 % F# Ik CRE J& Y & /=
A X CRE i A% H i v Il B A iRl
T RAE 1R E A 3R] i B 2 1Y CRE 2 AH iR
Ho MIEARN CRE B R E SR [ P IR &
B3 9539% CRE & A% I & CRE T 8h i 25 J5 A 7 A
T 105 7 R VT AR e A R A T FRATT T X
BHERE 8 E 61T 7 il CRE £330y, 1 A a5
J CREEAHIE 0L, IF L TR B b7 L shifi s+ +
il CRE JE& YL (AR 4k, PEAN T 32 2 i 0 6k it v
CRE J&RYL 5 OB R, DK 45 AR A5 4 F o

w57 %

19 LA20174E3 A 1 H & 20194E12 A 31 H
AT T EE— N RS EE BE Mk N BRI 1R B2

BE NI S . o, Sulk i 113 491 bk e 3
163 15i] 22 VLB B 968 48 1] 1 B 109 A S 25 B AIE
355 PR RSP A 1M 25 451 AR i 17 1, JE
AA BETEAI AT AT R 40 A = Chi sl ) 3 ki
BR F 3 AR AT A I CREAGN , AA FRE1E
ABE 48 h N R Rk A I 3 A TA] s AT
CRE Kl #5045 Hi il CRE BHYE: , WS BCT 51 b
BRI TR 1 ORI A A R R A e ek
FEARST/IST, W45 Y A7 /IST 3 a) PR i 4y o BRAE
CRE 7 2 Pk 5 258 8 BB B P o Pl B i e g
FERIT , O SRR MR FR 45 0, R R s Xt CRE
YL RIRTT AR S T 2D 2R L EhTAE R (An
BINAER SR ES) AN PURYYIRYT . CRE
i A P B 2 e - T DA L R A )/ IR = B B
BIETE A AR I A DA IS A A L IR K
TR EM AR AR LR FE S kT
LRI

2. EFhifidr & BT IR B 45 A 51 )™
H5 42 BE 2013 A7 42 [ I RS B0 45 VR RLRE A T A A SR
SEREAG . AN IR S e RN 2588000 ph A W 52
=L AR N GUHR AR AR HE 743 B B 3% AN e



<934 . LM 225 20204E 11 4541 %55 118 Chin J Hematol, November 2020, Vol. 41, No. 11

YooE PO, K I H AR & R CRE, A4 i ik &
T2 2% 50 8 1A TH (CRKP) | i Bk 7 B 2 K
B T Tt il 5 B I 2 BRI AT T L T ke 75 B i 2
I (AP IR AT 55

3. 453 2F b B . R F SPSS 18.0 #E AT 4811 4>
Mo THECFERER F B R Bl bE ) - 74, A o 3
Sl 07 25 I 995 9 20 i) CRE J& L R [ JE T % % ]
Fisher ifi UIME R 1L T4 (B LU 3, P < 0.05 22 A 48
IES-9'8

s R

1. ML RS [R5 A % 18 CRE 1 2 5 AR 1% O -
20174E3 1 HZ20194F 12 A 31 H 3 shifid i a]
FRATIXT 401 ) £ B A AR 1 613 3 KA ARA , G A H
66 15 i 158 iy bR As CRE BHE , Horp 20 1 il
26 151 AR IR 25 6] 2 VB 8 ) L B
HSE LA AR 4 B H AL 3 6], CRE & fH %
16.46 % (66/401) (AH[F] 5 L 5 , AN [Ap AP CRE &
2 F i B U 2P MR (23.01% ) (2 k1
B (16.67% ) GEMEWM TR (15.34% ) iyt Ak
SEHEEATE(11.43% ) (1),

R MBFAIEYR R CRE §i 2 5E F 7

)44 L ERER
S i A1 (%) PR 4 (%)
b N 163 40.65 25 15.34
SR 113 28.18 26 23.01
EZ/aca=gii 48 11.97 8 16.67
A R R A 35 8.73 4 11.43
HAlb 42 10.47 3 7.14
it 401 100.00 66 16.46

T : CRE B R M ZE M 25 R AT R0 T

2. CREJ%JE B A A I Ol : i 14 1 613 1))
FAE 66 # CRE J J5t 1 (FH [F) B 3 25 76 ) 40 A 1 1
LR 2, it CRKP 36 £%, 17 54.55% ; i ik 7 25 I 2%
KIGBAS TR 148K, 15 21.21%

3. CRE fifi i PH MR 5 i A B G 7 - 66 Bl
18 CRE fii £ B M 8 v, 56 1 U0 A FH 1k 28 3
276, 7 40.9% (27/66) , 5 2 YR it A BH P 4
151, 5 22.7% (15/66) , 55 3 ¥k S LA i 4 BH 1 R
Hoh 244, 1 36.4% (24/66) .

4. ENTHASCRIEAL  LL20164F 1 H 1 HE
20174F2 A 28 HIRBE M FHEZ LS s ISTHAA T

R2 MR TS0 A CRE IR 1 B

975 L B AL FR L (%)
Jiti 58 5 A TR 36 54.55
PN 7R ] 14 21.21
PR B B A 6 9.09
Eba) e R 5 7.58
ST 4 6.06
B G AT 1A 1 1.52
At 66 100.00

{E : CRE Bk T B2 ST 25 () I A R R4 1

CRE = 8y i £ 19 115 5] J 3 o0 JJy s X R4, 13 )
KAz CRE &Gy, Horp 12 4 4 CRKP &Y% 5 9 19l &
FET-, 8 19l CRKP, JJj 52 %} BE 41 CRE J& Y K hy
11.30% (13/115) , H: v CRKP J& 4 K & 10.43%
(12/115) , CRE J& YL B H FET- %0 69.23% (9/13)
1M 2017 43 H & 20194F 12 A Mg FHEZ L7 8%
JERD IR YT A 401 fi47 £ i A, 3k 10 i &A=
CRE B4, Horp CRKP 2L 8 f51] 5 5 5 iR 5 A6 T, 4 6]
i CRKP G, F5liiiifr B CRE YL %4 2.49%
(10/401) , Horpr CRKP JE& YL 4 1.99% (8/401) , FET™
ok 50.00% (5/10) o #2352 F 8 A i & CRE Jgk
YR (P<0.001) ,CRKP JE YL K (P <0.001) ¥ i
T AR Z = Bl i Dy s B AR

5. = Bl 0 A 1 8] BH 45 )5 B 55 CRE B e B e
I SR R A % Bl ] 10 491 755 & 4= CRE J&k
e, Hod it 58 52 B AA A 8 B KA ¥R A 1 2 ], i X
10 {4 £ 5 3 2 i 2 10 (B) 24 0 A 11 5 )5 2k e AH [
(9 SR AT, A7 532 100.0%

o

CRE [fil Ji B G 5 R 1) ST 2 R I IR —
AE KPR, MR FHE CRE B & e Rl =, s e
DR 2R A4 < A7 e S e il R0l Rk A PN P
FAE RO R LR R YU E R
ST CRE MR Gy B35 v I B v e g 28 2 o
16% ~ 24 % , CRE Ifil 7 /B YL 7E 1 ¥ 5 G0 3
() % RN 1.8% ~2% , BET-H 1k 60% ', CRE
YL R AT R SRR AR ZORIEAS Y A X
CREJRYT W25 HIRHHLAER A S HiRiE M
T EFE A AR S 2 CRE I il 855N, G
i PR P S A R P BA O A A e R S I
Ju BB F I RS 352 AT U —/ N 43 CRE /2 A8, {H Xk
DI TCAE IR B4 5 A A R A T HE A T 4 T A% 32 3l



HAE I 2 255 20204F 11 5541455 11 Chin ] Hematol, November 2020, Vol. 41, No. 11 +935.

e ] kG ARG L& A 7R B I KU AT
HEAT U A e % B 0 e A AR, BRI P
it , A By 0 o A A AR Sy MM I R, B AT
TRYEAH LT RS = X VR T i R
TS ) CRE G, — B A R & ek 5
JERYAE AT IR YT I PR IS S T i CRE J8%
Ye B CH B HGE MO B, CRE I
TR BB PR AS SR AR BT Uf FH 24 19 °F- 247 B[R] Sy
52 h, 1M A SRR B9 I 37 R e e A B R S AR T s
1] 4 96 h, B 5 shai AL 29697 7T LI %A 30 d
FET R,

ARWFFEEIERT |, M RGP CRE 23
i A5 R B AR N 16.46 % , Horh 2otk (I B e AR
A3523.01% , {5 T SCHRIRIE 1 10% A2 477K, AT fig
SRS B i AR A O, AR 5T 3k 401 i iR
BIEKT 1 613 (hnAs , T34 3 9] 5 3 i A 4 0, Horp
B 1 RO A B MR K 40.9% , 3 60 % 1Y B R AE
2RIV i ORI . A BRI HRGE , R E
JEl 1R/ 3R ) B A AR A AT R O A 2 Y
CRE EM B, XT84 21 413 1f T 20 M RS AT
SEE AT AR, 19% M5 1 ROt 2 B, 1 57 % (3%
TEEE 3 YR LA 2 BEE 17 2 g 0 i 43 % T o A
2R E ", X ATRES I 22 R L
7, g R B RAS B B A O, (EL S v 1) i A S
PR IS TR 50 o I IR, AR 9% Ji5 424
a7 W, £ shifiAr 18] CRE LB Y & A M 56
FIFET R 5 HAh Sk B 19 CRE 8l fr T 5
B ALY 0 201743 H 22019 4 12 A 18],
%18 CRE SEM T, LLCRKP A, 5 54.55% , 5
MR CRE BYL 5 [ #4) % AR — 25, 5 A e
Bt 45 1Y CRE 17 2 J5t 81 F4 B L ] — 3, 6B AE
W Bl , CRKP /& CRE P& B J&k e By 35 19 5 550 0 JR
WY ONARBFSEE L2016 4F 1 H 2201742 A 1Y
115 451 g s %) 8 g 3 v 13 1) % 4 CRE &3, CRE J&%
YR K 11.30% , FET- R 70% 5 1 401 ] E4 7 3
CRE T 3 i A 19 H % w10 191] % 4 CRE J& %, CRE
JRYL N 2.49% , B BART D s xR, 53k [6,9]
F BN AT CRE YR . [FI, AF 5T
CRKP &Y Z R 2% , 15 3CHk[ 9 ] —3, $En A5
BT X CRE 2 HH I Bl 5 485 i A 3% . CRE & $E /R 7F
FEERIE O CUnfReki gl | & i i 26 Bt e 52 5145 )
W5 KA SR, X CRE E A T — 25
44 it U L B, Ak S B PR Bl e P
B 0 B G AR BT, T S A A AR A A, S )i 3

FEXT CRE BYLAIRYT , G A M 20 2 F0 2L 1
PR (WEMAR ZREES)IRIT>, v
R AIGRE 5 CRE I iR Ak 3 RT3, AR5
T4 3 B0 A5 1 6] 10 61 CRE I 37 B I B
H 5 HI CRE AR N [R]— 40 B , $78 CRE a2 AH R
B K A R CRE &Y 0 R A %,
HT 9 == sl T LLX 5 30 CRE 1L 0 B e ke 51) #l
L RARACTE 2 YRR

Xof 5 6 £ % HEAT CRE 3 7 # 47 B 4% CRE J&%
el R TR AR, BT E PR CRE ifids A
E L7 A 0038 0 R IR B — B L, X CRE Jke
B RE A S AT BT A A B A RS A L, AR
AIF 7 45 S 1 78 XoF 1m0 A8 % P il Y 2B A AT
CRE ffi 25 F] 47 R AP 5 2 CRE ML i IR e e A= R L
FET 3, BN A 48 1T 12 5 i A B, (EA
— ZR A ) BT T, n 8 G i B 5 25 oy
15 % CRE & 342 CRE i 2 PR 2 25 ] SR B
A RSB 1 %% 46 9 CRE IR YL 45 . A A5
FUE—A By [EERT ST , A4 BN Z ,CRE
SR SSRGS B RIS N o D] A5 R0 BT 45 B i
(A IV B CRE YL 5 B RAEAS 2 rhs (HiTHE
PEWFIE LASE— 2B 4R 1]

£ % Xk

[1] Metan G, Akova M. Reducing the impact of carbapenem-resis-
tant Enterobacteriaceae on vulnerable patient groups: what can
be done?[J]. Curr Opin Infect Dis, 2016, 29 (6):555-560. DOIL:
10.1097/QC0.0000000000000313.

[2] Li S, Guo FZ, Zhao XIJ, et al. Impact of individualized active
surveillance of carbapenem- resistant enterobacteriaceae on the
infection rate in intensive care units: a 3-year retrospective study
in a teaching hospital of People's Republic of China[J]. Infect
Drug Resist, 2019, 12:1407-1414. DOI: 10.2147/IDR.S201644.

[3] Satlin MJ, Calfee DP, Chen L, et al. Emergence of carbapenem-
resistant Enterobacteriaceae as causes of bloodstream infections
in patients with hematologic malignancies[J]. Leuk Lymphoma,
2013, 54(4):799-806. DOIL: 10.3109/10428194.2012.723210.

[4] World Health Organization. Guidline for the prevention and
control  of  carbapenem- resistant  Enterobacteriaceae,

Acinetobacter baumannii and Pseudomonas aeruginosa in health

care facilities [M/OL]. Geneva: WHO Document Production

Services, 2017. https://www.who.int/infection- prevention/
publications/guidelines-cre/en/.

[5] BRIEAR, E5F4, EERK, . BAE NN IX CRE 3 #r &
HORITMN (V] AR R B 75, 2017, 27(18):4123-4126.
DOI: 10.11816/cn.ni.2017-172535.

[6] Yang TT, Luo XP, Yang Q, et al. Different screening frequencies

of carbapenem-resistant Enterobacteriaceae in patients undergo-



+936-

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

LM 225 20204E 11 4541 %55 118 Chin J Hematol, November 2020, Vol. 41, No. 11

ing hematopoietic stem cell transplantation: which one is better?
[J]. Antimicrob Resist Infect Control, 2020, 9 (1):49. DOI:
10.1186/513756-020-0706-0.

van Duin D. Carbapenem-resistant Enterobacteriaceac: What we
know and what we need to know[ J]. Virulence, 2017, 8(4):379-
382. DOLI: 10.1080/21505594.2017.1306621.

Satlin MJ, Cohen N, Ma KC, et al. Bacteremia due to carbapen-
em-resistant Enterobacteriaceae in neutropenic patients with he-
matologic malignancies [J]. J Infect, 2016, 73 (4):336- 345.
DOLI: 10.1016/.jinf.2016.07.002.

Micozzi A, Gentile G, Minotti C, et al. Carbapenem- resistant
Klebsiella pneumoniae in high- risk haematological patients:
factors favouring spread, risk factors and outcome of
carbapenem- resistant Klebsiella pneumoniae bacteremias [J].
BMC Infect Dis, 2017, 17 (1):203. DOI: 10.1186/s12879-017-
2297-9.

Alho AC, Infante J, Carmo E, et al. Osteomyelitis caused by
carbapenemase- producing klebsiella pnemoniae: a diagnosis to
consider in patients with hematologic malignancies and stem
cell transplant recipients[J]. Am J Case Rep, 2019, 20:482-488.
DOI:10.12659/AJCR.909965.

Ambretti S, Bassetti M, Clerici P, et al. Screening for carriage of
carbapenem- resistant Enterobacteriaceae in settings of high
endemicity: a position paper from an Italian working group on
CRE infections [ J]. Antimicrob Resist Infect Control, 2019, 8:
136. DOL: 10.1186/513756-019-0591-6.

AN, T4, FHEE, 55, N BT A TR 5 700 Mo 2
MR TT TR ZE AT I LR T [T ). e i
7%k, 2018, 39(12):1021-1025. DOI: 10.3760/cma.j.issn.0253-
2727.2018.12.010.

Satlin MJ, Jenkins SG, Walsh TJ. The global challenge of
carbapenem-resistant Enterobacteriaceae in transplant recipients
and patients with hematologic malignancies[J]. Clin Infect Dis,
2014, 58(9):1274-1283. DOI: 10.1093/cid/ciu052.

Micozzi A, Gentile G, Minotti C, et al. Carbapenem- resistant
Klebsiella pneumoniae in high- risk haematological patients:
factors favouring spread, risk factors and outcome of
carbapenem- resistant Klebsiella pneumoniae bacteremias [J].
BMC Infect Dis, 2017, 17 (1):203. DOIL: 10.1186/s12879-017-
2297-9.

Zhang L, Zhai W, Lin Q, et al. Carbapenem-resistant Enterobac-
teriaceae in hematological patients: Outcome of patients with
Carbapenem-resistant Enterobacteriaceae infection and risk fac-
tors for progression to infection after rectal colonization[J]. Int
J Antimicrob Agents, 2019, 54(4):527-529. DOIL: 10.1016/j.ijan-

timicag.2019.06.023.

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

Trecarichi EM, Pagano L, Martino B, et al. Bloodstream infec-
tions caused by Klebsiella pneumoniae in onco- hematological
patients: clinical impact of carbapenem resistance in a multicen-
tre prospective survey[J]. Am J Hematol, 2016, 91 (11):1076-
1081. DOI: 10.1002/ajh.24489.

Tumbarello M, Viale P, Viscoli C, et al. Predictors of mortality
in bloodstream infections caused by Klebsiella pneumoniae
carbapenemase- producing K. pneumoniae:
combination therapy[J]. Clin Infect Dis, 2012, 55(7):943-950.
DOLI: 10.1093/cid/cis588.

importance of

Pagano L, Caira M, Trecarichi EM, et al. Carbapenemase-
producing Klebsiella pneumoniae and hematologic malignancies
[J]. Emerg Infect Dis, 2014, 20(7):1235-1236. DOI: 10.3201/
€id2007.130094.
Wr/ i, BB, 1 8, 45, ORI ALy 75 I L A
RIS 2B A ], R I 2%, 2017, 38(11):
951-955. DOI: 10.3760/cma.j.issn.0253-2727.2017.11.010.
Forcina A, Baldan R, Marasco V, et al. Control of infectious
mortality due to carbapenemase- producing Klebsiella
pneumoniae in hematopoietic stem cell transplantation[J]. Bone
Marrow Transplant [J]. 2017, 52 (1):114-119. DOI: 10.1038/
bmt.2016.234.
Dickstein Y, Edelman R, Dror T, et al. Carbapenem- resistant
Enterobacteriaceae colonization and infection in critically ill
patients: a retrospective matched cohort comparison with non-
carriers[J]. J Hosp Infect, 2016, 94 (1):54-59. DOI: 10.1016/j.
jhin.2016.05.018.
Averbuch D, Orasch C, Cordonnier C, et al. European guidelines
for empirical antibacterial therapy for febrile neutropenic
patients in the era of growing resistance: summary of the 2011
4th European Conference on Infections in Leukemia [J].
Haematologica, 2013, 98 (12):1826- 1835. DOI: 10.3324/
haematol.2013.091025.
Sheu CC, Chang YT, Lin SY, et al. Infections Caused by Carbap-
enem- Resistant Enterobacteriaceae: An Update on Therapeutic
Options[J]. Front Microbiol, 2019, 10: 80. DOI: 10.3389/fmicb.
2019.00080.
Satlin MJ, Jenkins SG, Walsh TJ. The global challenge of
carbapenem-resistant Enterobacteriaceae in transplant recipients
and patients with hematologic malignancies[J]. Clin Infect Dis,
2014, 58(9):1274-1283. DOI: 10.1093/cid/ciu052.
Richter SS, Marchaim D. Screening for carbapenem- resistant
Enterobacteriaceac: Who, When, and How? [J].
2017, 8(4):417-426. DOIL: 10.1080/21505594.2016.1255381.
(ke H 1:2020-03-23)

(AR 3L - X1 38)

Virulence,



