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[ Abstract] Objective: To investigate the distribution and drug resistance of bacterial infections after liver transplantation
in patients with hepatocellular carcinoma, and to provide
[KFEHE] 2017-08-15 [f£EIBH#A] 2017-11-09 reference for clinical therapy. Methods: We retrospectively
[EWIEE]  °Hiff, E-mail:kangmei@ sina. com analyzed the medical records and microbiological documenta-
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tion of 222 patients with hepatocellular carcinoma who received liver transplantation in our hospital from 2010 to 2016. Those
patients were divided into two groups: the infected group and the uninfected group. The distribution of pathogens and drug re-
sistance were assessed, and possible risk factors were compared between the two groups. Results: Of 222 patients undergone
liver transplantation, 60 cases experienced infections, and the morbidity rate was 27.03% . The infection was frequently i-
A total of 126

strains of pathogens were isolated. Gram-negative bacteria (75.4% ) were the main pathogenic bacteria. . Gram-positive bac-

dentified in respiratory tract (50.4% ), intro-abdominal cavity (17.6% ) and blood stream (16.8% ).

teria and fungus accounted for 20.6% and 4% respectively. The main pathogens leading to respiratory tract infection were
Acinetobacter baumannii, Klebsiella pneumoniae and Pseudomonas aeruginosa, accounting for 39.7% , 15.9% and 14.3%
respectively. Enterococcus faecium (31.8% ) and Acinetobacter baumannii (18.2% ) were the common pathogens leading
to infections in intro-abdominal cavities. Meanwhile Enterococcus faecium (23.8% ), Klebsiella pneumoniae (19.0% ) and
Staphylococcus capitis (9.5% ) were the top three pathogenic bacteria leading to bloodstream infection. Acinetobacter bau-
mannii was resistant to common antibiotics, and the drug resistance rate was more than 50% . But polymyxin (100% ) , tige-
cycline (85.7% ), and minocycline (68.7% ) had high antibacterial activity against it. Enterobacteriaceae streams were
still susceptible to imipenem, meropenem and piperacillin/tazobactam, and the resistance rate was lower than 10% , But they
were highly resistant to cephalosporin and quinolones antibiotics. No Enterococcal strain was resistant to vancomycin, linexol-
id and tigecycline. Univariate analysis showed that length of hospital stay, model for end-stage liver disease score and pro-
thrombin time were associated with infection (P <0.05). Logistic regression analysis suggested that length of hospital stay
was an independent risk factor of infection after liver transplantation. Conclusion: Nosocomial infections to hepatocellular
carcinoma patients after liver transplantation are relatively high. They mostly occur in respiratory tract, intro-abdominal cavity
and blood stream. Pathogenic bacteria are mainly gram-negative bacteria, which has different distribution in varied sites of
infection. Clinicians should take account of the risk factors and rationally choose antibiotics based on strain type and charac-
teristics of resistance.

[ Key words] Hepatocellular carcinoma; Liver transplantation; Infection; Pathogens; Risk factors
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Table 1. Sources of Pathogens

Sources of Number of The constituent
pathogens strains ratio ( %)
Respiratory tract 63 50.4

Abdominal cavity 22 17.6
Bloodstream 21 16.8

Urinary tract 8 6.4

Surgical wound 7 5.6

Biliary tract 4 3.2

Total 125 100.0
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Table 2. Uni-variate Analysis of Risk Factors for Infection after Liver Transplantation

. Gender (male/ Age ALB before Length of hospital PT before »

Variable female) * (y) transplant tay(d) " transplant MELD **
‘emale o sta il
Y (g/L) v ()

. . . . 20.0 13.3 7.0
Patients without infection  145/17 47.3+£9.0 39.1+7.1 (14.0 ~27.0) (12.1 ~15.0) (4.0~10.0)

. o . 25.0 14.1 8.0
Patients with infection 49/11 50.9 +12.9 37.0+7.6 (18.5 ~41.0) (12.7 ~17.5) (4.0~15.8)
P value >0.05 >0.05 >0.05 <0.01 <0.05 <0.05

* Measurement variables are presented as number, P values are calculated with the Chi-square test.

" When data are in accordance with the normal distribution, ¢-test is applied to independent samples to compare the differences. These variables are ex-

pressed as mean values * SD.

** Data, which is not in accordance with the normal distribution, are presented as the median (M), the upper quartile (Q,5) and the lower quartile

(Q5). P values are calculated with non-parametric U test.

ALB: albumin; PT; prothrombin time; MELD: model for end-stage liver disease

®3 BEAFREZERDESH
Table 3. Multivariate Analysis of Risk Factors for Infection

after Liver Transplantation

Variable B SE Wals P Value
Length of hospital stay 0.048 0.013  14.628 <0.01
PT 0.011  0.082 0.018 >0.05
MELD 0.019 0.046 0.177 >0.05

PT: prothrombin time; MELD :model for end-stage liver disease
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Table 4. Distribution of Pathogens for Infection after

Transplantation
Microorganisms Nun.lber of Thf: constituent
strains ratio( %)

Gram-negative bacilli 75.4
Acinetobacter baumannii 33 26.2
Klebsiella pneumoniae 18 14.3
Escherichia coli 12 9.5
Pseudomonas aeruginosa 12 9.5
Stenotrophomonas maltophilia 4 3.2
Enterobacter aerogenes 2 1.6
Enterobacter cloacae 2 1.6
Serratia marcescens 2 1.6
Others 10 7.9

Gram-positive bacilli 20.6
Enterococcus faecium 16 12.7
Staphylococcus aureus 2 1.6
Staphylococcus capitis 2 1.6
Others 6 4.8

Fungi 4.0
Candida albicans 2 1.6
Candida parapsilosis 1 0.8
Aspergillus fumigatus 1 0.8
Candida tropicalis 1 0.8

Total 126 100
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Table 5. Distribution of Pathogens in Common Sites of In-

fection
Thy
Site of . . Number ©
. . Microorganisms . constituent
infection of strains .
ratio( % )
Respiratory Acinetobacter baumannii 25 39.7
tract
Klebsiella pneumoniae 10 15.9
Pseudomonas aeruginosa 9 14.3

Escherichia coli 6 9.5

Site of . . Number The .
infection Microorganisms of strains con'stltuent
ratio( % )
j}t;rllir;trophomonas malto- 3 4.8
Others 10 15.9
Total 63 100
Abdominal Enterococcus faecium 7 31.8
cavity Acinetobacter baumannii 4 18.2
Escherichia coli 2 9.1
Pseudomonas aeruginosa 2 9.1
klebsiella pneumoniae 2 9.1
Others 5 22.7
Total 22 100
Bloodstream Enterococcus faecium 5 23.8
Klebsiella pneumoniae 4 19.0
Staphylococcus capitis 2 9.5
Others 10 47.6
Total 21 100
Urinary tract Enterococcus faecium 3 37.5
Acinetobacter baumannii 2 25
Escherichia coli 2 25
Others 1 12.5
Total 8 100
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Table 6. Resistance Rates of Major Gram-negative Bacteria to Clinically Used Antimicrobial Agents (%)

Acinetobacter Klebsiella Escherichia Pseudomonas
Antimicrobial agents baumannii (33) pneumoniae (18) Coli (12) aeruginosa (12)
N R(% ) N R(% ) N R(%) N R( %)

Ampicillin/sulbactam 24 79.2 15 26.7 8 50 - -
Amikacin 30 50 17 0 12 0 12 8.3
Ciprofloxacin 33 87.9 - - 12 58.3 12 25
Cefepime 33 87.9 18 44.4 12 50 12 16.7
Gentamicin 33 84.8 18 66.7 11 36.4 12 8.3
Levofloxacin 33 63.6 18 38.9 11 63.6 12 16.7
Imipenem 33 87.9 18 5.6 11 0 12 50
Meropenem 33 87.9 18 5.6 11 0 12 50
Compound sulfamethoxazole 32 59.4 - - 11 63.6 - -
Cefotaxime 20 95 16 75 10 80 - -
Ceftazidime 27 88.9 16 43.8 10 50 11 18.2
Tobramycin 33 75.8 18 22.2 11 27.3 12 8.3
Piperacillin tazobactam 27 88.9 17 5.9 11 9.1 11 27.3
Cefoperazone sulbactam 23 43.5 - - - - - -
Tigecycline 21 14.3 - - - - - -
Polymyxin 19 0 - - - - - -
Minocycline 16 31.3 - - - - - -

R :number of strains; R :resistance rate
K7 RBHERENIERERREEZWHE (%)
Table 7. Resistance Rates of Enterococcus faecium to

Clinically Used Antimicrobial Agents (% )

Enterococcus faecium (16)

Antimicrobial agents

N R(%)

Ciprofloxacin 16 100
Ampicillin 16 100
Erythromycin 16 87.5
Linezolid 16 0
Moxifloxacin 16 100
Penicillin 16 100
Quinupristin/Dalfopristin 16 12.5
Tetracycline 16 37.5
Vancomycin 16 0
Nitrofurantoin 16 62.5
Tigecycline 16 0
Levofloxacin 16 100
Gentamicin ( high concentration) 16 56.3
Streptomycin ( high concentration) 16 62.5

R :number of strains; R :resistance rate
3% #
AT IR IR B 27, 03% , 55

[l A 1) 20% ~ T0% JEje R AR B T [
A Kim 257 RG4S, HORFSE 25 RS AR 5 g
K 3T% ~66% o JEH AT BE N AHF 58 e £ 1
FE RV I I e e s 3, i ) A1 22 3SR
W REARIERE PR bR T -, i35 A1k A1
P 2SI I R I v 45, AT SRR e 1 25 o
SCHR SN, A A G B v R A FEAR S AT B 1
HAERGSE 1D KERRE S A5 H,
58.9% IR R ARG 4 N, SIGEW &, 2
T IR TS A S B R A D it , TR A 2
FERBCA R, YL S 5 5 R W AR R 5
PR G

X RS A A S SR e (1) 115 6 R 2R 43 A1 45 R4 s
B BE KRB AR PT /K- % MELD 285 AR5
JERPL BRI (P <0.05) , Wik AAEIS 5 oA
ATAEAKESBRE T, PTE—ERE LRk
Ml 2 2 AR R DD RE K A, 1 MELD 343 5 H 3% 1 AR
212 MU | B br A H 2 S0 BRUAE oG, & JR S
ABPRSPIZEE R, 75— 7T, AR REL, U
HREAE 1CU £ B RBOE N, LA A 16 & AL E
A B X BT A R AR ST R XU
MBIFSE " SRS b e R B AT - AR R 25 W ik



. 400 - MR T T 59697 2018 45 12 H 58 31 #:%5 6 #] J Cancer Control Treat, December 2018, Vol. 31, No. 6

FHA L gz J00 al 500 458 A 250 AR Ji5 W W AL At R s
] ICU AF: Be Kk 2 1 I o o | vk
SR R 24 R o AT A 1 A ] A
PRI KA AR RS A A 5 8% 58 5 A 5 1) oK Xt
JEYL L RIS WA ZH HEAT A 77 B 28 2007 , DR I TE R VAR
S A S JTT 98 T A% RELER 2 O R IS AR A7 00, 7
— TR I LA A AT

MBI IR A B W B 1Y 126 B
JEU B UR TR (50. 4% ) , 5 [ P s Je A4
WIFSEas SR — B, LU R I I 0L 3, 0 B o b
17.6% 16.8% , A GO, AR5 BG40 I 475
DA 22 BPERT B8 2, o 75. 4% , JLUCR S 22 PR
BRI (20.6% ) 5IEE(4.0% ) , 4 B35 HT S 71
O RS R SR T 28 S T T SRR R
Ji7 35 o TR VR SR AR BB AT, 40931 7 26. 2% (14 3%
12.7% \9.5% 9. 5% , 53k 2 2 AR S F 58— 3K
HEA4 551 0 99 JAL T 25 Sy e PR JER R o DL 1 4% 4 350
VX ATRE S E A BT, Sese il 550 a4
Te BE BRI . AT RS AE T ARA B X (R S8 1 5%
M58 K, Jin 2z A ] T R B 8 2 o FH K o A 3
R, BT N HL A R 22

T S T 5 37 200 81 2 ) i 0 58 R AT B
RO SRR B KR A TR SV 22 25
T, O L SRR, T BE S TR I ] 4
Ko, ARG HER RIME , Gz ], i MBI 1 FH A8 5+
RAHSET S DR I, T O LA I L T
S S B G , 5 T LA A ) T A S AR
AR — L AR I 200 1 A 58, % s R o
T P TR X 2 BT B O BB R LR TRk
RPN o NE IR SRR SR Ak T SRR I B R i DL A I
YeFOL, A 4R A TR A AR I I e R gk
27% ~47% ", A3 I g L BR W B i O
SRR AN BT B B A 2 AT, e I
2 0] e 5 B RS R B RS2 40, AR S A, B I
i L IALVRB AT SRR TR N IR AT R
R BB AR VA T RS R R A R I
Je 25 255 B R L CT K40 1 15 354 R 1 I s E e
(9 ST , R0 A I R AR BR S R , 3
I E R ARG & 9%, A T BB . AER
BT B AR S 1 Gy 5 3] 16. 8% , BEAIL T [
HMHSCHRE ", LB B R PR S R 1 i 46 v
FTB S T IO R 0 J0P 5 % 44 1SR 3 DL 1) 7
SRR, SRR 2 R I e P A S TR e, B PR
HIK B B RIRAS 25 4 2 R B0 405 SR 25 T L s e

WG R TR IR E R g i
TP G 3 A A T 2 57, 47 A [R) 3579 JBL 1 1) 4
TG — e e, DR G B A e b A Bkt | —
HE TR IR AL B A ] B 25 O B 45 R . RSP R
B, TEE 22 BT 1 1 2 22 PRV SR A7 A 2
TG, ST, TR ARG
5y S FE TR B I , 22 iR A I, B R R
BRI, L O M, BRI EER
SEAr BT 5 BRELH, IR A IR

S R R B T Sk VR R/ 47 (4 5 o 2
B DR R RGN, 55 R ST 1 X I R4 R
ZHUR VUL B2 R I 58 T 50% , Jt Howd 3 Jig 85
26 B T T 25 2R 725 3k 87. 9% , B W i - IR
BB TR A SR IRt R T DU | X
PR T 2R B 2 B 20 6 2 AN B T T
R MBS PN YE . R R O sE T
T B R e A B T A R O R ) 4 T
EFFE , U BT 55 B T 25 7 4
15T 6% 5 (H X = A% S 700 s 3 R 2 | 2 S 2K
Yo 2 R B T 251, R A SR A A B
T AT I X T M 4 1 5 8 5 g s A e T 24 4
(50% ) , %k HeAx I R 6 R0 A6 28 0t i 4o A
5 T T P g A e o B 7 s A 2 f
BORTZ AR TR RTE VAT A & T SR e i 4R P Bk
FEBEPUER B — |, AW 8 154
AL RO D R HERR A e 5 T 19, T
TEA 5 BIRIFE v i — 2B T RRE AR e, A D o B
PEERE P, BRI ER B R T 85 R 205 2 M VA
KB R R S TR 25 (R A0 B o T R R
e e 5 N ER K T 25 1 I B A

25 BT P R TR ARG B R 5 K
Y T A PR R G I B LR R B, o T LA B
22 BIPERT I N 3 EH R A SRR , I R AR
BRI N L EM 25, BF BRI PT KF K
MELD 55gkde 85 U 56, A I, Xob Je e 1 OGP 25 114
TSR ], o FR e A 8 1 e DB T R
ARG, o T 24 B P 119 T 70 S DT B 3 7 o e AV T 9 48
FIFTRAA G B R E R R,

EERR: AXE —FEF X TH A MRS BB
S Y TR 35 AT 9 AR AR A B 5

FFE 5 A S04 1E# 2 h Fl XFE LA X A
R

SRR A A F A KT



MeEE BT 5697 2018 42 12 A %5 31 4825 6 ] J Cancer Control Treat, December 2018, Vol. 31,No. 6

- 401 -

Bl % P (CNKI) B} 1 7] 2 A F 35 o AR 0 £ 5
AR A 3 4 5

BT £ R AT XX Eohw, L8 F K&

[ &% 30ik]

NafadyHego H, Elgendy H,Moghazy WE et al. Pattern of bacterial
and fungal infections in the first 3 months after pediatric living do-
nor liver transplantation; an 11-year single-center experience[ J].
Liver Transpl,2011,17(8) :976-984.

Watt KD, Pedersen RA, Kremers WK, et al. Evolution of causes
and risk factors for mortality post-liver transplant; results of the
NIDDK long-term follow-up study. [ J]. Am J Transplant, 2010,
10(6) :1420-1427.

Clinical and Laboratory Standards Institute. M100S. Performance
Standards for Antimicrobial Susceptibility Testing : Twenty-Sixth
Edition[ S] : CLSI,2016.

Singal AK, Kamath PS. Model for end-stage liver disease[ J].
Clin Exp Med, 2013, 3(1) :50-60.

EEOT R T, B HE,S TRAE 2 A B B e AT 24 BT
FELT]. A E R Y 42k 5 ,2007 ,17(8) :1934-935.
FIAXGEAR P TIHE , 55. R ALIT B A A5 L1 e A 5%
FER R R IAT[T]. o [ fE o S R 2%, 2006, 18 (7) < 406-
408.

Kim SI,Kim YJ,Jun YH, et al. Epidemiology and risk factors for
bacteremia in 144 consecutive living-donor liver translpant recipi-
ents[ J]. Yonsei Med J,2009,50(1) :112-121.

Romero FA, Infections in liver translpant recipients[ J]. World J
Hepatol ,2011,3(4) :83.

Hoek BV, Rooij BJD, Verspaget HW. Risk factors for infection

[10]

(11

(12

(13

(14

[15

(16

(17

[18

(19

]

]

]

]

]

]

]

[l

[

after liver transplantation[ J]. Best Pract Res CL GA, 2012, 26
(1) :61-72.

S B, AN S AR B S S E R AR S5 )
20 P R R AR O e PR R S TR I R AR [T e
T AMRL2£,2016,10(5) :354-358.

AL, FARG, WA AR RS AE IR 3 R A A R P %
ST AR RIS 247, 2016 ,9(6) £496-501.

SIEAS, X, R, . TPIE R AR R 5 W W SR T Y B iR
[J]. e EE peilge2r A, 2008, 18(4) :500-501.

AL, EARG, WA, AR RS AR AR I IR S M TR R AIE B
M 2P0 #r [ T]. PR BE25,2015,10(11) :1679-1682.

Reid GE,Grim SA, Sankary H, et al. Early intra abdominal infec-
tions associated with orthotopic liver transplantation[ J]. Thans-
plantation,2009,87(11) : 1706-1711.

Bert F,Larroque B, Paugam BC, et al. Microbial epidemiology and
outcome of bloodstream infections in liver translpant recipients : an
analysis of 259 episodes|[ J]. Liver Transpl, 2010,16(3) :393-
401.

Al-Hasan MN, Razonable RR, Eckel-Passow JE, et al. Incidence
rate and outcome of gram-negative bloodstream infection in solid
organ transplant recipients[ J]. Am J Transplant, 2009, 9(4) :
835-843.

Shahcheraghi F, Nikbin VS, Feizabadi MM. Identification and ge-
netic characterization of Metallo-beta-lactamase-producing strains
of Pseudomonas aeruginosa in Tehran, Iran[ J ]. New Microbiol,
2010,33(3) :243-248.

ETERE. DU A IR BRBE 2014 AR I R 5 UL 20 TR i 24 14 1
[J]. Mo iRs 55677 ,2015,28 (4) :204-208.
SR, TR B0 T, A 0114 20 T T 2 I 1 2014 4R 20 B
it 245 M I RdE B [ ] b B B A 3 Ak, 2016,41 (8) : 624-
631.



