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ABSTRACT

Purpose: Survival after liver transplantation (LT) has improved over the years, but infection is
still a major complication. We aimed to identify the characteristics of bacterial infections in
pediatric LT recipients.

Methods: This study is a retrospective review of 189 consecutive children undergoing LT
between 2000 and 2015 at a single center. In this study, the incidence of infection was
determined for the following periods: within 1 month, between 1-5 months, and between
6-12 months. Patients who underwent liver transplants more than once or multiple organ
transplants were excluded.

Results: All patients had received postoperative antibiotic for 3 days. Only the maintenance
immunosuppression with oral tacrolimus and steroids were performed. As a result, 132
bacterial infections developed in 87 (46.0%) patients (0.70 events per person-year). Bacterial
infections occurred most frequently within the first month (n=84, 63.6%) after LT. In the
pathogens, Staphylococcus aureus (15.2%), Enterococcus species (15.2%), and Klebsiella species
(13.6%) were most common. Regarding the organ infected, bloodstream was most common
(n=39, 29.5%), followed by peritoneum (n=28, 21.2%), urinary tract (n=25, 18.9%), and
lungs (n=20, 15.2%). We changed prophylactic antibiotics from ampicillin-sulbactam to
piperacillin-tazobactam at 2011, October, there were no significant effects in the prevalence
of antibiotics resistant bacterial infections. The 1-year mortality was 9.0% (n=17), in which
41.2% (n=7) was attributable to bacterial infection; septicemia (n=4), pneumonia (n=2), and
peritonitis (n=1).
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Conclusions: The incidence and type of bacterial infectious complications after LT in
pediatric patients were similar to those of previous studies. Bacterial complications affecting
mortality occur within 6 months after transplantation, so proper prophylaxis and treatment
in this period may improve the prognosis of LT.

Keywords: Liver transplantation; Child; Bacterial infections; Korea
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S| QHL AFESHA] %O H | tacrolimus?t steroidsE Ed|ATF F-A] HAAA|
HE AsHATE A tacrolimuse & T 19#/FE 232 47H4] €55 = 1015 ng/mL
2 855 4ol FoFslqltt. o] & 570 &9 tacrolimus ¥ 5 5% 510 ng/mLE,
+=3-8ng/mLE SEZ tacrolimus®] 8% 24 -& 5} th Methylprednisolone 4~&
mg/kg FoF Foll & T cLA ol = 0.6 mg/kgZHA| A AF ZRFatlnt. & T 7 Aol
prednisolone 2= ¥ 5} o™ o] % 367) U7t &5 HAp &F2 S0 EJAoh
18-S 7= 2k2}2] 7420l methylprednisolone pulse 252 A| 435} th.

1 4

4. 4g
Alet 2492 il AAE &3l Yoleto]l S FAlol et ddSdol A B¢
ThZ 7Aoo Centers for Disease Control and Prevention (CDC)

o
ATEZ Farste] Jolsigicten 4830 H9 2Ld+Y
7ts/d S a1 sto] Y ltoll ket F o) & GelstA=tl, Staphylococcus aureus, Candida species,
Al
o

chg e ot
Sote] 79 e, Wi 5] o] gom

(e}
AWE 71e A Bahe Hotol ALt ELite

N
Ul
=}
8
Bu)
o
o+
riN
2
o 12
fru
Jo > o
i o
1e 55‘;:
p
P
= ol
2
Q-
c o
5
o B
> o2
anl F]O
P
e

R
_O|L
T K
& 2
rr

U, 92 HRE EEEF 547150 B0l 49, 715 AAA A 2703 B
o B-7F 45 &70% vl (percutaneous transhepatic bile drainage)= S+ i ARl A
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AT YA 7443 A= Vitek-2 (bioMérieux, Marcy 1'Etoile, France)2} Microscan
(Siemens Healthcare, Sacramento, CA, USA) 5-2] A}55} AH| S o] &5}o] 2|4 AA| 55
24519 th EA B AL SPSS version 23.0 (IBM Corp., Armonk, NY, USA)S ©] -85} 1L, p
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1. CHAF 8tx}o| QlAkN Ex]

et A4 E3
16147t 5 1897 o] FAP7} ko] A2 Al T, Hol7t 877 (46.0%) R S A2 24
7H (270 €161y 0] T}, A < W2 7271 1357 (71.4%) ] it} B == 27} 7
EoF AR (n=114, 60.3%)°] 227 F o] of T A THE3 (n=16, 8.5%), T 2% (n=8,
4.2%), AAJot 7F (n=6, 3.2%), 7t=A] FalA TFHESG A (n=6, 3.2%), Alagille ZF-
(n=5, 2.6%), ZFE M| EF(n=5, 2.6%)°] o] 4] o] 91 A%lo| ] th(Table 1).

m

Zhol Al Al whe1s0% o) 84} 3 F 132719) Al ol o] A 3 1 o] o Whgstel o
(0.70 events per person-year), 87 (46.0%)2] E-x}ol|A] o] 4] & 11 7+ 171 o]/de] Al T o]
SIS T A Mt Y 5 63.6% (n=84)7} ©] A1 T 17]€ Woll(median, 9 days; interquartile
range, 8-16 days) TAY 51901, 24.29% (n=32)7} ©| 4] & 157 Ato]ol], 12.2% (n=16)7} ©] 4]
6711 o] Fof Y53 th(Table 2).

7H¢ &35 Ml 2 FEF(n=39, 29.5%)°] o1 EuHd(n=28, 21.2%), L 27 (n=25,
18.9%), B & (n=20, 15.2%), F&<A (n=11, 8.3%), & A (n=6, 4.5%), T= 27 (n=3, 2.3%)°]
HE 0|t o] F ARt o] o] FE F(61.5%), 59 (82.1%), L2 (80.0%), M (55%)
o] o]2] & 17§ oJujof HrAY5RAtHTable 3). S| ¥RATF2 S. aureus (n=10, 25.6%),

Table 1. Characteristics of patients and incidence of infectious complications (n=189)

Characteristics Values

Demographics
Age (mon) 24 (2-192)
Sex (male:female) 87:102
Donor (LD:DD) 135:54

Underlying disease
Biliary atresia 114 (60.3)
Fulminant hepatic failure 16 (8.5)
Glycogen storage disease 8 (4.2)
Neonatal hepatitis 6 (3.2)
Progressive familial intrahepatic cholestasis 6 (3.2
Alagille syndrome 5(2.6)
Hepatoblastoma 5(2.6)
Liver cirrhosis 4 (2.1)
Wilson disease 4 (2.1)
Primary hyperoxaluria 3(1.6)
Primary sclerosing cholangitis 3(1.6)
Autoimmune hepatitis 2 (1.1)
Caroli disease 2 (1.1)
Cholestatic hepatitis 2 (1.1)
Langerhans cell histiocytosis 2 (1.1)
Primary biliary cirrhosis 2 (1.1)
Atypical HUS 1(0.5)
Congestive hepatic failure 1(0.5)
Cryptococcus infection of liver 1(0.5)
Hemochromatosis 1(0.5)
Tyrosinemia, type 1 1(0.5)

Data shown are median (range), ratio, or number (%).
Abbreviations: LD, living donor; DD, cadaveric donor; HUS, hemolytic uremic syndrome.
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Table 2. Infectious organisms after liver transplantation during different time periods

Pathogen <1 month 1-5 months 6-12 months Subtotal Total
Bacteria 84 (63.6) 392 (24.2) 16 (12.2) 132 (100.0)
Gram (+) organism 44 (33.3) 15 (11.4) 7 (5.3) 66 (50.0)
Enterococcus species 15 3 2 20
Vancomycin-resistant 1 0 0 1
CNS 6 3 1 10
Methcillin-resistant 4 3 1 8
Staphylococcus aureus 12 6 2 20
Methcillin-resistant 9 4 1 14
Streptococcus pneumoniae 5 2 0 7
Vibrio cholerae 3 1 1 5
Others 3 0 1 4
Gram (-) organism 40 (30.3) 17 (12.9) 9 (6.8) 66 (50.0)
Klebsiella species n 4 3 18
ESBL(+) K. species 6 3 2 mn
Enterobacter species 9 3 1 13
Escherichia coli 6 3 2 n
ESBL(+) E. coli 5 2 1 8
Acinetobacter baumannii 4 1 3 8
Imipenem-resistant 1 0 0 1
Pseudomonas aeruginosa 4 2 0 6
Others 6 4 0 10
Data shown are number (%).
Abbreviations: CNS, coagulase-negative Staphylococcus; ESBL, extended-spectrum beta-lactamase.
Table 3. Type of bacterial infections during the first year after liver transplantation
Type Time periods Total Death
<1 month 1-5 months 6-12 months
Sepsis 24 (18.2) 10 (7.6) 5(3.8) 39 (29.5) 4 (3.0)
Peritonitis 23 (17.4) 4 (3.0) 1(0.8) 28 (21.2) 1(0.8)
uTl 20 (15.2) 3(2.4) 2(1.6) 25 (18.9)
Pneumonia 11 (8.4) 5 (3.8) 4(3.0) 20 (15.2) 2 (1.6)
Cholangitis 5(3.8) 4 (3.0) 2 (1.6) 1(8.3)
Enteritis 0 4 (3.0) 2 (1.6) 6 (4.5)
Wound infection 1(0.8) 2 (1.0) 0 3(2.3)
Death 1(0.8) 5(3.8) 1(0.8) 7 (5.3)

Data shown are number (%).

Abbreviations: UTI, urinary tract infection.
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Enterococcus species (n=8, 20.5%), coagulase-negative staphylococcus (CNS; n=7, 17.9%) <22
BESIFon, Euked o] ARlw2 Enterococcus species (n=6, 21.4%), Enterobacter species (n=6,
21.4%), Klebsiella species (n=5, 17.9%) <=2 R I3}t Q2 ZFAL Escherichia coli (n=8,
32.0%), Klebsiella species (n=7, 28.0%)7} &3+ A Aol A o W2 Streptococcus pneumoniae
(n=6, 30.0%), B¥A-2 Enterobacter species (n=4, 36.7%), & B~ Clostridium difficile (n=4, 66.7%),
e A2 D2 Enterobacter species (n=2, 66.7%)7F 7HS &5+ L Qlo] i ct.

ol4 ¥ 1d W AFFEZ 9.0% (n=17)°112.H, o] F 41.2% (n=7)7} Al ZHFL= Ut
Argolgict. 1 Rl Aok FEF(n=4), TH(n=2), HH(n=1) °|UTH(Table 3). A
Zrd o & QIS AFFS 22 o] 4] & 1 571 Ao]o]] ¥} O (n=5, 71.4%), 17 9] A}
o] Al & 171 ol Futd o 2 AFgsi AL, thE 1 9] ks &4 7]5 ol = Qlsf o] 4]
< 23 7|7t ol A A 5 F 7Ho] A 7Y o] ol 8T 22 AFYoFS Th(Fig. 1).
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Fig. 1. Number of deaths caused by bacterial infections.
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Fig. 2. Proportion of gram-positive and gram-negative bacteria isolated from liver transplantation recipients,
2000 to 2015.

5, 6671(50%)2 1S/ Allat 2ol U A] 6671 (50%)2 184
Al 2ol th(Table 2). F 132 7F 5, 1TE Y2 66 7F(50.0%), LHS3T2 66
T5(50.0%) T} 2011 9 o|F o FAYAHE ampicillin-sulbactam®l| A1 piperacillin-
tazobactam 2. 2 ¥ 7 & H} Q131 2000-2005, 200620113 (9R 714]), 20111 (102 F-E1)-2015
WA7MA| &2 e A A0S B ashH At Al 7] of w2 1k /dwF (2000-2005' 46.8%, 2006-
201140 9 50%, 20114 10220151 65%)3 1734+ (2000-2005% 53.2%, 2006-2011E
99 50%, 2011 1022015 35%) 0.2 M} 23 FAl o] ZH o] Z7lehe A4S Bt
(P=0.02; Fig. 2). SFAITH 2t A== WX F3FdS 246 S dloll= S 48
2b7] o th(P=0.32). 7H Zo] 5HH T2 27 2071(15.2%) 22 S. aureus?} Enterococcus
species®] ™ F] ©]0] Kiebsiclla species (n=18, 13.6%), Enterobacter species (n=13, 8.7%), E. coli (n=11,
8.3%), L2] 2L CNS (n=10, 7.6%) <=°| AT}, . aureus2} CNS % Z methicillin resistance 752
Z}YZ} 70.0% (n=14)2} 80.0% (n=8) 2, Enterococci Z+Y %= vancomycin resistance w2 T S+ 71
(5.0%) 573 = AT}, Klebsiella2} E. coli 7t Y - extended-spectrum beta-lactamase (ESBL)-*8 /3 o2
2k 7} 1171 (61.1%) 2} 871(72.7%) 578 H et & Aol A= ampicillin-sulbactam (-2011.9) 2}
piperacillin-tazobactam (2011.10-) < S| %2 YA 2 AFE-5FH =0 2011 99 o] A 1} 0] 2.9
W/t £ 25 v s B, ESBL-AY/A] 1H-3A 752 HAY ¥l = 2 ASHA AL (E. 0li75.0%
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[n=6]°1A4] 66.7% [n=2]; Klebsiella species 68.8% [n=11]°l14] 0% [n=0]), Methicillin-resistant .
aureus (MRSA)2} Methicillin-resistant CNS (MRCNS)2] Y Bl %= Z7}oFA TH62.5% [n=11]
ol A 100% [n=3]; 64.7% [n=5]°lIA] 100% [n=2]). L&t} o2 YA HA 5 YA
YA g Wsts BE SAH 02 folalA 23k,
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9;1 J819) U—]'E]'/ﬂ "“ﬂ"?} & 7l&o] IH3dd 4EY ool
& 4ol A=Y
QloZ 20114 10¥€
Al ol YA A= “E ampicillin—sulbactamoﬂf\i piperacillin-tazobactam 2. &
SHil QLA o]of] w2} Pseudomonasel] Tt &t o] ot w Wy et d/d oz 25 E
AT (Fig. 2).

2 ATolN DA A S U #FF S NS T 5 80%, S. aureusﬂ‘ﬁ % 70%°11 A methicillin
W& B2 Enterococcus speciess 5%CN 4] vancomycin WA & BT SHH E. coli - 70%,
Klebsiella & 61%7}+ ESBL-*8/d w+5=%{tt. o] A= = UjollA] 1996‘5] ol A 2005 7}A] Alggt
Zho] Al EHE thAfo 2 g thE Aot vl WSt ulf) MRSAL} vancomycin resistant Enterococcus
(VRE)Q] §1&=+= o W11 ESBL /4] T34 Rl = o =] EI1% QITHMRSA, 91.2%;
ESBL-A87d E. coli, 40%; VRE, 25.5%; ESBL-A83 Klebsiella pneumonia, 53.3%).2

A2 0.2 70| 4] F Aololl A A7 4L 0|4 5 17 o] Lol 7 Ho] Wy, 17 o]
A Fol = F50) Al FPOR A AFFEo] ot 4 WA WS Al 2ol
A 2 227k Waolck. oA YA L AWA AL Y 7|Bo] 2E Haof
wetof 51X, £ A5 ol S T Y|we] 2hol4] 3 AlZ 7 Al 9ol o] Rx Y
A715 woret 4= 919l 0.m 3 7ko] Al o] ol F A A3 A7) EhhE AL 7|cht,
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