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in Patients With End-Stage Liver Disease

LIU Qinwen @', LI ]ingjingl, WANG Wentao®, ZHAO Xiping 0.1 Department of Infectious Diseases, Tongji
Hospital, Tongji Medical College, Huazhong University of Science and Technology, Wuhan 430030, China; 2. Zhengzhou
Jinyu Clinical Laboratory Center Co., Ltd, Zhengzhou 450000, China
A Corresponding author, E-mail: xpzhao@tjh.tjmu.edu.cn

[Abstract] Objective To identify the risk factors and investigate etiological spectrum of pulmonary fungal
infections (PFIs) in patients with end-stage liver disease (ESLD). Methods A retrospective analysis was performed on
the clinical data of 211 ESLD patients. Based on pulmonary imaging, clinical manifestations, and microbiological test
results, patients were categorized into three groups, including the PFI group (or the case group), the non-fungal
pneumonia group (or the control group 1), and the group without pneumonia (or the control group 2). The clinical
characteristics of patients in the the case group were then compared with those of patients in the two control groups.
Taking patients without pneumonia as the control, univariate and multivariate logistic regression analyses were
performed to identify independent risk factors for PFI, and a nomogram prediction model was constructed based on these
risk factors. Results ~Among the 211 patients, 76 (36.1%) had PFIs, 46 (21.8%) had non-fungal pneumonia, and 89
(42.2%) did not have pneumonia. According to findings from the multivariate logistic regression, elevated white blood
cell count upon admission (OR = 1.211; 95% CI, 1.011-1.460), higher Model for End-Stage Liver Disease-Sodium (MELD-
Na) score (OR = 1.140; 95% CI, 1.021-1.282), concomitant hepatorenal syndrome (OR = 4.150; 95% CI, 1.050-17.300),
cumulative glucocorticoid use for more than seven days (OR = 26.832; 95% CI, 6.361-113.221), and the administration of
broad-spectrum antibiotics at the time of hospital admission (OR = 6.601; 95% CI, 1.951-22.362) were identified as
independent risk factors for PFI. A predictive nomogram model named TJLFPFI was constructed based on these risk
factors. The area under the receiver operating characteristic (AUC) curve of the model was 0.899 (95% CI, 0.853-0.945).
Etiologic analysis of the 76 PFI cases revealed that 36 (47.4%) had positive results for culture, while 40 (52.6%) had
negative results for sputum culture but tested positive by the 1,3-p-D-glucan test and/or galactomannan test. Aspergillus
was the most frequently identified pathogen, detected in 25 of the 36 cases (59.5%). Conclusion  PFI in ESLD patients is

closely associated with disease severity at admission, early use of broad-spectrum antibiotics, and prolonged
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glucocorticoid therapy. Aspergillus is the predominant pathogen. The TJLFPFI model shows potential value in identifying

high-risk patients, but prospective validation is still warranted.

[Key words] End-stage liver disease

LRI (end-stage liver disease, ESLD) J& £ FiiT
Sk R I B B B, A4 S L 2 L 18 N S R v
R A AL R 45 . TR DI RERRAG | i
RIRFR AL S BEIEVEIN R, J 5 5y R AR g oy, il
H B (pulmonary fungal infection, PFI)Ifi PRZZENAS L
AL, W RME UG AN R AWESEiE i [t 5T ESLD
G PRI & 5 It o T SR S Tt e g R A i R
BORL, PRI PEIR AR A 2%, S A T b i R

1 #REHE

1.1 R

AR 202141 H -20244 1 A 7RI R SF BE BE VAT Y
211BIESLDR A G IR TR}, AR AES 2182 . I RAEIR
Rg 2 I 45 5L, e £ 3 53 W PFIA | il sl B B R g
YLRJC TS Y 4 . A5 PRIS Wiks o A 4% O
CTHE /R (il | 8575 . BEfR | 55748 250 L 2AE &8
SO AAE) s QRSN R A REEC L R A T I R
AR, A AT R I R TR A ()L I S I G
PRAS 4R LRI @HTAE RIRYT>72 hIaUs # ko
BLELTH 2 . iR FL T R 1 2 W 5 25 2 [ IR L
S MR R R

IYNARUE: £56 o E (LRI G IF RS B
MR )VESLDAYIZWibr e o HEBRBRIE: (EBErtRl<7 d, &
IF LA R G R | A5 A% . A G e R B o R IR e |
COVID-19/& YL | iF <182 S 2kifi, AW LFETRHE
T R B 2 Bt B I [ 5 5 o B 2 A B 28 51 S it (1
FRHESCS: TT-TRB202404035) o
1.2 MIRFE

T I L T R eI R — ROk, B PR R
Al s, S I A, O A0E, iR K AF . MELD-Na
PET RS T 3097 | B R A B30 dFFTE 1 1 o
1.3 FitFEH*

P IESA TR PR X+ s R0R, 4l 22 7%
FHIMSTREAS G560 B s AT G A0 R F b A3 8 (i
S la BE) 7w, 40 18] 22 7R Kruskal-Wallis HAS 5643
BT o 432878 1 20 W] 22 52K FH R 5 K 30 5 Fisher K 3 3
BT o R RU) i L SR g Ay e 7 s s PR 2R, it L
YA AR AL, TR IR G g S X B2, EA TR PR 3
Z W FlogisticlT A3 . 3T 2 I 40 Hr 2 5 A g 3

Fungal infection

Risk factors Etiology Predictive model

B, FEPPAG LA RCR : i3 52 10 TARRHIE(ROC) 2k
IR (AUC) PPAG AR A S A Bk X M 20 e )
DX 73R 77, 300 3 T e A 6 F 0 ME 3 5 S PR Jy () 14
R 8 VS P i B A i [} Z N VA B i (SR ¢
iR IR 4.4.2(R Foundation for Statistical Computing, Vienna,
Austria) JEFTHE AT, P<0.05Hf 22 AT G478 X

2 #R

2.1 ANAZEHER SRS

211491 B8 3 e A Tt S SRR e 122461, PRI e 2
36.1%(76/211), it RE EL IR B #421.8%(46/211), Tolifi
TR YL %42.2%(89/211) . 3L EVEN] . AR . WA Ak
BRI . R Ak B 25 R RS T R L (P>
0.05) . JFEER R 5 1, PRIZH -5 JC YL 4 AH L, PRIZLIR
BEPEAT R 5 AR, B B e M 4% L (P<0.05) o #F
ABERE I T, PRIALA AT 2 5 25 v T Al I O s e g
20 (P<0.05), PFIZH 4N HE. rh ik dnffeit4, bk
21 6 5 9 B 40 B B AR R G R R A AR 3 D B
MELD-Nai43 i 3 5 T TG4 (P<0.05), W31,
22 lIGKRER

A ¢ 401 (B) PRIZH rh fdf PR e BT R it 7 d S A B fiE
FHI 1S HiA: 2 e i) b 2 v Tl A L R IR YL 4 (P<0.05)
PFIZH$252 A BIHRAE | B o P TR B ABE 0 T 15 4T
A= 2 O 4 3 0 T ICIER 41 (P<0.05) . PRI &5 A AiE
TP ARG 297 256 Bk 2 v T At I B B e 4 (P<0.05),,
PRI4HALE i, B & PEAN s PR i 58 . I 22 B AE
JHEPE R s & A e b 2 v T JC R 4 (P<0.05) o TUE 7
1A, PRIZE A B i [) 4 3 1% R4 (P<0.05), 30 dAET %
B T IR 2H (P<0.05) , 50t 38 A 20 ke 4
IR THE e, (AZE RG24 L (P>0.05), L3R2.
2.3 RERESH

B R 212 W AR R B AR K G . GMIR
5. fE76BIESLDAIFPRIEH T, 36/ (47.4% ) P57 L
TR BH P, 401 (52.5% ) 98 55 3% BC 1A MR G 56 A (5)
GMIRXISPHME, W2e3. IR 2ERE woR, MhaE i i a0
BB, A 258k (59.5% ) HUCh Bk B, SR H 138k
(28.9%); F Gl HO AR FHAE 4451 (9.5%) o B
[Fi) ARG H 22 b ECBRT, e v RIS ARG R R R B L SR AR
PGt W34,



756 PR 2724l (B2 hi) i 565
F1 AKRIFREELZEMBEEBRLNAODZERSIEREE
Table 1 Demographic and clinical characteristics of PFIs in ESLD patients
Variable ESLD with PFI (n=76) ESLD with non-fungal pneumonia (#=46) ESLD without pneumonia (n=89) r P
Male/case (%) 63 (82.9) 38 (82.6) 78 (87.6) 0.968  0.389
Age’lyr. 52 (47, 59) 54 (42, 66) 50 (36, 56) 0384  0.074
Smoking/case (%) 27 (35.5) 15 (32.6) 35(39.3) 0.742 0582
Alcohol consumption/case (%) 25(32.9) 12 (26.1) 24 (26.9) 0.428 0.587
Diabetes/case (%) 6(7.9) 9(19.6) 12 (13.5) 0.057 0275
Cirrhosis/case (%) 51 (67.1) 30 (65.2) 61 (68.5) 0.831  0.832
Etiology of liver failure/case (%)
Viral hepatitis 62 (81.6) 39 (84.8) 85 (95.5) 0.650  0.004
Alcoholic hepatitis 5(6.6) 1(2.2) 1(1.1) 0276  0.062
Autoimmune hepatitis 6(7.8) 3(6.5) 1(1.1) 0.779  0.031
Unknown 3 (4.0) 3(6.5) 2(23) 0.524  0.525
Blood test at admission
White blood cell //(x10° L™") 7.93 (5.33, 11.39) 6.46 (4.92, 8.70) 5.87 (4.32, 7.68) 0.061 <0.001
Neutrophil count’/(x10’ L™ 5.36 (3.41, 8.50) 470 (3.19, 6.51) 3.89 (2.81,5.27) 0.124 <0.001
Lymphocyte count™/(x10° L™") 1.02 (0.74, 1.46) 1.04 (0.78, 1.52) 1.20 (0.78, 1.58) 0.531  0.400
NLR’ 4.62(2.8,8.512) 3.776 (2.40, 5.66) 3.24(2.35, 4.69) 0.082  0.002
Hemoglobin®/(g/L) 115 (99, 129) 98 (77, 119) 130 (116, 145) <0.001  0.001
Platelet count’/(x10° L™") 100 (61, 140) 80 (57, 130) 111 (71, 153) 0.174  0.285
C-reactive protein’/(mg/L) 13.1 (8.4, 36.0) 11.6 (7.7, 24.1) 10.3 (7.4, 15.3) 0.237  0.009
Procalcitonin’/(ng/mL) 0.72 (0.46, 1.30) 0.60 (0.36, 0.86) 0.63 (0.37,0.81) 0.053  0.017
Total bilirubin/(umol/L) 3432 +158.9 2759 +132.8 304.1 + 140.2 0.019  0.104
Albumin®/(g/L) 31.4(29.2, 34.5) 32.8(27.9, 36.8) 34.5(31.2, 36.8) 0.540 <0.001
Prothrombin activity’/% 37 (32,47) 37 (31,42) 40 (35, 61) 0.657  0.018
MELD-Na score’ 27.5(23.8,31.9) 28.3 (24.7, 32.7) 24.7 (21.5, 26.5) 0.973 <0.001

NLR: neutrophil-to-lymphocyte ratio. *: The quantitative data in the above table are described by median (P,s, P,;). P: the difference between the ESLD
patients with PFI and those with non-fungal pneumonia. P": the difference between the group of ESLD with PFI and those without PFIL.

F2 EREMREEEERSETHREESRELLLR
Table 2 Clinical outcomes of ESLD patients

Variable ESLD with ESLD with .non—fungal ESLD Without P P
PFI (n=76) pneumonia (n = 46) pneumonia(n = 89)
Treatment measures/case (%)
Artificial liver support 52 (68.4) 24 (52.2) 39 (43.8) 0.073 0.002
Abdominal paracentesis 14 (18.4) 9(19.6) 4 (4.5) 0.876 0.003
Cumulative corticosteroid use > 7 d 36 (47.4) 3(6.5) 4 (4.5) <0.001 <0.001
Use of broad-spectrum antibiotics at admission 33 (43.4) 3(6.5) 11 (13.4) <0.001 <0.001
Complications/case (%)
Gastrointestinal bleeding 10 (13.2) 2 (4.4) 3(3.4) 0.113 0.020
Spontaneous bacterial peritonitis 36 (47.4) 21 (45.7) 22(28.1) 0.854 0.006
Hepatorenal syndrome 24 (31.6) 6(13.0) 10 (11.2) 0.021 0.001
Hepatic encephalopathy 36 (47.4) 13 (28.3) 13 (14.6) 0.037 <0.001
Outcomes
Length of hospital stay * 29 (19, 47) 21 (14, 33) 18 (11, 28) 0.002 <0.001
30-day mortality/case (%) 43 (56.6) 20 (43.5) 12 (13.5) 0.161 <0.001

" The quantitative data in the above table are described by median (P,;, P;). P": ESLD with PFI vs. ESLD with non-fungal pneumonia. P° ESLD with PFI vs.

ESLD without pneumonia.
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Table 3 Etiology diagnosis evidence for PFIs in ESLD patients
Test category Single positive/case (%) Dual positive/case (%) Triple positive/case (%) Total
Culture-positive group 36
Culture only 15 (19.7) - -
Culture + G test — 6(7.9) —
Culture + GM test — 3(3.9) —
Culture + G + GM test - - 12 (15.8)
Culture-negative group 40
G test only 25(25.0) — —
GM test only 9(3.9) - -
G + GM tests — 6(7.9) —
Total 49 (64.5) 15(19.7) 12 (15.7) 76

G test: detection of 1, 3-B-d-glucan (BDG); GM test: detection of galactomannan antigen.
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Table 4 Etiological pathogens of PFIs in ESLD patients

Pathogen Sputum  Throatswab BALF Total

Aspergillus spp. (n = 25) —

Aspergillus fumigatus 20 — — 20
Aspergillus flavus 2 — 1 3
Aspergillus spp. 2 — —
Candida spp. (n = 13)
Candida albicans 4 3 — 7
Candida glabrata 1 — 1
Candida parapsilosis 1 2 — 3
Candida spp. 1 1 — 2
Pneumocystis jirovecii (n = 4) 4 - - 4
Total 34 7 1 42

BALF: bronchoalveolar lavage fluid.
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Table 5 Analysis of risk factors for PFIs in patients with ESLD
Variable Univariable logistic analysis Multivariable logistic analysis
OR (95% CI) p OR (95% CI) p
Male 0.683 (0.287-1.629) 0.391
Age 1.027 (1.006-1.055) 0.046 1.030 (0.982-1.080) 0.251
Smoking 0.850 (0.451-1.602) 0.616
Alcohol consumption 1.205 (0.614-2.364) 0.407
Diabetes 0.550 (0.196-1.544) 0.256
Cirrhosis 0.936 (0.486-1.803) 0.844
Etiology of liver failure
Viral hepatitis 0.208 (0.065-0.664) 0.008 0.194 (0.028-1.180) 0.083
Alcoholic hepatitis 6.200 (0.971-120.0) 0.099
Autoimmune hepatitis 7.540 (1.250-144.0) 0.064
Unknown 1.788 (0.291-10.990) 0.531
Blood test at admission
White blood cell count 1.262 (1.122-1.419) <0.001 1.211 (1.011-1.460) 0.036
NLR 1.033 (0.987-1.081) 0.166
C-reactive protein 1.035 (1.001-1.059) 0.005 0.990 (0.952-1.030) 0.608
Procalcitonin 1.790 (1.190-3.230) 0.023 1.040 (0.783-1.380) 0.795
Total bilirubin 1.002 (0.999-1.004) 0.105
Albumin 0.904 (0.844-0.969) 0.004 0.968 (0.851-1.100) 0.610
Prothrombin activity 0.978 (0.961-0.996) 0.017 1.010 (0.975-1.050) 0.584
MELD-Na score 1.106 (1.048-1.167) <0.001 1.140(1.021-1.282) 0.021
Treatment measures
Artificial liver support 2.78 (1.465-5.267) 0.002 1.440 (0.466-4.510) 0.525
Abdominal paracentesis 4.798 (1.507-15.282) 0.008 0.950 (0.179-5.700) 0.953
Corticosteroid use > 7 d 19.125 (6.371-57.410) <0.001 26.832(6.361-113.221) <0.001
Use of broad-spectrum antibiotics 5.442 (2.501-11.839) <0.001 6.601 (1.951-22.362) 0.003
Complications
Gastrointestinal bleeding 4.343 (1.149-16.414) 0.030 1.400 (0.215-10.200) 0.727
Spontaneous bacterial peritonitis 2.304 (1.208-4.393) 0.011 0.787 (0.243-2.420) 0.680
Hepatorenal syndrome 3.646 (1.611-8.250) 0.002 4.150 (1.050-17.300) 0.044
Hepatic encephalopathy 5.262 (2.508-11.037) <0.001 1.160 (0.323-4.130) 0.815
NLR: neutrophil-to-lymphocyte ratio.
Points 0 10 20 30 40 50 60 70 80 90 100
Use of broad-spectrum ' 1
antibiotics 0
Corticosteroid use > 7 d ; :
1
Hepatorenal syndrome 0*‘
White blood cell counts r T v T y y y y
0 5 10 15 20 25 30 35
MELD-Na Score 5 10 15 20 25 30 35 40 45 50 55
Total points r T T T \ T \ T T r .
0 20 40 60 80 100 120 140 160 180 200
Risk of PFls 01 03 05 07 09

B 1 Bl KREREER EMABE R RLMTILE
Fig 1 TJLFPFI model for predicting the risk of PFIs in ESLD patients
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$7RESLD {8 5 A AE T Be M PR A

ARWF5E T ABEMELD-NabE4y . 1AM 5. 27
GBI E LR AR, RBUMERIAIT>7 dUA A BRI & 405
PrAE RSN E R, A H TG ESLD 2 4 A& 4 PRUXUK:
PSR IRAL ARSI L hh B8l @ R AT A R 52
FHPEFIR ] 7, AT LLIX 3 PRI KU 54 XU i 2, 46 5
I R THOIEALR A H . AR i AR A SN
UEBAF, Iz ARl ) 5 Z itk — 2004l 5 Seih i i
KEEA T IE G AN ST SRS A TSR IR, L4 A
R R E RN FH A

* * *

FEETTMAES M5 SRR SOl B Bl 4 L IEX T L A BT
FE . AT FIIRG S 1E, 22 TR SR Bl i 4 . IE AT A
AT, T30 T OTH S RS AR, BP9 T RSOk PRI E
EHAEH SRS IrAEE O AR RS A T, B
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