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Construction and evaluation of a nomogram prediction model for bacterial infection in
patients with decompensated hepatitis C cirrhosis
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[Abstract] Objective:To explore the influencing factors of bacterial infection in decompensated stage of hepatitis C cirrhosis, and
establish a risk prediction model of nomogram. Methods* A total of 574 patients with decompensated hepatitis C cirrhosis were
retrospectively collected from The Third People’s Hospital of Kunming between January 2020 and December 2021, and divided into
non-infected and infected groups according to whether bacterial infection occurred. The general information, complications, and
laboratory indicators were collected. The variables were screened by univariate analysis, and least absolute shrinkage and selection
operator (LASSO) regression, and the nomogram model were constructed and verified by multivariate Logistic regression analysis
of influencing factors. The decision curve and clinical impact curve (CIC) were used to evaluate the clinical application value of the
model. Results-Bacterial infections occurred in 28.4% (163/574) of the patients, with a total of 191 sites, mainly including
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spontaneous bacterial peritonitis (86/191) and pulmonary bacterial infections (79/191). Totally 78 strains of pathogens were isolated
and cultured, mainly including Klebsiella pneumoniae (15/78) and Escherichia coli (15/78). Multivariate Logistic regression
analysis showed that age >60 years [odds ratio (OR)=2.054, 95% confidence interval (CI) 1.104-3.822, P=0.023], female (OR=
1.701, 95%CI 1.112-2.602, P=0.014), ascites (OR=2.386, 95%CI 1.601-3.557, P=0.000), history of invasive procedures in the last
two weeks (OR=2.605, 95%CI 1.368—4.960, P=0.004), and hospitalization time=2 weeks (OR=1.629, 95%CI 1.098-2.416, P=
0.015) were independent risk factors for bacterial infection in decompensated hepatitis C cirrhosis patients, while infusing human
serum albumin (OR=0.324, 95%CI 0.194-0.542, P=0.000) and high level of total cholesterol (OR=0.675, 95%CI 0.549-0.830, P=
0.000) were protective factors. The nomogram model was constructed with the above seven influencing factors. Receiver operator
characteristic (ROC) curve analysis showed that the area under the curve (AUC) was 0.736 and the sensitivity was 80.4%; and the
specificity was 65.1%. Hosmer-lemeshow test showed that the model had a good degree of fit (4°=9.030, P=0.340). The bootstrap
method was used for internal repeated sampling for 1 000 times, the average absolute error was 0.010, the calibration curve and the
ideal curve were basically fitted, and the predicted values were in good agreement with the actual values. The decision curve showed
that the nomogram model had certain clinical practicability in the high risk threshold range (0.040—0.715). CIC showed that the
nomogram model can be used to forecast the high-risk population in different levels. Conclusion‘The nomogram risk prediction
model constructed in this study has good predictability, consistency and clinical practicability, and can provide evidence for

clinicians to preliminary judge the risk of bacterial infection in patients with decompensated hepatitis C cirrhosis.

[Key words] viral hepatitis C; bacterial infection; decompensated cirrhosis; risk factor; nomogram

P B R () 2 H T B R 5
(hepatitis C virus, HCV) 5| &2 i LLUF 05 0 3 4%
Pebegins . BFRC R, HCV 2R H A 75%~85%
SRENEEHCV Y Y, T SHUS R . LT
Yk, Fo B N &R N R RE AL B 3 A A0 g
KBS B KW, AT R N AR AL G R
WIRE T LRI A, A S BORRMRIER, s
#, RIGKIGIT R E AR . A SOk E R, 39.7%
) T B Ak f 5 7T O R 4% R A T IR e U R B
B O, ERBR = AR, 913 B TR, Hilk
IREIMZHE . WRHEREAN—, HEWRRRARM L
2, BOKFEFR . MRS B PE AR A HAD s H WA
SERFAUKIE, KgRiesRe, 598G R2 K
SR SEE A SRR, N C RN AR . RS
EEMEAAZE-6 (interleukin-6, 1L-6) 5 i 7E 21 12 &%
ek B R AR AN B T, AR SRR )k Bl R
Ko FNLe IR ] 55 Ay YA 1 P 0 e S 5 7 A K 1Y
RAERGE KR, WL, ABFsERE T 508
GBS e T A R O R A2 R AR
FAfiERi 2k (receiver operator characteristic curve, ROC
M2k ) . K HE i 28 (calibration curve) . P& 3 il 2k
(decision curve analysis, DCA) Fl Il K 5 i il 2&
(clinical impact curve, CIC) XFLHIF I ALHE | e
WPE . SCHIVEREA TSR, B R B SO P A Ak 2R
FREI 88 e A AR TR IR (R AU, DTS B iR 4y i B
PEIRYT o

http://xuebao.shsmu.edu.cn

1 HR5HE

1.1 WEFEX R B PEA G| 57
4N 20204 1 H—20214E 12 H TRBTE = A
I BE FR A 574 09 5 AT BE gk i2 (18 PE HCV
TERBEFE X S MARRIE: O FIR KT I8JH % .
@ IR GERESEHE T 5 . B AT 5 B A Ak 2 AR £
WigWitrifES % (NBFRPIGFE ™ (2019 4F
B )M @ MRS (KRR A
YA F I (2021 4B /) ) 1O HEBR AR U -
O ABEAR 24 W38T, @ EiRWIOZL . @ FEHFI
A1 B A R AR . @ FR AT 1 e % B B 25 B AE .
& 4k R PEME g . RS R A AR, R
43R A R SRR 2 5 | A P e 4
AR T R AR S A AR AR
B z-a2 +z -
n=p(l-p) (p—po) °
A RISCHR, IR AL A TR B % p 29N 36%,
B 0=0.05, %L1 1-B°4 0.8, p 036, p, 0.3,
AR B RE A Ry 502451, H B2 10%, [H
b Z /DT 550 BN T IFRE AL AR R

1.2 BERhcHE

W R AT REAL JACES AR IO AF I PRS0 A
BEmbERA G IHE BRI . M EysAeIE
[ N 2 TN G P I ) A =) 77N
PR « T2 A BRI (FPOERIKEE . BB

LSRR (0 2023, 43(1) (@)



54 | rmmmkEsm (EEm

Kty ikt . BKZERIG IR . Mk gEAR) |
NI A R AR SER =R A 4551, £
FE A 4np % (white blood cell count, WBC) . ZL40fE
i1 %% (red blood cell count, RBC) . il /)N # 11 %k
(platelet count, PLT) . P4 % 4 ifg 71 %% (neutrophil
count, NEUT), IMZL& 1 (hemoglobin, HGB). &K
[ (total protein, TP). [ (albumin, ALB). Fijf
M (prealbumin, PA). A HH %M (glutamic-pyruvic
transaminase, GPT). A HH % (glutamic-oxaloacetic
transaminase, GOT). BMIHZIZ (total bilirubin, TBIL) .,
= H 9 (triaclyglycerol, TAG) . AL AH [& E  (total
cholesterol, CHOL) . {5 %% B g & 1 )0 [& 5 (high-
density lipoprotein, HDL-C) . Ik % /& Jig &% (1 JIH [ Pt
(low-density lipoprotein, LDL-C) ., JR % (urea, UR) .
JUBF (creatinine, CREA). JRR (uricacid, UA), LR
MU (lactic dehydrogenase, LDH) . H G (alpha
fetoprotein, AFP) . BRIEMEMR 1 (alkaline phosphatase,
ALP) . IL-6, #M& 1q (complement 1q, Clq). ##HC
J2 v 25 1 (high sensitivity C-reactive protein, hs-CRP)
K, LLUAEE I AR RS A (prothrombin time, PT). #E
MG 3% (prothrombin time activity, PTA) . EFx
AL U (international normalized ratio, INR) ., P
flE) (=2 JEF<2 i) SEIGIRTER,

1.3 WARE

P IR AL R AR 0T FE 3 E A B 48 h PSR AE K
MR AWKE, REBKEAMARETR; TP
TEZH TR R R, R A LA A B R R A TR
I MREEMARE A R R, SRR R4 2 TR 35
Fro PTAPRATERRR M BIE TR . B R R
W}, BFRIASEE L 30 min,

1.4 KeMILRS Kol 5
e R A A ARG I e H AR BB 2 30T AU400 4= H 3

R1 2HATAFELARERREERTRILE

2023, 43(1)

HEARAL . A0 LRSI R F Sysmex-XT 4000i 4= H 2 1fi.
0 A3 T ARSI ( H A Sysmex 23 7)) ol X A%
VITEK2 Compact (7% E# BLIR/AF]) 4 A g4l w4
T ST AT ASGHEA T 200 T S

1.5 Hil“Fnhr

K FH SPSS 26.0 F A FlI R 4.04 B AFHEAT G i1 2F 4y
Mro ARIES R EBFRHIM (Q,, 0,) #iTHiA,
2 #H ] H AR F Mann-Whitney UGS, 5 1 %R A
B O(AL) Fow, 24 REERH R . R
LASSO [l 9 9 10 #1 ¢ X % UE  (10-fold cross
validation) %0 TN A 46, 40 A Z2 [N % Logistic [1]
H53 8T, IS FN R EIR R . R ROC £ IFEAN AL
U [ S0 % g 5 R ] bootstrap H il FE 32 B & il BE
1 000 R AT NFRISIE , 22 il 4 o il 4 7 452 784 g o
WL SR DCA PN B AL By Iifs R 52 Ik 5 R CIC
AT v AU A 53 2 0000, A A T 0SS 78 1 ey IS £3)
BG R R REERY (Z5REiE) pIEmeR, 1
AT I PR S B o (B . P<0.05 #om 2 55 B
GitFE X,

2 5R

2.1 B AEERARAE LR

YA 574 BT RFRE AL R A s, b B
PE 409 1], 2Pk 165 ], 4FE % 30~80 %, P IAF Y
(50.5+7.8) % . M4l A A TR RS J3 SRy 24 T Uk
Jezll (163 01) SARAHRERY AL (411 61), 4H7R IR
(R R R 28.4% . 2 4 IR — LR BOR L 3 1
iR, BEFEABRMGIHE OB, &k, b
THAETE L. SRR . FEERS Tk R
%4 ). RBC. PLT, HGB. GPT, GOT. TAG,
LDL-C. UR., CREA, UA, LDH, PT, PTA. AFP,
ALP. Clq. hs-CRP I 2RI iH75 XL

Tab 1 Baseline data comparison between the two groups of patients with decompensated hepatitis C cirrhosis

Non-bacterial infection group

Bacterial infection group

Item (n=411) (n=163) 2’ /Z value P value

Age=60 years/n (%) 32(7.8) 24 (14.7) 6.283 0.012

Gender/n (%) 6.381 0.012
Male 304 (74.0) 105 (64.4)
Female 107 (26.0) 58 (35.6)
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Non-bacterial infection group

ftem (n=411)
Complication on admission/n (%)
Diabetes 74 (16.9)
Hypertension 107 (24.4)
Upper gastrointestinal Hemorrhage 19 (4.3)
Ascites 113 (25.7)
Hepatorenal syndrome 7(1.6)
Hepatic encephalopathy 21 (4.8)
Portal hypertensive Gastroenteropathy 74 (16.9)
Hyperammonemia 24 (5.5)
History of invasive procedures in the last two weeks/n (%)" 29 (7.1)
Infusing human serum albumin/n (%) 134 (32.6)
Laboratory index
WBC/(x10°-L™") 4.0(3.0,52)
RBC/(x10°-L™") 4.0(32,48)
PLT/(x10°-L™) 76.0 (52.0, 110.0)
NEUT/(x10°-L™") 2.3 (1.6, 3.3)

HGB/(g-L™")
TP/(g-L™")
ALB/(g-L™")
PA/(mg-L™")
GPT/(U-L™)
GOT/(U-L™)
TBIL/(pwmol-L™")
TAG/(mmol-L™")
CHOL/(mmol-L™)

HDL-C/(mmol-L™")

LDL-C/(mmol-L™)
UR/(mmol-L™")
CREA/(mmol-L™")
UA/(pumol L")
LDH/(U-L™)

PT/s

PTA/%

INR
AFP/(ng-mL™)
ALP/(U-L™")
IL-6/(pg-mL™")
Clg/(mg-L™")
hs-CRP/(mg-L™")

Hospitalization time >2 weeks/n (%)

124.0 (101.0, 145.0)
68.0 (60.8, 72.8)
32.9 (28.0, 38.7)

114.9 (93.1, 134.7)
39.0 (24.0, 64.0)
59.0 (36.0, 94.0)
28.3 (18.0, 45.5)

12 (0.7, 4.1)
3.3(2.7,3.9)
1.4 (1.0, 1.9)
1.3 (0.8, 1.6)
4.7(3.4,6.3)
65.0 (54.0, 79.0)

354.0 (276.0, 443.0)

210.1 (156.0, 231.0)
15.1 (13.1, 16.8)
58.0 (42.0, 71.0)

1.3 (1.2, 1.5)
10.2 (5.2, 26.3)

133.0 (99.0, 200.6)
21.0 (8.4, 64.5)

170.0 (142.0, 190.0)

5308, 11.8)
177 (43.1)

Bacterial infection group

(n=163)

20 (12.0)
5(3.0)
4(2.4)
81(48.5)
5(3.0)
10 (6.0)
24 (14.4)
18 (10.8)
23 (14.1)
24(14.7)

4.6 (3.6, 6.2)
3.8(3.0, 4.5)
71.0 (47.0, 104.0)
3.0(2.1, 4.4)
121.3 (90.0, 145.0)
66.3 (58.2, 70.5)
30.5 (24.9, 35.0)
114.9 (76.6, 115.0)
36.0 (23.0, 59.0)
59.0 (36.0, 94.0)
36.0 (19.9, 69.4)
1.1 (0.7, 4.1)
32(24,3.4)
1.3 (0.9, 1.4)
1.3 (0.8, 1.6)
53(3.6,7.4)
71.0 (55.0, 90.0)
366.0 (303.0, 447.0)
210.1 (159.0, 252.0)
15.1 (10.3, 17.8)
54.7 (20.3, 68.0)
13(1.2, 1.6)

8.7 (3.8, 1476.3)
143.0 (98.0, 200.6)
62.7 (23.1, 64.5)
164.7 (140.0, 177.0)
42(0.8, 11.8)

95 (58.3)

7’ /Z value

2.803
1.926
1.427
28.073
1.061
0.240
0.673
4.660
7.050
18.703

-3.920
-1.858
-0.917
-4.730
-1.817
-3.107
-4.280
-2.870
-1.509
-0.608
-2.728
-0.496
-4.081
-3.581
-0.872
-1.590
-3.100
-0.904
-1.732
-0.393
-1.937
-2.708
-0.073
-0.806
-5.908
-1.878
-0.639
10.839
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Continued Tab

P value

0.094
0.588
0.232
0.000
0.303
0.624
0.412
0.031
0.008
0.000

0.000
0.063
0.359
0.000
0.069
0.002
0.000
0.004
0.131
0.543
0.006
0.620
0.000
0.000
0.383
0.112
0.002
0.366
0.083
0.694
0.053
0.007
0.942
0.420
0.000
0.060
0.523
0.001

Note: “Invasive procedures included central vein catheterization, gastroscopy/colonoscopy, ascites puncture drainage, and splenic artery embolization.
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Tab 2 Results of univariate and multivariate Logistic regression analysis of bacterial infection in patients with decompensated hepatitis C cirrhosis

Univariate analysis

Multivariate analysis

ftem OR (95%CI) P value OR (95%CI) P value
Age>60 years 2.045 (1.164-3.594) 0.013 2.054 (1.104-3.822) 0.023
Gender (female) 1.569 (1.064-2.316) 0.023 1.701 (1.112-2.602) 0.014
Diabetes 1.567 (0.921-2.666) 0.098 - -
Hypertension 1.167 (0.709-1.918) 0.544 - -
Hyperammonemia 2.002 (1.055-3.797) 0.034 - -
Ascites 2.605 (1.789-3.793) 0.000 2.386 (1.601-3.557) 0.000
History of invasive procedures in the last two weeks” 2.164 (1.211-3.867) 0.009 2.605 (1.386-4.960) 0.004
Infusing human serum albumin 0.357 (0.221-0.577) 0.000 0.324 (0.194-0.542) 0.000
Laboratory index
WBC 1.187 (1.099-1.282) 0.000 = =
NEUT 1.239 (1.131-1.359) 0.000 - -
HGB 0.995 (0.990-1.000) 0.068 - -
TP 0.980 (0.964-0.997) 0.018 = =
ALB 0.952 (0.930-0.975) 0.000 = =
PA 0.992 (0.988-0.997) 0.000 S S
TBIL 1.007 (1.003-1.010) 0.000 - -
CHOL 0.680 (0.559-0.827) 0.000 0.675 (0.549-0.830) 0.000
HDL-C 0.644 (0.485-0.854) 0.002 - -
LDL-C 1.001 (1.000-1.003) 0.071 - -
CREA 1.005 (1.001-1.009) 0.007 - -
IL-6 1.001 (1.000-1.002) 0.027 - -
Clq 0.995 (0.992-0.999) 0.018 - =
LDH 1.001 (1.000-1.003) 0.071 - -
INR 1.015 (0.932-1.107) 0.727 - -
Hospitalization time >2 weeks 1.847 (1.279-2.677) 0.001 1.629 (1.098-2.416) 0.015

Note: “Invasive procedures included central vein catheterization, gastroscopy/colonoscopy, ascites puncture drainage, and splenic artery embolization. OR—

odds ratio; CI—confidence interval.
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Note: A. Path diagram of regression coefficient. The upper abscissas was the number of variables with non-zero coefficients in the model at this time, the lower
abscissas was the logarithm of the penalty coefficient (A), and the ordinate was the value of the coefficient. B. Cross-verification curve of LASSO regression.
The upper and lower abscissas were the same as Fig A, and the ordinate was likelihood bias. The dotted line on the left of Fig B indicates the number of
variables corresponding to the minimum A (when the model has the highest fitting effect), and the number of variables was 14. The dotted line on the right
indicates one standard error of the least A (when the model has better fitting effect, fewer and simpler variables are included), and the number of variables was 7.
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Fig1 LASSO regression model of bacterial infection in patients with decompensated hepatitis C cirrhosis
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Fig 2 Multivariate Logistic regression analysis of nomogram of bacterial infection in patients with decompensated hepatitis C cirrhosis
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