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ABSTRACT

Introduction: Bacterial infection is one of the
most frequent complications in hepatitis B
virus-related acute-on-chronic liver failure
(HBV-ACLF), which leads to high mortality.
However, a predictive model for bacterial
infection in HBV-ACLF has not been well
established. This study aimed to establish and
validate a predictive model for bacterial infec-
tion in two independent patient cohorts.
Methods: Admission data from a prospective
cohort of patients with HBV-ACLF without
bacterial infection on admission was used for
derivation. Bacterial infection development

from day 3 to 7 of admission was captured.
Independent predictors of bacterial infection
development on multivariate logistic regression
were used to develop the predictive model.
External validation was performed on a separate
retrospective cohort.
Results: A total of 377 patients were enrolled
into the derivation cohort, including 88
patients (23.3%) who developed bacterial
infection from day 3 to 7 of admission. On
multivariate regression analysis, admission
serum globulin (OR 0.862, 95% CI 0.822–0.904;
P\ 0.001), interleukin-6 (OR 1.023, 95% CI
1.006–1.040; P = 0.009), and C-reactive protein
(OR 1.123, 95% CI 1.081–1.166; P\ 0.001)
levels were independent predictors for the bac-
terial infection development, which were
adopted as parameters of the predictive model
(GIC). In the derivation cohort, the area under
the curve (AUC) of GIC was 0.861 (95% CI
0.821–0.902). A total of 230 patients were
enrolled into the validation cohort, including
57 patients (24.8%) who developed bacterial
infection from day 3 to 7 of admission, and the
AUC of GIC was 0.836 (95% CI 0.782–0.881).
The Hosmer–Lemeshow test showed a good
calibration performance of the predictive model
in the two cohorts (P = 0.199, P = 0.746). Deci-
sion curve analysis confirmed the clinical utility
of the predictive model.
Conclusion: GIC was established and validated
for the prediction of bacterial infection devel-
opment in HBV-ACLF, which may provide a
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potential auxiliary solution for the primary
complication of HBV-ACLF.

Keywords: Acute-on-chronic liver failure;
Hepatitis B virus; Bacterial infection; Risk
factor; Predictive model

Key Summary Points

Why carry out this study?

Bacterial infection can lead to high
mortality in HBV-ACLF.

To establish and validate a predictive
model for bacterial infection in HBV-
ACLF.

What was learned from the study?

Serum globulin, interleukin-6, and
C-reactive protein levels are independent
predictors of bacterial infection
development in HBV-ACLF.

The predictive model shows good
discrimination, calibration, and clinical
utility, which may provide an auxiliary
solution of bacterial infection in HBV-
ACLF.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.14509935.

INTRODUCTION

Bacterial infection is one of the most frequent
complications in acute-on-chronic liver failure
(ACLF) and it primarily triggers consequent
hepatorenal syndrome (HRS), hepatic
encephalopathy (HE), and gastrointestinal
bleeding, which generally leads to elevated

mortality [1]. Among bacterial infections,
spontaneous bacterial peritonitis (SBP), respira-
tory infection, and urinary tract infection (UTI)
are the major types of bacterial infection in
ACLF [2, 3]. Early diagnosis and timely control
of bacterial infection would significantly
decrease the mortality of ACLF [4, 5]. However,
bacterial infection in ACLF is largely undetected
in clinical settings because of mild or even lack
of symptoms at earlier stages.

Currently, bacterial infection is generally
diagnosed on the basis of clinical features, lab-
oratory tests, and imaging examinations. Some
conventional biomarkers, such as C-reactive
protein (CRP) and procalcitonin (PCT), have
been shown to be reliable for diagnosing bac-
terial infection in patients with liver cirrhosis
[6]. However, the predictive parameters or
models for bacterial infection in ACLF have not
been clearly identified.

The systemic inflammatory response plays
an important role in the onset and progression
of bacterial infection in ACLF [7]. Although
inflammatory mediators are potential early
biomarkers for bacterial infection, they have
not yet been investigated as satisfactory
parameters in ACLF. Serum interleukin-6 (IL-6)
levels have been identified for rapid detection of
bacterial sepsis in cirrhosis with a sensitivity of
97.4% and a specificity of 80.6% [8]. Moreover,
a predictive model with CRP, interleukin-8 (IL-
8), and soluble interleukin-2 receptor (sIL-2R)
showed a sensitivity of 78.0% and specificity of
93.2% for early sepsis and 90.1% and 97.8% for
late-onset sepsis [9]. Accumulating evidence
indicates that the aforementioned inflamma-
tory variables could be used as predictors of
bacterial infection development in ACLF. In
addition, the leading cause of ACLF is an acute
exacerbation of hepatitis B virus (HBV) infec-
tion, which accounts for more than 80% of all
cases in China. ACLF caused by HBV is known
as HBV-related ACLF (HBV-ACLF) [10, 11].

In the present study, serum concentrations
of eight inflammatory parameters, namely CRP,
PCT, interleukin-1b (IL-1b), sIL-2R, IL-6, IL-8,
interleukin-10 (IL-10), and tumor necrosis fac-
tor alpha (TNFa), were evaluated during the
onset and progression of bacterial infection in
HBV-ACLF. Moreover, the predictive model for
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bacterial infection development in ACLF was
established and validated, which provides a
potential auxiliary solution for the primary
complication of HBV-ACLF.

METHODS

Patients

A total of 665 patients with HBV-ACLF were
prospectively screened between July 1, 2018
and June 30, 2020 at the Department of Infec-
tious Disease, Tongji Hospital, Tongji Medical
College, Huazhong University of Science and
Technology. A total of 288 patients were
excluded and 377 patients were enrolled into
the derivation cohort, which included 88
patients who developed bacterial infection from
day 3 to 7 of admission and 289 patients who
never developed bacterial infection during
hospitalization. A total of 588 patients with
HBV-ACLF were retrospectively screened
between January 1, 2016 and May 31, 2018 at
the same center. A total of 358 patients were
excluded and 230 patients were enrolled into
the validation cohort, which included 57
patients who developed bacterial infection from
day 3 to 7 of admission and 173 patients who
never developed bacterial infection during
hospitalization (Supplementary Fig. 1).

Patients in the prospective cohort were from
a secondary study of a clinical trial
(NCT03362632); they were informed of the
process of the study and gave consent for
inclusion in the study (as well as the primary
trial). Patients in the retrospective cohort were
not informed of the process of the study, but
this study protocol was approved by the Ethics
Committee of Tongji Hospital. Data of all
patients were acquired from the electronic
medical records system and analyzed anony-
mously according to the Declaration of Helsinki
of 1975, as revised in 2008.

The diagnostic criteria of ACLF were based
on the consensus definition of the Asian Pacific
Association for the Study of the Liver (APASL)
2014 as follows: patients develop an acute
hepatic insult manifesting as jaundice [serum
bilirubin C 5 mg/dL (85 lmol/L)] and

coagulopathy [international normalized ratio
(INR) C 1.5 or prothrombin activity\40%]
complicated within 4 weeks by clinical ascites
and/or encephalopathy and with previously
diagnosed or undiagnosed chronic liver dis-
ease/cirrhosis [12]. The enrollment criteria for
patients with chronic hepatitis B were accord-
ing to the 2015 APASL guidelines: chronic
inflammatory disease of the liver caused by
persistent infection with HBV (HBsAg seroposi-
tive status at 6 months or beyond) [13].

Patients were excluded if they fulfilled one or
more of the following criteria: evidence of bac-
terial infection on admission, bacterial infec-
tion developed within 2 days or over 7 days
after admission, fungal or viral infections, hep-
atitis with other etiologies (hepatitis C or
autoimmune liver disease), hepatocellular car-
cinoma or other malignancies, liver transplan-
tation, pregnancy, the presence of preterminal
comorbidities (heart disease New York Heart
Association III–IV, severe chronic obstructive
pulmonary disease, chronic renal failure with
creatinine[1.5 mg/dL), age less than 18 years,
human immunodeficiency virus infection, and
any other type of immunodeficiency.

Cirrhosis was diagnosed on the basis of pre-
vious liver biopsy results, decompensation his-
tory, endoscopy and radiological evidence of
portal hypertension and/or liver nodularity.
Ascites was confirmed by abdominal imaging
and paracentesis. Gastrointestinal bleeding was
diagnosed on the basis of the presence of blood
in the stool or vomit. HE was defined as neu-
ropsychiatric abnormalities diagnosed by the
West Haven criteria [14]. HRS was diagnosed
according to the International Club of Ascites
(ICA)-AKI criteria [15]. The model for end-stage
liver disease (MELD), MELD-sodium, and the
APASL-ACLF research consortium (AARC) scores
were calculated to determine the severity of
ACLF [12, 16]. Patient demographics, clinical
and laboratory data, and bacterial infection
were recorded after enrollment. The end point
of the study was set as death within 90 days.
After admission, the symptoms and signs of
patients were closely monitored, and laboratory
tests and imaging examinations were performed
every 3–7 days depending on patients’
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individual clinical situations. Patients returned
for follow-up every 2–4 weeks after discharge.

Criteria Related to Bacterial Infection

Bacterial infection was diagnosed through a
combination of clinical features, laboratory
tests, and imaging findings. The criteria for the
diagnosis of bacterial infection were as follows:
(a) SBP: polymorphonuclear (PMN) cell count in
ascitic fluid C 250/mm3 in the absence of an
intra-abdominal source of infection. (b) Pneu-
monia: clinical signs of bacterial infection and
new infiltrates on chest X-ray or computed
tomography. (c) UTI: abnormal urinary sedi-
ment ([ 10 leukocytes/field) and positive uri-
nary culture or uncountable leukocytes per field
if there was a negative urinary culture.
(d) Spontaneous bacteremia: positive blood
culture and no cause of bacteremia. (e) Cholan-
gitis: cholestasis, right upper quadrant pain
and/or jaundice and radiological evidence of
biliary obstruction. (f) Other bacterial infec-
tions: intra-abdominal bacterial infection or
Clostridium difficile-associated colitis [2].

Treatment

During hospitalization, all patients received oral
anti-HBV drugs (nucleoside analogues) and
routine supportive treatment, including bed
rest, adequate nutritional support, intensive
care, and monitoring. Complications including
ascites, HE, HRS, and gastrointestinal bleeding
were closely monitored and managed immedi-
ately. Only patients having indications or
meeting the diagnostic criteria of bacterial
infection were treated with antibiotics. The
empirical antibiotic treatment was prescribed
and changed by the attending physicians
according to antibiotic susceptibility tests and
clinical evolution. All decisions regarding the
management of patients were made by the
attending clinicians according to the patients’
conditions and standard recommendations
[6, 17].

Statistical Analysis

Categorical variables were indicated as numbers
(proportions) and were compared by the chi-
square test or Fisher’s exact test. Continuous
variables were shown as the means ± standard
deviations for normal distribution and medians
with interquartile ranges (P25–P75) for non-
normal distribution, which were compared by
the Student’s t test and the Mann–Whitney
U test, respectively. Univariate and multivariate
logistic regression analyses were performed to
investigate risk factors for the development of
bacterial infection. Analysis of receiver operat-
ing characteristic (ROC) curves was used to
calculate the area under the curve (AUC), and
Youden index was used to determine the sug-
gested cutoff value. For the cutoff value, the
discriminative accuracy was reported in terms
of sensitivity, specificity, positive predictive
value, and negative predictive value. The Hos-
mer–Lemeshow test was used to assess the cali-
bration of predictive model, with lower v2 and
higher P values indicating better calibration.
Decision curve analysis (DCA) was used to assess
the clinical utility of the predictive model. All
data were analyzed with IBM SPSS Statistics
software (version 23.0, Chicago, USA), MedCalc
software (version 11.4, Ostend, Belgium), and R
statistical analysis software (version 4.0.4,
Vienna, Austria), and P\ 0.05 (two-sided) was
considered statistically significant.

RESULTS

Characteristics of Patients in Derivation
and Validation Cohorts

In the derivation cohort, a total of 88 patients
(23.3%) developed bacterial infection from
day 3 to 7 of admission: 43 with pneumonia, 29
with SBP, 8 with UTI, 5 with bacteremia, and 3
with other infections. In the validation cohort,
a total of 57 patients (24.8%) developed bacte-
rial infection from day 3 to 7 of admission: 27
with pneumonia, 20 with SBP, 5 with UTI, 3
with bacteremia, and 2 with other infections
(Table 1). In the derivation cohort, positive
culture results were detected in 18 specimens,
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Table 1 Characteristics of patients in the derivation and validation cohorts

Derivation cohort (n = 377) Validation cohort (n = 230) P value

Age (years) 47 ± 12 45 ± 11 0.038

Male, n (%) 305 (80.9) 205 (89.1) 0.113

Heart beats (bpm) 81 (76–90) 82 (76–90) 0.882

MAP (mmHg) 91 (86–99) 92 (86–96) 0.811

Cirrhosis, n (%) 218 (57.8) 124 (53.9) 0.569

Precipitating event

HBV reactivation, n (%) 344 (91.2) 221 (96.1) 0.152

Spontaneous reactivation, n (%) 250 (66.3) 174 (75.7) 0.119

NUC cessation, n (%) 74 (19.6) 40 (17.4) 0.585

NUC resistance, n (%) 20 (5.3) 7 (3.0) 0.721

Others, n (%) 33 (8.8) 9 (3.9) 0.152

Complications

Ascites, n (%) 275 (73.0) 150 (65.2) 0.221

HE, n (%) 40 (10.6) 32 (13.9) 0.521

HRS, n (%) 11 (2.9) 10 (4.3) 0.700

GI bleeding, n (%) 12 (3.2) 15 (6.5) 0.331

Paracentesis, n (%) 44 (11.7) 24 (10.3) 0.651

Urethral catheterization, n (%) 24 (6.4) 18 (7.8) 0.579

Bacterial infection, n (%) 88 (23.3) 57 (24.8) 0.741

Pneumonia, n (%) 43 (11.4) 27 (11.7) 0.825

SBP, n (%) 29 (7.7) 20 (8.7) 0.800

UTI, n (%) 8 (2.1) 5 (2.2)

Bacteremia, n (%) 5 (1.3) 3 (1.3)

Others, n (%) 3 (0.8) 2 (0.9)

Laboratory tests

Leukocyte count (9 109/L) 5.51 (4.12–6.99) 5.82 (4.34–7.26) 0.258

Neutrophil count (9 109/L) 3.50 (2.65–4.87) 3.88 (2.74–4.98) 0.301

Lymphocyte count (9 109/L) 1.06 (0.78–1.46) 1.15 (0.85–1.51) 0.074

Monocyte count (9 109/L) 0.59 (0.40–0.80) 0.58 (0.43–0.83) 0.831

Platelet count (9 109/L) 91 (64–126) 95 (68–129) 0.339

Hemoglobin (g/L) 120 ± 22 123 ± 20 0.098

ALT (U/L) 220 (76–568) 285 (97–647) 0.087

AST (U/L) 185 (88–436) 206 (116–460) 0.081
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Table 1 continued

Derivation cohort (n = 377) Validation cohort (n = 230) P value

Albumin (g/L) 32.7 ± 4.6 32.0 ± 4.4 0.001

Globulin (g/L) 28.6 (23.9–33.4) 26.8 (22.8–31.2) 0.003

Total bilirubin (lmol/L) 264.9 (188.6–375.4) 291.6 (215.0–389.6) 0.042

LDH (U/L) 240 (199–300) 234 (193–278) 0.075

Creatinine (lmol/L) 62 (52–76) 63 (54–75) 0.626

Sodium (mmol/L) 136.4 (133.7–138.4) 136.5 (133.7–138.3) 0.970

Ammonia (lmol/L) 63 (48–86) 66 (50–86) 0.578

INR 1.93 (1.65–2.35) 2.38 (1.84–2.76) \ 0.001

HBeAg positive, n (%) 121 (32.1) 92 (40.0) 0.239

HBV DNA (log10 IU/mL) 5.13 (4.49–6.54) 4.80 (3.82–6.31) 0.035

Alpha fetoprotein (ng/ml) 68.1 (18.8–226.0) 91.4 (27.1–266.0) 0.032

Lactate (mmol/L) 2.16 (1.62–2.48) 1.93 (1.59–2.33) 0.004

Ferritin (lg/L) 1673.5 (975.6–2293.5) 1556.4 (756.4–2193.8) 0.068

CRP (mg/L) 9.5 (6.0–14.3) 9.8 (6.1–14.5) 0.590

PCT (ng/mL) 0.38 (0.28–0.52) 0.41 (0.28–0.50) 0.734

IL-1b (pg/mL) 8.5 (5.0–18.0) 6.9 (5.0–16.6) 0.063

sIL-2R (U/mL) 1295 (962–1887) 1401 (1003–1697) 0.833

IL-6 (pg/mL) 17.6 (12.6–27.2) 19.9 (12.1–33.8) 0.180

IL-8 (pg/mL) 179.0 (79.0–359.0) 167.5 (77.3–315.5) 0.526

IL-10 (pg/mL) 8.2 (5.3–12.9) 8.6 (6.2–12.8) 0.907

TNFa (pg/mL) 17.2 (12.8–24.7) 17.2 (13.4–25.4) 0.844

MELD score 21 (19–24) 23 (20–27) \ 0.001

MELD-sodium score 23 (20–26) 25 (22–29) \ 0.001

AARC score 8 (7–9) 8 (7–10) 0.002

30-day mortality (%) 13.0 13.9 0.836

90-day mortality (%) 24.4 25.2 0.869

Data are expressed as means ± standard deviations or as medians with interquartile ranges or as frequencies and percentages
MAP mean arterial pressure, NUC nucleoside analogue, HE hepatic encephalopathy, HRS hepatorenal syndrome, GI
gastrointestinal, SBP spontaneous bacterial peritonitis, UTI urinary tract infection, ALT alanine aminotransaminase, AST
aspartate aminotransaminase, LDH lactate dehydrogenase, INR international normalized ratio, MELD model for end-stage
liver disease, AARC Asian Pacific Association for the Study of the Liver-ACLF research consortium
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including gram-negative bacteria in 11 speci-
mens (61.1%) and gram-positive bacteria in 7
isolates (38.9%). In the validation cohort, posi-
tive culture results were detected in 13 speci-
mens, including gram-negative bacteria in 8
specimens (61.5%) and gram-positive bacteria
in 5 isolates (38.5%) (Supplementary Table 1).
The proportions of multidrug-resistant bacteria
in culture-positive infections in the derivation
and validation cohorts were 16.7% and 15.4%,
respectively.

In the two cohorts, the majority of patients
had HBV reactivation as the cause of ACLF
owing to spontaneous reactivation, nucleoside
analogue (NUC) cessation, or NUC resistance.
There was no significant difference in gender
distribution, precipitating events, presence of
cirrhosis and complications, frequency of para-
centesis and urethral catheterization, types of
bacterial infection, peripheral blood parame-
ters, serum creatinine, sodium, ammonia, fer-
ritin, CRP, PCT, inflammatory cytokines levels,
as well as 30-day and 90-day mortality between
the two cohorts. Serum total bilirubin, alpha
fetoprotein, INR, as well as MELD, MELD-
sodium, and AARC scores in the derivation
cohort were significantly lower than those in
the validation cohort. Meanwhile, age, serum
globulin, albumin, lactate, and HBV-DNA levels
were significantly higher in the derivation

cohort compared with the validation cohort
(Table 1).

Patients were divided into the non-infected
and infected groups according to the develop-
ment of bacterial infection. The 90-day cumu-
lative survival rates of the non-infected group
were significantly higher than those of the
infected group in the derivation (82.4% vs.
53.4%, P\ 0.001) and validation cohorts
(83.8% vs. 47.4%, P\0.001) (Fig. 1).

Baseline Characteristics of Patients Who
Developed Bacterial Infection
in Derivation Cohort

Compared with patients in the non-infected
group, patients in the infected group showed a
higher frequency of ascites, HE, and HRS, as well
as higher neutrophil count, monocyte count,
serum total bilirubin, INR, CRP, IL-1b, sIL-2R,
IL-6, IL-10, MELD, MELD-sodium, AARC scores,
and lower platelet count, hemoglobin, globulin
protein, alpha fetoprotein, and HBV-DNA levels
(Table 2).

Univariate and Multivariate Risk Analysis
for Bacterial Infection Development

By univariate analysis, the presence of cirrhosis,
ascites, gastrointestinal bleeding, HE, HRS,

Fig. 1 Survival log-rank curve at 90 days of patients in the infected and non-infected groups in the derivation (a) and
validation (b) cohorts
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Table 2 Baseline characteristics of patients categorized according to the development of bacterial infection in the derivation
cohort

Non-infected group (n = 289) Infected group (n = 88) P value

Age (years) 46 ± 12 49 ± 12 0.074

Male, n (%) 232 (80.3) 73 (83.0) 0.585

Heart beats (bpm) 81 (75–90) 81 (77–92) 0.559

MAP (mmHg) 91 (85–99) 90 (86–98) 0.646

Cirrhosis, n (%) 159 (55.0) 59 (67.0) 0.082

Complications

Ascites, n (%) 201 (69.6) 74 (84.1) 0.019

HE, n (%) 24 (8.3) 16 (18.2) 0.036

HRS, n (%) 4 (1.4) 7 (8.0) 0.035

GI bleeding, n (%) 6 (2.1) 6 (6.8) 0.170

Paracentesis, n (%) 30 (10.4) 14 (15.9) 0.207

Urethral catheterization, n (%) 17 (5.9) 7 (8.0) 0.579

Laboratory tests

Leukocyte count (9 109/L) 5.34 (4.01–6.97) 5.95 (4.71–7.50) 0.075

Neutrophil count (9 109/L) 3.48 (2.55–4.72) 3.72 (2.76–5.63) 0.044

Lymphocyte count (9 109/L) 1.08 (0.82–1.47) 0.99 (0.70–1.41) 0.094

Monocyte count (9 109/L) 0.57 (0.39–0.77) 0.70 (0.46–0.88) 0.012

Platelet count (9 109/L) 92 (68–132) 82 (54–118) 0.036

Hemoglobin (g/L) 123 ± 21 114 ± 24 0.001

ALT (U/L) 235 (83–589) 163 (58–553) 0.213

AST (U/L) 191 (90–431) 154 (74–488) 0.447

Albumin (g/L) 33.3 ± 4.6 32.9 ± 4.3 0.404

Globulin (g/L) 29.8 (25.9–35.0) 24.5 (19.7–28.1) \ 0.001

Total bilirubin (lmol/L) 254.0 (184.0–353.3) 320.4 (193.6–445.5) 0.001

LDH (U/L) 227 (196–290) 254 (214–325) 0.052

Creatinine (lmol/L) 62 (52–74) 64 (51–81) 0.290

Sodium (mmol/L) 136.5 (133.8–138.4) 136.3 (132.8–138.6) 0.705

Ammonia (lmol/L) 64 (49–91) 62 (45–77) 0.162

INR 1.87 (1.64–2.25) 2.19 (1.72–2.68) 0.006

HBeAg positive, n (%) 101 (34.9) 20 (22.7) 0.061

HBV DNA (log10 IU/mL) 5.10 (4.52–6.54) 4.70 (3.59–5.79) 0.017

Alpha fetoprotein (ng/ml) 81.5 (23.9–260.0) 36.9 (8.4–134.7) 0.001
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monocyte count, serum total bilirubin, crea-
tinine, INR, CRP, sIL-2R, IL-6, IL-10, and lower
platelet count, serum hemoglobin, and globulin
levels were identified as risk factors for the
bacterial infection development. Of these
parameters, serum globulin (OR 0.862, 95% CI
0.822–0.904; P\0.001), IL-6 (OR 1.023, 95% CI
1.006–1.040; P = 0.009), and CRP (OR 1.123,
95% CI 1.081–1.166; P\0.001) levels were
identified as independent predictors for bacte-
rial infection development on multivariate
analysis (Table 3).

Predictive Model of Bacterial Infection
Development in Patients with HBV-ACLF

On the basis of the multivariate analysis, we
established an equation for the predictive
model of bacterial infection development in
HBV-ACLF: GIC score = 0.803 ? 0.116 9 (
CRP) ? 0.022 9 (IL-6) - 0.148 9 (globulin).

CRP is expressed in milligrams per liter, IL-6 in
picograms per milliliter, and globulin in grams
per liter.

The goodness-of-fit v2 of GIC was 11.053
(P = 0.199) in the derivation cohort, and 5.105
(P = 0.746) in the validation cohort, which
indicated no evidence of poor fit.

In the derivation cohort, the AUC of GIC was
0.861 (95% CI 0.821–0.902) (Fig. 2a). With a
cutoff value of - 1.03, the sensitivity and
specificity of GIC were 78.4% and 83.4%,
respectively. The positive predictive value was
59.0%, and the negative predictive value was
92.7%. In the validation cohort, the AUC of
GIC was 0.836 (95% CI 0.782–0.881) (Fig. 2b).
With the cutoff value of - 1.03, the sensitivity
and specificity of GIC were 75.4% and 75.1%,
respectively. The positive predictive value was
50.0%, and the negative predictive value was
90.3%. When patients were stratified by the GIC
score, patients with GIC score of at least - 1.03

Table 2 continued

Non-infected group (n = 289) Infected group (n = 88) P value

Lactate (mmol/L) 2.15 (1.62–2.44) 2.21 (1.72–2.66) 0.085

Ferritin (lg/L) 1640.6 (921.0–2275.5) 1762.7 (1003.5–2479.9) 0.274

CRP (mg/L) 8.4 (5.6–11.8) 14.4 (11.1–21.7) \ 0.001

PCT (ng/mL) 0.38 (0.26–0.51) 0.42 (0.28–0.54) 0.260

IL-1b (pg/mL) 8.9 (5.2–18.6) 7.3 (5.0–16.7) 0.026

sIL-2R (U/mL) 1250 (892–1600) 1465 (1131–2037) 0.007

IL-6 (pg/mL) 15.8 (9.9–23.2) 30.2 (19.2–39.2) \ 0.001

IL-8 (pg/mL) 187.2 (78.7–345.0) 164.0 (79.7–425.5) 0.975

IL-10 (pg/mL) 7.8 (5.2–12.6) 9.5 (6.4–15.8) 0.008

TNFa (pg/mL) 17.0 (12.6–25.0) 18.0 (13.1–24.7) 0.804

MELD score 20 (18–24) 23 (19–27) \ 0.001

MELD-sodium score 23 (20–26) 24 (21–30) \ 0.001

AARC score 8 (7–9) 9 (7–10) 0.001

MAP mean arterial pressure, HE hepatic encephalopathy, HRS hepatorenal syndrome, GI gastrointestinal, ALT alanine
aminotransaminase, AST aspartate aminotransaminase, LDH lactate dehydrogenase, INR international normalized ratio,
MELD model for end-stage liver disease, AARC Asian Pacific Association for the Study of the Liver-ACLF research
consortium
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Table 3 Univariate and multivariate risk analysis for the development of bacterial infection in patients with HBV-ACLF

Univariate analysis Multivariate analysis

OR (95% CI) P value OR (95% CI) P value

Age 1.018 (0.998–1.039) 0.075

Male 1.070 (0.590–0.939) 0.824

Heart beats 1.009 (0.991–1.028) 0.335

MAP 0.990 (0.968–1.013) 0.388

Cirrhosis 1.663 (1.008–2.746) 0.047

Complications

Ascites 2.314 (1.240–4.318) 0.008

HE 2.454 (1.238–4.863) 0.010

HRS 4.909 (1.518–15.877) 0.008

GI bleeding 2.476 (1.245–4.735) 0.036

Paracentesis 1.633 (0.823–3.240) 0.160

Urethral catheterization 1.383 (0.554–3.451) 0.487

Laboratory tests

Leukocyte count 1.001 (0.962–1.042) 0.958

Neutrophil count 1.016 (0.958–1.076) 0.601

Lymphocyte count 0.666 (0.407–1.088) 0.104

Monocyte count 2.182 (1.097–4.340) 0.026

Platelet count 0.994 (0.989–0.999) 0.028

Hemoglobin 0.982 (0.972–0.993) 0.001

ALT 1.000 (0.999–1.000) 0.212

AST 1.000 (1.000–1.001) 0.730

Albumin 0.978 (0.928–1.031) 0.403

Globulin 0.873 (0.837–0.911) \ 0.001 0.862 (0.822–0.904) \ 0.001

Total bilirubin 1.003 (1.001–1.005) 0.001

LDH 1.002 (0.999–1.004) 0.132

Creatinine 1.013 (1.004–1.022) 0.003

Sodium 0.976 (0.925–1.030) 0.379

Ammonia 0.994 (0.986–1.002) 0.139

INR 1.383 (1.050–1.823) 0.021

HBeAg positive 0.539 (0.309–0.938) 0.059

HBV DNA 0.682 (0.572–0.824) 0.054

Alpha fetoprotein 0.999 (0.998–1.000) 0.076
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had significantly higher bacterial infection
incidence than patients with GIC score below
- 1.03 in the derivation (58.1% vs. 7.7%,
P\ 0.001) and validation (49.4% vs. 9.8%,
P\ 0.001) cohorts (Fig. 3).

DCA is an appropriate method for assessing
predictive models by the net benefit and the

range of threshold probabilities. In the present
study, the clinical utility of GIC was also asses-
sed by DCA compared with globulin, CRP, and
IL-6. The plots indicated that GIC presented a
greater net benefit with a wider range of
threshold probabilities for predicting bacterial

Fig. 2 Receiver operating characteristic curves for the predictive model of bacterial infection development in the derivation
(a) and validation (b) cohorts

Table 3 continued

Univariate analysis Multivariate analysis

OR (95% CI) P value OR (95% CI) P value

Lactate 1.140 (0.928–1.400) 0.212

Ferritin 1.000 (1.000–1.000) 0.975

CRP 1.106 (1.068–1.145) \ 0.001 1.123 (1.081–1.166) \ 0.001

PCT 1.312 (0.843–2.042) 0.228

IL-1b 0.997 (0.992–1.002) 0.264

sIL-2R 1.000 (1.000–1.001) 0.001

IL-6 1.027 (1.011–1.042) 0.001 1.023 (1.006–1.040) 0.009

IL-8 1.000 (1.000–1.000) 0.855

IL-10 1.025 (1.006–1.045) 0.011

TNFa 0.993 (0.982–1.004) 0.232

MAP mean arterial pressure, HE hepatic encephalopathy, HRS hepatorenal syndrome, GI gastrointestinal, ALT alanine
aminotransaminase, AST aspartate aminotransaminase, LDH lactate dehydrogenase, INR international normalized ratio
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infection development in the derivation
(Fig. 4a) and validation cohorts (Fig. 4b).

DISCUSSION

Accumulating evidence has shown that bacte-
rial infection is one of the most frequent com-
plications and is associated with high mortality
in patients with ACLF [18]. In the present study,
the short-term mortality of infected group was
significantly higher than that of non-infected
group. Early diagnosis and immediate treatment
of bacterial infection could be a potential
strategy to improve the prognosis of these

patients. Sepsis is a typical clinical manifesta-
tion in ACLF as a consequence of systemic
inflammatory response syndrome (SIRS), and
new-onset SIRS in the first week is an important
determinant of early sepsis, organ failure, and
survival [19]. However, in a previous study, 60%
of patients fulfilled the SIRS criteria, and bacte-
rial infection could not be detected [20].

Currently, bacterial infection is generally
diagnosed on the basis of clinical features, lab-
oratory tests, and imaging examinations. How-
ever, it is easily ignored in some patients who
are asymptomatic or lack specific clinical
symptoms in ACLF. Bacterial culture is not an
effective approach in the diagnosis of bacterial
infection because of the low positive culture
rate. Some conventional biomarkers have been
explored, e.g., the combination of PCT and CRP
could improve the diagnostic efficiency of bac-
terial infection in patients with liver cirrhosis
[6]. Moreover, a growing number of studies
have attempted to explore novel biomarkers of
bacterial infection. Soluble CD163 and pre-
sepsin were identified as useful markers for the
detection of bacterial infection in patients with
cirrhosis [21, 22]. However, most studies have
focused on the diagnosis, but not the predic-
tion, of bacterial infection, which limits the
early recognition and treatment of ACLF.

Multiple inflammatory mediators contribute
to the onset and progression of bacterial

Fig. 3 Incidence of bacterial infection from day 3 to 7 of
admission in patients categorized by the cutoff value of
GIC in the derivation (a) and validation (b) cohorts

Fig. 4 Decision curve analysis for the predictive model in
the derivation (a) and validation (b) cohorts. The x-axis
and y-axis represent threshold probability and net benefit,
respectively. The solid black line of ‘‘None’’ represents the

assumption that no patients developed bacterial infection
and received no intervention, and the solid gray line of
‘‘All’’ represents the assumption that all patients developed
bacterial infection and received interventions
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infection in ACLF, as shown in SIRS [23]. In the
present study, we explored the relationship
between eight serum inflammatory variables
and the occurrence of bacterial infection in
patients with ACLF. In the derivation cohort,
patients in the infected group had higher serum
CRP, IL-1b, sIL-2R, IL-6, and IL-10 levels than
those in the non-infected group. By multivari-
ate analyses, serum CRP and IL-6 were identified
as independent risk factors for the bacterial
infection development in ACLF, which is con-
sistent with previous studies of IL-6 and CRP
[6, 8]. Moreover, low serum globulin levels were
also found to be a significant risk factor for the
bacterial infection development in ACLF. Serum
globulin is correlated with immune system
activity and bacterial infection development
[24, 25]. On the basis of this, patients with ACLF
and low serum globulin levels were susceptible
to pathogenic microorganism invasion, which
in turn indicated the predictive value of low
serum globulin levels for bacterial infection
development.

Although some markers have been explored
as having a predictive role for bacterial infection
in patients with cirrhosis, such as serum sodium
level, Child–Pugh stage C, ascites PMN cell
count, or anti-neutrophil cytoplasmic antibody,
no exact predictive model has been developed
[26, 27].

In this present study, the most common type
of bacterial infection was pneumonia, followed
by SBP and UTI, which was not quite the same
as previous studies from Western countries
[28, 29]. Regardless, in combination with GIC,
symptoms and signs of infection in the lung,
abdominal cavity, and urinary tract, laboratory
tests of ascites and urine, and chest imaging
examinations were also important for the early
detection of bacterial infection in ACLF.

Certain limitations of the present study need
to be addressed. First, this predictive model was
validated in a retrospective cohort from a sin-
gle-center study, which should be validated in a
multicenter large sample size prospective
cohort. Second, the etiology of ACLF in the
present study was HBV infection, which is dif-
ferent from other regions, especially in Western
countries, where it manifests as alcoholic liver
disease or autoimmune liver disease. A further

validation of the predictive model in an inde-
pendent ACLF cohort with various etiologies is
suggested.

CONCLUSIONS

GIC was established and validated for the pre-
diction of bacterial infection development,
including serum globulin, IL-6, and CRP, which
may facilitate decisions regarding prophylaxis,
therapeutic strategies, and surveillance inter-
vals, ultimately improving the prognosis of
patients with HBV-ACLF.
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