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Abstract

Severe alcoholic hepatitis (sAH) is defined by a modified 
discriminant function ≥32 or model for end-stage liver 
disease (MELD) >20. Patients with sAH are in an immu-
nocompromised state attributed to cirrhosis-related immu-
noparesis and corticosteroid use. Individuals with sAH often 
develop severe infections that adversely impact short-term 
prognosis. Currently, the corticosteroid prednisolone is the 
only treatment with proven efficacy in sAH; however, the 
combination of corticosteroid treatment and altered host 
defense in sAH has been thought to increase the risk of 
acquiring of bacterial, opportunistic fungal, and viral infec-
tions. Newer studies have shown that corticosteroids do not 
increase occurrence of infections in those with sAH; unfor-
tunately, the lack of response to corticosteroids may instead 
predispose to infection development. Prompt and appropri-
ate antibiotic treatment is therefore essential to improving 
patient outcomes. This review highlights common infections 
and risk factors in patients with sAH. Additionally, current 
diagnostic, therapeutic, and prophylactic strategies in these 
patients are discussed.
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Introduction

Alcoholic liver disease (ALD) involves a range of injury from 
simple steatosis to frank cirrhosis. Over the last decade 
there has been a rapid rise in the prevalence of ALD in the 
USA, particularly among patients younger than age 30.1 
These trends have intensified since the start of the coro-
navirus disease 2019 (COVID-19) pandemic with a notable 

increase in incidence of alcohol use disorder, ALD, and alco-
holic hepatitis (AH).2

AH is considered the most severe form of alcohol-related 
liver disease. Clinical presentation typically includes re-
cent or ongoing excessive alcohol intake, with a minimal 
threshold for women being 3 drinks (≥40 g per day) and 
for men 4 drinks (≥50–60 g per day).3,4 The severity of 
AH is classically determined by a Maddrey (modified) dis-
criminant function (mDF) of ≥32, based on a combination 
of prothrombin time and bilirubin levels.5 More recently, the 
model for end-stage liver disease (MELD) has been utilized 
to identify severe AH, with a score >20 signifying severe 
AH.6 In certain cases, patients may develop multiorgan fail-
ure (MOF) and the 3-month mortality rate can approach 
40%.7 The prevalence of severe AH has been reported to be 
as high as 20% in hospitalized patients.8

Certain patients with severe AH may require corticoster-
oid treatment with prednisolone, which is the only thera-
peutic option demonstrated to improve short-term survival 
for this condition. Currently, the use of steroids in AH is con-
troversial, as studies have shown conflicting results.9–11 In 
a meta-analysis of 11 randomized controlled trials (RCTs), 
which ultimately included 2,111 patients with sAH, it was 
demonstrated that corticosteroid treatment significantly re-
duced mortality at 28 days compared with placebo, with 
an overall 36% risk reduction.9 However, the largest dou-
ble-blinded placebo RCT regarding treatment of sAH, the 
STOPAH trial, did not demonstrate a statistically significant 
survival benefit at 28 days in patients receiving corticoster-
oids compared with placebo, while in a post hoc multivaria-
ble analysis, corticosteroids were associated with improved 
28-day survival (odds ratio [OR] 0.609; p=0.015) but not 
at 90 days (OR 1.02) or 1-year (OR 1.01).10 Despite these 
discrepancies, guidelines recommend that a MDF ≥32 or 
MELD score >20 indicate the need for treatment with cor-
ticosteroids.11,12

Patients with sAH, however, are at high risk of developing 
bacterial and fungal infections, due to immunoparesis relat-
ed to disease pathogenesis and the immunosuppressive ef-
fects of corticosteroids.13 A meta-analysis of 12 randomized 
trials found a cumulative incidence of infection of 20% in 
patients with AH during corticosteroid therapy.14 Addition-
ally, a cohort study found an infection incidence of 53% in 
162 patients with biopsy-proven severe AH during a 90-day 
follow up.15 The incidence of bacterial infection in the set-
ting of severe AH is variable, ranging from 30% to 80% of 
cases,16 leading to a significantly greater risk of mortality.17

The purpose of this review is to highlight common in-
fections and risk factors in patients with sAH. Additionally, 
current prevention strategies in these patients will be sum-
marized and discussed.
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Risk factors for infection development

AH vs. cirrhosis-associated immune dysfunction

AH is physiologically unique, when compared to cirrhosis, 
and often presents as a state of high-grade inflammation. 
Dysregulation of the immune system due to acute or recent 
alcohol use can lead to both an immunocompromised and 
proinflammatory state.18 Alcohol and its metabolite acetal-
dehyde alter tight junctions among epithelial cells, leading 
to increased gut permeability, allowing increased level of 
pathogen-associated molecular pattern (PAMP) molecules, 
including lipopolysaccharide (LPS), to enter the portal circu-
lation.18,19 LPS binds to toll-like receptor (TLR) 4 on Kupffer 
cells in the liver to produce increased proinflammatory cy-
tokines, including TNF-α, which activates the cell-death 
pathway triggering production of reactive oxygen species.20 
Additionally, this cascade of cytokines and chemokines can 
lead to a state of both inflammation and immunosuppres-
sion (Fig. 1).18,20 One prospective study analyzed serum 
from 20 patients with acute AH, 16 patients with stable ad-
vanced alcohol-related cirrhosis, and 12 healthy controls. 
Compared to patients with advanced alcohol-related cirrho-
sis, those with acute AH had markedly greater suppression 
of T lymphocytes, due to overexpression of inhibitory recep-
tors and reduced neutrophil antimicrobial activities. These 
alterations seem to be dependent on the higher chronic LPS 
exposure observed in severe AH.21 Also, chronic and acute 
alcohol consumption are associated with a decrease in T 
cells, B cells, natural killer cells, monocytes, and an increase 

in proinflammatory cytokines.13,19,22,23 Ultimately, findings 
suggest that excessive response of the immune system to 
PAMPs, including LPS, plays a role in the development of 
liver damage in AH, which is different from alcohol-related 
cirrhosis.18–20,24

In contrast, in compensated cirrhosis, damage-associ-
ated molecular patterns (DAMPS) from stressed/damaged 
tissue or necrotic hepatocytes activate circulating immune 
cells.22 The progression of cirrhosis distorts hepatic archi-
tecture and impairs functional capacity. These events com-
promise the immune surveillance function of the liver and 
impairment of the bactericidal role of phagocytic cells. This 
low-grade systemic inflammation is a distinctive feature of 
compensated and stable decompensated cirrhosis.19 The 
degree of systemic inflammation and immunodeficiency in-
tensifies as the course of cirrhosis progresses.

Immunodeficiency is characteristically present in the 
setting of acute-on-chronic liver failure (ACLF) and often 
among patients with stable decompensated cirrhosis, con-
tributing to episodes of acute decompensation triggered by 
bacterial infection.19 Ultimately, this immunodeficiency in-
creases the risk of infection at any stage of liver disease, 
with greater risk of infection correlating with higher ACLF 
grade.25 In decompensated cirrhosis, gut barrier dysfunc-
tion arises from damage at all levels of intestinal barrier 
defense, which may contribute to the frequency and sever-
ity of complications.26

In summary, alcohol-induced derangement of the im-
mune system via the LPS-TLR pathway triggers an extend-
ed inflammatory response, resulting in immune exhaustion 
and paralysis.18,27 This process is offset by a dysregulated 

Fig. 1.  Alcohol and the innate immune response. Alcohol and its metabolite acetaldehyde alter tight junctions among epithelial cells, leading to increased gut 
permeability, allowing increased levels of lipopolysaccharide (LPS) to enter the portal circulation. LPS binds toll-like receptor (TLR) 4 and activates a cascade of cy-
tokines and chemokines that lead to a state of both inflammation and immunosuppression. BP, binding protein; IFN, interferon; IL, interleukin; NF, nuclear factor; 
ROS, reactive oxygen species; TGF, transforming growth factor. Permission has been obtained for reproduction by source: Clinics in Liver Disease, Article: Infection 
and Alcoholic Liver Disease.
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compensatory anti-inflammatory pathway that predisposes 
patients with AH to infection.18,27,28

Corticosteroid-related immunosuppression

Prednisolone, the primary treatment for sAH, may tip the 
balance between systemic inflammatory response system 
(SIRS) and compensatory anti-inflammatory response 
syndrome (CARS) toward CARS, which then results in im-
mune paralysis, nosocomial infections, and multiple organ 
dysfunction.13 Cirrhosis-associated immune dysfunction is 
characterized by increased expression of immune inhibitory 
markers and decreased phagocytic activity of neutrophils 
and monocytes, setting the stage for susceptibility to in-
fections.13,21 Prednisolone may also further exacerbate this 
diminished adaptive immune response, as it can suppresses 
cellular (Th1) immunity.29 At the cellular level, predniso-
lone inhibits the access of leukocytes to inflammatory sites 
in several ways, including interfering with the function of 
leukocytes, endothelial cells, and fibroblasts, while also 
suppressing the production and effects of humoral factors 
involved in the inflammatory process.30

Several studies have demonstrated increased risk of 
infection among patients with AH treated with corticos-
teroids.10,13,31,32 In the STOPAH trial, prednisolone nearly 
doubled the risk of infections reported as serious adverse 
events in patients with AH (13% vs. 7%, p=0.002).10 In 
a post-hoc analysis that the STOPAH trial used to evalu-
ate bacterial DNA levels to monitor for infection, it was 
noted that patients with sAH who were given prednisolone 
were at greater risk for developing serious infections com-
pared to those who did not receive prednisolone.31 Based 
on circulating DNA levels, 12% of patients with sAH were 
noted to have infection at baseline and 23% developed 
infection while on prednisolone treatment. The most com-
mon serious infections included respiratory tract infections 
and bacteremia.31 Another observational study showed 
that corticosteroid use, along with younger age and higher 
MELD score, were independently associated with infec-
tion, specifically invasive fungal infections (IFIs).32 How-
ever, separate studies have indicated that corticosteroids 
do not appear to increase the risk of infections in those 
with sAH, but rather the lack of response to corticosteroids 
may indicate greater risk of infection. A prospective study 
by Louvet et al.33 analyzed a cohort of 246 patients and 
found that the infection risk was significantly greater in 
steroid non-responders compared to responders, at 42.5% 
vs. 11.1%, respectively (p<0.000001). Furthermore, that 
study showed that the development of infection may de-
pend more upon the response to corticosteroid treatment 
(assessed by the Lille score) rather than the treatment of 
choice or duration.

Pharmacological interventions

Trials have also investigated the efficacy of other medica-
tions for the treatment of sAH, including pentoxifylline, anti-
tumor necrosis factor (TNF)-α agents (infliximab, etaner-
cept), and granulocyte-colony stimulating factor (G-CSF) in 
severe AH. Pentoxifylline has been postulated to exert an 
anti-inflammatory effect through phosphodiesterase inhibi-
tion and increased cAMP levels, with the potential to reduce 
the risk of hepatorenal syndrome.20 When analyzing infec-
tion risks, a study by Vergis et al.31 demonstrated no as-
sociation between pentoxifylline therapy and the incidence 
of serious infection (p=0.08), infection during treatment 
(p=0.20), or infection after treatment for sAH (p=0.27). 
In fact, adding pentoxifylline to corticosteroids may reduce 

the risk of infection compared with corticosteroid mono-
therapy.34 Additionally, a network meta-analysis suggested 
that, in patients with severe AH, pentoxifylline and corti-
costeroids (alone and in combination with pentoxifylline or 
N-acetylcysteine [NAC]) can reduce short-term mortality.35 
Contrary to this, the STOPAH trial, along with several other 
studies, has provided data to support a survival benefit with 
prednisone but not pentoxifylline; subsequently, pentoxyfil-
line has not been recommended in the most current Amer-
ican Association for the Study of Liver Diseases (AASLD) 
guidelines.9,12,36

The role of anti-TNF-α, including infliximab and etaner-
cept, in the setting of sAH has been evaluated. These 
agents inhibit the action of the major proinflammatory cy-
tokine TNF-α, which mediates the immune-induced liver in-
jury. Unfortunately, the anti-TNF-α strategies studied have 
been ineffective and increased the risk of bacterial infec-
tions and mortality, leading to early discontinuation of the 
trials evaluating these medications.37,38

G-CSF has been shown to favorably modify the intrahe-
patic immune environment and stimulate the regenerative 
potential of the liver. Under normal physiological condi-
tions, G-CSF mobilizes CD34+ cells, increases hepatocyte-
growth factor, and induces hepatic progenitor cell prolifera-
tion.39 A randomized pilot study comparing pentoxifylline 
plus G-CSF with pentoxifylline alone for treatment of sAH 
demonstrated marked improvement in survival in the com-
bination treatment group at 90 days (78.3% vs. 30.4%; 
p=0.001).40 It is thought that neutrophil function enhanced 
via G-CSF use may improve the innate immune response to 
bacteria, diminish the risk of infection, and contribute to an 
improved outcome in patients with sAH.41 However, a mul-
ticenter, randomized phase II trial showed that G-CSF did 
not improve patient survival and was unable to reduce the 
rate of complications including infections in patients with 
ACLF.42

Although some initial studies have shown encouraging 
results with G-CSF in patients with severe AH, more work 
needs to be done to characterize associated risks prior to 
initiating wide clinical use in the setting of AH.43

Bacterial pathogens

The majority of infections among patients with sAH are 
bacterial, though it is uncertain which species are the most 
commonly acquired. One small study on AH showed that 
Gram-negative bacilli (GNB), predominantly Escherichia 
coli, represented 75% of all isolated bacteria.44 Converse-
ly, another small study analyzed the prevalence of blood-
stream infections only in patients with AH. The investi-
gators reported a significant prevalence of Gram-positive 
cocci (44%) and GNB presence of only 22%.45 A cross-sec-
tional analysis revealed that, among hospitalized patients 
with AH, prevalence of Clostridium difficile infection (CDI) 
was 1.6% or about 1.5-fold higher than that among hos-
pitalized patients without AH.46 Furthermore, CDI in these 
patients was associated with increased inpatient mortal-
ity.46

Regarding the site of infection, urinary tract and res-
piratory systems have been found to be more common in 
patients with AH.47 A cohort study analyzed data from 121 
patients with AH and showed pneumonia to be the most 
frequent infection (26%), followed by urinary tract infec-
tion (UTI) (23%) and skin and soft tissue infections (SSTIs) 
(8%), while spontaneous bacterial peritonitis (SBP) was 
found to be present in only 6% of infected patients.48 A 
separate large, retrospective cohort study was conducted 
to evaluate patients with AH admitted between 2009 and 
2014 to seven centers in Europe and the USA.49 Among the 



Journal of Clinical and Translational Hepatology 20224

Kaur B. et al: Alcoholic hepatitis infections

patients studied, 49% showed clinical or culture-based evi-
dence of infection, primarily involving the lower respiratory 
tract or urinary tract. Gut commensal bacteria, particularly 
E. coli and Enterobacter species, were most commonly iso-
lated in culture. Fungal infection was rarely seen.

Certain studies have shown that the most common in-
fections sites differ before and after corticosteroid admin-
istration. For example, Louvet et al.33 reported that prior 
to steroid treatment, SBP or bacteremia occurred more 
frequently (44%), followed by UTI (32%) and respiratory 
infections (13%). After or during corticosteroid treatment, 
there appeared to be a notable shift towards respiratory 
infections (40%), followed by SBP or bacteremia (28%) and 
UTI (18%). A separate meta-analysis from 2016 showed 
that, in patients with AH, corticosteroids-related infections 
included pneumonia (23%), UTI (10%), SBP (7%), and 
SSTI (2%).14 In the STOPAH trial, respiratory infections 
accounted for 50% of all infections (both in treated and 
untreated groups) during follow-up. Lung infections were 
more common in patients who received prednisolone (7%) 
vs, those who did not receive prednisolone (3%).10

Fungal pathogens

Fungal infection is associated with high mortality in criti-
cally-ill patients with cirrhosis.50,51 However, there are lim-
ited studies looking specifically at invasive aspergillosis ( 
IA ) in the setting of AH. A meta-analysis demonstrated 
higher frequency of fungal infection occurrence among 
steroid-treated AH patients; in these patients, fungal in-
fections were life-threatening, with a high mortality rate 
(approximately 33% compared to 12% in all steroid-treat-
ed infections).14 In a cohort study of 94 patients with biop-
sy-proven sAH, IA incidence was 16%. The primary sites 
of infection included the lungs and central nervous sys-
tem, while IA was disseminated in two cases. Of note, 13 
cases of IA occurred in the context of corticosteroids, and 
2 had received no specific treatment for AH.52 These stud-
ies have shown that IA is a frequent complication of sAH 
and carries a very high risk of mortality. Along with liver 
disease, other risk factors of IA include neutropenia, he-
matologic malignancies, HIV, or organ transplantation.53,54 
Early and routine screening for IA may be beneficial.52,55 
Serum galactomannan (GM) has been demonstrated as a 
good screening test factor for IA in those with severe AH. 
The classical cutoff of ≥0.5 for serum GM has shown a high 
diagnostic performance, with sensitivity of 89%, specific-
ity of 84%, positive predictive value of 67%, and negative 
predictive value of 95%.52

Invasive candidiasis incidence has been reported to be 
between 2% to 8% in patients with sAH.52 A recent study, 
from 2021, demonstrated that human neutrophil responses 
to the fungal pathogen C. albicans are significantly dimin-
ished in patients with cirrhosis compared to healthy con-
trols. This defect may be due to neutrophil exhaustion in 
the setting of persistently elevated circulating levels of in-
flammatory cytokines.56 Patients with sAH present a more 
markedly reduced neutrophil antimicrobial activity, includ-
ing phagocytosis and oxidative burst.21 This underlying im-
mune dysfunction in patients with AH may explain the lack 
of neutrophil functioning, thus increased prevalence of can-
didemia.

Pneumocystis jirovecii pneumonia (PJP) is another op-
portunistic fungal infection, which may occur in sAH.57 Faria 
et al.,58 analyzed seven ICU patients with biopsy-proven AH 
who developed bronchoalveolar lavage-confirmed PJP. Six 
of these patients received steroids for AH treatment prior 
to the diagnosis. All patients progressively developed acute 
respiratory distress requiring mechanical ventilation, ulti-

mately leading to death despite receiving appropriate treat-
ment. Additionally, two case reports have been published 
evaluating patients with human immunodeficiency virus 
(HIV) and steroid-treated AH who subsequently developed 
severe pneumopathy due to PJP.59 Lastly, a report highlight-
ed a case of PJP together with cytomegalovirus infection 
in an HIV-negative alcoholic patient.60 Although small in 
sample size, these studies have shown that otherwise rare 
opportunistic infections, such as PJP, may occur in patients 
with AH, particularly in the setting of steroid use.

Biomarkers of infection

Determining the presence of infection may be challenging 
in patients with AH, as cultures may be negative despite 
the presence of clinical indicators of active infection, such 
as leukocytosis.15 One study showed that the SIRS criteria 
are met in approximately 50% of patients with sAH, even 
without documented infection.15 Both C-reactive protein 
(CRP) and procalcitonin (PCT) have been investigated as 
potential biomarkers to determine the presence of under-
lying infection. Although CRP and PCT levels have been 
useful for detecting infection in cirrhosis, there have been 
inconsistencies in differentiating infection from SIRS with-
out infection in AH. Among patients with AH, the findings 
of one study highlighted that a PCT cutoff of 0.45 ng/mL 
had positive and negative predictive values of 83% and 
71% respectively for infection-associated SIRS, while CRP 
displayed no discriminative capability.15 Another study 
found that serum PCT can be a useful marker for diagnos-
ing sepsis in patients with AH and SIRS, and compares 
favorably with serum CRP levels.61 On the other hand, in 
yet another study, PCT cutoff value failed to discriminate 
infected from non-infected patients with AH.62 Therefore, 
although promising, biomarkers for underlying infection 
need further study, and in clinical settings should be care-
fully interpreted in combination with clinical assessment 
and correlation.

Infection treatment and prevention

Management of sAH begins with thorough review of symp-
toms, physical exam findings, and infection workup, in-
cluding chest radiography, urinalysis, cultures, ascitic fluid 
analysis, and viral serology (Table 1). If infection is detect-
ed, pathogen-directed therapy should be initiated (Fig. 2). 
Identification of an infection is critical prior to the initiation 
of steroids or immunosuppressant therapy to reduce risk of 
complications from these medications. If infection is unlike-
ly, prevention strategies are focused on early treatment of 
sAH, based on discriminant function or MELD score. Addi-
tionally, the Lille score (which reassesses prognosis, identi-
fies nonresponses, and guides therapy) may be used to de-
termine whether corticosteroids should be discontinued.12

In patients with sAH, the development of infection may 
depend more on the response to corticosteroid treatment 
as assessed by the Lille score, rather than the treatment of 
choice or duration.33 The response to corticosteroids based 
on the Lille score is significantly associated with improved 
survival.63 The addition of intravenous of NAC to predniso-
lone may be used as a prevention strategy, as it has been 
reported to decrease the incidence of bacterial infections in 
patients with sAH. The adjunction of NAC to corticosteroid 
treatment has been shown to decrease the incidence of in-
fections by 23%, when compared to corticosteroids alone.64 
Other supplementary infection prevention approaches in-
clude adequate patient nutrition. A RCT from 2016 showed 
that a daily caloric intake of fewer than 21.5 kcal/kg/day 
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was associated with increased rates of infection and mortal-
ity at 6 months, when compared to higher intake (65.8% 
vs. 33.1%, p<0.0001).65

Antimicrobials

Although patients with sAH are at increased risk of infec-
tion, evidence has not yet been reported to support a role 
for antibiotic prophylaxis. Currently, the use of prophylactic 
antibiotics in combination with corticosteroids is being in-
vestigated in the AntibioCor study.66 An interim analysis of 
this study’s data, presented as an abstract, revealed that 
infection rates in patients treated with amoxicillin/clavula-
nate plus corticosteroids were lower compared to those in 
the placebo group after 2 months of therapy (29.7% vs. 
41.5%; hazard ratio [HR] 0.616, 95% confidence interval 
[CI] 0.417–0.909; p=0.015). Although a 30-day course of 
antibiotics with prednisolone did not improve 2-month sur-
vival in patients with sAH, they did reduce the likelihood of 
infections.67 Careful restriction of prophylactic antibiotics to 
the high-risk populations could reduce the spread of mul-
tidrug-resistant bacteria.47 Additionally, antifungal agents 
should be considered in patients with risk factors for fungal 
infections, including comorbid diabetes, acute kidney injury, 
longer hospital stays, and admission for bacterial infec-
tion.51 Despite management of antibiotics, the presence of 
infection alone has not been shown to be a driver of short-

term mortality. For example, one study observed that the 
use of antimicrobials early after admission delayed but did 
not reduce the occurrence of infections in patients with AH, 
without an effect on mortality.49

Conclusions

Patients with AH are in an immunocompromised state, sec-
ondary to a combination of cirrhosis related immunopare-
sis and corticosteroids use, which may predispose them 
to higher risk of infection. To date, corticosteroids are the 
only treatment with proven efficacy in sAH. Nevertheless, 
corticosteroid impact on the occurrence of infection re-
mains controversial. Some studies have shown that corti-
costeroid use may significantly reduce short-term mortal-
ity in patients with sAH.9,10 Additionally, the combination 
of corticosteroid treatment and altered host defense in AH 
has been suggested as a cause of bacterial, opportunistic 
fungal, and viral infections.68 Recent studies have shown 
that corticosteroids do not appear to increase occurrence 
of infections in those with sAH, though the lack of response 
to corticosteroids may increase infection risk.33 However, 
screening for infections should be performed prior to cor-
ticosteroid initiation and during treatment, if clinically indi-
cated. Physicians should be cognizant of recognizing poten-
tial infections in patients with ALD, in order to appropriately 
administer antibiotic therapy that will reduce the associated 

Table 1.  sAH assessment and management

History

    Recent or ongoing excessive alcohol intake

    Women=3 drinks (≥40 g per day)

    Men=4 drinks (≥50-60 g per day)

    Recent jaundice

Laboratory findings

    mDF ≥32 (prothrombin time and bilirubin levels)

    MELD >20 (bilirubin, creatinine, international normalized ratio)

Exam findings

    Jaundice, icteric conjunctiva

    Enlarged liver, ascites, caput medusa

    Systemic hypotension, asterixis, confusion

    Spider angiomata, palmar erythema

    Gynecomastia, gonadal atrophy in men

    Proximal muscle wasting, weight loss

Therapeutics

    Prednisolone 40 mg/daily

    Intravenous NAC+prednisolone 40 mg/day (may improve 30-day survival of patients with sAH)

    Of note, pentoxifylline is no longer recommended in the treatment of AH

Duration/Response

    Lillie model (albumin, creatinine, and prothrombin time)

    Lille score <0.45: Responders to corticosteroids

    Lille score ≥0.45: Non-responders

    Cessation of corticosteroids after 7 days is recommended in non-responders

MELD, Model for end-stage liver disease; AH, alcoholic hepatitis; mDF, maddrey (modified) discriminant function; NAC, N-acetylcysteine.
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mortality rate. The use of biomarkers such as CRP or PCT to 
aid in determination of infection development can be useful, 
though further studies are needed to justify their routine 
use. We recommend reassessment and potential antibiotic 
de-escalation at 48 h to reduce the spread of multidrug-
resistant bacteria, fungi, or Clostridium difficile.

Funding

None to declare.

Conflict of interest

The authors have no conflict of interests related to this pub-
lication.

Author contributions

Acquisition of data and drafting of the manuscript (BK, RS, 
VS), critical revision of the document for important intellec-

Fig. 2.  AH infection management. CMV, cytomegalovirus; HBV, hepatitis B virus; HCV, hepatitis virus; HEV, hepatitis E virus.



Journal of Clinical and Translational Hepatology 2022 7

Kaur B. et al: Alcoholic hepatitis infections

tual content (VS, RS). All authors approved the final version 
of the manuscript.

References

[1]	 Tapper EB, Parikh ND. Mortality due to cirrhosis and liver cancer in the 
United States, 1999-2016: observational study. BMJ 2018;362:k2817. 
doi:10.1136/BMJ.K2817, PMID:30021785.

[2]	 Rutledge SM, Schiano TD, Florman S, Im GY. COVID-19 Aftershocks on 
Alcohol-Associated Liver Disease: An Early Cross-Sectional Report From 
the U.S. Epicenter. Hepatol Commun 2021;5(7):1151–1155. doi:10.1002/
HEP4.1706, PMID:34533000.

[3]	 Singal AK, Bataller R, Ahn J, Kamath PS, Shah VH. ACG Clinical Guideline: 
Alcoholic Liver Disease. Am J Gastroenterol 2018;113(2):175–194. doi: 
10.1038/AJG.2017.469, PMID:29336434.

[4]	 Crabb DW, Bataller R, Chalasani NP, Kamath PS, Lucey M, Mathurin P, et al. 
Standard Definitions and Common Data Elements for Clinical Trials in Pa-
tients With Alcoholic Hepatitis: Recommendation From the NIAAA Alcoholic 
Hepatitis Consortia. Gastroenterology 2016;150(4):785–790. doi:10.1053/ 
J.GASTRO.2016.02.042, PMID:26921783.

[5]	 Maddrey WC, Boitnott JK, Bedine MS, Weber FL Jr, Mezey E, White RI Jr. Cor-
ticosteroid therapy of alcoholic hepatitis. Gastroenterology 1978;75(2):193–
199. PMID:352788.

[6]	 Dunn W, Jamil LH, Brown LS, Wiesner RH, Kim WR, Menon KV, et al. MELD 
accurately predicts mortality in patients with alcoholic hepatitis. Hepatology 
2005;41(2):353–358. doi:10.1002/HEP.20503, PMID:15660383.

[7]	 Lucey MR, Mathurin P, Morgan TR. Alcoholic hepatitis. N Engl J Med 
2009;360(26):2758–2769. doi:10.1056/NEJMRA0805786, PMID:19553649.

[8]	 O’Shea RS, Dasarathy S, McCullough AJ, Practice Guideline Committee of 
the American Association for the Study of Liver Diseases; Practice Param-
eters Committee of the American College of Gastroenterology. Alcoholic 
liver disease. Hepatology 2010;51(1):307–328. doi:10.1002/HEP.23258, 
PMID:20034030.

[9]	 Louvet A, Thursz MR, Kim DJ, Labreuche J, Atkinson SR, Sidhu SS, et al. Cor-
ticosteroids Reduce Risk of Death Within 28 Days for Patients With Severe Al-
coholic Hepatitis, Compared With Pentoxifylline or Placebo-a Meta-analysis of 
Individual Data From Controlled Trials. Gastroenterology 2018;155(2):458–
468.e8. doi:10.1053/J.GASTRO.2018.05.011, PMID:29738698.

[10]	Thursz MR, Richardson P, Allison M, Austin A, Bowers M, Day CP, et al. 
Prednisolone or pentoxifylline for alcoholic hepatitis. N Engl J Med 2015; 
372(17):1619–1628. doi:10.1056/NEJMOA1412278, PMID:25901427.

[11]	Arab JP, Díaz LA, Baeza N, Idalsoaga F, Fuentes-López E, Arnold J, et al. 
Identification of optimal therapeutic window for steroid use in severe alco-
hol-associated hepatitis: A worldwide study. J Hepatol 2021;75(5):1026–
1033. doi:10.1016/J.JHEP.2021.06.019, PMID:34166722.

[12]	Crabb DW, Im GY, Szabo G, Mellinger JL, Lucey MR. Diagnosis and Treat-
ment of Alcohol-Associated Liver Diseases: 2019 Practice Guidance From 
the American Association for the Study of Liver Diseases. Hepatology 
2020;71(1):306–333. doi:10.1002/HEP.30866, PMID:31314133.

[13]	Singal AK, Shah VH, Kamath PS. Infection in Severe Alcoholic Hepatitis: 
Yet Another Piece in the Puzzle. Gastroenterology 2017;152(5):938–940. 
doi:10.1053/J.GASTRO.2017.02.030, PMID:28259797.

[14]	Hmoud BS, Patel K, Bataller R, Singal AK. Corticosteroids and occurrence 
of and mortality from infections in severe alcoholic hepatitis: a meta-anal-
ysis of randomized trials. Liver Int 2016;36(5):721–728. doi:10.1111/LIV. 
12939, PMID:26279269.

[15]	Michelena J, Altamirano J, Abraldes JG, Affò S, Morales-Ibanez O, Sancho-
Bru P, et al. Systemic inflammatory response and serum lipopolysaccharide 
levels predict multiple organ failure and death in alcoholic hepatitis. Hepatol-
ogy 2015;62(3):762–772. doi:10.1002/HEP.27779, PMID:25761863.

[16]	Karakike E, Moreno C, Gustot T. Infections in severe alcoholic hepatitis. 
Ann Gastroenterol 2017;30(2):152–160. doi:10.20524/AOG.2016.0101, 
PMID:28243035.

[17]	Garcia-Saenz-de-Sicilia M, Duvoor C, Altamirano J, Chavez-Araujo R, Prado 
V, de Lourdes Candolo-Martinelli A, et al. A Day-4 Lille Model Predicts Re-
sponse to Corticosteroids and Mortality in Severe Alcoholic Hepatitis. Am 
J Gastroenterol 2017;112(2):306–315. doi:10.1038/AJG.2016.539, PMID: 
27922027.

[18]	Chan C, Levitsky J. Infection and Alcoholic Liver Disease. Clin Liver Dis 
2016;20(3):595–606. doi:10.1016/j.cld.2016.02.014, PMID:27373619.

[19]	Albillos A, Martin-Mateos R, Van der Merwe S, Wiest R, Jalan R, Álvarez-Mon 
M. Cirrhosis-associated immune dysfunction. Nat Rev Gastroenterol Hepatol 
2022;19(2):112–134. doi:10.1038/S41575-021-00520-7, PMID:34703031.

[20]	Moreau R, Rautou PE. G-CSF therapy for severe alcoholic hepatitis: tar-
geting liver regeneration or neutrophil function? Am J Gastroenterol 2014; 
109(9):1424–1426. doi:10.1038/AJG.2014.250, PMID:25196873.

[21]	Markwick LJ, Riva A, Ryan JM, Cooksley H, Palma E, Tranah TH, et al. Block-
ade of PD1 and TIM3 restores innate and adaptive immunity in patients 
with acute alcoholic hepatitis. Gastroenterology 2015;148(3):590–602.e10. 
doi:10.1053/J.GASTRO.2014.11.041, PMID:25479137.

[22]	Bonnel AR, Bunchorntavakul C, Reddy KR. Immune dysfunction and infec-
tions in patients with cirrhosis. Clin Gastroenterol Hepatol 2011;9(9):727–
738. doi:10.1016/J.CGH.2011.02.031, PMID:21397731.

[23]	Tilg H, Wilmer A, Vogel W, Herold M, Nölchen B, Judmaier G, et al. Serum levels 
of cytokines in chronic liver diseases. Gastroenterology 1992;103(1):264–
274. doi:10.1016/0016-5085(92)91122-k, PMID:1612333.

[24]	Albillos A, Lario M, Álvarez-Mon M. Cirrhosis-associated immune dysfunc-
tion: distinctive features and clinical relevance. J Hepatol 2014;61(6):1385–

1396. doi:10.1016/J.JHEP.2014.08.010, PMID:25135860.
[25]	Fernández J, Gustot T. Management of bacterial infections in cirrhosis. J 

Hepatol 2012;56(Suppl 1):S1–12. doi:10.1016/S0168-8278(12)60002-6, 
PMID:22300459.

[26]	Albillos A, de Gottardi A, Rescigno M. The gut-liver axis in liver disease: 
Pathophysiological basis for therapy. J Hepatol 2020;72(3):558–577. doi: 
10.1016/J.JHEP.2019.10.003, PMID:31622696.

[27]	Bataller R, Mandrekar P. Identifying molecular targets to improve immune 
function in alcoholic hepatitis. Gastroenterology 2015;148(3):498–501. 
doi:10.1053/J.GASTRO.2015.01.013, PMID:25613314.

[28]	Chirapongsathorn S, Kamath PS, Shah V. Alcoholic hepatitis: Can we out-
wit the Grim Reaper? Hepatology 2015;62(3):671–673. doi:10.1002/
HEP.27852, PMID:25891016.

[29]	Franchimont D. Overview of the actions of glucocorticoids on the immune 
response: a good model to characterize new pathways of immunosuppres-
sion for new treatment strategies. Ann N Y Acad Sci 2004;1024:124–137. 
doi:10.1196/ANNALS.1321.009, PMID:15265777.

[30]	Boumpas DT, Chrousos GP, Wilder RL, Cupps TR, Balow JE. Glucocorticoid 
therapy for immune-mediated diseases: basic and clinical correlates. Ann In-
tern Med 1993;119(12):1198–1208. doi:10.7326/0003-4819-119-12-1993 
12150-00007, PMID:8239251.

[31]	Vergis N, Atkinson SR, Knapp S, Maurice J, Allison M, Austin A, et al. In 
Patients With Severe Alcoholic Hepatitis, Prednisolone Increases Susceptibil-
ity to Infection and Infection-Related Mortality, and Is Associated With High 
Circulating Levels of Bacterial DNA. Gastroenterology 2017;152(5):1068–
1077.e4. doi:10.1053/J.GASTRO.2016.12.019, PMID:28043903.

[32]	Otero Sanchez L, Karakike E, Njimi H, Putignano A, Degré D, Hites M, et al. 
Clinical Course and Risk Factors for Infection in Severe Forms of Alcohol-
Associated Liver Disease. Hepatology 2021;74(5):2714–2724. doi:10.1002/
HEP.31984, PMID:34046927.

[33]	Louvet A, Wartel F, Castel H, Dharancy S, Hollebecque A, Canva-Delcambre 
V, et al. Infection in patients with severe alcoholic hepatitis treated with 
steroids: early response to therapy is the key factor. Gastroenterology 2009; 
137(2):541–548. doi:10.1053/J.GASTRO.2009.04.062, PMID:19445945.

[34]	Lee YS, Kim HJ, Kim JH, Yoo YJ, Kim TS, Kang SH, et al. Treatment of Severe 
Alcoholic Hepatitis With Corticosteroid, Pentoxifylline, or Dual Therapy: A 
Systematic Review and Meta-Analysis. J Clin Gastroenterol 2017;51(4):364–
377. doi:10.1097/MCG.0000000000000674, PMID:27636406.

[35]	Singh S, Murad MH, Chandar AK, Bongiorno CM, Singal AK, Atkinson SR, et 
al. Comparative Effectiveness of Pharmacological Interventions for Severe 
Alcoholic Hepatitis: A Systematic Review and Network Meta-analysis. Gastro-
enterology 2015;149(4):958–70.e12. doi:10.1053/J.GASTRO.2015.06.006, 
PMID:26091937.

[36]	Thursz MR, Richardson P, Allison M, Austin A, Bowers M, Day CP, et 
al. Prednisolone or pentoxifylline for alcoholic hepatitis. N Engl J Med 
2015;372(17):1619–1628. doi:10.1056/NEJMoa1412278, PMID:25901427.

[37]	Naveau S, Chollet-Martin S, Dharancy S, Mathurin P, Jouet P, Piquet MA, et 
al. A double-blind randomized controlled trial of infliximab associated with 
prednisolone in acute alcoholic hepatitis. Hepatology 2004;39(5):1390–
1397. doi:10.1002/HEP.20206, PMID:15122768.

[38]	Boetticher NC, Peine CJ, Kwo P, Abrams GA, Patel T, Aqel B, et al. A rand-
omized, double-blinded, placebo-controlled multicenter trial of etanercept in 
the treatment of alcoholic hepatitis. Gastroenterology 2008;135(6):1953–
1960. doi:10.1053/J.GASTRO.2008.08.057, PMID:18848937.

[39]	Spahr L, Lambert JF, Rubbia-Brandt L, Chalandon Y, Frossard JL, Giostra 
E, et al. Granulocyte-colony stimulating factor induces proliferation of he-
patic progenitors in alcoholic steatohepatitis: a randomized trial. Hepatology 
2008;48(1):221–229. doi:10.1002/HEP.22317, PMID:18537187.

[40]	Singh V, Sharma AK, Narasimhan RL, Bhalla A, Sharma N, Sharma R. Granu-
locyte colony-stimulating factor in severe alcoholic hepatitis: a randomized 
pilot study. Am J Gastroenterol 2014;109(9):1417–1423. doi:10.1038/
AJG.2014.154, PMID:24935272.

[41]	Tato CM, Cua DJ. SnapShot: Cytokines IV. Cell 2008;132(6):1062.e1–1062.
e2. doi:10.1016/J.CELL.2008.02.024, PMID:18358817.

[42]	Engelmann C, Herber A, Franke A, Bruns T, Reuken P, Schiefke I, et al. 
Granulocyte-colony stimulating factor (G-CSF) to treat acute-on-chronic 
liver failure: A multicenter randomized trial (GRAFT study). J Hepatol 
2021;75(6):1346–1354. doi:10.1016/j.jhep.2021.07.033, PMID:34364917.

[43]	Kedarisetty CK, Kumar A, Sarin SK. Insights into the Role of Granulocyte 
Colony-Stimulating Factor in Severe Alcoholic Hepatitis. Semin Liver Dis 
2021;41(1):67–78. doi:10.1055/s-0040-1719177, PMID:33764486.

[44]	Verma S, Ajudia K, Mendler M, Redeker A. Prevalence of septic events, type 
1 hepatorenal syndrome, and mortality in severe alcoholic hepatitis and 
utility of discriminant function and MELD score in predicting these adverse 
events. Dig Dis Sci 2006;51(9):1637–1643. doi:10.1007/S10620-006-
9099-Z, PMID:16927139.

[45]	Wernlund PG, Støy S, Lemming L, Vilstrup H, Sandahl TD. Blood culture-pos-
itive infections in patients with alcoholic hepatitis. Scand J Infect Dis 2014; 
46(12):902–905. doi:10.3109/00365548.2014.951682, PMID:25290580.

[46]	Sundaram V, May FP, Manne V, Saab S. Effects of Clostridium difficile infec-
tion in patients with alcoholic hepatitis. Clin Gastroenterol Hepatol 2014; 
12(10):1745–52.e2. doi:10.1016/J.CGH.2014.02.041, PMID:24681081.

[47]	Fernández J, Acevedo J, Castro M, Garcia O, de Lope CR, Roca D, et al. 
Prevalence and risk factors of infections by multiresistant bacteria in cirrho-
sis: a prospective study. Hepatology 2012;55(5):1551–1561. doi:10.1002/
HEP.25532, PMID:22183941.

[48]	Altamirano J, Miquel R, Katoonizadeh A, Abraldes JG, Duarte-Rojo A, Louvet 
A, et al. A histologic scoring system for prognosis of patients with alcoholic 
hepatitis. Gastroenterology 2014;146(5):1231–9.e1-6. doi:10.1053/J.GAS-
TRO.2014.01.018, PMID:24440674.

[49]	Parker R, Im G, Jones F, Hernández OP, Nahas J, Kumar A, et al. Clinical 

https://doi.org/10.1136/BMJ.K2817
http://www.ncbi.nlm.nih.gov/pubmed/30021785
https://doi.org/10.1002/HEP4.1706
https://doi.org/10.1002/HEP4.1706
http://www.ncbi.nlm.nih.gov/pubmed/34533000
https://doi.org/10.1038/AJG.2017.469
http://www.ncbi.nlm.nih.gov/pubmed/29336434
https://doi.org/10.1053/J.GASTRO.2016.02.042
https://doi.org/10.1053/J.GASTRO.2016.02.042
http://www.ncbi.nlm.nih.gov/pubmed/26921783
http://www.ncbi.nlm.nih.gov/pubmed/352788
https://doi.org/10.1002/HEP.20503
http://www.ncbi.nlm.nih.gov/pubmed/15660383
https://doi.org/10.1056/NEJMRA0805786
http://www.ncbi.nlm.nih.gov/pubmed/19553649
https://doi.org/10.1002/HEP.23258
http://www.ncbi.nlm.nih.gov/pubmed/20034030
https://doi.org/10.1053/J.GASTRO.2018.05.011
http://www.ncbi.nlm.nih.gov/pubmed/29738698
https://doi.org/10.1056/NEJMOA1412278
http://www.ncbi.nlm.nih.gov/pubmed/25901427
https://doi.org/10.1016/J.JHEP.2021.06.019
http://www.ncbi.nlm.nih.gov/pubmed/34166722
https://doi.org/10.1002/HEP.30866
http://www.ncbi.nlm.nih.gov/pubmed/31314133
https://doi.org/10.1053/J.GASTRO.2017.02.030
http://www.ncbi.nlm.nih.gov/pubmed/28259797
https://doi.org/10.1111/LIV.12939
https://doi.org/10.1111/LIV.12939
http://www.ncbi.nlm.nih.gov/pubmed/26279269
https://doi.org/10.1002/HEP.27779
http://www.ncbi.nlm.nih.gov/pubmed/25761863
https://doi.org/10.20524/AOG.2016.0101
http://www.ncbi.nlm.nih.gov/pubmed/28243035
https://doi.org/10.1038/AJG.2016.539
http://www.ncbi.nlm.nih.gov/pubmed/27922027
https://doi.org/10.1016/j.cld.2016.02.014
http://www.ncbi.nlm.nih.gov/pubmed/27373619
https://doi.org/10.1038/S41575-021-00520-7
http://www.ncbi.nlm.nih.gov/pubmed/34703031
https://doi.org/10.1038/AJG.2014.250
http://www.ncbi.nlm.nih.gov/pubmed/25196873
https://doi.org/10.1053/J.GASTRO.2014.11.041
http://www.ncbi.nlm.nih.gov/pubmed/25479137
https://doi.org/10.1016/J.CGH.2011.02.031
http://www.ncbi.nlm.nih.gov/pubmed/21397731
https://doi.org/10.1016/0016-5085(92)91122-k
http://www.ncbi.nlm.nih.gov/pubmed/1612333
https://doi.org/10.1016/J.JHEP.2014.08.010
http://www.ncbi.nlm.nih.gov/pubmed/25135860
https://doi.org/10.1016/S0168-8278(12)60002-6
http://www.ncbi.nlm.nih.gov/pubmed/22300459
https://doi.org/10.1016/J.JHEP.2019.10.003
http://www.ncbi.nlm.nih.gov/pubmed/31622696
https://doi.org/10.1053/J.GASTRO.2015.01.013
http://www.ncbi.nlm.nih.gov/pubmed/25613314
https://doi.org/10.1002/HEP.27852
https://doi.org/10.1002/HEP.27852
http://www.ncbi.nlm.nih.gov/pubmed/25891016
https://doi.org/10.1196/ANNALS.1321.009
http://www.ncbi.nlm.nih.gov/pubmed/15265777
https://doi.org/10.7326/0003-4819-119-12-199312150-00007
https://doi.org/10.7326/0003-4819-119-12-199312150-00007
http://www.ncbi.nlm.nih.gov/pubmed/8239251
https://doi.org/10.1053/J.GASTRO.2016.12.019
http://www.ncbi.nlm.nih.gov/pubmed/28043903
https://doi.org/10.1002/HEP.31984
https://doi.org/10.1002/HEP.31984
http://www.ncbi.nlm.nih.gov/pubmed/34046927
https://doi.org/10.1053/J.GASTRO.2009.04.062
http://www.ncbi.nlm.nih.gov/pubmed/19445945
https://doi.org/10.1097/MCG.0000000000000674
http://www.ncbi.nlm.nih.gov/pubmed/27636406
https://doi.org/10.1053/J.GASTRO.2015.06.006
http://www.ncbi.nlm.nih.gov/pubmed/26091937
https://doi.org/10.1056/NEJMoa1412278
http://www.ncbi.nlm.nih.gov/pubmed/25901427
https://doi.org/10.1002/HEP.20206
http://www.ncbi.nlm.nih.gov/pubmed/15122768
https://doi.org/10.1053/J.GASTRO.2008.08.057
http://www.ncbi.nlm.nih.gov/pubmed/18848937
https://doi.org/10.1002/HEP.22317
http://www.ncbi.nlm.nih.gov/pubmed/18537187
https://doi.org/10.1038/AJG.2014.154
https://doi.org/10.1038/AJG.2014.154
http://www.ncbi.nlm.nih.gov/pubmed/24935272
https://doi.org/10.1016/J.CELL.2008.02.024
http://www.ncbi.nlm.nih.gov/pubmed/18358817
https://doi.org/10.1016/j.jhep.2021.07.033
http://www.ncbi.nlm.nih.gov/pubmed/34364917
https://doi.org/10.1055/s-0040-1719177
http://www.ncbi.nlm.nih.gov/pubmed/33764486
https://doi.org/10.1007/S10620-006-9099-Z
https://doi.org/10.1007/S10620-006-9099-Z
http://www.ncbi.nlm.nih.gov/pubmed/16927139
https://doi.org/10.3109/00365548.2014.951682
http://www.ncbi.nlm.nih.gov/pubmed/25290580
https://doi.org/10.1016/J.CGH.2014.02.041
http://www.ncbi.nlm.nih.gov/pubmed/24681081
https://doi.org/10.1002/HEP.25532
https://doi.org/10.1002/HEP.25532
http://www.ncbi.nlm.nih.gov/pubmed/22183941
https://doi.org/10.1053/J.GASTRO.2014.01.018
https://doi.org/10.1053/J.GASTRO.2014.01.018
http://www.ncbi.nlm.nih.gov/pubmed/24440674


Journal of Clinical and Translational Hepatology 20228

Kaur B. et al: Alcoholic hepatitis infections

and microbiological features of infection in alcoholic hepatitis: an interna-
tional cohort study. J Gastroenterol 2017;52(11):1192–1200. doi:10.1007/
S00535-017-1336-Z, PMID:28389732.

[50]	Lahmer T, Messer M, Mayr U, Saugel B, Noe S, Schultheiss C, et al. Fungal 
“colonisation” is associated with increased mortality in medical intensive 
care unit patients with liver cirrhosis. Mycopathologia 2015;179(1-2):63–
71. doi:10.1007/S11046-014-9825-6, PMID:25348847.

[51]	Bajaj JS, Reddy RK, Tandon P, Wong F, Kamath PS, Biggins SW, et al. Predic-
tion of Fungal Infection Development and Their Impact on Survival Using the 
NACSELD Cohort. Am J Gastroenterol 2018;113(4):556–563. doi:10.1038/
AJG.2017.471, PMID:29257141.

[52]	Gustot T, Maillart E, Bocci M, Surin R, Trépo E, Degré D, et al. Invasive asper-
gillosis in patients with severe alcoholic hepatitis. J Hepatol 2014;60(2):267–
274. doi:10.1016/J.JHEP.2013.09.011, PMID:24055548.

[53]	Falcone M, Massetti AP, Russo A, Vullo V, Venditti M. Invasive aspergillosis in 
patients with liver disease. Med Mycol 2011;49(4):406–413. doi:10.3109/1
3693786.2010.535030, PMID:21108575.

[54]	Segal BH, Walsh TJ. Current approaches to diagnosis and treatment of 
invasive aspergillosis. Am J Respir Crit Care Med 2006;173(7):707–717. 
doi:10.1164/RCCM.200505-727SO, PMID:16387806.

[55]	Lahmer T, Messer M, Schwerdtfeger C, Rasch S, Lee M, Saugel B, et al. In-
vasive mycosis in medical intensive care unit patients with severe alcoholic 
hepatitis. Mycopathologia 2014;177(3-4):193–197. doi:10.1007/S11046-
014-9740-X, PMID:24710759.

[56]	Knooihuizen SAI, Alexander NJ, Hopke A, Barros N, Viens A, Scherer A, et 
al. Loss of Coordinated Neutrophil Responses to the Human Fungal Patho-
gen, Candida albicans, in Patients With Cirrhosis. Hepatol Commun 2021; 
5(3):502–515. doi:10.1002/HEP4.1645, PMID:33681682.

[57]	Edman JC, Kovacs JA, Masur H, Santi DV, Elwood HJ, Sogin ML. Ribosomal 
RNA sequence shows Pneumocystis carinii to be a member of the fungi. 
Nature 1988;334(6182):519–522. doi:10.1038/334519a0, PMID:2970013.

[58]	Faria LC, Ichai P, Saliba F, Benhamida S, Antoun F, Castaing D, et al. Pneu-
mocystis pneumonia: an opportunistic infection occurring in patients with 
severe alcoholic hepatitis. Eur J Gastroenterol Hepatol 2008;20(1):26–28. 
doi:10.1097/MEG.0B013E3282F16A10, PMID:18090986.

[59]	Ichai P, Azoulay D, Feray C, Saliba F, Antoun F, Roche B, et al. Pneumopa-
thies à pneumocystis carinii et à cytomégalovirus au décours d’hépatites 

alcooliques traitées par corticoïdes [Pneumocystis carinii and cytomegalovi-
rus pneumonia after corticosteroid therapy in acute severe alcoholic hepa-
titis: 2 case reports]. Gastroenterol Clin Biol 2002;26(5):532–534. French. 
PMID:12122370.

[60]	Ikawa H, Hayashi Y, Ohbayashi C, Tankawa H, Itoh H. Autopsy case of alcoholic 
hepatitis and cirrhosis treated with corticosteroids and affected by Pneumo-
cystis carinii and cytomegalovirus pneumonia. Pathol Int 2001;51(8):629–
632. doi:10.1046/J.1440-1827.2001.01249.X, PMID:11564218.

[61]	Kumar K, Mohindra S, Raj M, Choudhuri G. Procalcitonin as a marker of 
sepsis in alcoholic hepatitis. Hepatol Int 2014;8(3):436–442. doi:10.1007/
S12072-014-9540-X, PMID:26202645.

[62]	Elefsiniotis IS, Skounakis M, Vezali E, Pantazis KD, Petrocheilou A, Pirounaki 
M, et al. Clinical significance of serum procalcitonin levels in patients with 
acute or chronic liver disease. Eur J Gastroenterol Hepatol 2006;18(5):525–
530. doi:10.1097/00042737-200605000-00012, PMID:16607149.

[63]	Louvet A, Naveau S, Abdelnour M, Ramond MJ, Diaz E, Fartoux L, et al. The 
Lille model: a new tool for therapeutic strategy in patients with severe al-
coholic hepatitis treated with steroids. Hepatology 2007;45(6):1348–1354. 
doi:10.1002/HEP.21607, PMID:17518367.

[64]	Nguyen-Khac E, Thevenot T, Piquet MA, Benferhat S, Goria O, Chatelain 
D, et al. Glucocorticoids plus N-acetylcysteine in severe alcoholic hepatitis. 
N Engl J Med 2011;365(19):1781–1789. doi:10.1056/NEJMOA1101214, 
PMID:22070475.

[65]	Moreno C, Deltenre P, Senterre C, Louvet A, Gustot T, Bastens B, et al. 
Intensive Enteral Nutrition Is Ineffective for Patients With Severe Alcoholic 
Hepatitis Treated With Corticosteroids. Gastroenterology 2016;150(4):903–
10.e8. doi:10.1053/J.GASTRO.2015.12.038, PMID:26764182.

[66]	ClinicalTrials.gov. Efficacy of antibiotic therapy in severe alcoholic hepatitis 
treated with prednisolone (AntibioCor). Available from: https://clinicaltrials.
gov/ct2/show/NCT02281929.

[67]	Anthony RC. Adding amoxicillin/clavulanate to prednisolone yields no sur-
vival benefit in severe alcoholic hepatitis. Available from: https://specialty.
mims.com/topic/adding-amoxicillin-clavulanate-to-prednisolone-yields-no-
survival-benefit-in-severe-alcoholic-hepatitis.

[68]	Gustot T, Fernandez J, Szabo G, Albillos A, Louvet A, Jalan R, et al. Sep-
sis in alcohol-related liver disease. J Hepatol 2017;67(5):1031–1050. 
doi:10.1016/J.JHEP.2017.06.013, PMID:28647569.

https://doi.org/10.1007/S00535-017-1336-Z
https://doi.org/10.1007/S00535-017-1336-Z
http://www.ncbi.nlm.nih.gov/pubmed/28389732
https://doi.org/10.1007/S11046-014-9825-6
http://www.ncbi.nlm.nih.gov/pubmed/25348847
https://doi.org/10.1038/AJG.2017.471
https://doi.org/10.1038/AJG.2017.471
http://www.ncbi.nlm.nih.gov/pubmed/29257141
https://doi.org/10.1016/J.JHEP.2013.09.011
http://www.ncbi.nlm.nih.gov/pubmed/24055548
https://doi.org/10.3109/13693786.2010.535030
https://doi.org/10.3109/13693786.2010.535030
http://www.ncbi.nlm.nih.gov/pubmed/21108575
https://doi.org/10.1164/RCCM.200505-727SO
http://www.ncbi.nlm.nih.gov/pubmed/16387806
https://doi.org/10.1007/S11046-014-9740-X
https://doi.org/10.1007/S11046-014-9740-X
http://www.ncbi.nlm.nih.gov/pubmed/24710759
https://doi.org/10.1002/HEP4.1645
http://www.ncbi.nlm.nih.gov/pubmed/33681682
https://doi.org/10.1038/334519a0
http://www.ncbi.nlm.nih.gov/pubmed/2970013
https://doi.org/10.1097/MEG.0B013E3282F16A10
http://www.ncbi.nlm.nih.gov/pubmed/18090986
http://www.ncbi.nlm.nih.gov/pubmed/12122370
https://doi.org/10.1046/J.1440-1827.2001.01249.X
http://www.ncbi.nlm.nih.gov/pubmed/11564218
https://doi.org/10.1007/S12072-014-9540-X
https://doi.org/10.1007/S12072-014-9540-X
http://www.ncbi.nlm.nih.gov/pubmed/26202645
https://doi.org/10.1097/00042737-200605000-00012
http://www.ncbi.nlm.nih.gov/pubmed/16607149
https://doi.org/10.1002/HEP.21607
http://www.ncbi.nlm.nih.gov/pubmed/17518367
https://doi.org/10.1056/NEJMOA1101214
http://www.ncbi.nlm.nih.gov/pubmed/22070475
https://doi.org/10.1053/J.GASTRO.2015.12.038
http://www.ncbi.nlm.nih.gov/pubmed/26764182
www.ClinicalTrials.gov
https://clinicaltrials.gov/ct2/show/NCT02281929
https://clinicaltrials.gov/ct2/show/NCT02281929
https://specialty.mims.com/topic/adding-amoxicillin-clavulanate-to-prednisolone-yields-no-survival-benefit-in-severe-alcoholic-hepatitis
https://specialty.mims.com/topic/adding-amoxicillin-clavulanate-to-prednisolone-yields-no-survival-benefit-in-severe-alcoholic-hepatitis
https://specialty.mims.com/topic/adding-amoxicillin-clavulanate-to-prednisolone-yields-no-survival-benefit-in-severe-alcoholic-hepatitis
https://doi.org/10.1016/J.JHEP.2017.06.013
http://www.ncbi.nlm.nih.gov/pubmed/28647569

