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Alcoholic hepatitis (AH) is an in acute inflammatory condition

characterized by jaundice and liver failure that develops after

heavy and prolonged alcohol consumption.1 It is a unique

subgroupwithin thebroader syndrome of acute decompensa-

tion of cirrhosis (AD) that includes steatohepatitis on liver

biopsy. Patients with Maddrey’s discriminant function � 32

have severe alcoholic hepatitis (SAH) and are candidates for

treatment but therapy may involve immunosuppression.2

Infection frequently complicates the natural history of the

disease and is independently associated with mortality.3

Objective recognition and recording of infection are there-

fore essential in the evaluation of therapeutic interventions.

This review will evaluate infections that complicate SAH at

admission and nosocomial infections that may be associated

with immunosuppressive therapy. Factors associated with

the development of infection will be identified. Clinical and

laboratory techniques to identify infectionwill be evaluated.

Management of infection in the context of SAH will be

discussed.

A central issue in reporting and managing infection is the

difficulty in making an accurate diagnosis. This is mainly

because the evaluation of both microorganism and host

response is complex in the setting of SAH. Microbiological

techniques have advanced from identification of viable or-

ganism by microbial culture to detection of nucleic acid by

polymerase chain reaction; however, differentiating active

infection from the intestinal leak of microbial products

remains challenging. Similarly, immunological advances

have progressed the field from traditional enzyme-linked

immunosorbent assay (ELISA)-based detection of secreted

serum proteins to cytometric immunophenotyping of the

host response at the level of the single cell. However, immune

signatures with the necessary specificity for diagnosis of

infection to guide antimicrobial stewardship have proved

elusive.

Management of suspected infection in hospitalized

patients has changed considerably over the past 20 years.

The practice of delaying antimicrobial therapy until micro-

biological evidence confirming infection is obtained has

been replaced by an urgency to institute antimicrobial

therapy as soon as infection is suspected, with an emphasis

on antibiotic therapywithin the so-called “golden first hour”

advocated by global initiatives such as the Surviving Sepsis

campaign.4–6 Separately, the capacity for intensive care

management of infected patients with acute on chronic liver

failure (ACLF) has expanded.7 These changes in clinical
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practice confound comparison between studies conducted

during this period. Moreover, while overall mortality from

ACLF appears to have fallen,7 some series report persistently

high rates of sepsis in cirrhotic patients despite the surviving

sepsis campaign, purportedly secondary to multidrug-

resistant (MDR) organisms.8

SAH Patients Presenting with Infection

Several studies have defined the natural history of infection

for patients with AH.9 Differences in outcomes for infections

present at the time of admission and infections arising after

initiation of treatment were first identified by Louvet et al.10

The largest single study analysis of infection was conducted

from patients recruited to the STeroids Or Pentoxyfilline for

Alcoholic Hepatitis (STOPAH) trial between 2011 and 2014,

inwhich 1092 patientswhomet clinical criteria for SAHwere

randomly allocated into a group of 547 patients treated with

28 days of prednisolone and 545 were not.2 In the STOPAH

study, infections between admission and start of therapy

occurred in 12% of patients. Data suggest that if these

baseline infections are controlled, patients can start on

corticosteroid therapy without major implications for prog-

nosis.3,10 However, most available literature in SAH derives

from analyses that exclude patients in whom baseline infec-

tion is not controlled. These infected patients may be classi-

fied as AD or ACLF and there are several reports that

admission infections triggering ACLF portend poor short-

term prognosis.11 In a French study that recruited 246

patients with biopsy proven SAH, 5/6 patients in whom

baseline infection could not be controlled died from the

baseline infection.10 Further insight into these infections

comes from the STOPAH study, in which the mortality of

patients infected at admission and inwhom antibiotics were

stoppedwas markedly higher than themortality for patients

with infection at admission for whom antibiotics were

continued while prednisolone was initiated.3 These data

emphasize the dangers of baseline infection for SAH patients

if not effectively treated.

Incident Infection

Infection that develops after initiation of corticosteroid

therapy, up to a period of 90 days, is defined as incident

infection. Incident infections are often nosocomial, and may

be associated with MDR organisms. These infections are also

associated with an immune paresis that may be exacerbated

by immunosuppressive therapy. Accordingly, the impact of

incident infection on mortality was independent of liver

function during the STOPAH study in patients treated with

prednisolone but was secondary to liver function in patients

treated without corticosteroids.

Treatment-Associated Infection

No trial has demonstrated benefit from corticosteroid ther-

apy at 90 days, in part related to the development of late

infections associatedwith prednisolone therapy that negates

early benefit from immunosuppression.3,12

Serious infections and infections occurring between 28

and 90 days increased by approximately 30 and 70% with

prednisolone, respectively. Infection that developed within

7 days of instituting prednisolone decreased the likelihood of

a treatment response, assessed using a Lille score < 0.45.3

Patients treated with corticosteroids who become infected

have a 30% increasedmortality at 2 months10 and twofold at

3 months.2

There is an increased incidence of lung infection10 during

hospital treatment but data from the STOPAH study suggest

that prednisolone does not specifically heighten the risk of

pneumonia. Gustot et al found invasive aspergillosis infec-

tion in 21% (15/70) of patients treated with corticosteroid

and 11% (2/19) of patients who had no specific treatment for

SAH. These cases of invasive aspergillosis were refractory to

standard antifungal therapy and all patients developing the

complication died.13

Post-hoc analyses of the STOPAH data have identified two

populations of patients with SAH that appear to retain

benefit from corticosteroid therapy until 90 days. First, low

levels of circulating 16S bacterial deoxyribonucleic acid

(DNA) at baseline indicate a lower risk of developing infec-

tion within the first 7 days. With holding prednisolone from

patients with high circulating bacterial DNA levels may

reduce infectious complications from prednisolone and

was modeled to result in a survival benefit for prednisolone

by 90 days.3 Similarly, withholding prednisolone from

patients with high neutrophil to lymphocyte ratio was

demonstrated to result in survival benefit for prednisolone

at 90 days.14

Baseline static scores of liver functionhavebeenconsidered

to stratify patients for prednisolone therapy. Patients with

SAH and model for end-stage liver disease (MELD) < 25

represent a subgroup of patients with lower risk of mortality

(9%) in whom there may be reduced benefit from corticoster-

oid therapy.15 On the other hand, patients with high Age

Bilirubin INR Creatinine (ABIC) or Glasgow Alcoholic Hepatitis

Score (GAHS) above 6.71 and8, respectively, showeda survival

benefit from steroids in subgroup analysis at 28 days.15

The impact of organ failure on the risk of infection and

utilityofprednisolonehasbeenassessed.Higher stagesofACLF

were associated with higher rates of infection and a reduced

possibility of a response to corticosteroid therapy.16However,

if Lille response could be demonstrated there were improved

survival prospects for patients irrespectiveof thegradeofACLF

in the STOPAH cohort. Independent cohorts of 165 and 97

patients with SAH confirmed that infection is strongly associ-

atedwith the subsequent development of organ failure (ACLF)

in these patients.17 Incident infections in these cohorts of

patients led to a more than 27-fold increased risk of mortality

at 28 days on multivariable analysis.17

Predictors of Infection

Immunotherapy is a promising avenue for therapeutic re-

search in SAH.However, there are clear risks to be considered

in this group of patients. Early identification of patients at

risk of infections may facilitate safer immunotherapy.
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Several studies have examined clinical predictors of in-

fection in SAH patients who develop nosocomial infection.

Factors such as age, baseline liver function, improvement in

cholestasis within 7 days, renal function, and the systemic

inflammatory response syndrome (SIRS) correlate with

the likelihood of developing infections after the start of

therapy.3,10,18 In one study that compared SAH patients

with SIRS criteria who did and did not have infection, liver

function was a key predictor of the likelihood of developing

infection.18 More recently, high levels of circulating 16S

bacterial DNA have been shown to confer a greater than

fourfold increased risk of developing infection if patients are

treated with prednisolone, independent of liver function.3

Clinical Diagnosis of Infection

Reported infection rates in SAH studies vary widely from 14

to 30% at admission and from 8 to 51% of patients infected

after the start of treatment.9 There are several reasons for the

broad range of reported infection rates: these include varia-

tion in prescription of prophylactic antibiotics; global anti-

microbial resistance profiles; severity of underlying liver

disease; frequency and completeness of infection screening

panels; and fundamental differences in the criteria used to

diagnose infection.

Assessment for infection in any hospitalized patient

requires careful review of symptoms, thorough clinical ex-

amination and basic investigations such as urinalysis, blood

culture, chest radiography and, when ascites is present,

microscopy and culture of ascitic fluid.19 Additional samples

mayalso be required according to symptoms, such as sputum

for culture and microscopy in the case of suspected purulent

respiratory infection. Elevated C-reactive protein (CRP) and

white cell count may suggest infection. However, infection

may also be suspected in the absence of objective evidence

when there are changes in vital signs, rise in bilirubin or

deterioration of renal function.

Patients Meeting the North American Consortium for

the Study of End-Stage Liver Disease (NACSELD)

Criteria for Infection

Laboratory identification of a culprit pathogen is considered

the gold standard for diagnosis of infection. However, an

organismwas isolated from body fluid culture in only 40% of

infections in the STOPAH study,3 emphasizing the need for

alternative criteria. Previous studies of infection in SAH have

incorporated variable systemic inflammatory criteria for the

inclusion of patients in whom a microorganism is not

identified. For example, Michelena et al diagnosed and

treated infection in patients with an identifiable focus of

infection or a temperature above 38°C,18 while Louvet et al

included all patients with fever above 38.5°C.10 An instruc-

tive report from the NACSELD consortium detailed criteria

for infection in patientswith chronic liver disease (►Table 1).

Common sites for infection and prevalence of pathogens

in SAH patients are reviewed in recent literature.9 Of note,

lung infections and spontaneous bacterial peritonitis are the

commonest sites of infection, with lung infections account-

ing for approximately 40% of infection3 (►Table 2). The

proportion of infections arising from the lung appears to

be higher in SAH compared with patients with AD globally

(►Table 2). Escherichia coli is the commonest pathogen that

can be isolated from body fluid of SAH patients using

standard microbiological culture techniques3 (►Table 3).

Limitations in the NACSELD Criteria for Infection in SAH

Patients

Isolation of an organism using standard microbiological

techniques requires 1 to 2 days: this delay is clearly too

long for critically unwell patients with SAH. In addition, a

proportion of pathogenic organisms will not grow in stan-

dard laboratory media, a situation exacerbated by the wide-

spread use of broad-spectrum antibiotics. Further, false

positive culture of bodily fluids can arise from skin contam-

inants and interpretation of this is challenging if vascular

Table 1 Clinical, microbiological, and radiological criteria defined by the NACSELD consortium for the diagnosis of infection

(i) Spontaneous bacteremia: positive blood cultures without a source of infection, OR

(ii) SBP: ascitic fluid polymorphonuclear cells > 250/µL with/without a positive fluid culture, OR

(iii) Lower respiratory tract infections: new pulmonary infiltrate in the presence of: (a) at least one respiratory symptom (cough,
sputum production, dyspnea, pleuritic pain) with (b) at least one finding on auscultation (rales or crepitation) or (c) one sign
of infection (core body temperature > 38°C or < 36°C, shivering or leucocyte count > 10,000/mm3 or < 4,000/mm3) in
the absence of antibiotics, OR

(iv) Clostridium difficile: diarrhea with a positive C. difficile assay

(v) Bacterial enterocolitis: diarrhea or dysentery with a positive stool culture for Salmonella, Shigella, Yersinia, Campylobacter,
or pathogenic Escherichia coli, OR

(vi) Skin Infection: fever with cellulitis, OR

(vii) UTI: urine WBC > 15/high power field with either positive urine gram stain or culture in a symptomatic patient, OR

(viii) Intra-abdominal infections: diverticulitis, appendicitis, cholangitis, etc., OR

(ix) Secondary bacterial peritonitis: >250 polymorphonuclear cells/µL of ascitic fluid in the presence of an intra-abdominal
source of peritonitis and multiple organisms cultured from ascitic fluid.

Abbreviations: NACSELD, North American Consortium for the Study of End-Stage Liver Disease; SBP, spontaneous bacterial peritonitis; UTI, urinary

tract infection; WBC, white blood cell.

Source: Adapted from Bajaj et al.12
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catheters have been sited. Additionally, chest radiography

lacks specificity in distinguishing consolidated lung due to

infection from sterile pulmonary fluid, both of which are

common in patients with SAH. There is also uncertainty in

the interpretation of fluid culture and microscopy when

there is fluid leukocytosis but no microbial growth. Perhaps

most importantly, the sensitivity of NACSELD criteria for

detecting infectionwill be intimately linked to the frequency

and completion of the panel of infection screening tests.

Despite these limitations, the NACSELD criteria provide a

reasonably objective framework for reporting definite infec-

tions for the purpose of clinical trials.

Patients NotMeeting NACSELD Criteria, But Displaying

Features of Systemic Inflammation

Patients who do not meet NACSELD criteria for infection, but

who exhibit features of systemic inflammation may have

subclinical or occult infection. The management of these

patients is uncertain; concerns over untreated infection lead

to frequent prescription of antibiotic therapy, particularly in

the contextof theSurvivingSepsisglobal campaign.Markersof

systemic inflammation including serum CRP are strong pre-

dictors of infection in SAH patients10,18 and elevations in CRP

therefore raise suspicion for infection. Suspicion of infection

should prompt urgent screening in order to make a diagnosis

of definite infection. Pragmatic clinical trials demonstrate

disparity between the proportion of patients diagnosed with

infection and the proportion prescribed antibiotics. For exam-

ple, in the STOPAH study, 12% of patients were categorized as

infected at admission but 45%of patients received antibiotics.3

Similarly, a Belgian study reported that 88% of patients with

SAH had received antibiotics.13

Differentiating sterile hepatic inflammation from micro-

bial infection,whichmay in turn derive either from the gut or

from external sources, is challenging. Liver cirrhosis can also

modulate systemic inflammatory responses: hypersplenism

distorts peripheral white blood cell count while β blocking

drugs prescribed for portal hypertension reduce pulse rate.

Patients with cirrhosis may also have alterations in heart

rate, temperature, and respiratory rate in the absence of

infection as a result of a hyperdynamic circulation, hepatic

encephalopathy, and tense ascites.

Almost half SAH patients fulfill two or more SIRS criteria

at admission and these patients were more likely to be

infected (31 vs. 10%).18 While SIRS at admission did not

predict response to corticosteroids, patients fulfilling two or

more SIRS criteria at admission were more likely to develop

renal dysfunction and had reduced 90-day survival (36 vs.

15%) . These associations were independent of the degree of

liver dysfunction and Lille score.18

In clinical practice, patients exhibiting an inflammatory

response without satisfying NACSELD criteria for infection

are likely to receive antibiotic therapy. To capture this

subclinical infection, trials may add a further category of

suspected infection, wherein patients are prescribed either

new antibiotics or a change in antibiotic.

Biomarkers for Infection

Biomarkers are required for diagnosis of subclinical infection

to: (1) improve antibiotic stewardship; (2) objectively de-

scribe infection in clinical trials; and as a result of

more accurate antibiotic and immunosuppressive therapy;

(3) prevent infection-relatedmortality. Biomarkers for infec-

tion seek to either define host immunological responses

that are specific to infection rather than to systemic

Table 2 Bacteria cultured from patients enrolled into the

STOPAH study

Organism Baseline
%

Incident infection

On
treatment %

Post-
treatment %

Gram-negative
bacilli

58a 43a 68a

Gram-negative
coccus

0 2 0

Gram-positive
bacilli

5b 7b 11b

Gram-positive
coccus

28 42 18

Fungus 5 4 4

Mixed 5 2 0

Abbreviation: STOPAH, STeroids Or Pentoxyfilline for Alcoholic

Hepatitis.
aPredominantly Escherichia coli.
bPredominantly Clostridium difficile; equal predominance Enterococcus

spp, Staphylococcus spp, Streptococcus spp.

Source: Adapted from Vergis et al.3

Table 3 Comparison of top five bacterial species cultured from patients enrolled into the STOPAH and global epidemiology of

infection in cirrhosis study

Organism STOPAH (UK) (%) Europe (%) Global (%)

Escherichia coli 45/72 (63) 127/290 (44) 266/592 (45)

Klebsiella pneumoniae 13/72 (18) 51/290 (18) 143/592 (24)

Staphylococcus aureus 11/72 (15) 37/290 (13) 78/592 (13)

Enterococcus faecalis 2/72 (3) 36/290 (12) 52/592 (9)

Enterococcus faecium 2/72 (3) 39/290 (13) 53/592 (9)

Abbreviation: STOPAH, STeroids or Pentoxyfilline for Alcoholic Hepatitis.

Source: Adapted from Vergis et al3 and Piano et al.46
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inflammation; or to detect the pathogen with greater sensi-

tivity and specificity than conventional culture either by

detection of pathogen DNA or by detection of pathogen-

secreted proteins. Performance parameters for these candi-

date biomarkers are summarized in ►Table 4. Similar to

reported frequency of infection in SAH, performance param-

eters for infection biomarkers vary widely between studies.

Biomarkers for Clinical Infection

Biomarkers that improve the diagnosis of active clinical infec-

tionhavebeenevaluated for patientswithSAH. SerumCRPand

procalcitonin (PCT) have been specifically studied in SAH

patients with and without infection (►Table 4). Patients

with SAHhavehigher levels of PCT andCRPeven in the absence

of infection. Good performance for CRP and PCTwas achieved

in a small cohort of patients comprising 11 patients with SIRS

butno infectionversus29patientswithSIRSand infection.20Of

note, these cohorts underwent comprehensive infection

screening, requiring three samples of blood and urine for

culture on three consecutive days, as well as ascitic fluid,

sputum culture, and chest X-ray. Samples for PCT and CRP

were drawnwithin 24 hours of admission.20 In contrast, other

retrospective cohort studies have sampled biomarkers at the

time of liver biopsy18 or at the time of starting immunosup-

pressive medication for patients in whom any admission

infection had been controlled.3 Concurrent antimicrobial ther-

apy may have a substantial impact on performance of candi-

datebiomarkers. In the STOPAHstudy, for example, therewas a

significant interaction between 16S bacterial DNA level and

antibiotic use, and samples from patients receiving antibiotics

at the time of sampling were excluded from further analysis.3

Accordingly, PCT21 did not correlate with either baseline or

incident infection when measured in 708 patients from the

STOPAH study inwhombaseline infection had been controlled

with antibiotics.22

Biomarkers for Subclinical Infection

Biomarkers that predict incident infection have received com-

paratively little attention. Michelena et al found that higher

levels of serum endotoxin were associated with an increased

risk of developing incident infection.18 In line with this,

elevated 16S ribosomal DNA from whole blood predicted

infections for 265 patients treated with corticosteroid within

the first week, with area under receiver operating curve

(AUROC) 0.704. High endotoxin and 16S bacterial DNA levels

also correlated with Lille score in predicting response to

corticosteroid.3,18ElevatedbacterialDNAlevelsbeforetherapy

predicted a greater than fourfold risk of developing infection

after initiation of corticosteroid therapy. Whether 16S ribo-

somal DNA is able to guide antibiotic and/or prednisolone

prescription in SAH patients is unknown and should be the

subject of future work. PCT, CRP, andWCC have been assessed

in a small study of 42 intensively screened SAH patients and

demonstrated AUROCs of 0.73, 0.75, and 0.72 to predict the

development of infection within the subsequent 2 weeks.23

Improvements to nucleic acid-based detection of patho-

gen are expected. Conventional quantitative polymerase

chain reaction uses relative estimations against reference

standards or endogenous controls. In contrast, digital PCR

will allow absolute quantification of target sequences to the

level of a single copy, improving sensitivity as well is increas-

ing multiplexing capabilities.24

There is emerging use of multiplex quantitative PCR in

clinical laboratories, but at present, the utility is in rapidly

identifying bacteria in culture media that has already shown

substantial bacterial growth, rather than for the identification

of low levels of bacteremia representing subclinical infection

that may activate in the setting of immunosuppression.25

PCR-based techniques are inherently slow and expensive;

they require lengthy DNA extraction protocols before utili-

zation of expensive thermocycler equipment. The utility of

Table 4 Performance of infection biomarkers in SAH

Biomarker Pathogen Performance for clinical infection Performance for subclinical infection

Serum CRP Bacteria, virus,
fungi

Kumar et al13: AUROC 0.81
Michelena et al3: ND
Louvet et al6: independent predictor

Michelena et al3: ND

Serum PCT Bacteria Kumar et al13: AUROC 0.83
Michelena et al3:
NPV/PPV 71/83%
Atkinson et al14: ND

Atkinson et al14: ND
Michelena et al3: ND

White cell count Bacteria, virus,
fungi

Louvet et al6: ND Vergis and Atkinson8: ND

Serum lipopolysaccharide Bacteria Michelena et al3: ND Michelena et al3: 59% vs 29%
high vs low LPS (p ¼ 0.03)

Whole blood 16S
ribosomal DNA

Bacteria Vergis and Atkinson8: ND Vergis and Atkinson8: AUROC 0.70a

β-d-glucan Fungi – –

Galactomannan Fungi – –

Abbreviations: AUROC, area under receiver operating curve; CRP, C-reactive protein; DNA, deoxyribonucleic acid; LPS, ND, nondiscriminatory; NPV,

negative predictive value; PCT, procalcitonin; PPV, positive predictive value; SAH, severe alcoholic hepatitis.
aFor patients treated with prednisolone.
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PCR in providing a rapid guide for clinicians to make thera-

peutic decisions is therefore limited. Novel isothermal am-

plification techniques can achieve similar specificity and

sensitivity, without the need for DNA extraction26 or expen-

sive thermocycling, and were used in the field during the

recent Ebola epidemic.27 Speed and low cost make isother-

mal nucleic acid amplification techniques attractive.

Biomarkers for Fungal Infection

Fungal infection is even less likely than bacterial infection to

yield positive microbial culture.28 As a result, available data

for fungal infection are likely to underestimate prevalence. In

a Belgian cohort of SAH patientswith a high rate of admission

to intensive care, intensive screening for invasive aspergillo-

sis yielded infection rates of 15/96 (16%). All of these patients

died, and invasive aspergillosis was an independent predic-

tor of death.13

Currently available biomarkers for fungal infection cen-

ter around two components of fungal cell wall: β-d-glucan

and galactomannan (GM). Neither assay has been validated

in the setting of SAH. Most studies evaluating performance

have been in patients with hematological malignancy. GM

is detected by enzyme immunoassay. β-d-glucan is mea-

sured by the limulus amebocyte lysate (LAL) assay after

removal of clotting factor C from the limulus clotting

cascade: this prevents activation of the cascade to lipopoly-

saccharide (LPS) that occurs when LAL is used to measure

endotoxin.29

A broad range of sensitivity and specificity values for these

assays are found in published literature, from 38 to 100% and

45 to 99%, respectively, with similar ranges observed for the

positive predictive value (PPV: 30–89%) and negative predic-

tive value (73–97%).30–34 This heterogeneity reflects thebroad

range of clinical scenarios in which these assays have been

tested. These tests appear to have the best performance in

patients with hematological malignancies who have under-

gone stem cell transplantation andwho have frequent antigen

testing. However, sensitivity and PPV for β-d-glucan are

low even when serial testing is used, such that a negative

β-d-glucan result cannot be used to exclude the possibility of

invasive fungal disease.35 Similarly in a meta-analysis of 27

studies, GM had a pooled sensitivity of 61% for patients with

proven or probable invasive aspergillosis.36 The clinical utility

of these tests at present is therefore restricted to patientswho

have hematological disease and neutropenia presenting with

symptomsof invasive fungal infection andwho test repeatedly

positive for β-d-glucan or GM.

Interaction with Host Immunity

Host immunity can now be described by phenotypic and

functional biomarkers that are readily measured by flow or

mass cytometry. A raft of data points to specific immune

defects which contribute to increased susceptibility of infec-

tion in hospitalized patients. The ExPRES-sepsis cohort study

linkedmonocyte human leucocyte antigen-DR isotype (HLA-

DR) and neutrophil programmed death (PD)-1 expression to

the development of sepsis.37

Baseline Immune Defects

Infection in patients with ACLF is associated with expansion

of myeloid- derived suppressor cells, while PD-1 expression

on T cells in SAH is linked to reduced interferon (IFN)-γ

secretion and increased interleukin (IL)10 production as well

as impaired neutrophil antimicrobial activities.38 Aberrant

neutrophil phagocytosis,39 monocyte oxidative burst,23 and

mucosa-associated invariant T-cell functions40 have been

linked to the development of infection in SAH.

The thresholds at which subclinical bacteremia translate

into clinical infection for patients with differing degrees of

immune paresis has not been defined. Understanding inter-

actions between host immune responses and circulating

pathogen load is likely to unlock precision therapy for SAH

patients with infection.

Incident (Treatment Related) Immune Defects

Few data describe the natural history of immune defects in

SAHbut the effectof therapyoncirculating immunityhasbeen

explored. Oxidative burst was not affected by three- or seven-

days’ prednisolone therapy in neutrophils or monocytes,

respectively.23,41 However, the combination of 3 days’

10 mg/kg infliximab (IFX) and prednisolone 40 mg daily re-

duced neutrophil oxidative burst and corresponded to an

increased rate of serious infections.41 Proinflammatory cyto-

kineproduction (IL-8),measuredexvivo,wasalso significantly

lower in the IFX-treated group.41 Binding of tumour necrosis

factor (TNF)-α with etanercept42 similarly resulted in higher

rates of serious infection. Conversely, a decreased rate of

infection was noted when patients were treated with 5 days

intravenous N-acetylcysteine alongside prednisolone.43

Management of Infection for Patients with
Severe Alcoholic Hepatitis

Selection of Antimicrobial Therapy

There is no evidence that pathogens or their drug-resistance

patterns for patients with a diagnosis of SAH differ from that

of patients suffering the clinical syndrome of acute decom-

pensation of cirrhosis (AD). Guidelines and data from the

field of decompensated cirrhosis therefore remain relevant.

A comparison of pathogens cultured from recent large clini-

cal studies for patients with SAH and AD worldwide is given

in ►Table 2.

Two empirical antibiotic strategies are described for

patients with AD: classical strategies involve first-, second-,

or third-generation cephalosporins, amoxicillin-clavulanic

acid, or quinolones. In contrast, MDR strategies include piper-

acillin-tazobactam, carbapenems, or ceftazidime/cefepime

� glycopeptides or linezolid/daptomycin.44 Further guidance

is offered by a position statement from the European Associa-

tion for Study of the Liver45: community acquired infection,

namely infections that develop within the first 48 hours of

hospital admission, should be treated with classical antibiotic

strategieswhilenosocomial infection, developing after thefirst

48 hours of hospital admission, requires antibiotics that cover

MDR organisms. Antibiotics used in the STOPAH study are

compared with those used in AD globally in ►Table 6. While
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there appears to less frequent use of third-generation cepha-

losporins in AH compared with AD, these are likely to reflect

differences in regional antibiotic policy between the UK and

international centers (►Table 6).

Infection with Multidrug Resistant Organisms

Recent data point to a substantial and rising proportion of

infections involving MDR organisms in patients with liver

cirrhosis. In 6 years from 2011 to 2017, the prevalence of

MDRorganisms found in positive cultures frompatientswith

cirrhosis in Europe rose from 30 to 38%.44 These data align

with a study of the global epidemiology of bacterial infection

in cirrhosis, reporting global prevalence of MDR infection to

be 34%, with higher prevalence in Asia (50%).46

Independent risk factors for the development of MDR

infection were antibiotics within 3 months of hospitaliza-

tion; prior health care exposure; and site of infection, with

pneumonia and urinary infection being at particularly high

risk.46 Nosocomial infection had an independent odds ratio

(OR) of 2.74 for MDR infection, while intensive care unit

admission was also relevant (OR: 2.09). These MDR infec-

tions were associatedwith a higher incidence of septic shock

and higher in hospital mortality in patients with AD. Previ-

ous studies in patients with SAH demonstrate the negative

impact of nosocomial infections on outcome,3,10 while stud-

ies involving patients with AD and ACLF confirm that second

infections portend the worst prognosis.47 Importantly, if the

first-line antibiotic was inadequate, there was a fourfold

higher risk of death at 28 days,44 likely related to the delay

in delivering the effective antibiotic. These data question

current approaches to antibiotic therapy, namely the use of

classical antibiotic strategies for all patientswith community

acquired infection first line.45 A personalized approach,

taking into account a patient’s recent antimicrobial and

healthcare history in the selection of the first-line antibiotic,

may lead to the right antibiotic being prescribed first time

and improved patient outcomes.

Management of SAH fundamentally differs from AD in the

use of immunosuppressive medication for treatment of he-

patic inflammation. Post-hoc analysis of infection data from

the STOPAH study clearly demonstrated that for patients with

baseline infection there was a clear survival benefit in con-

tinuing antibiotic therapy concurrently with prednisolone.3

Antibiotic Prophylaxis

The importance and frequency of infection in patients with

SAH have increased interest in antibiotic prophylaxis. Anti-

biotic prophylaxis may improve prognosis in twoways. First,

it may reduce the risk of bacteremia progressing to sepsis.

Second, prophylaxis may reduce bacterial load in the gas-

trointestinal tract and reduce the translocation of pathogens

that are able to cause infection.

Whether there is survival benefit in the prescription of

antibiotic prophylaxis to all patients receiving corticosteroid

immunosuppression is currently unclear pending the

reports from active clinical trials. In the Antibiocor study

Table 6 Comparison of antibiotic therapy prescribed in the STOPAH and in Global Epidemiology of Infection in Cirrhosis by Class

Antibiotic Severe alcoholic hepatitis (UK) %
of total antibiotic prescriptions

Acute decompensation of
cirrhosis (globala) % of total
antibiotic prescriptions

Quinolone 133/2185 (6) 180/2077 (9)

Third-generation cephalosporin 36/2185 (2) 523/2077 (25)

Classic b-lactams with b-lactamase inhibitors
(amoxicillin-clavulanic acid)

233/2185 (11) 365/2077(18)

Piperacillin/tazobactam 479/2185 (22) 288/2077 (14)

Carbapenems 82/2185(4) 204/2077(10)

Glycopeptide (teicoplanin, vancomycin) 106/2185 (5) 180/2077 (13)

Antifungal 155/2185(7) 45/2077 (2)

Other (b-lactams, colistin, aminoglycosides,
macrolides, tetracyclines)

671/2185 (30) 244/2077 (12)

Unspecified 290/2185 (13) 0/2077 (0)

Abbreviation: STOPAH, STeroids Or Pentoxyfilline for Alcoholic Hepatitis.
aData from 46 centers including 15 from Asia, 15 from Europe, 11 from South America, 5 from North America.

Source: Adapted from Vergis et al3 and Piano et al.46

Table 5 Comparison of the top five sites of infection in patients

enrolled into the STOPAH and Global Epidemiology of Infection

in Cirrhosis Study

Site STOPAH (UK)3 Europe48 Global48

SPB 76/418 (18) 111/655 (17) 354/1302 (27)

Urinary 65/418 (16) 143/655 (22) 289/1302 (22)

Lung 192/418 (46) 90/655 (14) 242/1302 (19)

SSTI 39/418 (9) 41/655 (6) 101/1302 (8)

Bacteremia 46/418 (11) 49/655 (7) 100/1302 (8)

Abbreviations: SPB, spontaneous bacterial peritonitis; SSTI, skin and

soft tissue infection; STOPAH, STeroids or Pentoxyfilline for Alcoholic

Hepatitis.

Source: Adapted from Vergis et al3 and Piano et al.46
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(NCT02281929), antibiotic prophylaxis with co-amoxiclav

for patients treated with prednisolone for SAH is tested in a

randomizedmulticenter study to seewhether it can increase

survival for patients at 2 months. Secondary mortality

endpoints at 3 and 6 months may reveal the impact of

antibiotic prophylaxis on antimicrobial resistance in this

population, which is from a region with a reported 35%

prevalence of MDR organisms.44

Indwelling Catheters

Given the high susceptibility to infection, there is reluctance

to use indwelling catheters for these patients. SAH patients

have been recruited to studies of intravenous nutrition

employing intravenous catheters.48–50 Although some ben-

efits in reducing bilirubin and improving nitrogen balance

were reported for these patients, there were no survival

benefits and higher rates of infection (75 versus 33%) in

patients treatedwith intravenous nutrition.51On the basis of

these studies within SAH and other studies in critical care,52

use of indwelling catheters should be minimized.

Key recommendations for assessment and management

of infection in patients with SAH are given in ►Table 7.

Conclusions and Future Directions

Despite the substantial impact on prognosis, assessment of

infection in patients with SAH is imperfect. There is consid-

erable heterogeneity between clinical studies, which has

resulted in variability in performance parameters for rele-

vant infection biomarkers in SAH. Heterogeneity is seen in

definitions of infection, antibiotic treatment of patients who

do and do not meet criteria for infection, and timing of blood

sampling with respect to the administration of antibiotics.

Clinical criteria for diagnosing infection in this setting

have recently been standardized by theNACSELD consortium

and should be used in reporting clinical trials. Prospective

cohort studies using these standardized criteria for infection

are required, with samples for candidate biomarker analysis

ideally taken before antibiotics are administered. Technolo-

gy such as digital PCR and multiparametric flow cytometry

will allow the sensitive and specific evaluation of host and

pathogen components of infection, while functional scores

should incorporate their interaction and allow for better use

of antibiotic and immunosuppressive medication.

Accurate diagnosis of infection is also essential for antibi-

otic stewardship programs in the face of increasing preva-

lence of MDR organisms. Recent medical history, site of

infection, and local resistance patterns should help inform

decisions on empirical antibiotic strategies. Where a high

risk of MDR infection is identified, MDR covering antibiotic

strategies should be instituted promptly to avoid the high

mortality associated with ineffective antibiotic regimens.
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