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Microbial infection is an important cause of acute-on-chronic liver failure (ACLF), which is a syndrome that re-
sults in multiple organ dysfunction or failure and is accompanied by an increased short-term risk of mortality.
Early detection and treatment of microbial infection can effectively reduce the mortality of patients with ACLF.
However, antimicrobial resistance has recently increased due to the increased use of antimicrobial agents.
Therefore, it is important to choose appropriate antibiotics and antifungal agents for early prevention or treat-
ment of patients with microbial infection and ACLF to reduce the occurrence of drug resistance and to reduce
patient mortality. This review summarizes the current status in the understanding of the epidemiology, patho-
genesis, early diagnosis, treatment, and strategies for prevention of microbial infection in patients with ACLF.
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Definition and Diagnosis of ACLF

Acute-on-chronic liver failure (ACLF) is the term used for the
syndrome of severe damage to the liver resulting in impaired
liver functions, including liver synthesis, detoxification, excre-
tion, and biotransformation, that has high short-term mortal-
ity [1-3]. The main clinical manifestations of ACLF are coagu-
lopathy, jaundice, hepatic encephalopathy, and ascites. Among
the many causes, bacterial infection is the most common trig-
ger for ACLF in up to 33% of cases [4]. Once ACLF occurs, the
condition can rapidly deteriorate, leading to multiple organ dys-
function or failure, and a high risk of mortality of 33% and 51%
at 28 and 90 days, respectively [5]. This review aims to sum-
marize the current understanding of microbial infection asso-
ciated with ACLF, in terms of the epidemiology, pathogenesis,
early diagnosis and treatment, and strategies for prevention.

Epidemiology of Acute-on-Chronic Liver
Failure (ACLF)

The syndrome of ACLF has an infectious and non-infectious
cause. The most important infectious agents are bacteria.
The common types of bacterial infections result in bacteremia,
spontaneous bacterial peritonitis, urinary tract infection, pneu-
monia, and soft tissue infection [6]. Urinary tract infections
(28.5%) and spontaneous bacterial peritonitis (22.5%) are the
most common infections [7].

The main source of early infection in patients with cirrhosis
of the liver is from intestinal bacterial flora. Gram-negative
bacteria and Enterococcus are the most common pathogens.
The common pathogen that causes spontaneous bacterial
peritonitis is Escherichia coli, and Klebsiella pneumoniae is
a common cause of pneumonia [8-10]. However, due to the
increasing clinical use of invasive procedures and the inappro-
priate use of antibiotics, the epidemiological pattern of micro-
bial infection is changing. The infection rate for Gram-positive
bacteria (mainly Staphylococcus) is increasing, as is the devel-
opment of antimicrobial resistance, including methicillin-resis-
tant Staphylococcus aureus (MRSA) and vancomycin-resistant
Enterococcus (VRE) in patients with cirrhosis [11]. Bajaj et al.
showed that the prevalence of Gram-positive bacterial infection
(32.9%) was significantly greater than Gram-negative bacterial
infection (26.8%) in ACLF in patients with liver cirrhosis hospi-
talized in 18 hepatology referral centers in the United States
and Canada [7]. In 2018, Mucke et al. showed that the infec-
tion rate from Gram-positive bacteria was 52.1% in patients
with liver cirrhosis [12]. Inappropriate use of antibiotics and
changes in the clinical environment have increased the chances
of infection with multidrug-resistant (MDR) bacteria and pan-
drug resistant (PDR) bacteria and fungi, which have become
the main causes of the failure of antibiotic treatment [9,13,14].

Due to the varied etiology and differences in geographical
and ethnic cause and prevalence, there are no unified clini-
cal guidelines for the diagnosis and treatment of ACLF. Two
important definitions in clinical practice are from the Asian
Pacific Association for the Study of the Liver (APASL) [15], and
the European Association for the Study of the Liver (EASL) [4].
Table 1 summarizes the diagnostic criteria used from the per-
spective of the predisposition, infection/inflammation, response,
organ failure (PIRO) concept. The diagnostic criteria of the
EASL guidelines are mainly for Europe and North America,
and alcoholic liver disease (ALD) is the main cause of ACLF.
In these geographical areas, hepatitis B virus (HBV) infection
is rare. The diagnostic criteria from the APASL are mainly for
the Asia-Pacific region and Africa, where the main infectious
cause of ACLF is HBV. Also, the APASL guidelines do not in-
clude the same prognostic scoring as the EASL guidelines. In
2017, Wu et al. aimed to clarify the clinical and pathological
characteristics of patients with hepatitis B virus-associated
ACLF (HBV-ACLF) in the Asia-Pacific region using the findings
from a prospective study and proposed new diagnostic crite-
ria and a prognostic scoring system, the Chronic Liver Failure
Consortium criteria [16]. The predictive accuracy of the crite-
ria proposed by Wu et al. at 28 days and 90 days was higher
than that of other scoring systems [16]. However, as there are
still no uniform and precise diagnostic criteria and prognos-
tic scoring systems for ACLF, prospective, large-scale, multi-
center, controlled clinical studies are required to provide the
evidence required to develop future guidelines.

According to the criteria of Bajaj et al. [17], ACLF infection can
be divided into spontaneous bacteremia, spontaneous bacterial
peritonitis, urinary tract infection, pneumonia, cellulitis, bac-
terial enteritis, and fungal infection [18]. These specific diag-
nostic criteria are shown in Table 2.

Impaired Function of the Intestinal Barrier in
Microbial Infection

There are four kinds of cells in the intestinal epithelium that
include columnar intestinal cells, goblet cells, secretory cells,
and Paneth cells. The intestinal epithelial tight junction protein
is an important structural component of the intestine [19] and
maintains the integrity of the intestinal mucosal epithelial bar-
rier [20]. In patients with cirrhosis, the structure of tight junc-
tion proteins changes, and bacteria, toxins, and inflammatory
mediators in the intestinal lumen can leak into the surround-
ing tissues [21,22]. The migration of microorganisms, or their
pathogen-associated molecular patterns (PAMPs), from the in-
testinal lumen to the extra-intestinal tissue is known as bacte-
rial translocation. The translocation of bacteria is closely related
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Table 1. Diagnostic criteria used from the perspective of the predisposition, infection/inflammation, response, organ failure (PIRO)
concept for acute-on-chronic liver failure (ACLF).

Asian Pacific Association for the Study of

European Association for the Study of

the Liver (APASL) [15] the Liver (EASL) [4]

Predisposition Chronic liver with/without cirrhosis Acute decompensation of cirrhosis

Injury Intrahepatic (main: HBV reaction) Intrahepatic (main: active alcoholism)
Extrahepatic (main: bacterial infections)
Unknown reasons

Response TB =5 mg/dl and INR >1.5 complications with 4 week One or more organ failure

of ascites and/or HE High 28-day mortality

High 28-day mortality

Organ failure Liver: TB >5 mg/dl and INR >1.5 Liver: TB >12mg/dl
Kidney: creatinine >2mg/d|
Coagulation: INR >2.5 or PLT £20000/mm?
Circulation: MAP <70 mmHg
Respiration: PaO,/Fi0, <200 or SpO,/Fi0, <214
Cerebral: grade Il or IV HE

HBV — hepatitis B virus; INR — International Sensitivity Index; TB — total bilirubin; PLT — platelets; MAP — mean arterial pressure;
Pa0, - partial pressure of arterial oxygen; FiO, — fraction of inspired oxygen; SpO, — pulse oximetric saturation; HE — hepatic
encephalopathy.

Table 2. Common types of infection and diagnostic crtiteria in patients with acute-on-chronic liver failure (ACLF).

Diagnostic criteria

Type of infection

Spontaneous bacteremia Positive blood cultures without a source of infection

Urine white blood cell >15/high power field with either positive urine Gram stain or
culture

New pulmonary infiltrate in the presence of: (1) at least one respiratory symptom (cough,

sputum production, dyspnea, pleuritic pain); (2) at least one finding on auscultation

(rales or crepitation) or one sign of infection (core body temperature >38°C or <36°C,
shivering or leucocyte count >10,000/mm? or <4,000/mm?) in the absence of antibiotics

Diarrhea or dysentery with a positive stool culture for Salmonella, Shigella, Yersinia,

Campylobacter, or pathogenic E. coli

Do not consider host factors and clinical manifestations

Fungal infection

Pathology identifies invasive fungal infection

Isolation of pathogenic fungi from infected or non-infected areas

to the occurrence and development of infection [23]. In non-
cirrhotic chronic liver disease, the intestinal barrier function
of the patient can also be impaired [24]. Bacterial transloca-
tion and endotoxemia can impair the contractility of mesen-
teric vessels and increase portal hypertension in patients with
liver cirrhosis, and cirrhosis and portal hypertension affect the
microbiota and increase bacterial translocation [25,26]. It is
currently believed that the intestinal barrier, microbiota, liver,
and immune system maintain balance through complex in-
teractions [27,28]. When the balance between these organs
and systems is disturbed, intestinal permeability can increase,
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although the exact mechanism is not clear [27,28]. Bacterial
translocation and bacterial products pass through the intes-
tinal barrier and are commonly associated with cirrhosis [29].

Paneth cells are located at the base of the intestinal crypt
and play an important role in innate immunity in the intes-
tine but also participate in acquired immune and inflammatory
responses [30]. Teltschik et al. have shown that Paneth cells
are key effectors of host immune responses to intestinal patho-
gens in animal models of cirrhosis [31]. One of the distinguish-
ing features is that Paneth cells contain cytoplasmic endocrine
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granules that contain antimicrobial peptides, including lyso-
zyme, secretory phospholipase A2, cryptdin-related sequence
peptide, angiogenic factors, and defensins [32,33]. During bac-
terial infection, changes in lysozyme cause changes in lympho-
cyte trafficking, cell autophagy, via an autophagy-based alter-
native secretion pathway [34]. Also, cryptdin-related sequence
peptide can be combined with and reduces the immune stim-
ulating activity of lipopolysaccharide (LPS) [35]. When Paneth
cells and intestinal crypts are damaged, they induce the ex-
pression of tumor necrosis factor-o (TNF-ot), which is involved
in inflammation and in the regeneration of crypt epithelial
cells [36-39]. TNF-o can downregulate the expression of the
occludin promoter, inhibit its dephosphorylation, and lead to
increased permeability of the intestinal mucosa, and the num-
ber, morphology, and location of Paneth cells can vary depend-
ing on the nature of the infection [36-39].

Microbial Infection as a Trigger that Changes
the Pro-Inflammatory and Anti-Inflammatory
Systems

There are pro-inflammatory and anti-inflammatory systems in
the human body [40]. Pro-inflammatory factors are involved
in cellular immune responses, and anti-inflammatory factors
are involved in immune regulation. The two systems are in
equilibrium to maintain normal immunity. Once a pro-inflam-
matory factor is produced, it not only activates the immune
response, but can also promote the production of other pro-
inflammatory factors, resulting in amplification effects, or an
immune cascade phenomenon [41]. A persistent inflamma-
tory response can constitute a second immunological attack
that causes the inflammatory response to expand leading to
systemic inflammatory response syndrome (SIRS) and multi-
ple organ dysfunction syndrome (MODS) [42,43].

Cytokines can be classified into pro-inflammatory cytokines
(IFNy, IL-1B, TNFa,, IL-6, IL-8, IL-2, and IL-17A) and anti-in-
flammatory cytokines (IL-10, IL-1Ra, and TGFB) [44-46].
Proinflammatory cytokines play a major role in the induction
of systemic inflammation and the development of MODS.
However, anti-inflammatory cytokines help to regulate and
eliminate acute inflammation. Recently, Brinkhoff et al. showed
that, in an experimental model, the pro-inflammatory cytokines
IFNYy, TNFa, IL-2, and IL-17A begin to decrease at 3 hours af-
ter LPS injection, and IL-10 levels remained stable [47]. When
systemic IL-10 levels returned to baseline, the ability of T-cells
to produce IFNy or IL-17A was normalized after 24 hours [47].
The ability of anti-inflammatory regulatory T-cells (Tregs) to
produce IL-10 remained stable and did not change during en-
dotoxemia [47].

Cai Q. etal:
Microbial infections and ACLF
© Med Sci Monit, 2019; 25: 4773-4783

Cirrhosis
Chronic liver disease
IFNy, IL-1, Incentive gis | 1o
TNFa, _ Pro-inflammatory| Anti-inflammatory| IL-1Ra,
II-6, IL-8, TGFB,
IL-2,Etc. Etc.
UNBQLANCE

Inflammatory storm

SIRS, SPESIS

| Shock, fever and high metabolic | Liver

Brain
_ Kidney
*—Mrgan failure Respiratory

Coagulation
Circulation

Figure 1. The role of bacterial infections in acute-on-chronic liver
failure (ACLF). Bacterial infection plays an important
role in the transition of patients from cirrhosis or
chronic liver disease to acute-on-chronic liver failure
(ACLF). Infection is also the most frequent precipitant
of ACLF via the systemic inflammatory response.

The development of multiorgan failure in ACLF
characterized by significant alterations in systemic and
hepatic hemodynamics and worsening liver function.

Endotoxemia Induces the Inhibition of Pro-
Inflammatory T-Helper Cells

Endotoxemia may be considered to be a contributing factor
to the immunological paralysis caused by sepsis [47]. The lev-
els of pro-inflammatory cytokines in patients with cirrhosis
are higher than in healthy people [48] and are positively cor-
related with the degree of liver damage [49]. When the infec-
tion remains uncontrolled, the release of immunosuppressive
factors increases, and is associated with monocyte deactiva-
tion, decreased T-cell reactivity, and cell apoptosis can lead to
loss of immune cells [50-52]. Severe inflammation can lead to
shock and organ failure, while prolonged low immune condi-
tions can lead to immunosuppression due to immune paraly-
sis and inability to clear infections (Figures 1, 2) [53].

The Relationship between Invasive Fungal
Disease and ACLF

Acute injury and persistent hepatocyte damage in ACLF pa-
tients lead to a significant reduction in the efficiency of pre-
venting and eliminating pathogens [54,55]. Bajaj et al. reported
that the incidence of invasive fungal disease is 5% in patients
with cirrhosis (43% in ACLF) and the mortality rate is much
higher than patients without invasive fungal disease [56,57].
Other reports indicate that the incidence of fungal infections
in patients with cirrhosis ranges from 1-66% [58,59]. Several
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Figure 2. Schematic diagram of the balance between anti-
inflammatory and pro-inflammatory factors in acute-
on-chronic liver failure (ACLF). Effective control of
infection requires a balanced response between the
pro-inflammatory and anti-inflammatory mechanisms
of the host. In patients with acute-on-chronic liver
failure (ACLF), the promotion of pro-inflammatory
factors can result in tissue damage, and the
equilibrium point will shift, when the pro-inflammatory
factors increased further, organ failure and death may
occur.

studies have shown that risk factors for secondary fungal in-
fections in patients with ACLF include intensive care unit ad-
mission, age, diabetes, use of adrenal glucocorticoids, and
hospital admission [60,61]. Candida sp. and Aspergillus sp. are
common pathogens, and common sites for infection include the
urinary and respiratory tracts [62]. Invasive fungal disease can
be a cause of ACLF, although the mechanism remains unclear.
With the exacerbation of ACLF, the occurrence of immune pa-
ralysis can lead to invasive fungal disease. Also, invasive fun-
gal disease can increase the cytokine response and aggravate
organ failure. Early diagnosis and treatment are key to reduc-
ing patient mortality. Nipun et al. noted that the 1,3-p-D-glu-
can (BDG) and the galactomannan index (GMI) were effective
biomarkers for the diagnosis of invasive fungal disease in pa-
tients with ACLF [63].

Early Diagnosis and Biomarkers of Bacterial
Infection

Early diagnosis of microbial infection is a critical step in the
management of patients with ACLF patients [64]. Some patients
who are asymptomatic or lack specific clinical symptoms are

REVIEW ARTICLES

easily missed. Bacterial culture is the gold standard method for
diagnosing bacterial infections, but due to the low culture rate
and the amount of time required, diagnosis may be delayed.
Early diagnosis and timely initiation of appropriate antibiotic
therapy are important to improve the prognosis of patients
with bacterial infections, and biomarkers of infection may aid
early diagnosis. Procalcitonin and C-reactive protein (CRP) are
two acute-phase serum proteins that are commonly used as
early markers of infection [65]. Stimulated by endotoxin re-
leased by some bacterial infections and inflammatory medi-
ators, such as IL-1B, TNF and IL-6, almost all tissues can pro-
duce procalcitonin. At a critical value of 0.1 pg/L, procalcitonin
is a very sensitive marker that can exclude infection. A procal-
citonin test with a cutoff value of 0.25 pg/L is most helpful in
the diagnosis of bacteremia in patients with community-ac-
quired pneumonia (CAP) and urinary tract infection (UTI) [66].
Zhang et al. [67] reported that a CRP »12.15 mg/L was a reli-
able indicator of bacterial infection in patients with ACLF. The
area under the curve (AUC) of the receiver operating charac-
teristic curve (ROC) was 0.948, the sensitivity was 96.6%, and
the specificity was 83.3% for the CRP level. Compared with tra-
ditional culture methods, the sensitivity of polymerase chain
reaction (PCR) (16S PCR) in the detection of bacterial DNA in
ascites was 100%, and the specificity was 91.5% [68]. The re-
verse blot hybridization assay (REBA) used in the REBA Sepsis-
ID test has been shown to be a fast and reliable test for the
identification of Gram-positive and Gram-negative bacteria,
fungi, and antibiotic resistance genes for MRSA and VRE [69,70].

Using DNA-based enzymes, or DNAzymes, bacteria can be de-
tected down to one colony forming unit (CFU) after four hours
of sample culture [71]. To visualize the bacterial concentra-
tion, Li et al. [72] expanded the enzyme strand to hybridize
with urease-labeled DNA and immobilized the DNAzymes on
magnetic beads. Each urease can be converted approximately
x10 times, enabling another layer of signal amplification and
allowing for the selective detection of approximately x103 E. coli
cells, in the absence of cell culture [72]. The use of an acoustic
impedance matching buffer enables the separation of bacteria
from high concentrations of blood cells [73], which can recover
99.7% of bacteria while removing more than 99.9% of blood
cells. At high whole blood concentrations, such as 20%, it is
possible to recover 90% of the bacteria while removing more
than 99% of the blood cells [74]. One milliliter of an undiluted
whole blood equivalent is processed in 12.5 minutes [74]. Also,
the bacterial recovery rate is 90%, and the blood cell removal
rate is greater than 99%, and the enriched bacteria can then
be subjected to acoustic enrichment and PCR detection [74].
Although effective monitoring and high-sensitivity pathogen
identification procedures are constantly being updated, the
cost of expensive testing currently limits their widespread
use. Therefore, new technologies for early diagnosis are still
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Table 3. Recommended empirical antibiotic treatment, according to Jalan et al. [72].

Type of infection

Community-acquired infection

Nosocomial infection

Spontaneous bacteremia, SBP, SBE

e Third-generation cephalosporin
¢ Amoxicillin/clavulanic acid

 Piperacillin/tazobactam
¢ Meropenem * glycopeptide
¢ Daptomycin or linezolid

Urinary tract infection

Simple:

¢ Ciprofloxacin

e Compound sulfamethoxazole
With sepsis:

e Amoxicillin/clavulanic acid

e Third generation cephalosporin

Simple:

* Nitrofurantoin

¢ Fosfomycin

With sepsis:

e Piperacillin/tazobactam

e Meropenem = glycopeptide*

Pneumonia

¢ Amoxicillin/clavulanic acid
o Ceftriaxone + macrolide

¢ Levofloxacin

¢ Moxifloxacin

¢ Piperacillin/tazobactam

¢ Meropenem # glycopeptide*

 Ceftazidime + ciprofloxacin +
glycopeptide*

¢ Daptomycin or linezolid**

¢ Amoxicillin/clavulanic acid
e Ceftriaxone + oxacillin

¢ Meropenem

e Ceftazidime + oxacillin

* Glycopeptide*

¢ Daptomycin or linezolid**

Bacterial enteritis ¢ Levofloxacin

¢ Amoxicillin/clavulanic acid 3

e Piperacillin/tazobactam
Meropenem + glycopeptide*
» Daptomycin or linezolid**

SBP — spontaneous bacterial peritonitis; SBE — spontaneous bacterial empyema; MRSA — methicillin-resistant Staphylococcus aureus;
VSE — vancomycin-sensitive enterococci; VRE — vancomycin-resistant Enterococcus. * In hospitals with a high prevalence of MRSA and
vancomycin-susceptible Enterococcus. ** In hospitals with a high prevalence of vancomycin-resistant Enterococcus.

urgently needed and must be developed, updated, and gen-
erally used in clinical practice.

Treatment of Bacterial Infections in Patients
with ACLF

Early detection of bacterial infections and timely use of rea-
sonable antimicrobial agents are essential for the treatment
of patients with ACLF. It has been estimated that in patients
with ACLF and infection, mortality is increased by approximately
3.3% per hour of delay in treatment [75]. In 2014, Jalan et al.
published a position statement on the treatment of infection
in patients with cirrhosis, including community-acquired and
nosocomial bacterial infections [76]. Treatment of community-
acquired infections is recommended to include third-genera-
tion cephalosporins or amoxicillin/clavulanic acid, which are
preferred for the treatment of spontaneous bacterial perito-
nitis, spontaneous bacterial empyema, spontaneous bactere-
mia, and pneumonia [76]. Simple urinary tract infections can
be treated with quinolones or cotrimoxazole, and complex uri-
nary tract infections (accompanied by sepsis) can be treated
with third-generation cephalosporins or amoxicillin and cla-
vulanic acid [76]. A strategy for treating pneumonia is to use

quinolones alone [76]. Cellulitis can be treated with amoxicil-
lin and clavulanic acid or a third-generation cephalosporin plus
oxacillin [76]. Also, the addition of glycopeptides can be used
when there is a high prevalence of MRSA or VSE, with third-
generation cephalosporins remaining the main choice for treat-
ment of community-acquired infections [76]. The treatment of
hospital-acquired infections in hospitals with a low prevalence
of MDR bacteria, is piperacillin/tazobactam or carbapenems
for the treatment of spontaneous bacterial peritonitis, spon-
taneous bacterial empyema, and spontaneous bacteremia;
the preferred treatment for pneumonia is piperacillin/tazo-
bactam or carbapenems plus respiratory quinolones active
against Pseudomonas; nitrofurantoin or fosfomycin can be
selected for a simple urinary tract infection, and piperacillin/
tazobactam or carbapenem can be selected for complex uri-
nary tract infections (accompanied by sepsis); cellulitis can be
treated with carbapenems or ceftazidime plus oxacillin [76].
Vancomycin or daptomycin are recommended for use in hos-
pitals with a high prevalence of MRSA and VSE, and the use
of linezolid is recommended for use in hospitals with a high
prevalence of VRE (Table 3) [76].

In a prospective study, Piano et al. [77] noted that ceftazidime
and meropenem plus daptomycin showed significant differences
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Figure 3. The approach to treatment for patients with acute-on-
chronic liver failure (ACLF) with bacterial infections.
Empirical anti-infective treatments should be based
on the severity of infection, the risk factors for
multidrug resistant (MDR) bacteria and epidemiological
characteristics. Bls — bacterial infections;

CAP — community-acquired infection; MDR — multidrug
resistant; MRSA — methicillin-resistant Staphylococcus
aureus; VSE — vancomycin-sensitive Enterococci;

VRE - vancomycin-resistant Enterococci.

in the treatment outcomes of spontaneous bacterial peritoni-
tis in hospital-acquired infections. The response rate of broad-
spectrum treatment increased from 25% to 86.7%, and the
survival rate also increased significantly, with 94% responders
and 50% non-responders [77]. Merli et al. [78] compared stan-
dard and broad-spectrum treatment for patients with cirrhosis,
and the results showed that the failure rate of broad-spectrum
treatment was lower than that of standard treatment (18%
vs. 51%; P=0.001). Based on the above findings, we propose
a combined approach to the treatment of patients with ACLF
and hospital-acquired infections and recommend the use of
broad-spectrum antibiotics, such as piperacillin plus combac-
tam, or carbapenem plus glycopeptides. Also, we recommend
adjusting the use of antibiotics in a timely manner, within 48
hours, according to the clinical condition of the patients and
the microbial culture results (Figure 3).

REVIEW ARTICLES

The Advantages and Disadvantages of
Antibiotic Prophylaxis in Patients with ACLF

Adequate antibiotic prophylaxis can effectively reduce the in-
cidence of bacterial infection and the risk of death in patients
with cirrhosis [79]. Several studies have now identified three
clinical conditions where antibiotics should be used prophy-
lactically to prevent infection in patients with cirrhosis, and
include the presence of low-protein ascites (<15 g/L), a previ-
ous history of spontaneous bacterial peritonitis, and the pa-
tient with ongoing bleeding [76,80,81]. These three conditions
and the recommended prophylactic antibiotics are summa-
rized in Table 4 [76,80,81].

However, the most serious problem associated with the use of
prophylactic antibiotics is the development of multidrug resis-
tance. The prevalence of MDR bacterial infections in patients
with cirrhosis has been prohibitively high [64], and these high
rates of resistance are associated with recent and frequently
used antibiotics [82-84]. In common infections, recent antibi-
otic exposure and healthcare-acquired infections are predic-
tors of empirical antibiotic resistance [84]. Therefore, the risks
and benefits of prophylactic use of antibiotics require further
evaluation. Rifaximin can non-selectively eliminate intestinal
microbes and has a direct impact on bacterial translocation
capacity [85]. Rifaximin can also reduce the incidence of he-
patic encephalopathy [86]. However, rifaximin has a higher
susceptibility to the development of bacterial MDR than nor-
floxacin [87]. Therefore, rifaximin can be used as an alternative
to norfloxacin for the prevention of MDR bacterial infections.
However, further randomized controlled trials are needed to
confirm the true role of rifaximin in the prevention of infec-
tion in patients with cirrhosis.

Treatment of Secondary Invasive Fungal
Infection in ACLF

In 2016, Nadim et al. reviewed the management of critically ill
patients with cirrhosis and made recommendations for anti-
fungal prevention and treatment, in patients with cirrhosis in
three clinical situations [88]. Antifungal prophylaxis was rec-
ommended for patients in the intensive care unit who had re-
ceived antibiotics for 48 h, whose clinical condition had not
improved, and when the prevalence of fungal infection was
more than 5%, when there is a risk of progression to invasive
fungal disease, and when fungus was detected in the sputum
of patients with endotracheal intubation [88]. Fever can be
an indication for empirical antifungal therapy, even without
microbiological or imaging evidence for fungal infection [88].
Early treatment with antifungal drugs may reduce mortality
due to invasive fungal disease in patients with ACLF, even if
there are no clinical signs of fungal infection. For patients with
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Table 4. Clinical conditions where antibiotics should be used prophylactically to prevent infection in patients with acute-on-chronic
liver failure (ACLF) and the recommended prophylactic antibiotics.

Type of prophylaxis Condition

Antibiotic and dose Duration

Primary prophylaxis Low-protein ascites (<15g/L)

and advanced cirrhosis

Previous spontaneous bacterial

peritonitis

Gastrointestinal bleeding Patient currently bleeding

¢ Norfloxacin 400 mg/day po Until LT
¢ Ciprofloxacin 500 mg/day po Death
¢ Norfloxacin 400 mg/day po Until LT
¢ Ciprofloxacin 500 mg/day po Death
¢ Norfloxacin 400 mg/BID po 7 days

¢ Ciprofloxacin 500 mg/BID po
¢ Ceftriaxone 1 g/day IV*

LT — liver transplantation; PO — by mouth; BID — once every 12 hrs; IV — intravenous. Child-Pugh score >9 points with serum
bilirubin >3 mg/dL and/or impaired renal function (serum creatinine >1.2 mg/dL, blood urea nitrogen >25 mg/dL, or serum sodium
>130 mEq/L). * In patients with advanced cirrhosis (at least two of the following: ascites, jaundice, hepatic encephalopathy and

malnutrition) or ACLF.

candidaemia, echinocandins (caspofungin: 70 mg/d initially,
followed by 50 mg/d) are preferred, and fluconazole may
be selected for the tapered treatment [89]. Cases of cathe-
ter-related candidemia should have the catheter removed in
a timely manner, but in patients with asymptomatic candi-
duria, treatment may not be recommended [90]. In patients
with invasive aspergillosis, voriconazole is recommended as
the main antifungal agent [91]. In patients with ACLF, hepato-
cytes are severely damaged, the storage capacity of the liver
is significantly reduced, and damage to renal function damage
is more likely to occur. Therefore, amphotericin B and its lipo-
somes should be avoided when selecting antifungals in pa-
tients with ACLF. Because of the potential hepatotoxicity of
voriconazole, blood concentrations can be monitored if nec-
essary and drug doses adjusted.

Non-Antimicrobial Treatment Strategies

Non-antibiotic strategies include four categories, which are
summarized in Figure 4. First, the intestinal flora can be reg-
ulated with the use of probiotics, which are living bacteria
that can replace or increase beneficial bacteria in the diges-
tive tract and help improve intestinal function [92]. Prebiotics
are indigestible food ingredients that promote the growth of
beneficial bacteria, such as fermentable fibers. Synbiotics are
a combination of probiotics and prebiotics. However, the ad-
dition of probiotics to norfloxacin has not been shown to re-
duce the incidence of peritonitis or death [93]. A fecal micro-
biota transplant is an emerging approach for the treatment of
imbalance of the gastrointestinal flora [94].

A second approach is to increase gastrointestinal motility,
and the combination of norfloxacin and cisapride has been
shown to significantly reduce the incidence of peritonitis in
patients with cirrhosis [95]. However, cisapride extended the

- Probiotics - Cisapride
- Prebiotics - NSBBs
- Synbiotics
-EMT Intestinal Altered
flora intestinal
imbalance molity

Impaired
intestinal
barrier

-Bile acid
- Abecholic acid
- FXR agonist

- Albumin
- Bile acids
- Probiotics

Figure 4. Summary of the four categories of non-antibiotic
treatment for patients with acute-on-chronic
liver failure (ACLF) with bacterial infections.
The mechanisms are shown in the circle and the
treatment strategies are shown in the box. FMT — fecal
microbiota transplant; NSBBs — non-selective beta-
blockers; FXR — non-steroidal farnesoid X receptor.

Q-T interval in some patients, which limits its use [95]. Non-
selective beta-blockers have been shown to increase intesti-
nal peristalsis and improve bacterial translocation in patients
with ACLF [96]. Also, the use of non-selective beta-blockers
and endoscopic band ligation can effectively reduce bleeding
caused by esophageal varices in patients with cirrhosis and
portal hypertension [96]. However, non-selective beta-block-
ers and abecholic acid have been shown to have a potential
impact on blood pressure and heart rate, and the advantages
and disadvantages of using non-selective beta-blockers in pa-
tients with ACLF require further study.

The third non-antimicrobial treatment strategy is to protect the
function of the intestinal barrier, as bile acids affect the anti-
bacterial activity of the intestinal mucosa directly or indirectly
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by regulating the expression of several host genes [97,98]. Non-
steroidal farnesoid X receptor (FXR) agonists are nuclear re-
ceptors that regulate the metabolism of bile acids, lipids, and
carbohydrates [99]. Abecholic acid is a potent semi-synthetic
bile acid and FXR agonist that reduces intestinal inflammation
and bacterial translocation [100]. The role of FXR in infection
prevention deserves further study.

As a fourth treatment approach, albumin can reduce the risk
of infection in patients with alcoholic cirrhosis at physiologi-
cal concentration levels, but the specific mechanism remains
unclear [101]. In patients with chronic end-stage liver disease,
decreased intraluminal concentrations of bile acids can pro-
mote bacterial overgrowth [98]. Probiotics can promote mu-
cosal barrier function and regulate intestinal flora, inhibiting
the growth of pathogenic microorganisms [102].
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Conclusions and Perspective

Microbial infection from bacterial and fungal organisms are
a common trigger for the occurrence and development of ACLF,
and early diagnosis and treatment are essential to improve the
prognosis for these patients. The proliferation of multidrug-
resistant bacteria has complicated the choices for the treat-
ment of microbial infections in patients with ACLF. New meth-
ods are needed to identify the strains of organisms that cause
infection and their antibiotic susceptibility. In the future, new
antimicrobial agents will be required to treat infections due
to drug-resistant organisms, and non-antibiotic approaches
should be identified to prevent infection in patients with ACLF.
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