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Bacterial Infections

Michael G. Ison and Madeleine Heldman

Abstract

Bacterial infections are the most significant infectious source of morbidity and mortality in 
cirrhotic patients. Bacteria infections result is both acute decompensation in chronic liver dis-
ease and mortality in patients with decompensated cirrhosis. Spontaneous bacterial peritonitis 
(SBP), bacteremia, pneumonia, urinary tract infections (UTI) and skin and soft tissue infection 
(SSTI) are the most significant sources of infection in cirrhosis. Bacterial infections can pre-
cipitate renal failure and worsening hepatic encephalopathy, and patients with sepsis and liver 
disease have higher rates of acute respiratory distress syndrome (ARDS) and coagulopathy.
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Learning Objectives
• Understand the impact of bacterial infections on 

cirrhosis.
• Discuss the pathophysiologic mechanisms that put 

patients with cirrhosis at risk for bacterial infections.
• Discuss the presentation, diagnosis, management and pre-

vention of spontaneous bacterial peritonitis (SBP).
• Describe the microbiology of bacteria associated with 

blood stream infections, pneumonia, skin and soft tissue 
infection (SSTI), and urinary tract infections in patients 
with chronic liver disease.

Bacterial infections are the most significant infectious source of 
morbidity and mortality in cirrhotic patients. At least  one- third 

of hospitalized patients with cirrhosis will have a bacterial 
infection compared with less than 10% of otherwise healthy 
hospitalized patients [1–3]. Bacterial infections continue to be 
the leading cause of both acute decompensation in chronic liver 
disease and mortality in patients with decompensated cirrhosis, 
accounting for 30–50% of deaths [2, 4, 5]. Spontaneous bacte-
rial peritonitis (SBP), bacteremia, pneumonia, urinary tract 
infections (UTI) and skin and soft tissue infection (SSTI) are 
the most significant sources of infection in cirrhosis. While rec-
ognition and treatment of SBP has decreased mortality from 
80% to 20% in the past 30 years, mortality from infections, 
particularly pneumonia and septicemia, remain quite high [1]. 
Bacterial infections can precipitate renal failure and worsening 
hepatic encephalopathy, and patients with sepsis and liver dis-
ease have higher rates of acute respiratory distress syndrome 
(ARDS) and coagulopathy compared to patients with sepsis 
and no underlying liver disease [6, 7].

15.1  Pathophysiology of Bacterial 
Infection Risk in Cirrhosis

Historically, bacterial infections in patients with liver disease 
are primarily due to translocation of native gut bacteria com-
plicated by immune dysregulation. In healthy persons, low- 
grade bacterial translocation occurs regularly, as bacteria 
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travel to the liver though mesenteric lymph nodes and the 
portal venous system. The reticuloendothelial system of the 
liver, compromised of Kupffer cells, exert a filtering effect, 
inhibiting bacteria from reaching the systemic circulation [1, 
6–9]. Animal models suggest that both damage to Kupffer 
cells as well as septal and sinusoidal fibrosis increase risk of 
bloodstream infections (BSI) and SBP [8]. Small bowel bac-
terial overgrowth and decreased intestinal motility in cirrho-
sis also contribute to bacterial translocation from the gut [7]. 
Proton-pump inhibitors, commonly prescribed for gastroin-
testinal bleeding in cirrhosis, alter the microbiome and 
appear to facilitate bacterial translocation as well [1, 9, 10].

Cirrhosis-associated immunodeficiency (CAID) describes 
the array of immunodeficiency present in cirrhosis that lead to 
the evolution of infections. The healthy liver produces com-
plement proteins and Protein C, which play critical roles in the 
adaptive immune system’s effector response. Production of 
these key proteins are reduced in patients with cirrhosis [2, 7]. 
Splenomegaly leads to sequestration of circulating monocytes, 
neutrophils, and lymphocytes and  further impairs cellular 
immunity [6]. Impaired phagocytosis and chemotaxis also 
contribute to the evolution of infection in cirrhosis [2, 6–8]. 
Malnutrition and alcohol use, which are common in cirrhotic 
patients, further compromise immune function [2, 5].

The systemic response to bacterial infections in cirrhosis 
is profound. Since cirrhotic patients have a baseline hyperdy-
namic circulatory state, infection often facilitates cardiovas-
cular collapse and places patients at high risk of septic shock. 
Nitric oxide, which is a primary driver of systemic vasodila-
tion and circulatory shock, may be overexpressed in cirrhotic 
patients [6, 7]. Upregulation of various cytokines, including 
TNF-α, IL-1, IL-6, and IL-17, also occurs in liver disease 
and contributes to exaggerated responses to infection [2, 6, 
8]. Lastly, since the diseased liver is less efficient at clearing 
bacterial endotoxins, exaggerated systemic response to bac-
terial infections may occur more frequently [2, 6, 7].

15.2  Spontaneous Bacterial Peritonitis

Spontaneous Bacterial Peritonitis (SBP) is defined as infection 
of ascitic fluid in the absence of an intraabdominal source 
[11]. It is the most frequent bacterial infection in cirrhosis and 
accounts for 25–31% of bacterial infections in cirrhosis [7]. 
The mechanism of infection involves translocation of gastro-
intestinal bacteria to the portal vein and mesenteric lymph 
nodes and spillage into ascitic fluid [10–13]. Cirrhotic ascites 
is a primarily transudative fluid, with low opsonic activity 
[12], and, as a result, bacterial growth may proceed unabated. 
Ten percent of cirrhotic patients with ascites will developed 
SBP within 1 year of diagnosis, and SBP is present in 30–50% 
of all hospitalized patients with cirrhosis [7]. The development 
of SBP also predicts mortality—1-year mortality after the first 

episode of SBP is over 30% [7]. While SBP is classically asso-
ciated with cirrhotic ascites, SBP is also present in patients 
with ascites secondary to acute liver failure [10].

15.2.1  Presentation

Although hypothermia is common among cirrhotic patients, 
fever, which may be mild, is one of the most common pre-
senting symptoms in patients with SBP. Other symptoms 
include abdominal pain, increased amount of ascitic fluid, 
failure of diuretic treatment, new or worsening hepatic 
encephalopathy, and diarrhea [1, 7]. Ten to thirty percent of 
patients with SBP are asymptomatic [1]. The International 
Ascites Club recommends that SBP be considered in the fol-
lowing circumstances: all cirrhotic patients with ascites on 
admission to hospital; patients with ascites who develop 
signs of sepsis, hepatic encephalopathy, renal impairment or 
altered gastrointestinal motility; all cirrhotic patients with 
ascites and a gastrointestinal bleed.

15.2.2  Risk Factors

Risk Factors for SBP include:

• Low ascitic fluid protein (<1 g/dL) [6, 7, 10].
• Elevated serum bilirubin [6, 7, 10].
• Advanced cirrhosis: high MELD scores and Child-Pugh 

stage C disease [14].
• Hyponatremia (serum sodium <125 mg/dL) [14].
• Variceal hemorrhage [6, 7, 10, 14].
• Use of proton-pump inhibitor (PPI) [10, 15].
• Genetic polymorphisms in TLR2 and NOD2, receptors 

which recognize bacterial [1, 3, 7, 9, 10].

Use of non-selective beta-blockers may protect against 
SBP, but their use may increase the risk of circulatory collapse 
from SBP and may decrease transplant free survival [10].

15.2.3  Microbiology

Historically, gram-negative bacilli have been the major cause 
of SBP. However, microbial patterns have shifted to include 
more gram-positive cocci with broader use of antibiotics and 
invasive procedures over the past three decades. From 1971 to 
1991, E. coli was the most prevalent source of SBP, present in 
46% of cases. Other common sources included Streptoccocus 
(30%), Klebsiella (9%). Since 1998, E. coli has remained the 
most common organism associated with SBP, but now 
accounts for only one-third of cases [10]. Gram-positive cocci 
now comprise 25% of pathogens  isolated in SBP, with 
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Streptococcus and Enterococcus being the most prevalent. 
Twenty-five to thirty percent of these GPC- associated SBP 
cases occur in patients taking fluoroquinolone prophylaxis [5, 
16]. Multi-drug resistant gram-negative bacilli, including 
extended spectrum β-lactamase (ESBL) producing E. coli, 
carbapenem-resistant Klebsiella pneumonie and Pseudomonas 
aeruginosa have been isolated in cases of health-care acquired 
SBP [16]. Enterococcus faecium and methicillin-resistance 
staphylococcus aereus (MRSA) have also been isolated in 
healthcare associated SBP [5]. Anaerobes remain a rare 
source. Pathogens associated with cases of SBP from 1998–
2015 are summarized in Fig. 15.1 [10].

15.2.4  Diagnosis

Paracentesis is required to diagnose SBP. Diagnosis can be 
made by when either the absolute neautrophil (polymopho-
nuclear cell, PMN) count in the ascitic fluid is >250 cell/mm3 
or ascitic fluid culture is positive, although careful interpreta-
tion of positive cultures with low cell counts in needed. The 

absolute PMN count can be calculated by adjusting for red 
blood cell contaimination (absolute PMN = [total WBC × % 
PMNs] − [RBC/250]).

Although the gold standard for diagnosing SBP is the 
presence of positive ascitic fluid culture and many polymor-
phonuclear cells (>250 cells/mm3), cultures are negative fre-
quently (up to 40%) [10]. This is known as culture-negative 
neutrophilic ascites (CNNA), and is a common varient of 
SBP that should be treated the same as culture-positve 
SBP. The absence of a postive fluid culture in CNNA may 
reflect low pathogen burden [10, 12] and use of PCR demon-
strates that bacterial DNA are present at detectable levels in 
most cases [17]. Blood culture bottles should be inooculated 
at the bedside with at least 10 mL of ascitic fluid to increase 
culture yield [7, 10]. When ascites fluid culture is positive, a 
single pathogen is isolated in 90% of cases [10]. Urinary 
reagent strips that assess leukocyte esterase activity should 
not be used to diagnose SBP due to an unacceptable low 
positive predicitve value and high false negative rate [7, 10].
Assays of lactoferrin in ascitic fluid may be a more accurate 
predictor of infection [3, 7].

E. Coli
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Organisms isolated from ascitic fluid in SBP from 1998-2015 Fig. 15.1 Causative 
organisms of spontaneous 
bacterial peritonitis
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Infrequently, secondary bacterial peritonitis resulting 
from a perforated viscus may be present when spontaneous 
bacterial peritonitis is suspected. Polymicrobial organisms 
on a gram stain are indicative of secondary bacterial perito-
nitis. Additionally, analysis of asctitc fluid chemistry using 
Runyon’s criteria can be used to differentiate SBP from sec-
ondary bacterial peritonitis. The presence of two or more of 
the these criteria are 90% specific for secondary bacterial 
peritonitis [18]:

 1. Total protein >1 g/dL
 2. Glucose <50 mg/dL
 3. LDH > upper limit of normal for serum

15.2.5  Management

Community-acquired SBP should be treated with antibi-
otics that cover Enterobacteriaceae and non-enterococcal 
gram- positve cocci. Intravenous antibiotics, including a 
third- generation cephalosporin or amoxicillin-clavulante 
are recommended; IV amoxacillin-clavulanate is not 
available in the United States. Cefotaxime has been the 
most well studied, and has excellent penetration into 
ascitic fluid [10]. Ceftriaxone is also effective in treating 
SBP, though its high protein-binding activity makes it 
theoretically less effective in cirrhosis, where protein syn-
thesis is impaired [10]. Oral ofloxacin and IV ciprofloxa-
cin may also be used in uncomplicated SBP, but should be 
avoided in patients on fluoroquinalone prophylaxis or in 
geographic areas with high levels of fluoroquinalone 
resistance to Enterobacteriaceae [7, 19]. Levofloxacin 
may be efficacious in patients on fluorquinalone prophy-
alxis who cannot tolerate β-lactams [10]. Treatment 
should be continued for 5 days, as 5 day courses of antibi-
otics are as efficacious but less costly than 10 day courses 
[6, 10, 20]. Nosocomial infections, defined as infections 
occuring after 48 h of hospitalization, are be resistant to 
β-lactam in 33–78% of cases [5]. Meropenam or tigecy-
cline can be used in nosocomial cases of SBP in areas 
with a high prevalence of ESBL-producing pathogens [3, 
5, 7]. Antibiotic therapy should be tailored if culture is 
positive and sensitivies are available. Follow-up paracen-
tesis 48 h after initiaition of treament is recommended in 
patients who do not rapidly improve [10]. A reduction in 
PMN count by >25% suggests appropriate antibiotic cov-
erage; if such a reduction is not observed, antibiotics 
should be broadened or the possibility of secondary bac-
terial peritonitis should be considered [3, 7, 10].

Hepatorenal syndrome (HRS) is a common complication 
of infections in patients with cirrhosis, and occurs in 
30–40% of cases of SBP [7]. The addition of albumin, 
which acts as a plasma expander, to antibiotic treatment sig-

nificantly reduces the rate of HRS [3, 7, 10]. Treatment with 
albumin (1.5 g/kg on day 1 followed by 1 g/kg on day 3), is 
particularly effective and recommended for patients at high 
risk of HRS, identified as having any one of the following 
either bilirubin >4 mg/dL or creatinine >1 mg/dL [3, 7, 10]. 
Albumin is not necessary in patients who are at a low risk 
for HRS [3, 7].

15.2.6  Prevention

Patients who have a primary episode of SBP have a 40–70% 
chance of recurrent SBP within 1 year of initial SBP presen-
tation [10]. Long-term use of norfloxacin has been shown 
to decreased the recurrence of SBP and is recommended 
as secondary prophylaxis for patients who have one epi-
sode of SBP; unfortunately, norfloxacin is not currently 
widely available commercially [6, 7, 19]. Ciprofloxacin 
and trimethorprim- sulfamethoxazole may also be used 
[10]. Daily dosing is recommended to limit growth of 
fluoroquinolone- resistant organisms [10]. Primary pro-
phylaxis is also used in patients with low ascitic albumin 
concentration and GI bleeding, as these patients are at a 
particularly high risk for developing SBP [2, 5–7, 10]. The 
antibiotic used, route of administration, and length of treat-
ment depends upon the indication for prophylaxis as out-
lined in Table 15.1.

Table 15.1 Antibiotic regimens for prophylaxis against SBP

Indication for 
prophylaxis Prophylactic antibiotic regimen

History of SBP Oral trimethoprim-sulfamethoxazole 
(800–160 mg) daily OR ciprofloxacin 
500 mg/day OR norfloxacina 400 mg/day

Inpatients with total 
ascitic fluid protein 
<1 g/dL and 
hospitalized for 
reasons OTHER than 
SBP or GI bleed

Oral trimethoprim-sulfamethoxazole 
(800–160 mg) daily OR oral ciprofloxacin 
500 mg/day OR oral norfloxacina  
400 mg/day while hospitalized

Cirrhosis and GI 
hemorrhage

Child-Pugh Class A: oral trimethoprim- 
sulfamethoxazole (800–160 mg) twice 
daily OR oral norfloxacina 400 mg daily 
OR oral ciprofloxacin 500 mg q12 hours 
OR IV ciprofloxacin 400 mg q12 hours; 
treat for total of 7 days
Child-Pugh Class B or C: IV ceftriaxone 
1 g daily; transition to oral therapy with 
either trimethoprim-sulfamethoxazole 
(800–160 mg) daily OR ciprofloxacin 
500 mg q12 hours OR norfloxacina 400 mg 
daily once patient can tolerate oral 
medication; treat for a total of 7 days

aNorfloxacin is not currently available in the United States
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15.3  Other Bacterial Infections

15.3.1  Bloodstream Infections

Bloodstream infections occur in 4–21% of cirrhotic patients, 
and are ten times more prevalent in patients with cirrhosis 
than in the general population [8]. Gut translocation is the 
primary mechanism of bacteremia in liver disease, and bac-
teria that reside in the gut—gram-negative bacilli, anaer-
obes, and Enterococcus—are the primary pathogens [6–8]. 
In the early 2000s, health-care acquired gram-positive cocci, 
including MRSA, became a common source of blood stream 
infections. Fluoroquinolone prophylaxis and increased 
use of broad-spectrum antibiotics have led to emergence 
of multi-drug resistant (MDR) and extreme-drug resistant 
(XDR) gram-negative bacilli. In a single-center study of 
162 cirrhotic patients with a bloodstream infection, 60% of 
pathogens were resistant to third-generation cephalosporins. 
Of the gram-negative bacilli isolated, 25% were classified as 
MDR and 21% were classified as XDR [21].

15.3.2  Endotipsitis

Endotipsitis, ongoing bacteremia in the presence of an infected 
thrombus or endovascular infection affecting the TIPS, has 
been increasingly reported over the past 10 years, with 
Enterococcus and Staphylococcus as the most common iso-
lated pathogens [8, 22]. Because a TIPS cannot be removed 
outside of liver transplantation, diagnosis and treatment of 
endotipsitis is more complicated than that of infections asso-
ciated with removable indwelling devices. Endotipsitis should 
be suspected in patients with a TIPS and bacteremia when the 
source of bacteremia is unknown despite evaluation for other 
causes. If endotipsitis is suspected, patency of the TIPS should 
be evaluated using Doppler ultrasound—a thrombus or vege-
tation is strongly suggestive of endoptipsitis [22]. Treatment 
relies solely on the use of antibiotics, as source control with 
TIPS removal is not possible. There are no clear guidelines for 
the duration of treatment, though in case series, patients who 
successful cleared their bacteremia were treated for a mean 
duration of 6 weeks [22]. If bacteremia is prolonged or recurs 
after a prolonged period of therapy, chronic suppressive ther-
apy until transplantation should be considered. Though active 
infection is often a contraindication for liver transplantation, 
there are reports of successful clearance of endotipsitis after 
the device is removed during transplant [22].

15.3.3  Pneumonia

Bacterial pneumonia is also a significant source of morbid-
ity and mortality in cirrhotic patients. The epidemiology of 

community-acquired lower respiratory infections is the same 
in patients with and without liver disease with Streptococcus 
pneumoniae being the most common cause. Other com-
mon causes include oropharyngeal bacteria, including 
Haemophilus influenza and anaerobes as well as less common 
bacteria, including Klebsiella, Legionella and Mycoplasma 
[1, 2]. Pseudomonas aeruginosa is one unique bacteria that is 
more commonly identified in patients with liver disease than 
those without [23]. The severity of pneumonia in patients 
with chronic liver disease is enhanced with a higher rate of 
ICU admission, more severe clinical presentations, increased 
prevalence of bacteremia and increased mortality [1, 9, 
23]. Pneumococcal vaccination is recommended for adults 
with chronic liver disease; while the 23-valent polysaccha-
ride pneumococcal (PPSV-23) vaccine is primarily recom-
mended for this patient population, those individuals who are 
being evaluated for transplantation should also receive the 
13-valent pneumococcal conjugated vaccine (PCV13) [24]. 
Ideally, the PCV13 should be given first followed by the 
PPSV-23 6 months or more after the PCV13 vaccine.

15.3.4  Skin and Soft Tissue Infections (SSTIs)

Chronic liver disease also predisposes patients to skin and 
soft tissue infection. Venous insufficiency, lower extremity 
edema and immune dysfunction predispose chronic liver 
disease patients to skin infections of the lower extremity. 
While gram-positive cocci are the most common source of 
SSTIs in liver disease [1, 2], gram-negative bacilli are also 
relatively common in patients with liver disease compared 
to controls. A prospective study in India identified gram-
negative bacilli as the most common isolate in cirrhosis, 
with male sex, alcohol use, and bare-foot walking being 
major risk factors [25]. Vibrio vulnificans, a rare, curved 
gram-negative bacillus found in warm seawater, can invade 
open wounds and cause severe hemorrhagic bullae and 
rapid necrotizing fasciitis. Vibrio vulnificans is also asso-
ciated with bacteremia and septic shock after consumption 
of oysters grown in infected waters. In a study of over 
1000 cases in Japan, 23% of patients with Vibrio vulnifi-
cans had underlying cirrhosis [26]. Cirrhosis due to hemo-
chromatosis is a particularly strong risk factor for Vibrio 
infection [7].

15.3.5  Urinary Tract Infection (UTI)

Urinary Tract Infections are common in cirrhosis, particularly 
in females [2]. Bacteruria is often asymptomatic, and indwell-
ing catheters are a significant risk factor [2]. Recurrent UTI, 
most often with E. coli is often found in patients with primary 
biliary cirrhosis (PBC), and to a lesser extent in autoimmune 
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hepatitis (AIH), even prior to diagnosis [27]. It has been 
hypothesized that molecular mimicry between a human and 
E. coli epitope may account for this phenomenon [27].

15.4  Clostridium Difficile Infection and  
C. difficile Associated Diarrhea (CDAD)

Clostridium Difficile infection resulting in diarrhea is becom-
ing increasingly common and cirrhotic patients are more 
likely to contract CDAD than the general population [7, 28]. 
C. difficile is more common among hospitalized patients 
with liver disease than among those without liver disease; 
alcoholic hepatitis and autoimmune hepatitis are particularly 
strong risk factors for CDAD [28]. Risk factors for CDI in 
cirrhosis are similar to risk factors in the general population 
and include antibiotic use, including outpatient fluoroquino-
lone prophylaxis, and PPI use [7, 28, 29]. Fluoroquinolone 
prophylaxis for SBP use is associated with infection with the 
particularly virulent NAP1 strain [28]. Cirrhotic patients 
with CDAD have longer lengths on hospital stay and 
increased mortality compared with cirrhotic patients without 
CDAD [7, 28, 29].

15.4.1  Management of CDAD

Treatment of C. difficile in patients liver disease is similar to 
treatment in patients without liver disease, and depends on 
disease severity. CDI/CDAD severity can be divided into 
three categories [30]:

 1. Mild to moderate, which involves with diarrhea and 
absence of any features of severe or severe and compli-
cated disease.

 2. Severe, which includes a serum albumin of less than 3 g/dL 
AND either a white blood cell count >15,000 cells/mm3 
OR abdominal tenderness.

 3. Severe and complicated, defined as CDAD/CDI in 
patients with a fever >38.5 °C, WBC >35,000 cells/mm3 
or <2000 cells/mm3, those who require admission to an 
intensive care unit, have evidence of shock, including 
hypotension requiring vasopressors, lactate >2.2 mmol/L, 
altered mental status, or other end organ damage.

The first line treatment for mild to moderate CDI/CDAD 
consists of oral metronidazole (or IV metronidazole in patients 
who are unable to take medication by mouth) for 10–14 days. 
Oral vancomycin is traditionally reserved for cases refractory 
to metronidazole or for severe CDI/CDAD. Patients with 
severe and complicated CDI should be treated with both oral 
vancomycin and intravenous metronidazole [28, 30, 31]. 
Vancomycin can be administrated rectally if ileus is present, 

and surgery should be considered in severe refractory disease. 
Treatment with fidoximicin for recurrent CDI has been proven 
effective in the general population, but there is no data specific 
to patients with liver disease [28].

Summary Learning Points
• Bacterial infections are the leading cause of mortality in 

chronic liver disease.
• Translocation of gut bacteria, particularly gram-negative 

bacilli, occurs frequently in cirrhosis and is the major 
mechanism putting this population at risk for bacterial 
infection.

• Cirrhosis acquired immunodeficiency (CAID) is a collec-
tion of immune system deficiencies in both innate and 
adaptive immunity in cirrhosis.

• Spontaneous bacterial peritonitis (SBP) is the most fre-
quent bacterial infection seen in cirrhosis. Risk factors 
include advanced cirrhosis, GI bleeding, low ascitic pro-
tein count, and PPI use. All patients with cirrhosis admit-
ted to the hospital should undergo diagnostic paracentesis 
regardless of reason for admission.

• SBP should be treated with a third-generation cephalo-
sporin. Secondary prophylaxis should be given after the 
first episode of SBP. Primary prophylaxis should be given 
in patients with GI bleeds and low ascitic protein count.

• Primary bacteremia is also a significant cause of morbid-
ity in cirrhosis. Recently, there has been an increase in 
prevalence of in gram-positive cocci and multi-drug or 
extreme-drug resistant gram-negative bacilli.

• Bacterial pneumonia can be particularly severe in cirrho-
sis. All patients with chronic liver disease should be vac-
cinated with PPSV-23.

• Skin and Soft Tissue infections (SSTIs) in cirrhosis are 
often due to the same gram-positive cocci that cause SSTI 
in healthy persons. However, cirrhosis greatly increases 
the risk of infection with gram-negative bacilli and the 
particularly virulent Vibrio vulnificans pathogen.

• Urinary Tract Infections are common and may be asymp-
tomatic in cirrhosis.

• Clostridium Difficile associated diarrhea is more common 
in cirrhotic patients compared to the general population 
and is associated with poor outcomes in cirrhosis.

15.5  Viral Infections in Chronic Liver 
Disease

15.5.1  Hepatitis A Virus

Hepatitis A virus (HAV) accounts for half of all causes of 
viral hepatitis in the United States [32]. The illness begins 
with a period of nausea and anorexia and progresses to an 
icteric phase with jaundice and a marked elevation in bili-
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rubin [33]. The disease is usually resolves and rarely results 
in acute liver failure or death. However, the disease is sig-
nificantly more severe in chronic liver disease. Patients 
with underlying chronic liver disease have up to a 23-fold 
increase in mortality compared to patients with hepatitis A 
and no underlying liver disease [34]. Those with underly-
ing HCV infected with HAV have higher mortality rates 
and are more likely to develop acute liver failure compared 
with individuals with underlying HBV or no underlying 
viral liver disease at the time of HAV infection [32, 34, 35]. 
The hepatitis A vaccine is both safe and effective in patients 
with chronic liver disease, and it is recommended for all 
patients with chronic liver disease [35]. However, the vac-
cine is less immunogenic in patients with advanced liver 
disease, suggesting vaccination early after the diagnosis of 
liver disease [34].

15.5.2  Hepatitis B Virus

Hepatitis B virus can be the underlying cause of chronic 
liver disease or occur in individuals with underlying liver 
disease due to other causes. Vaccination against hepatitis B 
is of particular importance in patients with liver disease 
listed for liver transplant, as new active infection can occur 
post- transplant in non-immune recipients from donor livers 
from chronic, HBsAg-negative, carriers. Like the HAV vac-
cine, the HBV vaccine has good immunogenicity in mild to 
moderate chronic liver disease, but poor immunogenicity in 
end stage liver disease [34]. The impact of superimposed 
HBV on chronic liver disease has primarily been studied in 
the cohort of patients with HCV and is discussed below. 
However, given the severity of superimposed HBV infec-
tion, HBV vaccination is recommended in all patients with 
ESLD.

15.5.3  Hepatitis B and Hepatitis C Co-infection

Hepatitis B and C share similar risk factors and commonly 
occur in the same individual. Between 2 and 10% of 
patients with hepatitis C virus (HCV) have a detectable 
hepatitis B surface antigen (HBsAg) [36]. However, high 
sensitivity testing for HBV DNA can detect occult hepatitis 
B infection in up to one-third of HCV patients with unde-
tectable HBsAg [37], suggesting the incidence of co-infec-
tion is under- recognized [36]. It is thought that HCV exerts 
a suppressive effect on HBV, because HBV DNA levels are 
relatively low in HBV/HCV coinfection compared to HBV 
monoinfection [36, 38]. The most common scenario in 
which HCV/HBV coinfection occurs is a HCV superinfec-
tion on chronic HBV infection [36]. Fulminant hepatic fail-
ure due to HCV alone is rare; however studies from areas 

of where hepatitis B is endemic suggest that chronic under-
lying HBV at the time of acute HCV infection results in a 
sevenfold increases in the risk of fulminant hepatic failure 
[36, 39]. HBV acquisition in pre-existing hepatitis C is less 
common, but has been reported to result in the develop-
ment of ascites and hepatic encephalopathy [36]. 
Coinfection of HBV/HCV results in substantially higher 
rates of progression to both cirrhosis and hepatocellular 
carcinoma compared with monoinfection with either virus 
[36, 38, 40].

15.5.4  Hepatitis D Virus

Hepatitis D virus (HDV) is an RNA virus with tropism for 
hepatocytes and relies on HBsAg for survival. Therefore, 
infection with HDV occurs only in individuals with HBV 
infection. Two infection patterns are observed:

 1. Co-infection occurs in acute HBV infection when HDV 
infects the same individual at the same time. The course 
mimics acute HBV infection, though HDV co-infection is 
a risk factor for progression to fulminant hepatitis [41]. 
Because the majority of acute hepatitis B episodes are 
self-limited and result in disappearance of HBsAg and 
appearance of anti-HBsAg antibodies, HDV disappears 
once seroconversion occurs.

 2. Superinfection occurs when HDV infects a chronic 
HBsAg-positive carrier, resulting in a particularly viru-
lent acute hepatitis or decompensation [41]. Half of all 
cases of acute liver failure in HBsAg-positive individuals 
occurs in the presence of HDV [41]. HDV persists in 90% 
of cases of superinfection and leads to cirrhosis within 
5–10 years in 70% of cases [41].

15.5.5  Hepatitis E Virus

Hepatitis E virus (HEV) causes an acute hepatitis similar to 
hepatitis A and is primarily found in Asia, Africa and the 
Middle East. Studies from endemic regions of the world sug-
gest that HEV causes rapid decompensation in cirrhosis with 
mortality as high as 70% at 4 weeks post-infection [42].

15.5.6  Human Immunodeficiency Virus (HIV)

In the era of antiretroviral therapy, liver disease is the most 
common cause of death in HIV-infected individuals, account-
ing for 14–18% of all deaths [43]. Coinfection of HIV in 
chronic viral hepatitis is common.

In the United States and Europe, 30% of HIV patients 
are co-infected with HCV [43]. Shared risk factors include 
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injection drugs use and exposure to blood products. 
Hemophiliacs with HIV have a 60–90% risk of coinfection 
with HCV, and HIV positive injection drug users have a 
50–90% HCV coinfection rate [44, 45]. HIV coinfection 
with HCV halves the likelihood of clearing HCV viremia, 
and accelerates the progression to cirrhosis [43, 44]. 
Decompensated cirrhosis is 2–6 times more common in 
HCV cirrhosis when HIV infection is present [43, 44]. 
Treatment of HIV with anti-retroviral therapy (ART) 
reduces, but does not completely eliminate, the impact of 
HIV infection on HCV disease progression [45]. Treatment 
of HCV with interferon/ribavirin is more effective at 
higher CD4 counts, and thus ART for HIV should be initi-
ated prior to treatment of HCV with interferon/ribavirin if 
CD4 count is <500/μL [45]. New direct-acting antivirals 
(DAAs) for the treatment of HCV are expected to elimi-
nate the need to elevate CD4 count prior to HCV treat-
ment, but careful consideration of drug interactions 
between DAAs and ARTs is necessary when treating both 
infections [46].

Approximately 10% of HBV infected individuals are 
co- infected with HIV [43]. HIV increases the risk of devel-
oping chronic HBV infection, with a more profound effect 
at lower CD4 counts [43, 47]. HIV also enhances the pro-
gression to cirrhosis and increases the risk of developing 
hepatocellular carcinoma in HBV infection [47]. Much of 
the hepatocellular toxicity in hepatitis B is due to immune 
response against hepatic cells, which would imply that 
hepatocellular toxicity should be diminished when a virus 
causing immunodeficiency is present. Indeed, HIV/HBV 
coinfection results in lower alanine aminotransferase 
(ALT) levels compared to HBV monoinfection [47]. 
However, ALT levels do not correlate with clinical severity 
and liver biopsy is recommended to determine extent of 
disease [43, 47]. One mechanism of HIV-induced HBV 
exacerbation is that particularly virulent HBV strains are 
more prevalent in HIV-coinfected cases. A strain of HBV 
with a direct cytopathic effect, resulting from a deletion in 
the core/pre-core region of the HBV genome, has been 
shown to be more prevalent in HBV/HIV coinfection com-
pared to HBV monoinfection [47]. HIV also induces 
microbial translocation, which may lead to increased 
immune activation and thus increased HBV-induced hepa-
tocellular injury [47]. In general, when selecting anti-retro-
viral therapy (ART) for HIV treatment, agents that also 
have activity against HBV should be used—tenofovir plus 
emtricitabine or tenofovir plus lamivudine are common 
regimens [43, 47]. Treatment of HIV without appropriately 
treating HBV can rarely cause worsening of hepatitis due 
to immune reconstitution inflammatory syndrome (IRIS) 
[43, 47]. Further, interruption of HBV-active anti-retrovi-
rals may cause an acute hepatitis B reactivation and rapid 
progression of liver disease.

15.5.7  Influenza Infection

Data regarding the effect of influenza virus in cirrhosis is 
largely limited to case reports. Influenza A (H3N2) was asso-
ciated with three cases of decompensated cirrhosis during 
the 1997–1998 epidemic [48]. In a small, single-center case 
series, influenza A/H1N1/09 was associated with lethal 
ARDS and pneumonia in patients with cirrhosis [49]. 
Influenza vaccine has good immunogenicity in cirrhotic 
patients, with trends toward a reduction in influenza infec-
tion and hepatic decompensation in vaccinated cirrhotic 
patients [40]. Patients with cirrhosis who develop influenza 
infection should be treated with active therapy, including one 
of the neuraminidase inhibitors, oseltamivir, peramivir or 
zanamivir, as soon as influenza is suspected without waiting 
for results of testing to confirm infection.

Summary Learning Points
• Hepatitis A and B vaccines should be administered to all 

patients with chronic liver disease.
• HBV and HCV frequently co-exist and are associated 

with increased rates of cirrhosis compared to monoinfec-
tion with either virus.

• HIV is commonly present in individuals infected with 
either HBV or HCV, and increases the severity of liver 
disease in these patients.

• Cirrhosis predisposes to severe pulmonary complications of 
influenza infection. These patients should receive the influ-
enza vaccine to prevent infection and early treatment with 
neuraminidase inhibitors when infection is suspected.

15.6  Infection in Acute Liver Failure

Acute liver failure (ALF) in the absence of known, pre- 
existing liver disease is relatively rare, with about 2000 
cases per year in the United States [50], and thus is not as 
well studied as acute decompensation of cirrhosis. Patients 
with acute liver failure, like those with cirrhosis, are at an 
increased risk of infection due to the impaired innate 
immunity and exposure to indwelling lines, and up to 90% 
of ALF patients will develop an infection while hospital-
ized [50]. However, the role of gut translocation in predis-
position to infection is less defined in ALF [50, 51]. 
Infection most commonly develops early in the hospital 
course, within 2–5 days of admission, but may also 
develop after hospital day 10 and accounts for 25% of late 
mortality in ALF [50]. Because active infection is a con-
traindication to liver transplant, which is the only curative 
option in advanced ALF, infection has a significant indi-
rect effect on mortality. Identifying infection in ALF may 
be difficult, as leukocytosis and fever are absent in 30% of 
cases [50].
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Bacterial infections have been documented in up to 90% 
of patients with ALF. Historically, gram-positive cocci due 
to pneumonia predominated as the leading cause of blood 
stream infections in ALF [50]. More recently, gram negative 
organisms are becoming increasingly common and now 
account for close to half of bacterial infections with 
Klebsiella spp. being the most common gram-negative 
pathogen [50]. Fungal infections, including Candida, 
Aspergillus and Pneumocystis jiroveci may also occur in 
ALF [50, 51], particularly when renal dysfunction is present 
[51], and should be considered when leukocytosis or fever 
persist despite broad spectrum antibiotics. Reactivation of 
CMV infection has also been described in ALF, particularly 
in patients being treated with corticosteroids for the underly-
ing cause of acute liver failure [50].

Retrospective review of over 200 patients in a liver inten-
sive therapy unit showed that high grade hepatic encepha-
lopathy and SIRS criteria on hospital admission were 
predictive of the development of bacteremia, and bacteremia 
was associated with increased need for mechanical ventila-
tion and renal replacement therapy [50, 52, 53]. Oral antibi-
otics with poor absorption to decontaminate the bowel was 
once thought to decrease incidence of bacterial infection 
[50], but initiation of prophylactic antibiotics, including sys-
temic antibiotics, has not been shown to decrease 21-day 
mortality [50, 54]. While antimicrobial prophylaxis has been 
shown to increases the likelihood of transplant in ALF due to 
acetaminophen overdose, it does not increase survival in this 
group [54]. Thus, routine antimicrobial prophylaxis in ALF 
is not recommended [50, 55]. However, routine surveillance 
with chest radiographs, fungal and bacterial cultures of 
blood, sputum and urine is recommended given the high 
incidence of infection in this population [55], and antibiotics 
should be started at the first sign of rapid clinical deteriora-
tion, especially when worsening hepatic encephalopathy 
develops [55].

Summary Learning Points
• Infection occurs in up to 90% of patients with acute liver 

failure.
• While routine prophylactic antibiotics is not recom-

mended in ALF, surveillance for infection should occur 
regularly.

• Antibiotics should be started in the absence of docu-
mented infection in patients with rapid clinical decline 
and severe hepatic encephalopathy.
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