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Preface

The 1980s saw the emergence of HIV as a devastating disease whose social, political, and 
scientific ramifications have globally impacted humankind. During the late 1980s and early 
1990s, the role and significance of liver disease in the setting of HIV merited little more than 
a footnote as huge numbers of people died of AIDS-related complications. My own nascent 
research in the area of hepatitis virus infections in the liver was discouraged by some senior 
mentors, who considered research effort to study liver disease in patients who faced certain 
death from AIDS to be both useless and futile. Despite these admonitions, a small cadre of 
physician-scientists in the USA and Europe were drawn to the scientific window afforded by 
this experiment of nature that permitted study of liver disease in the setting of a rapidly declin-
ing immunologic milieu. The urgency of our investigations was driven by the tragic plight of 
the patients afflicted with this terrible disease. During this same time period, the hepatitis 
C virus was “unlocked” and characterized using newly developed molecular tools, which 
opened the door to study this virus in the setting of HIV infection. New methods also permitted 
a fresh look at hepatitis B, which had been described early in the AIDS epidemic as a nonissue. 
By 1991, the era of treating HCV and HBV with nonspecific antiviral agents such as interferon 
alfa had begun, and most investigators focused on one viral disease and not the mix of two or 
even three in one individual.

The early 1990s witnessed the emergence of targeted treatments for HIV culminating in 
the development of multidrug “cocktails” that provided effective suppression of HIV replica-
tion. This suppression was accompanied by reemergence of T-helper cells resulting in immune 
reconstitution among those whose declining CD4 levels had led to development of overt 
AIDS complications. This miracle of medicine changed the lives of hundreds of thousands of 
people whose prior death sentence was converted to life with a chronic disease. Suddenly, 
people with HIV infection had a future, but by the late 1990s it became apparent that their 
future was somewhat clouded by the recognition that other comorbid conditions could affect 
survival. As rates of Mycobacterium avium, cryptococcal meningitis, and Kaposi’s sarcoma 
declined, liver disease, coronary artery disease, and other metabolic disorders emerged and 
took on greater importance. Multiple epidemiologic studies suggested that liver disease was 
the leading or second most important cause of morbidity and mortality among those with HIV 
in countries and cohorts where antiretroviral therapy was available. The etiologies were 
multifactorial; hepatitis C and hepatitis B are now considered the most important etiologic 
entities, but direct hepatotoxicity from antiretroviral drugs is an important cofactor, as is 
alcohol-associated liver injury.

The genesis of a book on HIV and Liver Disease is derived from a series of NIH-supported 
conferences which were designed to bring together a cross-disciplinary mix of experts to 
address issues of liver disease in this population of patients. The experts, which included hepa-
tologists, infectious disease physicians, epidemiologists, toxicologists, government regulatory 
experts, and drug-developers from industry and academia discussed, debated, and synthesized 
the information and defined the course of future research efforts. Meetings were held in 2006, 



vi Preface

2008 and 2010. Many of those experts contributed to this book, which attempts to compre-
hensively describe the state of the field, identify the gaps in knowledge and provide insights 
into how these deficiencies might be addressed.

The book begins by defining the current state of the HIV epidemic and the importance of 
liver disease in 2011. It summarizes the treatment and management of HIV and then focuses 
on the assessment of liver injury, including a detailed description of liver pathologies in those 
with HIV. Next is a series of chapters that examine mechanisms of liver injury focusing on 
those with the greatest impact in the HIV-infected patient. The role of hepatotrophic viruses 
and the host genetics are discussed. The material includes interesting new information regard-
ing HIV’s direct effects on the liver. There is an excellent chapter that summarizes recommen-
dations regarding practical management and prevention of hepatitis viral infections in those 
with HIV and a chapter that focuses on the recognition and management of the patient with 
advanced liver disease. Treatment is also given to drug hepatotoxicity. The last chapters of the 
book move to social, psychological, and behavioral issues including management of drug and 
alcohol abuse, an examination of racial disparities in HIV and liver disease and a discussion of 
quality-of-life issues that impact our patient’s well-being, even when the effects are difficult to 
measure.

“HIV and Liver Disease” is designed to be a useful reference for all health-care providers 
who manage patients with HIV. For those less familiar with issues related to liver disease, it 
will serve as a guide to evaluation and management. For the cognoscenti, those physician-
scientists who have contributed to this field, the text will provide an up-to-date source for 
describing where we are, and in what direction the field is moving. For the student, it will 
hopefully provide a roadmap to discover the excitement of this rapidly evolving field.

Cincinnati, OH  Kenneth E. Sherman
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Disclaimers

The findings and conclusions in this report are those of the 
authors and do not necessarily represent the official position 
of the Centers for Disease Control and Prevention.

Background

The Centers for Disease Control (CDC) estimates that 1.1 mil-
lion persons in the USA are living with HIV infection [1], of 
whom 21% are unaware of that they are HIV infected [2]. The 
incidence of new infections in 2006 was approximately 56,000 
[3] and had remained unchanged between 50,000 and 60,000 
annual new infections during the preceding decade. As a 
result, the estimated annual rate of HIV transmission, calcu-
lated as the number of new infections each year (numerator, a 
value that has remained steady at about 55,000) resulting from 
the population of persons with prevalent infection (denomina-
tor, a value that has increased each year by about 55,000) has 
been declining slowly from 6.8 to 5.0 transmissions per 100 
persons living with HIV between 1999 and 2006 [4].

Prevalence Rates and Trends

Data on prevalent HIV diagnoses has been collected by CDC 
from 37 states with mature confidential name-based HIV 
infection reporting systems that report diagnosis of both 
chronic asymptomatic HIV infections and of AIDS; this sub-
set of states does not include some jurisdictions with concen-
trated urban HIV epidemics [1]. The estimated prevalence 

rate of diagnoses of HIV infection in 2007 was 275.4 per 
100,000 population and has increased steadily from 2005 
(259.0) to 2006 (267.1). Of the estimated 580,371 persons 
who by the end of 2007 were living with HIV infection in 
these 37 states, the largest percentages were aged 40–44 
years (20%) and 45–49 years (19%). The highest HIV preva-
lence rates continued to be observed among men and mem-
bers of racial and ethnic minority groups [1–3]: 492.8 per 
100,000 among men, and 967.5 among blacks, 133.3 among 
whites, and 364.0 among Hispanics. Among the 417,797 
men, 64% had been exposed through male-to-male sexual 
contact, 16% through injection drug use (IDU), 7% through 
both male-to-male sexual contact and IDU, and 12% through 
heterosexual contact; among 153,814 women, 73% had been 
exposed through heterosexual contact and 26% had been 
exposed through IDU. During 2005–2007, the estimated 
number of persons living with a diagnosis of HIV infection 
increased by 13 and 11% among MSM persons exposed 
through heterosexual contact, respectively, but remained 
essentially stable among persons exposed through IDU.

Differences by Race and Gender

As indicated earlier, blacks, both males and females, experi-
enced the highest prevalence rates of HIV infection com-
pared with other racial/ethnic groups [1]. In 2007, the 
prevalence rate of HIV infection (per 100,000 persons) was 
2.7 times the corresponding rate for Hispanics, and 7.3 times 
the corresponding rate for whites. Among other subgroups, 
the corresponding rates were 126.7 for American Indians/
Alaska Natives, 55.4 for Asians, 173.6 for Native Hawaiians/
Other Pacific Islanders, and 187.2 for persons of multiple 
races.

Among persons of color, women are at considerably 
higher risk of HIV infection compared with white women 
than are men of color compared with white men. Figure 1.1 
depicts rates of new diagnoses of HIV infections in 2008. 
Whereas the rates of new diagnosis of HIV among black men 
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and Hispanic/Latino men were 7.9 and 3.2 times higher than 
for white men, respectively, the same rates among black 
women and Hispanic/Latino women were 19.3 and 4.6 times 
higher than their white counterparts, respectively.

Although white men, especially MSM, were most affected 
in the early years of the US epidemic, currently the majority 
of new diagnoses of HIV infection occur among racial and 
ethnic minority males, particularly young men many of 
whom are MSM [1, 5]. Between 2005 and 2008, the esti-
mated number of new diagnoses of HIV infection among all 
young (aged 13–24 years) black and young Hispanic/Latino 
MSM were essentially double the same number for white 
young MSM: among blacks, from 1,841 to 3,188 new diag-
noses with an estimated annual percentage change (EAPC) 
of 20.0; for Hispanics/Latinos 520–820 infections, EAPC 
18.1; among whites 663–917 cases, EAPC 10.7 [6].

Geography

Four states (California, Florida, New York and Texas) car-
ried the greatest burden of HIV disease in the USA as of the 
end 2008: 51% of cumulative adult and adolescent diagnoses 
of AIDS, and 46 and 43% of all new diagnoses of AIDS and 
of HIV infection, respectively, in 2008 [1]. The burden of 
HIV disease is approximately three times greater among 
residents of metropolitan areas (populations  500,000) com-
pared with residents of nonmetropolitan or rural areas (popu-
lations < 50,000), whether considering the rates of new HIV 
or of AIDS diagnosis during 2008, or the rates of persons 
living with HIV or with AIDS at the end of 2007. In a CDC 

survey conducted between 2005 and 2007 [7], HIV prevalence 
among high-risk heterosexuals within impoverished areas of 
major urban centers was 2.1%, a rate that exceeded the cutoff 
of 1% that defines a generalized epidemic and that was simi-
lar to rates in several low-income sub-Saharan African 
nations where the HIV epidemic is driven by heterosexual 
transmission [8]. In contrast to overall HIV prevalence in the 
USA, HIV prevalence rates in urban poverty areas did not 
differ significantly by race or ethnicity. Lastly, both the prev-
alence rates of persons living with HIV infection in the 34 
states with mature reporting systems as of 2007, and the rates 
of new HIV diagnoses nationwide were notably elevated 
across the southeastern USA [9] Indeed, in 2008, nine of the 
top ten metropolitan statistical areas with the highest rates of 
new HIV diagnoses were in the southeast (the exception was 
New York NY): Atlanta GA, Baton Rouge LA, Charlotte 
NC, Jackson MS, Jacksonville FL, Memphis TN, Miami FL, 
New Orleans LA, and Orlando FL [1].

Incidence Rates and Trends

Using new testing technology and statistical extrapolation 
methods, CDC has recently estimated that 56,300 new HIV 
infections occurred in the USA in 2006 for an overall inci-
dence rate of 22.8 per 100,000 population [3]. Forty five per-
cent of the infections were among black, 53% were among 
MSM, and 27% were among women. The majority of new 
infections in 2006 occurred among persons age 13–39 years. 
However, 25% of new infections occurred among persons 
aged 40–49 years, and 10% of new infections occurred 
among persons age 50 years and older.

Similar to prevalence data, the HIV incidence for blacks 
was 7.3 times as high as incidence among whites (83.7 per 
100,000 vs. 11.5 per 100,000) and almost 2.9 times as high 
as incidence among Hispanics (29.3 per 100,000) [3]. An 
independent historical trend analysis (back-calculation of 
HIV incidence from HIV surveillance data) corroborated 
these findings, yielding an estimate of approximately 55,400 
new HIV infections per year during 2003–2006. The study 
also documented that despite early progress in the epidemic, 
since 1999 HIV incidence (and corresponding prevalence) 
has been steadily increasing among MSM, whereas reduc-
tions in new HIV infections occurred among both injecting 
drug users and heterosexuals.

Persons Living with a Diagnosis of Aids

With advent of highly active combination antiretroviral ther-
apy in 1996, the number of persons living with HIV infection 
who have been diagnosed with AIDS and the annual esti-
mated number of deaths dropped precipitously from their 

Fig. 1.1 Estimated rates of diagnoses of HIV infection among adults 
and adolescents, by sex and race/ethnicity, 2008 – 37 states with confi-
dential name-based HIV infection reporting. Centers for Disease 
Control and Prevention. HIV Surveillance Report 2008, Volume 20. 
http://www.cdc.gov/hiv/topics/surveillance/resources/reports. 
Published June 2010
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peak years: 52 and 72%, respectively (Fig. 1.2) [1]. Both val-
ues have remained stable since 2005 and 82% percent of per-
sons diagnosed with AIDS in 2000–2004 were alive at the 
end of 2007. As a result, there has been a steady increase in 
the prevalence of persons living with AIDS, which includes 
persons who have ever experienced an AIDS-defining oppor-
tunistic illness or had a CD4 cell count <200 cells/mm3 even 
if they have subsequently experienced immune reconstitu-
tion and achieved a CD4 cell count 200 cells/mm3.

Continued improvements in the potency and tolerability 
of antiretroviral agents together with increased emphasis on 
treatment adherence have paralleled a threefold decline in 
the incidence rate of multiple regimen treatment failure: 56 
to 16 events per 100 person-years from 1996–1997 to 2005 
[10]. Maintaining antiretroviral therapy even in patients who 
cannot achieve an undetectable HIV RNA viral load signifi-
cantly reduces their risk of experiencing an AIDS-defining 
event [11]; however, following exhaustion of effective treat-
ment options, changes in survival have been modest at best, 
declining only from 6.5 to 5.0 deaths per 100 person-years 
from 1996–1997 to 2003 with a cumulative mortality of 26% 
at 5 years after failure [10].

Late HIV Diagnoses

Although early identification of HIV infection and prompt 
linkage to care and treatment improve survival and prolong 
the period of disease free survival on effective therapy, late 
diagnosis of HIV infection remains a major US public health 
dilemma. Two CDC studies have estimated that the fraction 
of persons who received a diagnosis of AIDS at or within the 

subsequent 12 months after diagnosis of their HIV infection 
ranged between 38% (based on nationally reported surveil-
lance data from 1996 to 2005) [12] and 45% (based on an a 
supplemental surveillance project that conducted interviews 
with recently diagnosed patients in 16 states between 2000 
and 2003) [13]. Another national surveillance report found 
that from 2001 through 2003, the median first CD4 cell count 
within 12 months of HIV diagnosis ranged 167–175 cells/mm3 
[14]. A South Carolina study conducted during 2004–2005 
of 759 persons with newly diagnosed HIV infection found 
that 34% had CD4 cell counts 200 cells/mm3 and 56% had 
CD4 cell counts 350 cells/mm3 around the time of their 
HIV diagnosis [15] and in the Johns Hopkins HIV Clinical 
Cohort in Baltimore, the median CD4 cell count at presenta-
tion among antiretroviral-naïve HIV-infected patients 
decreased significantly from 371 cells/mm3 in 1990–1994 to 
276 cells/mm3 in 2003–2006 [16].

Two recent reports suggest improvements may be occur-
ring. The first study reported findings using data from a large 
multicenter North American cohort that included observa-
tions from 44,491 persons of whom 95% received care in the 
USA The investigators found that the median CD4 count at 
first presentation for care after HIV diagnosis increased from 
256 cells/mm3 (interquartile range [IQR], 96–455 cells/mm3) 
to 317 cells/mm3 (IQR, 135–517 cells/mm3) from 1997 to 
2007 (P < 0.01) with an estimated adjusted mean CD4 count 
increase of 6 cells/mm3 per year (95% confidence interval, 
5–7 cells/mm3 per year) [17]. A second report from the 
District of Columbia, found that with increased effort to 
expand HIV testing from 16,748 tests in 2004 to 72,684 tests 
in 2008 [18], the median CD4 cell count at HIV diagnosis 
increased from 216 to 340 cells/mm3 (p < 0.01) [19]. Although 

Fig. 1.2 Estimated numbers of AIDS cases, deaths, and persons living with AIDS, 1985–2007 – the USA and dependent areas
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encouraging, in both reports more than 50% of persons had 
CD4 cell counts below currently recommended threshold of 
500 cells/mm3 for initiating antiretroviral therapy [20] at the 
time of their initial HIV diagnosis.

Need for Routine HIV Testing

The Washington DC experience highlights the value of 
expanded HIV testing. Approximately 21% of persons living 
with HIV in the U.S. are unaware of their HIV-positive status 
[2]. Persons who do not know that they are HIV infected are 
more likely to engage in high-risk sexual behavior capable of 
transmitting HIV infection than persons who have learned 
their status and had the opportunity to modify their behaviors 
[21]. To increase the number of persons who know their HIV 
status and, if positive, who are linked to clinical and preven-
tive services early, the CDC has recommended since 2006 
universal routine (i.e., opt-out) voluntary HIV screening for 
all persons age 13–64 years in public and private care set-
tings, and repeat annual testing for persons at high risk for 
HIV (i.e., injection-drug users and their sex partners, persons 
who exchange sex for money or drugs, sex partners of HIV-
infected persons, and MSM or heterosexual persons who 
themselves or whose sex partners have had more than one 
sex partner since their most recent HIV test [22]. Recent 
advances in HIV screening diagnostics, such as the use of 
rapid HIV-antibody tests and of HIV RNA tests to detect 
acute HIV infections, offer opportunities to diagnose HIV 
earlier among persons unaware of their status.

A 2008 CDC report indicates there is room for improve-
ment. Using the National Health Interview Survey, the inves-
tigators reported that between 1987 and 2006 the number of 
persons reporting having ever been tested for HIV infection 
rose from 6 to 38%, while the number reporting having been 
tested in the preceding 12 months remained essentially stable 
at 10% between 2001 and 2006 [23]. When asked of persons 
at risk for HIV infection as defined in the preceding para-
graph, 23.0% of respondents reported having been tested in 
the preceding 12 months. Continued national efforts to 
improve HIV testing methods, to reduce legal barriers that 
require informed signed consent, and to further integrate 
HIV testing into the routine care of all patients and also make 
testing available in other venues enriched in high-risk patients 
(e.g., needle exchange facilities, gay and lesbian community 
centers) are critical to reach the 2015 target in the President’s 
July 2010 National HIV/AIDS Strategy that 90% of persons 
living with HIV infection know their status [24].

Despite long-standing recognition that MSM and African-
Americans are at substantially increased risk of HIV 
infection, self-awareness of risk in these groups appears 
poor, emphasizing the importance of routine testing. Two 
studies have focused on MSM. A survey conducted during 
1994–2000 among 5,649 younger urban MSM ages 15–29 

years found that 77% were unaware of their infection prior to 
testing [25]. A subsequent survey in 2005 of 1,767 urban 
MSM with a median age of 32 years (range: 18–81) found 
that among the 450 men who tested HIV positive, 48% 
reported they were unaware of their infection prior to the 
test, of whom over half had never been tested for HIV infec-
tion or had been tested >1 year earlier [26].

Three studies have focused specifically on African-
Americans. A sub-study of the 1994–2000 survey conducted 
among 909 young urban black MSM ages 15–22 years dur-
ing 1994–1998 reported that 93% of the 139 men diagnosed 
with HIV infection were unaware of their status prior to the 
test and 71% believe they were at low risk of HIV infection 
[27]. A subsequent survey of young black MSM college stu-
dents in North Carolina diagnosed with HIV infections dur-
ing 2001–2003 indicated little change in the intervening 
years: 70% reported that at the time of their positive HIV test 
that they believed they were unlikely to be infected [28]. 
A similar survey of black women diagnosed with HIV infec-
tion in North Carolina during 2003–2004 (median age 29 
years, range 18–42) found that 58% believed they were 
unlikely or very unlikely to have HIV infection at the time of 
their positive test [29].

Trends in All-Cause Morbidity and Mortality

Studies continue to demonstrate that widespread use of 
highly active antiretroviral therapy (HAART) since 1996 has 
led to sustained and continually improving reductions in 
morbidity and mortality among HIV-infected adults and chil-
dren in the USA [30–32] and other industrialized countries 
[33–36]. In the USA, life expectancy after HIV infection has 
increased from 10.5 to 22.5 years from 1996 to 2005, respec-
tively [37]. Similar findings have been reported among 
Canadians patients: from 9.1 to 23.6 years for a person 20 
years of age initiating antiretrovirals at CD4 cell counts 
<200 cells/mm3 diagnosed with HIV during 1993–1994 and 
2002–2004, respectively [33]. Analyses of data from over 
16,000 Europeans found that the excess mortality rate among 
HIV-seroconverters compared with mortality in the general 
population was 94% lower during 2002–2006 than the period 
prior to 1996 [36]. In that study, mortality rates in the first 5 
years following infection for persons infected sexually with 
HIV were comparable to mortality rates of the general popu-
lation; however, HIV-infected persons experienced excess 
mortality over the longer term.

Much of the morbidity and mortality benefit associated with 
widespread use of HAART has been derived from the associ-
ated profound reductions in AIDS-defining opportunistic ill-
nesses (Fig. 1.3) [38, 39]. As a result, among treated patients, 
chronic diseases and conditions not typically associated with 
HIV have increasingly predominated both as causes for 
hospitalization [40, 41] and as causes of death [31, 42, 43]. 
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The introduction of simplified formulations of more tolerable 
and durable antiretrovirals and the recent development of mul-
tiple new antiretroviral treatment options (e.g., integrase inhib-
itors, CCR5 inhibitors) have allayed some of the concerns that 
earlier treatment (i.e., at higher CD4 cell counts) exposes 
patients to unnecessary pill burden, expense, and antiretroviral-
related toxicities, and might limit future treatment options due 
to the emergence of antiretroviral drug resistance.

The timing of antiretroviral therapy initiation (“when to 
start”) has been an area of considerable interest and contro-
versy. There is now broad agreement based on the Strategies 
for Management of Antiretroviral Therapy that structured 
treatment interruptions are harmful and should be avoided. 
Increasing evidence from this seminal clinical trial [44] and 
multiple large observational cohort studies [45–47] suggests 
that patients initiating antiretroviral therapy to suppress HIV 
viremia at higher CD4 cell counts experience improved sur-
vival but also reduces their risk for non-AIDS defining ill-
nesses, including chronic diseases as well as complications 
and toxicities of antiretroviral treatment [44, 48–51]. 
Reassuringly, initiation of antiretroviral therapy at higher 
CD4 cell counts does not appear to increase the risk of devel-
oping antiretroviral resistance [52] or of exhausting avail-
able treatment options and failing therapy [53]. Current US 
guidelines [20] recommend initiating antiretroviral therapy 
at CD4 cell counts <500 cells/mm3 with the option of initiat-
ing at higher CD4 cell counts especially under certain cir-
cumstances (e.g., when initiating therapy against hepatitis B 
infection, to prevent HIV transmission between serodiscor-
dant sexual partners or injection-drug-using partners).

Non-AIDS Morbidity and Mortality

As noted above, with improved survival on HAART and 
aging of the cohorts, HIV-infected patients are increasingly 
affected by chronic illnesses. These conditions include 

cardiovascular disease, hepatic and renal disorders, osteope-
nia, endocrine and metabolic abnormalities (including insulin 
resistance with consequent hyperglycemia, hyperlipidemia, 
diabetes, and lipodystrophy) and non-AIDS-defining can-
cers, particularly anal cancer, Hodgkin’s lymphoma, lung 
cancer, oropharyngeal cancers, and hepatocellular carcinoma 
[54–58]. Three factors can contribute to risk for these condi-
tions: (1) HIV and the effects of chronic viral infection and 
attendant inflammation, (2) antiretroviral treatment and its 
associated toxicities and adverse events, and (3) the host, 
most notably the population and psychosocial context in 
which the HIV disease occurs. For example, rates of hepati-
tis B and C infection, obesity, and tobacco use, all of which 
raise a patient’s risk for a variety of chronic illnesses, are 
highly prevalent among HIV-infected patients, often at rates 
that substantially exceed comparable rates in the general 
population [59–63]. Most US HIV-infected patients in care 
are able to achieve complete virologic suppression with 
increasingly less toxic and more durable antiretroviral ther-
apy; however, further reductions in mortality and morbidity 
will likely depend on effective prevention and treatment of 
the frequent chronic comorbidities these HIV-infected 
patients experience [64].

Summary

The US HIV epidemic is increasing among men who have 
sex with men and disproportionately affects black and 
Hispanic persons. In urban poverty areas, prevalence of HIV 
infection among heterosexuals now equals that of some sub-
Saharan Africa nations. Early diagnosis of HIV infection and 
entry into care, prompt initiation of HAART when indicated, 
and continued high adherence to treatment can substantially 
reduce HIV-related morbidity and mortality. In the current 
era, HIV-infected persons in care have, on average, a much 
improved survival prognosis. However, as patients live longer 

Fig. 1.3 Annual incidence of 
first AIDS-defining opportunistic 
infection in the HIV Outpatient 
Study, 1994–2007. Reprinted 
with permission from Brooks JT, 
Kaplan JE, Holmes KK, Benson 
C, Pau A, Masur H. HIV-
associated opportunistic 
infections-going, going, but not 
gone: the continued need for 
prevention and treatment 
guidelines. Clin Infect Dis. 
2009;48(5):609–11
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they are increasingly affected not by the direct consequences 
of HIV infection but by chronic diseases. HIV infection in the 
USA has evolved into a chronic disease for persons in care, 
for which providers increasingly need to focus attention on 
the prevention of comorbid conditions and early identifica-
tion and treatment of long-term complications.
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Introduction

In the era of combination antiretroviral therapy (CART) and 
improved survival [1], liver disease has become a leading 
cause of morbidity and mortality among HIV-infected per-
sons [2–4]. The term “liver disease” encompasses a wide 
spectrum, ranging from asymptomatic mild elevations of 
liver enzymes (aspartate aminotransferase, AST; alanine 
aminotransferase, ALT; alkaline phosphatase, ALP) to cir-
rhosis and end stage liver disease with all its complications 
(e.g., ascites, esophageal varices, hepatic encephalopathy). 
Liver disease in HIV-infected persons may be due to the 
virus itself, combination antiretroviral therapy (CART) used 
to treat HIV, infectious and noninfectious complications of 
HIV, or a combination of the above. Since several potential 
factors may be at play in any given HIV-infected person with 
liver disease, at times it is very difficult to clearly ascribe 
etiology. In addition to opportunistic infections and cancers, 
several conditions that are common in the general population 
may be seen with increasing frequency in HIV-infected per-
sons. In this chapter, we discuss the epidemiology of liver 
disease in HIV-infected patients by etiology. Pathogenesis, 
natural history, and treatment for these conditions are dis-
cussed separately in other chapters.

While the majority of liver related morbidity and mortal-
ity is due to coinfection with hepatitis C virus (HCV) and 
excess alcohol use [5–7], the list of causes is extensive. Liver 
disease is implicated as the cause of death in 15–17% of the 
deaths in HIV-infected persons of which two thirds to three 
quarter are attributed to HCV coinfection [7, 8]. The proportion 

of liver related deaths among HIV-infected persons  
increased from <2% in 1995 to 17% in 2005 [8]. Excessive 
alcohol was reported in 48% of those patients, and 62% had 
undetectable HIV RNA levels [8]. The prevalence of liver 
enzyme elevation in HIV-infected persons in the absence of 
HCV or HBV coinfection is approximately 16%, with an 
incidence of 3.9 per 100 person years [9, 10]. Such eleva-
tions are associated with higher HIV RNA levels higher  
body mass index, and excess alcohol use. However, mild to 
moderate elevations do not seem to have a significant effect 
upon disease progression or mortality [9, 11]. Liver cirrhosis 
is a more serious consequence in HIV-infected persons, with 
an estimate overall prevalence of 8.3% (95% CI 7.2–9.5). 
The presence of liver cirrhosis in HIV-infected persons in the 
absence of viral hepatitis or alcohol use is 1.1% (95% CI 
0.5–1.8) [12].

Combination Antiretroviral Therapy

Therapy with combination antiretroviral therapy is associated 
with liver enzyme elevation in 6–30% of patients [13]. 
Severe CART-related hepatotoxicity is reported in approxi-
mately 10% of patients, and life-threatening events are 
reported at a rate of 2.6 per 100 person years [14]. Most anti-
retroviral drugs used to treat HIV infection can lead to liver 
injury, but is particularly true for nonnucleoside reverse tran-
scriptase inhibitors and protease inhibitors. Even within a 
class, there may be differences in the degree of liver injury 
potential. In a prospective study of 568 subjects, nevirapine-
containing regimen was associated with twice as many grade 
3 or 4 liver enzyme elevations compared with efavirenz- 
containing regimens [13]. Concomitant alcohol use and HCV 
coinfection may increase risk of liver injury in these people. 
However, the overall risk is small and is usually reversible 
when recognized in time. In one study, 88% of HIV–HCV 
coinfected persons on combination antiretroviral therapy 
remained free of any liver toxicity [15]. Risk of liver toxicity 
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was higher among those who were on a ritonavir-based 
regimen. The risk of liver enzyme abnormalities in most 
studies was substantially higher in patients with HCV or 
HBV coinfection.

While most protease inhibitor-based regimen may cause 
liver enzyme elevation, other effects may be seen and differ 
by drug. For example, the typical pattern of liver abnormal-
ity associated with the protease inhibitors indinavir and ata-
zanavir is an asymptomatic elevation of unconjugated 
bilirubin in the absence of AST/ALT elevation, seen in 
6–40% of patients treated with these agents [16]. Progression 
to overt clinical jaundice is uncommon (7–8%), and the usual 
course of action is to observe such patients unless clinical 
jaundice or other liver abnormalities are found.

HIV and HCV–HBV Coinfection

Due to shared routes of transmission and similarities in 
behavioral patterns, there is a high risk of HCV and HBV 
coinfection among HIV-infected persons. In large national 
cohorts, the prevalence of HCV coinfection among HIV-
infected persons is 18% [17–19]. In comparison, the preva-
lence of HCV infection in the general population in the USA 
is 1.6% [20].

HIV–HCV coinfected persons are more likely to have 
advanced liver disease and an accelerated progression of 
liver disease [21, 22]. But the effect of liver disease upon 
HIV progression is less well established. Some studies have 
demonstrated that HIV–HCV coinfected persons have more 
AIDS at baseline, more rapid progression to AIDS and 
decreased rate of CD4+ lymphocyte recovery [23, 24], while 
others have not found any such association [25, 26].

The prevalence of chronic HBV coinfection among HIV-
infected persons is reported to be 7–11% [27, 28]. HIV-
infected persons with negative serologic markers still have a 
substantial risk of occult chronic HBV infection defined as 
the presence of HBV DNA. In a study by Lo Re et al., 10% 
of HIV-infected subjects with negative HBsAg/anti-HBc had 
detectable HBV DNA [29].

Approximately 25–30% of HCV monoinfected persons 
have persistently normal liver enzymes. Some studies have 
found no significant difference in liver enzyme abnormali-
ties between HCV monoinfected and HIV–HCV coinfected 
persons, while other have reported higher levels in the coin-
fected persons. Nearly 30% of HIV–HCV coinfected persons 
with persistently normal liver enzymes have stage F2 fibro-
sis on liver biopsy [30]. A recent clinical trial in HIV–HCV 
coinfected persons failed to show a significant benefit of 
long term pegylated interferon maintenance therapy in slow-
ing progression of liver fibrosis. The trial was halted due to 
very slow rates of liver fibrosis progression in patients on 
CART [31].

Other Infectious Diseases

Viruses from the herpesviridae family (HSV, CMV), para-
sites (Toxoplasma gondii), mycobacteria (M. tuberculosis, 
M. avium complex), and fungi (Cryptococcus, Histoplasma) 
can all affect liver and manifest mostly as elevated liver 
enzymes. Many of these infections are classified as “oppor-
tunistic infections” and most are more common in HIV-
infected persons compared to HIV-uninfected controls. In 
HIV-infected patients with elevated liver enzymes and appro-
priate clinical setting and epidemiologic exposure, these 
should be considered in the differential diagnosis.

Noninfectious Comorbidities

Alcohol Use

The prevalence of alcohol abuse or dependence is much 
higher in HIV-infected persons compared to the general popu-
lation [32]. In an urban cohort of HIV-infected persons in the 
USA, 10.4% of the patients reported hazardous alcohol drink-
ing. The overall prevalence of liver fibrosis as determined by 
an AST to platelet ratio (APRI) of >1.5 was 11.6% [33]. 
Among those without HCV coinfection, 5.3% had APRI >1.5 
with hazardous alcohol drinking associated with an adjusted 
relative risk ratio of 3.72. Among the HCV coinfected per-
sons, 18.3% had APRI >1.5, and in this population hazardous 
alcohol use was not independently associated with APRI.

Nonalcoholic Fatty Liver Disease (NAFLD)

NAFLD is defined as accumulation of fat in the hepatocytes 
exceeding 5% of the liver weight [34, 35]. NAFLD is not a static 
disease and may progress over a period of time. At one end of 
the spectrum is the relatively benign mild fatty infiltration of the 
liver, while the more severe forms, or nonalcoholic steatohepa-
titis (NASH) are characterized by significant steatosis with 
increasing degree of lobular and/or portal inflammation as the 
disease progresses [34].

NAFLD is a common liver condition. It is estimated that 
20–30% of the US adults have some degree of hepatic steatosis 
or NAFLD, with 2–3% having the more severe form, NASH 
[34–37]. NAFLD is a common cause of elevations in serum 
alanine aminotransferase (ALT) levels accounting for 60–90% 
of ALT elevations in afflicted patients [38–40]. NAFLD is 
associated with accelerated liver fibrosis progression [41], as 
well as increased all-cause and liver-related mortality [41, 42].

There are scant data about the prevalence of NAFLD in 
patients with HIV alone. Using magnetic resonance spectro- 
scopy, Hadigan and colleagues identified hepatic steatosis in 
42% of HIV-infected subjects [43]. Another recent study 
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using liver–spleen attenuation of CT scan found steatosis in 
37% of HIV-infected persons [44]. In this study, factors asso-
ciated with NAFLD included a higher serum ALT–AST 
ratio, male sex, greater waist circumference, and longer 
NRTI use [44]. HIV-infected subjects with NAFLD have a 
lower BMI and a lower percentage of fat mass when com-
pared with HIV-uninfected subjects with NAFLD [45]. 
Hepatic steatosis can progress rapidly to cirrhosis in HIV-
infected persons, even in the absence of HCV coinfection, 
and despite effective control of HIV replication [46].

Hepatic steatosis/NAFLD is even more common among 
HCV–HIV coinfected patients, being reported in 67–69% of 
patients [47–49]. While HCV genotype 3 and BMI are associ-
ated with NAFLD/steatosis in this population, this association 
persists even after adjusting for BMI and HCV genotype [47, 
48]. Hepatic steatosis in HCV–HIV coinfected subjects has 
been associated with more advanced fibrosis in multiple stud-
ies [49–52], and fibrosis progression correlates with the degree 
of steatosis [50]. The relationship between antiretroviral use 
and steatosis is less clear, with some studies reporting an 
increased risk [49, 52], while others did not find such an asso-
ciation (Table 2.1) [53, 54]. There was no association between 
steatosis and HIV RNA or CD4 counts [47, 48, 53, 54].

Hepatocellular Carcinoma

Globally, HCV, HBV, and alcoholic cirrhosis are the leading 
causes of hepatocellular carcinoma (HCC) [55]. An associa-
tion between HIV and HCC has been reported by some recent 
studies. Since HCV, HBV, and excessive alcohol use are all 
more prevalent in HIV-infected persons, careful study of the 
role of each of these factors is important. In an analysis of 
HIV-infected veterans in the USA, McGinnis et al. found 
that while HIV-infected veterans were at a greater risk for 
HCC compared to uninfected veterans, this was largely 
explained by the higher prevalence of HCV and alcohol 
abuse or dependence [56]. However, among HIV-infected 
population with liver related death, HCC accounts for an 
increasing proportion of deaths, increasing from 15% in 
2000 to 25% in 2005 [57]. Screening for HCC is important 

among HIV-infected persons, especially those with HCV or 
HBV coinfection or excessive alcohol use.

Other Conditions

A newer entity called “nodular regenerative hyperplasia” has 
been recently reported [58]. The prevalence of nodular 
regenerative hyperplasia in the general population has been 
estimated between 0.7 and 2.6% based on autopsy series, but 
may be as high as 8% in the HIV-infected persons [58, 59]. 
While some studies have suggested an association with 
CART, the number of reported patients in literature is too 
small to make any definitive conclusions.

Summary

Liver injury and liver disease are common among HIV-
infected persons, and liver disease is now a leading cause of 
morbidity and mortality in this group. While nearly all anti-
retrovirals have been associated with liver injury, the overall 
risk from such therapy is relatively small and reversible. 
NAFLD is another common condition that needs to be con-
sidered. Excessive alcohol use is more prevalent among 
HIV-infected persons and has significant consequences, both 
in terms of liver disease as well as nonadherence to HIV 
medication and progression of HIV disease. Opportunistic 
infections are another important cause of liver injury. Finally, 
the incidence of HCC is on the rise among HIV-infected per-
sons. For almost all conditions listed above, coinfection with 
HCV substantially increases the risk.
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Introduction

Combination antiretroviral therapy (CART), consisting of 
3 drugs with at least two different viral targets, has changed 
HIV/AIDS from an invariably lethal disease to a manageable 
one [1]. As potent antiretroviral combination therapy has 
improved the disease-free survival of HIV-infected individu-
als, adding millions of years of additional life to those receiv-
ing these drugs [2]. Large European and North American 
cohort studies have demonstrated that even patients who are 
diagnosed and begin treatment late in the disease process no 
longer die of AIDS or an AIDS-associated opportunistic dis-
ease – rather, mortality is increasingly due to end-stage liver 
and kidney disease, cardiovascular disorders, and non-AIDS-
defining malignancies [3–11]. A recent study from Haiti 
shows similar results that patients starting combination anti-
retroviral therapy with a CD4 count between 200 and 
350 cells/mm3 had decreased rates of death and incident 
tuberculosis so the advances in HIV therapy hold true in 
resource-poor settings as well as in the industrialized world 
[12]. Consequently, preventing and treating these newer 
causes of morbidity and mortality has been a dominant theme 
in the research efforts of the last few years.

In the late 1990s, as the number of drugs approved for the 
treatment of HIV increased, the US Public Health Service 
developed a set of guidelines to assist those caring for HIV-
infected patients. The pace of drug development and new 
knowledge in the management of HIV infection has been 
brisk, leading to near-annual revisions of the Department 
of Health and Human Services (DHHS) Guidelines for 
the Treatment of Adults and Adolescents. In fact, since man-
agement options can change swiftly, midyear updates to the 

guidelines are regularly posted on the federal AIDSinfo Web 
site (http://aidsinfo.nih.gov). Initially, the guidelines were 
presented as columns of drugs with the recommendation to 
chose two from the nucleoside reverse transcriptase inhibitor 
(NRTI) column and one from either the protease inhibitor (PI) 
or the nonnucleoside reverse transcriptase inhibitor (NNRTI) 
columns. Since then, the guidelines have evolved to recom-
mend specific regimens as “preferred,” “alternative” or “not 
recommended.” This represents a significant change driven 
by clear evidence from randomized (and, in some cases, dou-
ble-blinded, placebo-controlled) clinical trials that have 
demonstrated the improved efficacy, safety, and tolerability 
of newer regimens. With the rapid development of a number 
of drugs to which multidrug resistant HIV is sensitive, as well 
as the introduction of three new classes of antiretroviral 
agents, the goal of avoiding morbidity and mortality by 
complete viral suppression has become a reality for both the 
highly antiretroviral-experienced and the previously untreated 
patient alike.

The DHHS Guidelines [13] address all of the key issues 
in managing persons with HIV infection. Baseline evalua-
tion, including laboratory testing; the goals of therapy; indi-
vidualizing therapy; therapeutic options; when to initiate and 
when to change therapy; the importance of patient adherence 
to achieve optimal outcomes and prevent the emergence of 
resistance; antiretroviral therapy-associated adverse effects; 
management of acute HIV infection; special considerations 
in adolescents, pregnant women, injection drug users, and 
those coinfected with hepatitis B, hepatitis C, and tuberculo-
sis are all discussed in detail. The guidelines also include 
recommendations for counseling HIV-infected patients on 
preventing transmission.

Currently recommended initial therapy HIV infection 
consists of two NRTIs, the oldest class of antiretroviral drugs, 
combined with either an NNRTI a ritonavir-boosted PI, or most 
recently, an integrase inhibitor (INI) [13]. These preferred regi-
mens represent a departure from previously “preferred” 
initial regimens, with only an efavirenz (NNRTI)-based 
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regimen persisting in this category. Changes in the “pre-
ferred” initial therapy are based on research in two direc-
tions: (1) clinical trials indicating that newer ritonavir-boosted 
PIs (atazanavir and darunavir) are not inferior to lopinavir/
ritonavir and offer better tolerability and safety profiles [14, 
15] and (2) the development of the first integrase inhibitor, 
raltegravir [16], which has been shown to be highly potent, 
well tolerated, and safe.

At the same time that HIV drug development has been 
driving changes in the “preferred” category, data have been 
evolving to support earlier initiation of treatment based on 
immunologic status (CD4 cell counts) while recognition of 
longer-term toxicities have influenced the guidelines in a 
more conservative direction. In 1998, the DHHS guidelines 
recommended offering combination antiretroviral therapy to 
asymptomatic patients with CD4 counts <500 cells/mm3, 
acknowledging that while many experts would delay therapy 
and observe asymptomatic patients with CD4+ T-cell counts 
>500, other experts would treat at that level [17]. By 2004, as 
a result of mounting concerns about short- and long-term 
toxicities, CART was recommended for symptomatic or 
asymptomatic patients with CD4+ T-cell counts <200. 
Treatment “should be offered to asymptomatic patients with 
CD4+ T-cell counts from 201 to 350,” although this was not 
mandated [18]. In 2008, the guidelines had evolved to rec-
ommending initiation of antiretroviral therapy in patients 
with a history of an AIDS-defining illness or with a CD4+ 
T-cell count <350 [19].

By 2009, recommendations for even earlier initiation of 
treatment were based on data from several observational 
cohorts, suggesting that therapy may be considered in some 
patients with CD4+ T-cell counts >350 [13]. Although evi-
dence from randomized controlled trials showing benefit for 
patients with higher CD4 cell counts is not yet available, 
cumulative observational cohort data clearly demonstrate 
benefit for earlier initiation of treatment. Arguments for 
beginning treatment at CD4 counts >350 are based on the 
fact that potent CART may improve and preserve immune 
function in most patients with virologic suppression, regard-
less of their baseline CD4 count, and that maintaining a 
higher CD4 count will prevent irreversible immune system 
damage. In addition, data have demonstrated a decreased 
risk of HIV-associated complications, such as tuberculosis, 
HIV-associated malignancies such as non-Hodgkin lym-
phoma and Kaposi sarcoma, human papillomavirus (HPV)-
associated malignancies such as cervical and anal carcinomas, 
peripheral neuropathy, and HIV-associated cognitive impair-
ment, as well as decreased risk of nonopportunistic condi-
tions and non-AIDS-associated malignancies. The bulk of 
this evidence for earlier treatment is derived from large 
cohort studies, suggesting that initiating treatment earlier 
results in increased immunologic response, [20] lower mor-
tality rates, [21] lower risk of developing some long-term 

treatment-related complications, [22] and lower rates of 
extensive triple class virologic failure [23]. Importantly, rec-
ommendations for earlier initiation of ART were also based 
on the growing awareness that untreated HIV infection may 
be associated with development of many non-AIDS-defining 
diseases, including cardiovascular disease, kidney disease, 
liver disease, and non-AIDS-defining malignancies [24, 25]. 
Lastly, treatment of HIV decreases the risk of HIV transmis-
sion, whether vertical (maternal–fetal) or horizontal (between 
sexual partners) [26, 27]. However, the split among the panel 
members regarding their level of enthusiasm for treatment at 
CD4 cell counts above 500 cells/mm3 indicates how heated 
the current discussions around initiating treatment have 
become in the absence of prospective, randomized trial 
data [13].

There are, of course, limitations to cohort data that 
evaluate the timing of treatment initiation. Cohort studies are 
not designed to demonstrate statistical significance between 
CD4+ cell count endpoints, although they can indicate trends 
in outcomes. A large, randomized, controlled trial demon-
strated that continuous CART therapy was more beneficial 
than treatment interrupted by achievement of a CD4 cell 
count >350 [28], and a post hoc subanalysis has shown that 
initiating treatment earlier results not only in the reduced risk 
of AIDS-related OIs or death but also in the reduced risk of 
non-AIDS-related complications [24].

There is as yet no randomized trial that definitively 
addresses the optimal time to initiate antiretroviral therapy in 
patients with CD4+ cell counts >200 cells/mm3. Currently, 
there are two randomized controlled trials that are evaluating 
early versus deferred antiretroviral therapy, and should pro-
vide crucial data in the future. One study, aptly named The 
Strategic Timing of ART (START), is evaluating immediate 
(CD4 >500 cells/mm3) versus deferred initiation (CD4 
<350 cells/mm3) in an estimated 4,000 individuals with a 
CD4 count >500 cells/mm3 [29]. A second randomized trial, 
HPTN 052, is designed to determine the effectiveness of 
immediate versus deferred therapy to prevent the sexual 
transmission of HIV among an estimated 1,750 HIV-
serodiscordant couples where one partner has a CD4 count 
of 350–550 cells/mm3 at study entry. This trial is also under 
way, with participants being randomized to immediate ver-
sus deferred treatment until their CD4 count falls to the 

200–250 cells/mm3 range or they develop an AIDS-defining 
illness [30].

Based on the evidence described above, the most recent 
version of DHHS guidelines (Dec. 1, 2009), [13] now rec-
ommends that CART should be initiated in all patients with 
a history of an AIDS-defining illness or with a CD4 count 
<350 cells/mm3, is recommended for patients with CD4 
counts between 350 and 500 cells/mm3 (with 55% of the 
panel “strongly supportive” and 45% “moderately supportive”), 
and is an option in patients with CD4 counts >500 cells/mm3 
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(panel split evenly in favor of treating with the other half 
considering this optional). Also, in specific clinical situa-
tions, antiretroviral therapy is indicated regardless of CD4 
cell count: pregnancy (to prevent maternal morbidity and 
mother-to-child-transmission), HIV-associated nephropathy 
(which responds to HIV treatment and may delay or obviate 
the need for dialysis), and hepatitis B virus coinfection when 
treatment of hepatitis B virus is indicated (because of the 
anti-HBV activity of several HIV drugs).

A key limitation to starting CART earlier in the disease 
process is the failure to diagnosis HIV Infection early enough 
for patients to derive benefit. Studies have shown that the 
majority of patients today are not diagnosed until later stages 
of disease [31–33]. In the Swiss HIV Cohort Study, 31% and 
10% of patients had CD4 counts <200 and <50 cells/mm3, 
respectively, when they were diagnosed with HIV infection 
[31]. In the USA, despite CDC recommendations for routine, 
opt-out HIV screening published as long ago as September 
2006 [34], the median CD4 count for newly diagnosed 
patients is in the 200 cells/mm3 range, with the exception of 
pregnant women diagnosed as a routine part of prenatal care. 
The delay in HIV diagnosis occurs unevenly, occurring more 
frequently in nonwhites, injection drug users, and older 
patients. In fact, 38.3% of all patients [33] and 42% of injec-
tion drug users [32] have been shown to receive a diagnosis 
of AIDS within 1 year of testing HIV-positive.

New HIV drugs in active development include other sec-
ond-generation NNRTIs, new INIs and an INI that could be 
termed “second generation” in that its antiviral activity 
includes HIV that is resistant to the first FDA-approved INI, 
raltegravir. Two randomized, controlled, multinational phase 
III trials comparing once daily TMC278 (rilpivirine) to efa-
virenz have just concluded, indicating that rilpivirine is non-
inferior to efavirenz [35]. These data, however, were 
submitted for FDA review in 2010. Elvitegravir, a new InI 
that must be coadministered once daily with the pharmacoki-
netic booster cobicistat, is in the final phase of testing; [36] 
its resistance pattern overlaps significantly with raltegravir’s. 
S/GSK1349572 is a promising INI that can also be adminis-
tered once daily and has activity against raltegravir-resistant 
virus; [37, 38] phase III studies are poised to start in late 
2010. Still other agents with novel targets are in earlier stages 
of development.

Individualizing antretroviral therapy is essential to 
maximizing the patient’s chance of success; in HIV disease 
management there is no ‘one size fits all’. An “alternative” 
regimen may be preferred for some patients, and a “pre-
ferred” regimen may not be appropriate for all patients. The 
activity, intrinsic genetic barrier to resistance and the possi-
bility of cross-resistance of a regimen are topics crucial to 
the physician. Of equal importance to the patient is the toler-
ability of a given regimen (requiring specific discussion of 
the adverse effect profile), ease of administration, patient’s 

lifestyle and preferences – no bus driver wants to be on 
medication that is likely to cause diarrhea. Other comorbid 
conditions and risks, such as diabetes, hyperlipidemia, heart 
disease, and chronic hepatitis B and/or C should also be 
taken into consideration. Adherence is crucial to a successful 
outcome, and some regimens are more forgiving in this 
regard than others [39]. It goes without saying that patients 
initiating CART should be willing and able to commit to life-
long treatment and should understand both the benefits and 
risks of therapy and the importance of adherence. Patients 
may choose to postpone therapy without prejudice to their 
future care, and similarly, providers may elect to defer 
therapy based on clinical and/or psychosocial factors on a 
case-by-case basis.

Treating HIV in the Context of Liver Disease

As the majority of deaths in the “HAART era” in several 
studies are no longer AIDS-associated, end-stage liver dis-
ease (ESLD) has emerged as a common cause of mortality. 
Coinfection with chronic viral hepatitis B (HBV) and/or 
hepatitis C (HCV) play significant roles in morbidity and 
mortality [9, 40, 41]. Moreover, there is a bilateral interac-
tion of chronic viral hepatitis and HIV on disease progres-
sion. Other etiologies of chronic liver disease include alcohol 
abuse and steatosis, and many antiretroviral drugs used have 
been associated with varying degrees of hepatic toxicity, 
including some linked to acute liver failure and death, such 
as nevirapine.

The presence of chronic hepatitis B coinfection has a pro-
found effect on the choice of medications, as some of the 
preferred drugs for HIV have an overlapping spectrum of 
activity against chronic HBV. When HIV drugs with HBV 
activity are interrupted or stopped, patients will frequently 
experience a flare of their chronic HBV. Conversely, ente-
cavir, an effective and well-tolerated nucleoside analog that 
was used as monotherapy for HBV in coinfected individuals 
who had not yet begun therapy for HIV has been shown to 
induce resistance to the HIV drugs lamivudine and emtricit-
abine [42]. There have been contradictory reports about the 
anti-HIV activity of telbivudine. A case report that suggests 
an antiretroviral effect [43] and an in vitro study that fails to 
demonstrate inhibition of HIV-1 [44]. Adefovir was tested in 
the late 1990s as an anti-HIV drug at doses of 60 and 120 mg 
daily, but was both nephrotoxic and ineffective at these doses. 
Thus far, there are no data to indicate that the hepatitis B 
dose, 10 mg daily, has an antiviral effect on HIV or that it 
induces resistance to drugs for HIV. Although there are some 
agents available for treating HBV that appear to have no HIV 
activity (e.g., adefovir, interferon), thus making treatment of 
HBV alone in the coinfected person plausible, these are typi-
cally not the agents of choice for HBV. There are as yet no 
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data from randomized, controlled trials to indicate that 
2 agents for chronic HBV coinfection are required. A retro-
spective study suggests that tenofovir plus lamivudine was 
associated with improved viral suppression compared with 
either drug alone, [45] and other studies suggest that combi-
nation therapy can decrease the development of resistance 
[46]. Therefore, experts recommend combination therapy 
with two agents active against HBV in the context of HIV 
infection [47].

Complicating life for the clinician is the existence of sev-
eral guidelines that address the treatment of chronic hepatitis 
B coinfection, and while agreeing on the broad strokes, these 
guidelines differ in the details. The DHHS Panel on 
Antiretroviral Guidelines for Adults and Adolescents spe-
cifically recommends tenofovir and either lamivudine or 
emtricitabline for the NRTI backbone as part of a combina-
tion regimen for HIV, thus treating both infections simulta-
neously [13]. Patients with chronic HBV requiring treatment 
should nevertheless receive adequate therapy for HIV as 
well, as 2 NRTIs with activity against both viruses will 
undertreat the HIV and lead to NRTI resistance. The DHHS 
Opportunistic Infections Guidelines also recommend that 
patients initiating antiretroviral therapy should be treated for 
HBV, regardless of HBV DNA level, “…either with antiviral 
agents active against both HIV and HBV or with antiviral 
agents with independent activity against each virus.” Anti-
HBV therapy should be continued in all patients receiving 
antiretroviral therapy, as such treatment may reduce risk of 
HBV-associated immune reconstitution syndrome. However, 
if therapy for HIV is not yet required, coinfected patients can 
be managed as recommended for HBV monoinfection: treat 
if the patient has abnormal ALT level and HBV DNA 
>20,000 IU/mL (>105 c/mL) for HBeAg + s, and abnormal 
ALT and HBV DNA >2,000 IU/mL for HBeAg-s [47]. Some 
experts recommend treatment for patients with (1) any level 
of detectable HBV DNA, especially in patients with elevated 
ALT levels, because of the increased rate of liver disease pro-
gression, (2) substantial histologic inflammatory activity or 
fibrosis on liver biopsy, even if HBV DNA levels are low, 
and even (3) advanced fibrosis or cirrhosis on liver biopsy 
with any detectable HBV DNA level, if other causes for 
chronic liver disease have been excluded.

The DHHS Perinatal Guidelines Panel has also addressed 
the management of HBV/HIV coinfection [49]. Coinfected 
pregnant women who require HIV therapy for their own 
health and who will continue drugs postpartum and/or who 
require treatment for HBV infection should receive a 3-drug 
combination antiretroviral regimen that includes two agents 
with anti-HBV activity (e.g., tenofovir plus either lamivu-
dine or emtricitabine) in the antepartum period that should 
be continued postpartum. For coinfected women who receive 
antiretroviral drugs during pregnancy solely as prophylaxis 
for prevention of mother-to-child transmission of HIV, who 

are expected to discontinue such prophylaxis after delivery, 
and who do not require treatment for HBV infection, the 
choice is more complex and can include the following: (1) a 
regimen similar to that described above for women who will 
continue treatment postpartum, with monitoring for HBV 
flare, (2) a 3-drug combination antepartum antiretroviral 
regimen that includes only NRTIs without anti-HBV activity 
(e.g., abacavir, didanosine, stavudine, or zidovudine), or (3) 
a 3-drug combination antepartum antiretroviral regimen 
including lamivudine as the sole anti-HBV agent could be 
considered for women presenting late in pregnancy (e.g., 
after 28 weeks gestation) with monitoring for HBV flare.

Chronic hepatitis C (HCV) coinfection presents a differ-
ent kind of challenge. FDA-approved therapy for chronic 
HCV is currently limited to parenteral pegylated interferon 
(IFN) alfa (2a or 2b) plus oral ribavirin. This combination 
approach to HCV management is least successful in geno-
type 1, the most common genotype in the USA, and is fairly 
toxic. At this time, a decision whether to treat HCV or HIV 
first is complex and must be based on a number of factors, 
including the disease stage of each, liver histology and 
patient preference. The one exception is pregnancy, as inter-
feron is not recommended and ribavirin is contraindicated, 
[48] a situation where treatment of maternal HIV and pro-
phylaxis against neonatal HIV acquisition takes precedence.

According to the DHHS guidelines for antiretroviral ther-
apy, all HCV-coinfected patients should be evaluated for 
HCV therapy, and HCV treatment is recommended “…
according to standard guidelines with strong preference for 
treating patients with higher CD4 counts. For patients with 
lower CD4 counts (<200 cell/mm3), it may be preferable to 
initiate antiretroviral therapy and delay HCV therapy until 
CD4 counts increase as a result of HIV treatment.”[49] While 
both HIV and HCV can be treated concurrently, this approach 
may be complicated by pill burden, drug toxicities, and drug 
interactions.

Studies are being conducted that will hopefully provide 
further guidance on the best approach to managing the HCV-
coinfected patient. In addition, the active development of over 
20 small molecules with anti-HCV activity may vitiate the 
issue of which chronic viral infection to treat first. If they are 
better tolerated than IFN/ribavirin, concurrent treatment for 
both HIV and HCV may ultimately be possible. Telaprevir 
and boceprevir are two such agents that are likely to be 
approved by the FDA in the near future. The FDA has just 
published a draft guidance document, entitled “Chronic 
Hepatitis C Virus Infection: Developing Direct-Acting 
Antiviral Agents for Treatment,” which is currently available 
for public comment at: http://www.fda.gov/downloads/Drugs/
GuidanceComplianceRegulatoryInformation/Guidances/
UCM225333.pdf. In contrast to IFN/ribavirin, “direct-acting 
antiviral agents” (DAAs) are defined as agents that interfere 
with specific steps in the HCV replication cycle.
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As more recently developed agents for HIV have demon-
strated better adverse effect profiles, it has become easier to 
choose less toxic combination therapy for HIV for patients 
also suffering from chronic liver disease. For example, we 
have learned that use of the newer nucleotide analog tenofo-
vir is less likely to contribute to severe anemia in patients 
also undergoing IFN/ribavirin treatment than older drugs 
such as the nucleoside analog AZT (zidovudine). Nevirapine 
hepatotoxicity is more severe in women than in men, and its 
use should be limited to women with CD4 cell counts <250. 
The PI atazanavir – whether or not ritonavir-boosted – causes 
indirect hyperbilirubinemia in some individuals as a conse-
quence of its hepatic metabolism by UGT1A1 (uranyl glu-
cose transferase). While this is itself is not harmful, the frank 
jaundice that can sometimes occur as a result may be clini-
cally problematic in a patient with underlying liver disease, 
as well as socially problematic. In general, drug-induced 
liver injury (DILI) following antiretroviral therapy is more 
common in coinfected individuals, and the risk may be great-
est in advanced liver disease (cirrhosis or end-stage liver dis-
ease). It is very difficult to compare DILI incidence rates for 
individual drugs as they are always used in multidrug combi-
nations and comparisons across heterogeneous clinical trial 
populations complicates such analyses. However, stavudine 
with/without didanosine, nevirapine, full-dose ritonavir, and 
some ritonavir-boosted PIs, such as tipranavir/ritonavir, are 
more hepatotoxic than other drugs [50, 51].

Therefore, it is important to monitor alanine and aspartate 
aminotransferase levels at 1 month after initiating or chang-
ing antiretroviral therapy, and then to repeat levels every 3–4 
months. Mild to moderate fluctuations in liver enzyme levels 
are typical in persons with chronic HCV and should not drive 
changes in therapy, especially in the absence of signs and/or 
symptoms of worsening liver disease. However, increases in 
liver enzymes to >5 times the upper limit of the normal range 
should, “…prompt careful evaluation for signs and symp-
toms of liver insufficiency and for alternative causes of liver 
injury (e.g., acute viral hepatitis A or B infection, hepatobil-
iary disease, or alcoholic hepatitis).” In the HCV-coinfected 
patient, short-term antiretroviral interruption may be required 
to fully evaluate the situation. This is a more complex prob-
lem in the HBV-coinfected patient where interruption of 
therapy for DILI may precipitate a full-fledged HBV flare 
with worsening transaminase levels.

Summary

Advances in drug development with new drug targets and 
better-tolerated agents, evolving information about short and 
long-term antiretroviral drug toxicities, and emerging data about 
when to start antiretroviral therapy have all had a significant 
impact on guidelines for HIV management. Implementation 

of guidelines is complicated by the presence of chronic liver 
disease, especially chronic viral hepatitis where overlapping 
spectrums of antiviral susceptibility/resistance development 
and overlapping toxicities coincide. Nevertheless, it is impor-
tant to remember that guidelines are recommendations, not 
absolutes. Above all, HIV therapy must be individualized.
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Introduction

Human immunodeficiency virus (HIV), commonly affects 
the liver and biliary tract, although the types of HIV-
associated liver disorders have changed with the recent avail-
ability of highly active antiretroviral therapy (HAART) 
[1, 2]. Before the introduction HAART, mycobacterial 
infection of the liver was the most commonly diagnosed 
opportunistic infection. In one study that examined liver 
biopsies from 501 HIV-positive individuals in the USA, 
granulomatous hepatitis – usually due to mycobacteria – was 
the most common finding [3]. Mycobacterium avium com-
plex (MAC) and Mycobacterium tuberculosis are most com-
monly isolated in patients with CD4 cell counts less than 
50 cells/ l. Other opportunistic hepatobiliary infections 
commonly diagnosed prior to the advent of HAART, include 
Cytomegalovirus, Toxoplasma gondii, Leishmaniasis, and 
Cryptococcus neoformans. Since the introduction of HAART, 
a dramatic reduction has been observed in disseminated 
infections caused by Mycobacterial species, Cytomegalovirus, 
and Cryptococcus.

Currently, most liver disease in HIV-infected patients is the 
result of chronic viral hepatitis. Approximately 25% of HIV-
positive individuals in the USA, Europe, and Australia also 
have chronic Hepatitis C [4]. Therefore, coinfection with HIV 
and the various hepatotropic viruses has become a critical 
clinical issue. Several studies have shown that HIV-1 affects 
outcome in patients with chronic hepatitis B (HBV) and hepa-
titis C viral (HCV) infections [5, 6]. HAART has improved 
survival rates among patients infected with HIV but may be 
associated with increased mortality related to  progression of 

chronic hepatitis C viral infection and liver  failure [6, 7]. In 
addition, HIV-positive patients consume many prescription 
drugs for prophylaxis and therapy some of which may be 
hepatotoxic. As a result, drug-induced liver disease is rela-
tively common among HIV-infected persons. It is important to 
note, however, that the opportunistic infections commonly 
seen prior to the era of HAART are still seen commonly among 
HIV-positive patients in areas of the world where highly active 
antiretroviral drugs are not readily available.

General Features of HIV-Associated  
Liver Disease

Hepatomegaly is common among HIV-infected patients in 
industrialized countries (60–75% of cases) [8]. The fre-
quency of this finding, however, may differ depending on the 
geographical location since autopsy studies from Africa 
show no differences in the liver size among HIV-positive 
versus HIV-negative patients [9]. Mild-to-moderate mac-
rovesicular steatosis is also common in liver biopsies and 
autopsy material from HIV-positive patients. This is particu-
larly true in patients affected by AIDS. Other HIV-associated 
biopsy findings include moderate nonspecific lymphocytic 
inflammation of portal tracts and hemosiderin deposition in 
Kupffer cells, (usually secondary to blood transfusion). 
Granulomas are identified in liver biopsies in up to one third 
of HIV-positive patients [10–12] (Fig. 4.1). The main causes 
of granulomas are MAC infection, tuberculosis, and fungal 
infections (see below). Other findings include venoocclusive 
disease (likely drug induced) [13] and nodular regenerative 
hyperplasia [14].

Liver biopsies in patients with HIV infection also 
commonly demonstrate evidence of bile duct injury. This 
injury leads to HIV-associated cholangiopathy in some 
patients [15, 16]. Cholestasis may also be present and 
under some circumstances may mimic large bile duct 
obstruction.
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HIV-Associated Liver Infection

Viral Hepatitis

HIV coinfection with hepatitis C virus (HCV), hepatitis B 
virus (HBV) is not uncommon given the similar risk factors 
for these infections. There is no evidence of an association 
between HIV and hepatitis A virus infection.

Hepatitis B

In the USA and Europe, approximately 8% of HIV-infected 
individuals are coinfected with HBV [17, 18]. In other 
regions of the world where the incidence of HBV infection is 
higher, a larger proportion of HIV-positive persons are coin-
fected [19]. HIV-positive men infected with hepatitis B virus 
are at increased risk for becoming chronic HBV carriers as 
CD4 lymphocyte counts decrease [20]. Additionally, HIV 
infection appears to facilitate reactivation of HBV in patients 
who had earlier become hepatitis B surface antigen negative 
[21]. Clinically, HIV-positive HBV patients are less likely to 
develop chronic hepatitis following infection than are HIV-
negative individuals [22]. Overall, liver-related mortality is 
17-fold higher in HIV-positive individuals with HBV than in 
HIV-negative HBV-infected patients [17]. Similarly, liver 
disease-associated mortality is higher in HIV-positive 
patients with HBV than those who are HBV surface antigen 
negative [18].

Liver biopsy studies demonstrate that HIV-positive 
patients have less active chronic hepatitis, less scarring and a 
lower incidence of cirrhosis than non-HIV-infected patients. 
In addition, expression of hepatitis BeAg and hepatitis B 
viral DNA polymerase is greater in HIV-positive patients, 
suggesting that HBV DNA replication is more active in these 
individuals [22]. HIV may also be associated with develop-
ment of fibrosing cholestatic hepatitis in HBV e-antigen-
positive persons [15, 23, 24].

Hepatitis C

HCV and HIV coinfection are common given the common 
risk factors for contracting these infections. The likelihood of 
HIV and HCV coinfection, however, depends on the mode 
of transmission of the viruses. Over 60% of individuals who 
acquired HIV as a result of intravenous drug use also have 
chronic hepatitis C [25]. By contrast, HCV infection occurs in 
less than 5% of men who acquired HIV through sexual contact 
with other men [26]. The long-term biological effects of coin-
fection are currently under active investigation. Initial studies 
suggested that progression of HCV-related liver disease is 
unchanged or even milder in HIV-positive patients [27]. 
Studies with longer follow-up, however, have shown that HCV 
behaves as an opportunistic infection in HIV-positive patients 
especially in the later stages of the disease. HCV-infected 
HIV-positive patients have a reduced likelihood of clearing the 
HCV infection and likely progress more rapidly to end-stage 
liver disease than do non-HIV-positive HCV-infected individ-
uals [28–33]. The HCV effects are correlated with the severity 
of HIV-related immunosuppression. The development of 
HCV-related hepatocellular carcinoma also appears to be 
accelerated in HIV-positive individuals [34]. In addition, 
studies suggest that HCV coinfection accelerates progression 
to AIDS and death due to HIV [35, 36]. The degree to which 
this occurs appears to be HCV genotype dependent.

The histologic spectrum of changes seen in liver biopsies 
of patients with combined HCV liver disease and HIV 
positivity is wide and usually not specific. In many patients, 
the histologic findings do not differ from those observed in 
HIV-negative HCV-infected persons. However, in some, 
superimposed effects of drug injury may complicate the his-
tologic picture. Several studies have demonstrated increased 
portal, periportal, and lobular inflammation and higher 
grades of activity in HIV/HCV-infected individuals (Fig. 4.2) 
[37–40]. In addition, the stage of fibrosis is often higher and 
cirrhosis develops more rapidly in coinfected patients, espe-
cially in the subgroup whose CD4 T lymphocyte counts are 
less than 200 cells/ l. Some studies have also shown that 
pericellular fibrosis is more common in coinfected patients 
[38, 41]. Occasionally, HIV/HCV-infected individuals may 
develop an autoimmune-like hepatitis (Fig. 4.3) [42].

Fig. 4.1 Portal granuloma. A nonnecrotizing granuloma is present in a 
portal tract. It is composed of epithelioid cells and surrounding 
lymphocytes
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Other Viral Infections

Cytomegalovirus
Reactivation of Cytomegalovirus infection is common in 
HIV-infected patients, but CMV rarely causes significant 

disease until CD4 lymphocyte counts decrease to less than 
50 cells/ l. In general, hepatic disease due to parenchymal 
Cytomegalovirus infection is minimal [43]. In up to 10% of 
patients, liver biopsy shows rare Cytomegalovirus inclusions 
in hepatocytes, Kupffer cells and most commonly, endothe-
lial cells. CMV inclusions may be associated with a small 
zone of necrosis or microabscess formation. Rarely, CMV 
infection may cause severe bile duct necrosis or a form of 
injury resembling sclerosing cholangitis.

Herpes Simplex Virus
Disseminated HSV infection is uncommon in patients with 
HIV. Those that do become infected, however, may present 
with liver failure. Autopsy studies have shown liver enlarge-
ment with hepatic necrosis affecting primarily zones 2 and 3, 
multinucleated hepatocytes, ground glass nuclear inclusions, 
and minimal inflammation [44].

Varicella–Zoster Virus
Varicella–zoster virus is a rare cause of fulminant hepatitis in 
immunocompromised patients including those who are 
HIV-positive [45]. Liver biopsy may reveal a severe acute 
hepatitis with confluent necrosis of hepatocytes. Typical 
herpes virus type nuclear inclusions are identified.

Epstein–Barr Virus
Epstein–Barr virus (EBV) is associated with lymphoprolif-
erative disorders affecting many lymphoid organs in patients 
with HIV. The liver may sometimes be involved in this 
process. An EBV associated hemophagocytic syndrome has 
also been described [46].

Adenovirus
Adenovirus hepatitis occurs almost exclusively in HIV-positive 
children and occasionally young adults. Histologically, there 
is extensive zone 3 hepatocyte necrosis associated with little 
inflammation. Intranuclear viral inclusions are usually 
numerous [47, 48].

Bacterial Infections
Mycobacterium tuberculosis
Tuberculosis is highly prevalent among HIV-positive patients 
in Africa and India, and its incidence is increasing in indus-
trialized countries [49]. In one African autopsy study [50], 
50% of adults dying of AIDS had active tuberculosis. 85% of 
these patients have liver involvement. A similar study per-
formed in India demonstrated that 41% of AIDS patients had 
tuberculosis involving the liver [51].

Grossly, the liver may demonstrate multiple miliary-type 
lesions or a single or multiple masses. The microscopic findings 
vary depending on the degree of immunosuppression of the 
affected patient. Histologically, typical caseating granulo-
mas with or without giant cells may be seen in patients with 

Fig. 4.2 HCV in HIV. The portal tract contains abundant chronic inflam-
matory cells with a lymphoid aggregate and marked interface activity

Fig. 4.3 Autoimmune-like hepatitis. This portal tract contains numerous 
plasma cells associated with marked interface activity and hepatocyte 
injury
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lesser degrees of immunocompromise. Among patients with 
end-stage HIV disease, histologic liver examination more 
commonly demonstrates foci of necrosis surrounded by 
degenerating macrophages containing large numbers of acid-
fast bacilli [52].

Other Mycobacterium Species
The prevalence of Mycobacterium avium complex (MAC) 
infection among HIV-positive individuals varies geographi-
cally. It is rare in developing countries, and it occurs more 
commonly in patients with severe HIV-associated immuno-
compromise. MAC infection is commonly associated clini-
cally with an elevated serum alkaline phosphatase level, 
most likely as a result of compression of the biliary tree 
by enlarged mycobacteria-containing lymph nodes. 
Microscopically, nonnecrotizing granulomas containing 
acid-fast bacilli may be seen (Fig. 4.4). In patients with 
more severe immunocompromise, hepatic parenchymal 
abscesses containing clusters of histiocytes and massive 
numbers of acid-fast bacilli may be seen. Rarely, dissemi-
nated Mycobacterium kansasii infection occurs in patients 
with end-stage HIV/AIDS [53]. The liver may sometimes 
be involved in such patients. Histologically, the liver con-
tains numerous small intrahepatic granulomas containing 
acid-fast organisms.

Bacillary Angiomatosis
In HIV-positive patients, bacillary angiomatosis, character-
ized by the presence of multiple blood-filled cystic spaces of 
the liver (peliosis hepatis), is associated with infection with 
the bacterial organism Bartonella henselae. This organism 
causes both bacillary angiomatosis and cat scratch disease. 
The lesions of bacillary angiomatosis are visible as red spots 

underlying the capsule of the liver. The liver may be markedly 
enlarged. Histologically, numerous small blood-filled cysts 
(1–4 mm) are seen within the parenchyma of the liver. Some 
cysts may contain a partial endothelial lining. The adjacent 
sinusoids often appear ectatic. The bacteria are identifiable 
on Warthin–Starry stained sections.

Q Fever
Serologic studies suggest an infection with Coxiella bur-
netii, the organism associated with Q fever, is as many as 
three times more common among HIV-positive than 
among HIV-negative individuals [54]. The course of the 
disease and its treatment, however, do not differ depend-
ing on HIV status. Liver biopsy demonstrates granuloma-
tous hepatitis.

Fungal Infection
Many disseminated fungal infections have been reported in 
AIDS patients. The most common organisms that are isolated 
include Candida albicans, Cryptococcus neoformans, 
Histoplasma capsulatum, Coccidioides imitis, and Pneumocystis 
jiroveci. Other fungal infections occur, but are uncommon.

Candida
Candida infection occurs commonly in HIV-positive patients. 
Liver involvement may occur in as many as 14% of patients 
in industrialized countries [12]. Histologically, small necro-
tizing abscesses containing yeast and pseudohyphal forms of 
the organism are identifiable.

Cryptococcus
In one study, Cryptococcus was identified in livers of 5% of 
Indian AIDS patients at autopsy [51]. The liver may be enlarged 

Fig. 4.4 Mycobacterium avium complex infection. (a) The portal 
tracts and lobular parenchyma contain numerous compact granulomas 
as well as less well-formed clusters of histiocytes. Sinusoidal histio-

cytic aggregates are also seen. (b) An acid-fast stain (Ziehl-Neelson) 
demonstrates large numbers of bacteria within the histiocytes
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and microscopically there is a diffuse intracellular accumula-
tion of fungi within Kupffer cells and portal macrophages.

Histoplasma
The frequency with which histoplasmosis occurs in HIV-
infected patients depends on their geographic location. 
Histoplasma infection is rare in Europe, Asia, and Australia, 
but is relatively common in the USA [8, 55]. Liver involve-
ment by Histoplasma has been reported in 1–4% of AIDS 
patients in the USA. Liver biopsy demonstrates multiple 
small granulomas dispersed throughout the hepatic paren-
chyma and portal tracts. Budding yeasts measuring 3–5  in 
diameter are identifiable with the use of fungal stains. Kupffer 
cells may also contain fungi.

Coccidioides
Coccidioidomycosis is restricted to the Americas and affects 
the liver as a part of disseminated disease in AIDS patients. 
Histologically, the liver contains granulomas containing the 
characteristic Coccidioides spherules.

Pneumocystis
Prior to the development of HAART, 85% of AIDS patients 
developed Pneumocystis pneumonia at some time during the 
course of their disease. Spread of the infection to extrapul-
monary sites occurs when the CD4 T lymphocyte count drop 
to less than 50 cells/ l and is often associated with the use of 
nebulizer antibiotic therapy for Pneumocystis pneumonia. 
The liver is involved in up to 40% of such cases. 
Microscopically, focal areas of sinusoidal dilation and liver 
cell necrosis are present. These foci contain extracellular 
foamy pink material similar to that seen in the lungs of 
patients infected with Pneumocystis. Grocott staining dem-
onstrates the characteristic cysts with folded membranes and 
a solid dark spot within the cytoplasm.

Protozoal Infection
Toxoplasmosis. Disseminated toxoplasmosis is not common 
in AIDS patients. Occasionally, however, hepatic lesions are 
encountered at autopsy in those patients who do become 
infected. Toxoplasma organisms may be identified within 
parasitized hepatocytes which are surrounded by scattered 
lymphocytes and neutrophils. Occasionally, larger necrotic 
lesions may occur [56].

Leishmaniasis. Like many other opportunistic infections in 
AIDS patients, the prevalence of leishmaniasis varies 
 geographically. Most species of Leishmania are limited to 
southern Europe, South America, and Africa. The parasitic 
organisms, however, may remain dormant in the body for 
many years only to become reactivated as the patient becomes 
increasingly immunocompromised. Most HIV-positive patients 
with visceral leishmaniasis are intravenous drug abusers. 

These patients are typically European and are infected with 
Leishmania infantum [57]. Most affected patients already 
have AIDS and CD4 + T lymphocyte counts less than 
150 cells/ l. HIV-positive patients with visceral leishmaniasis 
may present clinically in atypical ways compared with HIV-
negative patients. Hepatosplenomegaly is less common and 
antileishmanial serology is often negative [58]. Approximately 
25% of patients die within one month presentation [59]. 
Liver biopsy demonstrates numerous amastigotes within 
Kupffer cells and portal macrophages. Occasionally, organ-
isms are seen within endothelial cells [60–62]. Rarely, biopsy 
may show significant liver cell necrosis or nodular regenera-
tive hyperplasia [63, 64].

Liver Tumors in HIV-Infected Patients

Kaposi’s Sarcoma

Kaposi’s sarcoma involving the liver is not an uncommon 
finding in HIV-positive patients living in industrialized coun-
tries. The incidence is lower in HIV-infected patients living 
in developing countries. The frequency with which Kaposi’s 
sarcoma is identified, however, has declined in association 
with antiretroviral therapy [65]. Gross examination of the 
liver may show capsular deposits of tumor measuring 
0.5–1 cm in diameter. The lesions are dark red in color. On 
cut section, multiple dark red spots may also be identifiable 
within the hepatic parenchyma. Histologically, the lesion is 
comprised of a bland spindle cell proliferation arising around 
bile ducts. The spindle cell proliferation produces slit-like 
spaces containing erythrocytes. Intracytoplasmic eosino-
philic inclusions may be identified. Immunohistochemistry 
for HHV 8 is helpful in establishing the diagnosis.

Hepatocellular Carcinoma

The incidence of hepatocellular carcinomas in patients with 
HIV infection is increasing [65, 66]. Hepatocellular carci-
noma arising in the setting of HIV almost invariably is asso-
ciated with coinfection with hepatitis B or hepatitis C virus 
(Fig. 4.5). It is likely that the increased longevity currently 
seen in HIV/HCV or HIV/HBV-positive individuals due to 
HAART results in decreased mortality from AIDS, but an 
increase in development of end-stage liver disease and hepa-
tocellular carcinoma [67].

Lymphoma

Liver involvement occurs in approximately 25% of HIV 
patients with lymphoma. It may be the primary site of 



28 A.E. Noffsinger and J. Wang

tumor [68]. Grossly, lymphomas often appear diffuse, but 
occasionally mass lesions may be seen. When mass lesions 
are present, they are often necrotic and can mimic tubercu-
losis or MAC infection. Primary bile duct lymphomas also 
occur, which may clinically and radiographically mimic 
sclerosing cholangitis [69]. Histologically, HIV-associated 
lymphomas are often centroblastic or immunoblastic in 
type and may contain cells with bizarre polylobated nuclei. 
Epstein–Barr viral infection is likely an important patho-
genic factor in the development of HIV-associated lym-
phoma. HHV 8 infection may also play a role in lymphoma 
development [70].

HIV-Associated Biliary Disease

Cholangitis

Two types of cholangitis occur in HIV-positive patients: 
ascending bacterial cholangitis and HIV-associated scleros-
ing cholangitis. Bacterial cholangitis is usually associated 
with gram-negative bacilli and resembles the disease seen in 
non-HIV-infected patients. HIV-associated sclerosing cho-
langitis is increasingly recognized as a complication of 
advanced immunocompromised. The median CD4-positive 
T-lymphocyte count in patients with this disorder is 
24 cells/ l [71]. The disease is characterized clinically by 

chronic abdominal pain, fever and cholestasis with dilation 
and irregularity of the bile ducts. Both intra- and extrahepatic 
bile ducts are affected (Fig. 4.6). The diagnosis is usually 
made by ERCP. HIV-associated sclerosing cholangitis has 
been associated with some infectious agents including 
Cryptosporidium, Microsporidia, and Cytomegalovirus 
[71–74].

Drug Toxicity in HIV Liver Disease

Drug reactions are increasingly an important cause of liver 
injury in patients with HIV infection. In industrialized 
countries, HIV-positive patients have access to many phar-
maceutical agents, and as a result, the potential for drug 
interaction is high. Many of the antiretroviral and other 
drugs taken by these patients are hepatotoxic. HAART 
itself has significant hepatotoxicity and may result in severe 
liver damage, liver failure, and death. Histologic findings in 
patients with acute liver failure associated with antiretrovi-
ral therapy include microvesicular steatosis, confluent 
hepatocellular necrosis, inflammation, and cholestasis 
(Fig. 4.7) [75]. Recurrent HCV infection likely renders 
the liver more susceptible to toxic injury from antiretro-
viral therapy [76]. Some forms of antiretroviral therapy 
may additionally accelerate the development of fibrosis in 
HCV-infected patients [77].

Fig. 4.5 Hepatocellular carcinoma. Moderately differentiated hepato-
cellular carcinoma in a patient with cirrhosis secondary to HIV and 
HCV infection

Fig. 4.6 Bile duct injury. The bile duct is infiltrated with lymphocytes 
(cholangitis) and the nuclei of epithelial cells are enlarged and overlap 
one another. There is associated periductal fibrosis
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Background

With the increasing use of highly active antiretroviral ther-
apy (HAART) for human immunodeficiency virus (HIV) 
management and the subsequent decline in morbidity and 
mortality secondary to opportunistic infections, greater atten-
tion is being paid to the natural history of hepatitis C virus 
(HCV) among HIV–HCV coinfected patients. Graham et al. 
[1] have shown a combined adjusted relative risk in coin-
fected patients for developing histological cirrhosis of 2.07 
with a relative risk of 6.14 for the development of decom-
pensated liver disease compared to HCV monoinfected 
patients. Coinfected patients are also as likely to die from 
end-stage liver disease (ESLD) as they are from HIV/AIDS. 
Salmon-Ceron et al. [2] found that mortality related to ESLD 
in those coinfected with HCV was 31% and similar to the 
mortality from HIV/AIDS (29%).

Accurate determination of the presence and degree of 
hepatic fibrosis is essential for predicting prognosis and for 
planning treatment of patients with chronic HCV infection 
[3] as well as for patients with HCV and HIV coinfection. 
Percutaneous liver biopsy is considered the gold standard 
for assessing hepatic fibrosis, [4] and has traditionally been 
considered the key diagnostic tool in determining the degree 
of inflammation and fibrosis in chronic liver disease [5]. 
Liver biopsy also provides additional information regarding 
factors that might affect disease progression or response to 
anti-HCV therapy, such as steatosis. Understanding the 
degree of liver damage provides useful information in deter-
mining prognosis in chronic HCV infection, with a favor-
able prognosis given in the absence of moderate to significant 
inflammation and fibrosis [6, 7]. However, given the faster 

progression of fibrosis in those with coinfection, even those 
with mild disease can be considered for therapy.

Liver biopsy, however, is invasive and carries a compli-
cation rate ranging from 1 to 5%, with the risk of mortality 
ranging from 1 in 1,000 to 1 in 10,000 [8–10]. In addition, 
biopsy is subject to sampling error and interobserver vari-
ability [11, 12]. Because of the risks associated with liver 
biopsy, there have been attempts to identify other noninva-
sive tests or surrogate markers that could accurately pre-
dict liver histology. Single laboratory tests such as serum 
aspartate aminotransferase (AST) and alanine aminotrans-
ferase (ALT), prothrombin time, albumin, or bilirubin 
alone, however, are insensitive to accurately predict the 
degree of fibrosis.

A high proportion of coinfected patients can have a nor-
mal ALT at the time of liver biopsy, despite having signifi-
cant histologic abnormalities. In one cohort, nearly 50% 
of patients with HIV–HCV coinfection had a normal 
ALT defined by local laboratory testing at the time of biopsy 
[13, 14] compared to 20–30% in HCV monoinfected indi-
viduals [15, 16]. In a study of patients with and without 
abnormal ALT, the histologic spectrum of liver disease was 
similar in coinfected patients compared to HCV controls 
[13]. When coinfected patients were stratified by normal or 
abnormal ALT, no significant differences were seen in hepatic 
activity index (HAI) or its inflammation or fibrosis compo-
nents. The prevalence of advanced fibrosis, defined as bridg-
ing fibrosis or cirrhosis, was 26% in those with normal ALT. 
These results are similar to a study performed by Uberti-
Foppa et al. [17], who compared clinical and histologic fea-
tures of coinfected patients with persistently normal ALT 
values to patients with elevated ALT levels. Liver biopsy 
was performed on all subjects with subgroup analysis based 
on Ishak fibrosis scores. Clinically significant fibrosis was 
defined as having an Ishak fibrosis score ranging from 2 to 6. 
Sixty-nine percent of the group with elevated ALT values 
were found to have clinically significant fibrosis that would 
conventionally be considered for treatment, and 25% of patients 
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with persistently normal ALT values were found to have clini-
cally significant fibrosis. This study also demonstrated on 
multivariate analysis that a CD4 count <500 in patients with 
persistently normal ALT values was independently associ-
ated with a hepatic fibrosis stage fulfilling histologic criteria 
for treatment of HCV. This finding highlights the importance 
of determining degree of hepatic fibrosis in this subset of 
coinfected individuals. It has also been determined that 
hepatic clearance of nonnucleoside reverse transcriptase 
inhibitors, particularly efavirenz, is impaired in patients with 
cirrhosis, further demonstrating the need for assessment of 
fibrosis to identify coinfected patients who would benefit 
from therapeutic drug monitoring [18].

In light of these concerns, investigators have sought other 
noninvasive markers of hepatic fibrosis. Various biochemical 
markers and imaging modalities (Table 5.1) have been evalu-
ated in the HCV monoinfected population and a subset of 
these modalities have been examined in the HIV–HCV coin-
fected population. Predictive models including demographic 
measures, biochemical markers and models using these 
markers, and imaging methods studied in the coinfected pop-
ulation are summarized in Table 5.2.

Noninvasive Fibrosis Assessment Using 
Biochemical Markers

There have been several models developed to help differentiate 
mild-moderate from advanced fibrosis in HIV–HCV coin-
fected patients. These models utilize both routine and non-
routine laboratory tests. Routine laboratory tests include 
secondary markers of liver injury and fibrosis including 
serum AST, ALT, and albumin, as well as indirect markers 
including platelet count. Nonroutine tests include measures 
of hepatic metabolic activity, extracellular matrix remodel-
ing proteins, collagen synthesis and degradation products, 
and enzymes involved in matrix degradation. The pathophys-
iology of fibrosis formation and the role these biomarkers 
play are detailed in Fig. 5.1. Many of these models were ini-
tially developed for the HCV monoinfected population, but it 
has been determined that the correlation between fibrosis 
markers with fibrosis stage and diagnostic performance of 
these tests is similar in HCV monoinfected and HCV–HIV 
coinfected patients [19]. The area under the ROC, which 
assesses the utility of a test, was similar for many but not all 
models in both HCV and HCV/HIV coinfected subjects. An 
excellent test has an AUROC of 0.9 or greater compared to a 
standard. An AUROC of 0.80 is considered minimally 
acceptable as a diagnostic test and anything less is consid-
ered unacceptable.

Models Utilizing Routine Laboratory Tests

Several models utilizing routine laboratory tests have been 
developed. These include AST to ALT ratio (AAR), AST to 
platelet ratio index (APRI), the Forns index, SHASTA, 
FIB-4, and the Hospital Gregorio Marañón (HGM) indices. 
Models derived from routine tests would be are appealing 
because they are both cost-effective and readily available. 
However, they must accurately predict the desired outcome.

Table 5.1 Examples of clinical characteristics and noninvasive tests 
used to assess fibrosis

Demographics Biochemical tests

Used to assess 
fibrosis
Age
Gender International Normalized Ratio (INR)

Platelet count
AST
ALT
GGT
Bilirubin
Serum cholesterol
Albumin
Glucose
Alkaline phosphatase
Delta-2-macroglobulin
Alpha-2-macroglobulin
Haptoglobin
Apolipoprotein A1
Procollagen III peptide (PIIIP)
Hyaluronic acid (HA)
YKL-40
Collagen types I–IV
7 S domain of type IV collagen (7 S-IV)
HCV RNA
Serum transforming growth factor-beta1 
(TGF-beta1)
Hepatic growth factor
TIMP-1
MMP

Table 5.2 Models and imaging methods used to assess fibrosis

Models Imaging methods

AST to ALT ratio Abdominal ultrasonography
APRI Ultrasound elastography (transient 

elastography)
Forns Single photon emission computed 

tomography (SPECT)
FIB-4
SHASTA
Hospital Gregorio Marañón 
index (HGM-1,2,3)
Fibrotest
Hepascore
Fibrometer
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AST to Platelet Ratiop Index (APRI)

The APRI is a formula that utilizes measurements of serum 
AST concentration and platelet count. Its value is determined 
by the formula [AST/(upper limit of normal)/platelet count 
(109/L) × 100] [20]. APRI has been found to be accurate in 
estimating fibrosis in patients with HCV [21–23] and with 
HCV–HIV coinfection [24–26]. Al-Mohri et al. [24] demon-
strated an AUROC of 0.847 for significant fibrosis in a coin-
fected cohort, with positive predictive value (PPV) of 100% 
for APRI >1.5 and 79% for APRI <0.5. Some studies, how-
ever, have reported that APRI cannot replace liver biopsy in 
the accurate staging of fibrosis in patients with hepatitis C 
monoinfection, with one study noting its inability to correctly 

classify 40–65% of patients with chronic HCV or HBeAg 
negative chronic hepatitis B [27].

Forns Index

The Forns index uses four common clinical measurements: 
patient age, serum concentrations of total cholesterol and 
gamma-glutamyl transpeptidase (GGT), and platelet count. 
This method can be used to differentiate patients with mild 
(F0–F1) fibrosis and those with severe (F2–F4) fibrosis 
(AUROC 0.81), but it is less accurate in distinguishing 
between patients with grades F2–F4. Forns should not be 
used in patients with genotype 3, however, due to varying 

Fig. 5.1 Depicts stellate cell activation cascade. After injury cells 
become activated through the action of mediators including MCP-1, 
MMP-2, PDGF, ET-1, and TGF-B1. Increased MMP-2 interferes with 
TIMP-1,2 and continues the activation cascade, as does increased TGF-
B1. The activated stellate cell also results increased collagen deposition 

by increasing collagen, elastin, glycoprotein, proteoglycan, and 
hyaluronan levels. This leads to fibrosis and cirrhosis. Secondary mark-
ers of liver injury and fibrosis include routine serum markers including 
AST, ALT, platelet count, prothrombin time, and albumin. Bold indi-
cates the nonroutine markers and their role as discussed
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serum cholesterol levels [28]. The Forns index has been 
validated in an HCV–HIV infected cohort of 357 patients 
with a PPV 94% for significant fibrosis, compared to 87% 
for APRI, and negative predictive value (NPV) 100% for 
cirrhosis [29].

SHASTA Index

The SHASTA index was also developed to stage mild and 
advanced fibrosis in coinfected patients, incorporating 
hyaluronic acid, albumin, and AST. Fibrosis was evaluated 
against AST, ALT, serum albumin, total bilirubin, the chi-
tinase-like protein YKL-40, and hyaluronic acid (HA). This 
study found that fibrosis scores F3 were found 27 times more 
often in patients with elevated HA levels (>86 ng/ml) and 5.5 
times more often in persons with HA levels 41–86 ng/ml. 
Less substantial associations were detected when serum albu-
min was less than 3.5 g/dl (Odds Ratio (OR) 4.85), and serum 
AST was greater than 60 IU (OR 5.91) [30].

FIB-4 Index

Originally developed for use in HIV–HCV coinfection, 
FIB-4 also utilizes routine laboratory tests to differentiate 
Ishak fibrosis stages 0–3 (mild fibrosis) from stages 4–6 
(advanced fibrosis). Based on multivariate logistic regression 
analysis, a simple index was developed: age ([year] × AST 
[U/L])/(Platelet count [109/L]) × (ALT [U/L] × 1/2). With a 
cutoff in the validation set of <1.45, NPV to exclude advanced 
fibrosis was 90% with a sensitivity of 70%, and a cutoff of 
>3.25 yielded a PPV of 65% and a specificity of 97%. Use of 
this index would correctly classify 87% of patients with 
FIB-4 values outside 1.45–3.25 and avoid biopsy in 71% of 
the validation set with AUROC 0.765, sensitivity 70%, spec-
ificity 97% for differentiating Ishak 0–3 from 4 to 6 [31]. 
FIB-4 has been compared to other noninvasive methods in 
comparative studies as discussed in that section and in 
Table 5.2.

Hospital Gregorio Marañón (HGM) Indices

Other models have also been developed to predict fibrosis in 
HCV–HIV coinfected patients, such as the Hospital Gregorio 
Marañón (HGM) index. Berenguer et al. [32] developed 
HGM-1 and HGM-2 to predict significant fibrosis (F  2) and 
advanced fibrosis (F  3), respectively, among HIV–HCV 
coinfected patients who were HCV treatment naïve. The 
HGM-1 index is based on platelet count, AST and glucose. 
The HGM-2 index is based on platelet count, INR, alkaline 
phosphatase (ALP), and AST. AUROCs of the HGM-1 index 

for the estimation group (EG) and the validation group (VG) 
were 0.807 and 0.712, respectively. The AUROCs of the 
HGM-2 index for the EG and the VG were 0.844 and 0.815 
respectively. The NPV for HGM-1 index in the VG to exclude 
F  2 was 54.5% and the PPV to confirm F  2 was 93.3%. 
The NPV for HGM-2 index in the VG to exclude F  3 was 
92.3%, and the PPV to confirm F  3 was 64.3%.

Models Utilizing Nonroutine Tests

Several noninvasive models have been developed for the 
evaluation of fibrosis in HCV and HCV–HIV coinfected 
patients, which include nonroutine measurements of extra-
cellular matrix remodeling markers, such as amino-terminal 
propeptide of type III collagen (PIIIP), matrix metalloprotei-
nase (MMP), tissue inhibitor of matrix metalloproteinase 
(TIMP), hyaluronic acid, and Type IV collagen (CL-4) alone 
or in combination with serum chemistries and HCV RNA.

Myers et al. [33] developed a noninvasive index that 
incorporated age, gender, alpha [2] microglobulin (A2M), 
haptoglobin, apolipoprotein A1 (ApoA1), and GGT. The 
main outcome measure was F2–F4 fibrosis by METAVIR 
scoring. The most useful markers, as determined by multi-
variate analysis, were A2M, Apo-A1, GGT, and gender. 
Using the five marker index, the AUROC was 0.856 with a 
PPV of 86% for scores greater than 0.60 and a NPV of 93% 
for scores of 0.20 or less, with the conclusion that these 
thresholds could reduce the necessity for liver biopsy by 
55% while maintaining an accuracy of 89%. TIMP-1 and 
HA have also been shown to accurately predict fibrosis in 
HIV–HCV coinfected patients by Larrousse et al. [34] who 
have also evaluated these biomarkers in the coinfected popu-
lation. MMP-1, MMP-2, procollagen III N peptide (PIIINP), 
and HA were obtained in a cohort of 119 chronic HCV 
patients with HIV coinfection at the time of liver biopsy and 
prior to initiation of HCV antiviral therapy. On multivariate 
analysis, TIMP-1 and HA > 95 g/dL were both shown to be 
independently associated with hepatic fibrosis. In discrimi-
nating mild (F0–F1) from significant (F2–F4) fibrosis, the 
AUROC was 0.84 using TIMP-1 and HA, with sensitivity of 
72.9% and specificity of 83.1%. The HGM-3 includes both 
routine and nonroutine tests. It is an index including platelet 
count, ALP, hepatic growth factor, tissue inhibitor of matrix 
metalloproteinase (TIMP-1), and HA. The AUROC of 
HGM-3 for identification of F  3 was 0.939, which was sig-
nificantly higher than the AUROC for HGM-2, FIB-4, APRI, 
and Forns indices [35].

Biomarkers have also been analyzed in a cohort of coin-
fected patients where 90% have been currently treated with 
HAART. HA and transforming growth factor-beta1 (TGF-
beta1) levels were collected in 69 patients undergoing liver 
biopsy. AST, ALT, and GGT levels were also measured, and 
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were elevated in 81, 70, and 60% of patients, respectively. 
Serum HA was shown to have a statistically significant cor-
relation with fibrosis stage with an AUROC of 0.83 for the 
discrimination of mild (F0–F2) from significant (F3–F4) 
fibrosis. Sensitivity and specificity for HA were 87% and 
70%, respectively. TGF-beta1, however, was not predictive 
of fibrosis in this cohort [36].

Noninvasive Fibrosis Assessment Using 
Imaging Methods

Several methods utilizing radiographic techniques for the 
noninvasive assessment of hepatic fibrosis have also been 
evaluated in coinfected population. These include transient 
elastography and single photon emission computed tomogra-
phy (SPECT).

Transient Elastography

Elastography or elastometry is a noninvasive method of 
measuring the mean stiffness of hepatic tissue with hepatic 
rigidity considered a marker of progressive fibrosis. Sandrin 
et al. [37] evaluated this method by obtaining in vivo liver 
elasticity measurements using the shear elasticity probe, a 
device based on one-dimensional (1D) transient elastogra-
phy. With the ability for the transmitted elastic wave to be 
temporally separated from reflected elastic waves, the tech-
nique is less sensitive to boundary conditions than other elas-
tographic techniques. The acquisition time is short (typically 
<100 ms), which enables measurements to be obtained from 
moving organs. This makes transient elastography (TE) well 
adapted to the study of the liver. A probe (Fibroscan) with an 
ultrasonic transducer transmits low frequency (50 MHz), 
low amplitude vibrations into the liver. These vibrations pro-
duce elastic shear waves that propagate throughout the liver. 
The probe also emits a pulse-echo ultrasound wave, which is 
used to determine the velocity of the shear wave. The veloc-
ity of the shear wave is directly related to liver stiffness (LS) 
[38]. Comparisons of TE with biopsy results have shown that 
cutoff values can be established to distinguish mild/moder-
ate fibrosis from severe fibrosis/cirrhosis, with validation 
studies showing variable results and with greatest statistical 
significance being demonstrated in the differentiation of cir-
rhosis from mild fibrosis (AUROC F = 4 0.94, sensitivity 
F  2 85%, specificity F  2 91%) [38, 39]. Overall, advanced 
fibrosis is more likely with a higher cutoff [39–42].

Ziol et al. [43] evaluated elastography in a mixed cohort 
of 251 patients, including 13 patients with HIV–HCV coin-
fection. Elastography demonstrated AUROCs of 0.79, 0.91 
and 0.91 for F  2, F  3, and F = 4 fibrosis, respectively. 
Kirk et al. [44] also evaluated TE in a cohort of HCV 

patients where 72% were coinfected with HIV. They found 
an AUROC of 0.87 for detection of both significant fibrosis 
and cirrhosis. Using cutoff values of 9.3 kPa for fibrosis 
and 12.3 kPa for cirrhosis, 79–83% of participants were 
correctly classified by liver stiffness measurement. It was 
noted, however, that accuracy appeared to be higher among 
HIV-uninfected participants than among HIV-infected 
participants.

Vergara et al. [45] evaluated elastography in an HIV–HCV 
cohort of 169 patients, demonstrating an AUROC of 0.87 for 
significant fibrosis and 0.95 for cirrhosis. Macias et al. [46] 
have also evaluated TE to validate cutoff values of liver stiff-
ness to better discriminate F < 2 from F  2 fibrosis in coin-
fected patients. A cutoff value of 9.0 kPa yielded a PPV of 
87% for F  2 and a cutoff of 6.0 kPa showed a NPV of 90% 
for F < 2. The NPV of LS  6.0 kPa for F  3 was 100% and 
NPV of LS  9.0 kPa for F = 0 was 100%.

A recent prospective study was conducted in a cohort of 
13,369 examinations to determine the frequency and determi-
nant of elastography failure and obtainment of unreliable 
results. Failure was define as no valid measurements and 
occurred in 3.1% of the examinations. Unreliable examina-
tions had less than 10 valid measurements an interquartile 
range/liver stiffness measurement greater than 30% or a suc-
cess rate less than 60%; this occurred in 15.8% of all exami-
nations. Factors contributing to failure and/or unreliable 
measurements included body mass index >30 kg/m2, operator 
inexperience, and age >52 years [47]. This study demonstrates 
the importance of appropriate patient selection and operator 
training to successfully use this modality. Other factors that 
may influence liver stiffness are hepatic inflammation, edema, 
and steatosis, which make this modality less than ideal.

Magnetic Resonance Elastography (MRE)

Magnetic resonance elastography (MRE) is another modality 
that has been evaluated in the viral hepatitis population but 
has not been tested in the HIV and/or HIV/HCV population. 
This modality has shown promising results with one study 
demonstrating AUROCs of 0.994 for F  2, 0.985 for F  3, 
and 0.998 for F = 4, which outperformed ultrasound 
elastography, APRI, and the combination of the two [48]. 
However, MRE requires special equipment and my not be 
available on all types of MRI scanners. Therefore, its use in 
clinical practice may be limited.

Single Photon Emission Computed Tomography 
(SPECT)

Single photon emission computed tomography (SPECT) has 
also been tested in HIV–HCV coinfected patients in an effort 
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to correlate histologic severity of liver fibrosis with SPECT 
results. A number of SPECT parameters were associated 
with histologic changes, fibrosis, and cirrhosis. The mini-
mum pixel count for spleen region of interest and maximum 
pixel count for right hepatic lobe correctly correlated 39 of 
46 SPECT scans with biopsy results. Larger studies are 
needed, however, to validate these results [49].

Correllation Among Noninvasive Modalities

Other studies have compared various biochemical measures 
and indices as well as between biochemical measures and 
imaging modalities in HIV–HCV coinfected patients to dis-
cern the optimal method for the noninvasive determination 
of liver fibrosis.

De Ledinghen et al. [50] evaluated the use of liver stiff-
ness measurement in coinfected patients utilizing transient 
elastography, and also compared elastography with platelet 
count, AST:ALT ratio, AST:APRI ratio, and FIB-4. They 
found a statistically significant correlation of liver stiffness 
with fibrosis stage. The AUROC for stiffness was 0.72 for 
F  2 and 0.97 for F = 4. For the diagnosis of cirrhosis, 
AUROC of liver stiffness were significantly higher than 
those for platelet count, AST to ALT ratio, and FIB-4. Masaki 
et al. [51] also evaluated a cohort of 57 hemophiliac patients 
with HCV, 33 of which had HIV–HCV coinfection. In this 
study, patients were categorized into four stages by abdomi-
nal ultrasound: 1-normal or fatty liver, 2-mild, 3-moderate, 
and 4-severe chronic liver disease. Liver stiffness was found 
to be significantly increased as ultrasound stages increased. 
Stiffness was also significantly correlated with platelet count 
and 7 S domain of Type IV collagen in the non-HIV and HIV 
groups. This study compared fibroscan, abdominal ultra-
sound, platelet counts, Type IV collagen, procollagen type 
III, and hyaluronic acid. In the coinfected cohort, fibroscan 
results correlated with type IV-collagen, ultrasound, procol-
lagen type III, platelet count, and hyaluronic acid. Sanchez-
Conde et al. [52] has also recently compared TE with serum 
assessments (APRI, Forns, FIB-4 and HGM-2) of liver fibro-
sis in 100 coinfected patients. The AUROC for TE was 0.80 
for discriminating F  1 from F > 2, 0.93 for discriminating 
F  2 from F > 3 and 0.99 for discriminating F  3 from F4. 
Using best cutoff values [F  1 (<7 kPa), F  3 ( 11 kPa) and 
F4 ( 14 kPa)], the NPV and PPV were 81.1 and 70.2% for 
F  1, 96.3 and 60% for F  3 and 100 and 57.1% for F4, 
respectively. They concluded that TE accurately predicted 
liver fibrosis and outperformed other simple noninvasive 
indexes in HIV–HCV-coinfected patients.

Shaheen and Myers [53] have also previously performed 
a systematic review of the diagnostic accuracy of fibrosis 
marker panels in this population, with only five studies meet-
ing inclusion criteria and including four fibrosis measures 

(APRI, Forns, FibroTest, and SHASTA) with the finding that 
these panels have acceptable performance for the identifica-
tion of significant fibrosis and cirrhosis, but cautioned that 
these tests were not yet adequate to replace liver biopsy.

Maor et al. [54] evaluated a cohort of 132 hemophilia 
patients with HCV, 27 of which were coinfected with HIV, 
utilizing fibrotest, APRI, Forns, age-platelet index, and 
hyaluronic acid. They found that fibrotest accurately identi-
fied minimal or advanced liver disease, and a concordance of 
fibrotest with APRI and/or Forns can be used to avoid liver 
biopsy. Cacoub et al. [55] also evaluated a coinfected popu-
lation in the fibrovic study – ANRS HCO

2
. In this study, 

fibrotest (FT), Hepascore (HS), fibrometer (FM), SHASTA, 
APRI, Forns, and FIB-4 were examined to determine the 
accuracy of these tests in the differentiation between mild to 
moderate (F2) and advanced fibrosis (F4). The AUROCs 
were 0.78, 0.84, and 0.89 for F2 for FT, HS, and FM, respec-
tively. The other tests were only able to well classify fibrosis 
in 37–61% of patients and with lower accuracies. Of note, 
FM, HS, and FT in combination did not significantly increase 
the accuracy of each test individually. Loko et al. [56] have 
also assessed four noninvasive indexes (FIB-4, APRI, Forns, 
and platelet count) in HIV–HCV coinfected patients, exam-
ining 200 coinfected patients from the ANRS-CO3 Aquitaine 
cohort who underwent liver biopsy. For predicting signifi-
cant fibrosis (F  2), APRI, Forns index, and FIB-4 had 
AUROCs of 0.77, 0.75, and 0.79, with 39, 25, and 70% of 
patients correctly identified, respectively. For predicting 
severe fibrosis (F  3), FIB-4 had an AUROC of 0.77 with 
56% of patients correctly identified. For predicting cirrhosis 
(F4), FIB-4, APRI, and platelet count had AUROCs of 0.80, 
0.79, and 0.78, with 59, 60, and 76% of patients correctly 
identified, respectively. FIB-4, APRI, Forns, and platelet 
count did not differ significantly for fibrosis and cirrhosis, 
but could save liver biopsies in up to 56–76% of cases.

Another study evaluated APRI, FORNS, and FIB-4, alone 
or combined, with the finding that the three tests demon-
strated similar accuracy in identifying F2/F3. When the low-
est cutoff values of all three tests were used to rule out F3 for 
greater fibrosis, the sensitivity of the tests was 79–84% and 
NPVs were 87–91%. When F3 or greater fibrosis was identi-
fied with highest cutoff values, the specificity was 90–96% 
and PPVs were 63–73%. This demonstrated that these tests 
were able to accurately determine degree of fibrosis in greater 
than 50% of the coinfected population [57]. This has also 
been echoed in an additional study analyzing APRI and 
Forns in coinfected patients under “real-life” conditions, as 
opposed to validation studies. In the 120 members of the 
cohort who had a liver biopsy available and 15 mm in 
length, the PPV was 85% for APRI and 81% for Forns. Used 
individually, it was determined that liver biopsy could be 
avoided in 22% of patients, and when used sequentially, this 
number increased to 30% [58].
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Other Uses of Noninvasive Markers 
of Hepatic Fibrosis

Other studies have examined additional potential uses for the 
noninvasive biomarkers of hepatic fibrosis in the coinfected 
population to extend their utility beyond that of fibrosis 
determination alone. With the wide use of HAART in this 
population as well as the lack of information about the longi-
tudinal effects of HAART on the progression of hepatic 
fibrosis, Al-Mohri et al. [59] evaluated APRI with regard to 
its predictive value for liver-related complications in HIV 
patients with and without HCV coinfection. Coinfected 
patients had a higher baseline APRI. The baseline natural 
logarithm of APRI (lnAPRI) was predictive of hepatic com-
plications, as was coinfection with HCV. HAART was not 
found to be protective against hepatic complications, but cor-
related with progression of APRI scores. As the lnAPRI var-
ied over time in the coinfected population, it was felt that 
APRI may prove useful for longitudinal determination of 
liver disease progression in the coinfected population.

With regard to potential hepatic complications, liver stiff-
ness measurements (LSM) have also been evaluated in a 
mixed cirrhotic population to predict the presence of esopha-
geal varices. LSM was strongly correlated with a diagnosis 
of esophageal varices, with mean LSM 42.7 in patients with 
esophageal varices and 19.1 in patients without esophageal 
varices [60]. The AUROC was 0.818 (95% CI, 0.732–0.904) 
for predicting the presence of EV, and an LSM value of 
19.7 kPa was predictive of the presence of EV with a sensi-
tivity of 87%, a specificity of 70%, a PPV of 89%, and a 
NPV of 66%. However, there was a weak correlation between 
LSM and the size of EV.

Nunes et al. [61] prospectively evaluated a cohort of HCV 
infected patients with and without HIV coinfection to deter-
mine if noninvasive biomarkers could accurately predict liver 
related mortality. APRI and FIB-4, both derived indices of 
fibrosis, as well as HA and YKL-40, markers of extracellular 
matrix metabolism, were compared to Child–Turcotte–Pugh 
(CTP) and Model for End-Stage Liver Disease (MELD) 
scores. The cohort consisted of 303 patients, 207 of which 
were HIV positive, and was followed for a mean of 3.1 years. 
There were 33 liver-related deaths in the cohort. The ability 
to predict 3-year mortality was expressed as an AUROC, 
with the following results: HA 0.92, CPT 0.91, APRI 0.88, 
FIB-4 0.87, and MELD 0.84. HA, APRI, and FIB-4 were all 
found on multivariate analysis to be independent predictors 
of mortality when included with MELD or CPT in statistical 
models. This study demonstrates the utility of these models 
not only in fibrosis determination but also in predicting liver 
related mortality in the coinfected population. However, until 
further studies, noninvasive models should not replace 
MELD or CPT in clinical practice.

Summary

Liver biopsy is considered to be the gold standard for the 
histopathologic assessment of hepatic tissue, as it is consid-
ered to be the most accurate modality for assessing severity 
and etiology of liver disease as well as monitoring response 
to therapy. Biopsy, however, carries inherent risks including 
bleeding, pain, hypotension, and the potential for organ per-
foration. Multiple studies have been performed to evaluate 
the accuracy of noninvasive methods of determination of the 
degree of liver fibrosis in the HCV monoinfected, hepatitis 
B, alcoholic, posttransplant, and other chronic liver disease 
populations. Attention is now turned to the subset population 
of HIV–HCV coinfected patients who have longer life expec-
tancies and subsequent increased progression of liver disease 
in the era of HAART (Table 5.3).

This coinfected population often requires more frequent 
biopsies due to the almost unpredictable nature of their fibro-
sis progression. It has been shown that up to 25% of patients 
with normal ALT can have significant fibrosis, [17] and that 
HIV anti-viral medications can have impaired clearance in 
the coinfected patient, potentially requiring therapeutic drug 
monitoring [18]. These issues represent unique challenges in 
the coinfected population and reiterate the need for valida-
tion of noninvasive methods of fibrosis analysis in this popu-
lation, as liver biopsy is not without the aforementioned 
risks.

Given these risks, there has been a drive to develop nonin-
vasive measures of hepatic fibrosis and to validate these in 
the coinfected population. Numerous modalities including 
serum measurements and imaging modalities have been 
developed, but a significant portion of these has not yet been 
validated in the HIV population.

The ideal method of assessing fibrosis would involve 
the utilization of a readily available test that accurately 
discriminates between minimal/mild (Metavir F0–F2) and 
advanced fibrosis (Metavir F3–4). Systematic review of 
noninvasive models of assessing liver fibrosis has previ-
ously been performed for HCV monoinfected patients with 
promising results, [62] and several indices and models 
have also been developed for or tested in the coinfected 
population including APRI, Forns, SHASTA, FIB-4, and 
the HGM indices. Systematic review and meta-analysis of 
noninvasive marker panels has demonstrated acceptable 
performance of these models for fibrosis assessment in the 
HIV–HCV coinfected population [53]. Shire et al. have 
[63] recently compared 5 models (AST/ALT Ratio, age-
platelet idex, APRI, FIB-4, and Bonacini index) in 173 
coinfected subjects participating in ACTG 5178. In this 
cohort, 31% had advanced fibrosis (bridging fibrosis or 
cirrhosis). Among the models, FIB-4 had the best perfor-
mance (88% specificity for cirrhosis and greater than 86% 
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negative predictive value for advanced fibrosis). However, 
the AUROC was low (0.56) for advanced fibrosis. Ordinal 
regression models of patient specific data improved the 
AUROC (0.85), which classified 77% of patients correctly 
highlighting the difficulty in applying these types of algo-
rithms to diverse coinfected patient populations.

Other models utilizing nonroutine measurements of extra-
cellular matrix remodeling markers (PIIIP, MMP, TIMP, HA, 
and Type IV collagen) have also been developed and have 
been compared to serum chemistries and HCV RNA. 
Fibrotest, a composite measurement of several serum pro-
teins, as well as Actitest, a modified Fibrotest that includes 
ALT, has been developed and evaluated in the monoinfected 
population, but are not validated in the coinfected popula-
tion. However, the components of these models utilizing 
nonroutine tests are not readily available and are very expen-
sive, limiting their widespread use.

Various imaging tests including transient elastography 
and SPECT have been evaluated in the co-infected population. 

SPECT imaging has demonstrated the ability to differentiate 
normal from cirrhotic livers and has been tested in the coin-
fected population, but is not readily available and also does 
not show more diagnostic capability than other readily avail-
able tests. Transient elastography has shown promising 
results in the diagnosis of advanced fibrosis and cirrhosis and 
has also been tested in the coinfected population. TE also 
appears easy to perform and will likely be readily available 
in the near future. However, its use has been shown to be 
limited in morbidly obese patients and requires experienced 
operators for optimal utility and accurate results.

Ultrasound is also readily available and is used for hepa-
tocellulcar carcinoma screening, but unenhanced Doppler 
ultrasound is not reliable in the discrimination of varying 
degrees of fibrosis. MRE been shown to differentiate mild 
from moderate or advanced fibrosis in the monoinfected 
population, but is not validated in the coinfected population. 
MR studies also have limitations including cost and 
availability.

Fig. 5.2 Algorithm for 
noninvasive fibrosis assessment
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With the primary objective of determining the optimal 
method of diagnosing advanced fibrosis and cirrhosis in the 
coinfected population in mind, it is recommended to use 
readily available modalities for initial evaluation in the 
patients. The nonroutine markers such as the extracellular 
matrix markers have been shown to be accurate in diagnosis 
of fibrosis, but do not increase performance in the discrimi-
nation between minimal and significant fibrosis. When liver 
biopsy is not feasible, we recommend using a serum marker 
index such as APRI, Forns, or FIB-4 for initial evaluation 
(Fig. 5.2). SHASTA has shown acceptable diagnostic accu-
racy as well, but incorporates YKL-40 and HA, which are 
not readily available. We then recommend performing con-
firmatory testing with either a second of these tests or tran-
sient elastography, if available. Multiple studies have shown 
increased diagnostic accuracy with the combination of tests 
in various chronic liver disease populations [38–41, 64].

In conclusion, accurate determination of the degree of 
hepatic fibrosis is essential to determining the need for anti-
HCV therapy, for determining the potential for complica-
tions and liver-related mortality, and for determining the 
need for therapeutic drug monitoring in the HIV–HCV coin-
fected population. Liver biopsy is still considered to be the 
gold standard for making this determination, but great strides 
are being made in the development of accurate noninvasive 
methods for determination of severity of fibrosis. These 
methods, including routine and nonroutine serum markers 
and radiographic examinations, are also now being validated 
in the coinfected population with further studies ongoing.
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Introduction

Despite extensive research, alcohol remains one of the most 
common causes of both acute and chronic liver disease in the 
USA. In Western countries, up to 50% of cases of end-stage 
liver disease have alcohol as a major etiologic factor. 
Excessive alcohol consumption is the third leading prevent-
able cause of death in the USA. Alcohol-related deaths, 
excluding accidents/homicides, accounted for 22,073 deaths 
in the USA in 2006 with 13,000 of those specifically attrib-
uted to alcoholic liver disease (ALD). Given these grim sta-
tistics, the mortality of this liver disease is more than that of 
many major forms of cancer, such as breast, colon and pros-
tate. Importantly, there is no Food and Drug Administration 
(FDA)-approved therapy for any stage of ALD.

This review heavily focuses on the initial phase of alco-
holic liver disease, fatty liver, or steatosis. Almost everyone 
who drinks heavily for 2–3 weeks will develop hepatic ste-
atosis. However, with abstinence this is rapidly reversible. A 
small subset (<25%) of patients who continue to drink will 
develop alcoholic steatohepatitis (AH), and even smaller 
numbers will ultimately develop cirrhosis and possibly even 
hepatocellular carcinoma. This article reviews the effects of 
alcohol on fat metabolism in the liver and mechanisms for 
alcohol-induced steatosis. We then review the interactions of 
the microbiome, altered gut permeability, endotoxin, and 
cytokines in the transition from alcoholic fatty liver to AH 
and cirrhosis.

Alcoholic Steatosis

As noted above, alcoholic steatosis (fatty liver) is one of the 
earliest pathological changes in alcoholic liver disease [1]. 
Alcoholic steatosis is characterized by accumulation of macro- 
and micro-lipid droplets, which contain triglyceride and cho-
lesterol, in the cytoplasm of hepatocytes, namely, macrovesicular 
and microvesicular steatosis. Accumulation of lipid in the 
hepatocyte makes the liver susceptible to inflammatory media-
tors or other toxic agents (“second hits”-reviewed subse-
quently), leading to further progression to hepatitis and 
eventually fibrosis [2]. Alcoholic steatosis is a reversible stage 
of liver damage and reduction of steatosis will likely halt or 
slow the progression of alcoholic liver disease.

Hepatic lipid metabolism involves multiple pathways 
including de novo lipogenesis, lipid uptake, fatty acid oxida-
tion, and lipid export. Alterations of lipid metabolic pathways 
have been repeatedly reported in patients with alcoholic steato-
sis and animal models [3, 4]. Alcohol exposure has been shown 
to cause an imbalance between lipid income and outcome, i.e., 
increased lipogenesis and lipid uptake, and decreased fatty acid 

(beta)-oxidation and very low density lipoproteins (VLDL) 
secretion. Obviously, these alcohol-induced changes in lipid 
metabolic pathways favor lipid accumulation in the liver. 
Mechanistic studies suggest that dysregulation of multiple fac-
tors, both intrahepatic and extrahepatic, may affect alcohol 
metabolic pathways, including transcription factors, oxidative 
stress, adipokines, and malnutrition.

Alcohol-Induced Disorders in Hepatic Lipid 
Metabolism

De Novo Lipogenesis

The role of alcohol on liver de novo fatty acid synthesis has 
long been a research focus related to the pathogenesis of 
alcoholic fatty liver. Alcohol exposure has been repeatedly 
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reported to upregulate fatty acid synthesis genes, including 
fatty acid synthase (FAS), acetyl-Co A carboxylase (ACC), 
stearoyl-CoA desaturase (SCD), ATP citrate lyase (ACL), 
and malic enzyme [5–7]. These lipogenesis genes are regu-
lated by the transcription factor, sterol regulatory element 
binding proteins (SREBPs) [8]. Activation of SREBPs has 
been suggested as a major mechanism of alcohol-stimulated 
fatty acid synthesis in the liver [5, 9, 10]. However, detection 
of fatty acid synthesis using 3H

2
O incorporation method 

demonstrated controversial data. A human study showed that 
the 3H incorporation to fatty acids in liver slices is signifi-
cantly lower in patients with alcoholic steatosis in compari-
son with normal subjects [11]. Chronic alcohol feeding to 
rats significantly decreases fatty acid synthesis in the liver as 
indicated by reduced 3H incorporation to fatty acids and trig-
lycerides after 3H

2
O administration, which agreed well with 

the results of enzyme activities involved in fatty acid synthe-
sis [12, 13]. Dietary components such as fat level may have 
impact on hepatic lipogenesis under alcohol exposure. Low-
fat/high-carbohydrate diet is likely to promote hepatic 
de novo lipogenesis in animals chronically fed alcohol [14].

Fatty Acid Oxidation

Fatty acid oxidation occurs in the mitochondria, peroxi-
somes, or microsomes [15]. Mitochondrial -oxidation is 
primarily involved in the oxidation of short-chain, medium-
chain, and long-chain fatty acids, while peroxisomal -oxi-
dation is responsible for the metabolism of very long chain 
fatty acids. Fatty acids are also oxidized by the microsomal 

(omega)-oxidation system by cytochrome P450 4A 
enzymes (CYP4A). Decreased hepatic fatty acid oxidation 
has been suggested as an important mechanism in the devel-
opment of alcoholic steatosis [9, 10, 14–16]. Early reports 
with isolated hepatocytes, liver slices, perfused liver, and 
in vivo showed that the mitochondrial fatty acid oxidation 
was diminished in the liver after alcohol exposure [17–20]. 
Rats chronically fed alcohol showed a persistent impairment 
of mitochondrial -oxidation of fatty acids to CO

2
, although 

the oxidation of fatty acids to acetyl-CoA is not decreased 
[20]. Alcohol metabolism is known to reduce NAD+ to 
NADH, leading to a reduced ratio of NAD+/NADH [21]. 
Because NAD+ is required for tricarboxylic acid cycle and 

-oxidation of fatty acid, reduction of NAD+ will certainly 
impair mitochondrial fatty acid -oxidation. However, per-
oxisomal fatty acid -oxidation was reported to be increased 
alcohol-fed rats as indicated by increased -oxidation of 
palmitoyl CoA [22]. Cytochrome P450-dependent lauric 
acid -hydroxylation was also increased as indicated by an 
increase in microsomal fatty acid -oxidation [22, 23]. 
Acetyl-CoA dehydrogenase medium chain (MCAD), long 
chain (LCAD), or very long chain (VLCAD) enzymes are 

important enzymes involved in fatty acid oxidation. Chronic 
alcohol exposure in mice decreased the mRNA levels of 
MCAD and LCAD [24]. PPAR-  (alpha) is a key regulator 
of these fatty acid oxidation genes, and inactivation of 
PPAR-  transcriptional activity has been suggested as a 
major molecular mechanism of alcohol-impaired fatty acid 
oxidation [9, 10, 25].

VLDL Secretion

Triglyceride and cholesterol synthesized in the liver are 
exported to the peripheral organs in the form of VLDL. The 
VLDL secretion rate from the liver is commonly assessed 
by measuring increase in blood lipid after administration of 
lipoprotein lipase inhibitor, Triton WR-1339. By using this 
method, the VLDL secretion rate as well as the contents of 
cholesterol and triacylglycerol of VLDL was found to be 
reduced in alcohol-fed rats [26]. A 16% reduction of VLDL-
triglyceride secretion from isolated hepatocyte was also 
found in alcohol-fed rats [27]. Recent studies showed that 
acceleration of hepatic VLDL secretion is one of the protec-
tive mechanisms underlying reduction of alcohol-induced 
hepatic lipid accumulation by betaine or zinc [28, 29]. 
Microsomal triglyceride transfer protein (MTTP) plays a 
central role in the assembly of VLDL. Chronic alcohol 
exposure to rats decreased the mRNA level and the activity 
of Mttp in association with lipid accumulation in the liver 
[30, 31]. Administration of hepatocyte growth factor attenu-
ated alcoholic fatty liver in association with upregulation of 
MTTP [32]. On the contrary, the main structural protein of 
VLDL, apolipoprotein B 100 (Apo B), also critically regu-
lates VLDL secretion. Alcohol exposure to rats dramatically 
reduced the ApoB in the liver and VLDL in serum [33]. 
PPAR-  and hepatocyte nuclear factor-4  (HNF-4 ) are 
transcription factors involved in regulation of lipid export 
genes such as Mttp and ApoB. Chronic alcohol exposure 
has shown to inhibit the DNA binding activity of PPAR-  
and HNF-4  [24, 29]. In addition, increased ApoB protein 
was associated with reduction of hepatic lipid after treat-
ment of hepatocyte growth factor or a PPAR-  (gamma) 
agonist [32, 34].

Fatty Acid Uptake

Increased fatty acid uptake by hepatocytes due to reverse 
transport from adipose tissue has been suggested to contrib-
ute to the development of alcoholic steatosis [3, 4]. An 
in vitro study with HepG2 cells showed that alcohol expo-
sure increased fatty acid uptake (3H-oleic acid) in a dose-
dependent manner [35]. Primary hepatocyte culture studies 
also showed that the fatty acid uptake (3H-oleic acid) in rats 
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chronically fed alcohol was increased by 2.6-fold in compari-
son with pair-fed controls [36]. One dose alcohol exposure to 
rats increased the incorporation of 14H-palmitate to the liver 
triglyceride by 50% [37]. Chronic alcohol feeding to rats 
induced a twofold increase in the incorporation of 3H-palmitate 
to triglyceride or total lipid [38]. These results suggest that 
increased fatty acid uptake may play an important role in the 
development of alcoholic fatty liver. In support of these obser-
vations, alcohol exposure has been shown to cause excess 
lipolysis of the adipose tissue, and the released fatty acids are 
likely a major source of hepatic lipid [3, 4].

Clinical studies demonstrated that alcoholics may have a 
significantly lower body weight and lower fat mass than con-
trols [39, 40]. Importantly, most of the alcoholics were shown 
to have fatty liver, suggesting a negative correlation between 
liver fat and body fat mass. Alcohol feeding to rats for 2–4 
weeks showed a time-dependent decrease in epididymal adi-
pose mass by up to −31% [29, 41]. The effects of alcohol on 
fatty acid mobilization from the adipose tissue and hepatic 
uptake have been determined in animal study [42]. This 
study utilized 14C-palmitate to in situ-label the gonadal adi-
pose depots, followed with acute alcohol administration. The 
release of labeled fatty acid from the gonadal adipose depots 
measured 16 h later showed that the mobilization of 
14C-palmitate-labeled gonadal adipose depots were 2.3-fold 
higher than saline control. In accordance with these findings, 
the incorporation of the mobilized 14C in the liver was 2.7-
fold higher in the alcohol-treated rats vs. the saline controls 
[42]. This study clearly showed a link between alcohol-
induced adipose tissue lipolysis and hepatic fatty acid uptake. 
Dietary zinc supplementation has been shown to reverse 
hepatic lipid accumulation in mice chronically fed alcohol. 
Interestingly, zinc also partially attenuated alcohol-reduced 
white adipose mass. These data suggest that fatty acid release 
from the adipose tissue may have significant impact on the 
development of alcoholic steatosis.

Molecular Mechanisms of Alcohol Actions  
on Lipid Metabolism

Several transcription factors have shown to critically regu-
late lipid metabolic genes, including PPAR- , SREBPs, 
HNF-4 . Generally speaking, PPAR-  and HNF-4  regu-
late lipid utilization and export, while SREBPs regulate 
lipid synthesis. However, alcohol exposure has been shown 
to differentially modulate these transcription factors, inhib-
iting PPAR- /HNF-4  and stimulating SREBPs. Multiple 
mechanisms have been suggested to mediate alcohol effects 
on these transcriptional factors, including adiponectin defi-
ciency, inhibition of adenosine monophosphate-dependent 
protein kinase (AMPK) signaling pathway, oxidative stress, 
and zinc deficiency.

PPAR-a

PPAR-  is a member of nuclear hormone receptor family 
and plays crucial role in regulation of hepatic lipid metabo-
lism [9, 10, 43]. PPAR-  critically regulates genes involved 
in fatty acid transport into mitochondria such as carnitine 
palmitoyl-transferase-I (CPT-I) and genes of fatty acid oxi-
dation such as ACAD. PPAR-  also regulates genes involved 
in hepatic lipid export such as Mttp and ApoB. Knockout of 
PPAR-  in mice led to progressive dyslipidemia and steato-
sis [44]. PPAR- -Knockout mice were also more susceptible 
to methionine-choline deficiency-induced steatohepatitis 
[45]. PPAR-  is one of the most well recognized transcrip-
tion factors in mechanistic studies on the pathogenesis of 
alcoholic steatosis [25, 43]. Although the data on PPAR-  
mRNA and protein levels are controversial, chronic alcohol 
exposure in mice has been repeatedly reported to suppress 
the DNA binding activity of PPAR-  [14, 29]. Treatment 
with the PPAR-  agonist, WY14,643, has been shown to 
stimulate fatty acid -oxidation and attenuated hepatic lipid 
accumulation in mice chronically fed alcohol [24]. WY14,643 
increased PPAR-  protein by 1.5-fold and DNA binding 
activity by threefold. Accordingly, PPAR-  target genes; in 
particular, the fatty acid -oxidation-related genes were 
upregulated by WY14,643. Treatment with other PPAR-  
agonists, fenofibrate and clofibrate, in chronic alcohol-fed 
rats also remarkably reduced alcoholic steatosis [46, 47]. 
Restoration of PPAR-  activity was also associated with the 
reversal effect of zinc on alcoholic steatosis in mice chroni-
cally fed alcohol [29]. These studies clearly demonstrated 
that dysfunction of PPAR-  is an etiologic factor in the 
development of alcoholic steatosis.

HNF-4a

HNF-4  is a member of the nuclear receptor superfamily 
and a master regulator of hepatic gene expression [48], and it 
has been shown to bind to the reporters of more than 1,200 
genes involved in most aspects of hepatocyte function [49]. 
Liver-specific conditional knockout of HNF-4  in adult mice 
led to severe steatosis in association with disruption of 
expression of genes involved in VLDL secretion [50]. Mice 
lacking HNF4 exhibited decreases in gene expression of 
Mttp, ApoB, ApoAII, ApoCII, and ApoCIII [50]. Therefore, 
HNF-4  is likely a major regulator of genes involved in the 
control of lipid export from the liver. Blunted lipid export has 
been well documented in alcohol-induced liver steatosis 
[26–29]. Mechanistic studies showed that alcohol has inhibi-
tory effects on Mttp activity, and ApoB secretion in hepatoma 
cells [30], and on the synthesis of apolipoproteins in the liver 
of rats chronically fed alcohol [30, 33, 51]. However, the 
role of HNF-4  in regulation of VLDL synthesis and 
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 secretion is poorly understood in the pathogenesis of alcoholic 
steatosis. A recent study demonstrated that chronic alcohol 
exposure in mice did not affect the mRNA and protein levels 
of HNF-4  protein, but decreased the DNA binding activity of 
HNF-4  [29]. In accordance, chronic alcohol exposure 
downregulated Mttp and ApoB genes and reduced VLDL 
secretion rate from the liver. Reactivation of HNF-4  by zinc 
supplementation was accompanied by upregulation of genes 
involved in both VLDL secretion (Mttp, Apob) and fatty acid 

-oxidation (LCAD). These results suggest that inactivation 
of HNF-4 , at least partially, accounts for alcohol-induced 
suppression of VLDL secretion and fatty acid oxidation.

SREBPs

SREBPs are transcription factors involved in the synthesis of 
fatty acids, triglycerides, and cholesterol. SREBP-1c and 
SREBP-2 predominately distribute in the liver and regulate 
hepatic genes involved in triglyceride and cholesterol syn-
thesis, respectively [5, 9, 10, 43]. Usually found in endoplas-
mic reticulum as inactive molecules, these proteins undergo 
activation through exposure to ethanol [5, 43]. SREBP-1c 
critically regulates genes involved in de novo lipogenesis 
such as ACC, FAS, fatty acid elongase 6, and SCD-1. Feeding 
mice a low-fat diet with ethanol for 4 weeks resulted in a 
significant increase in steady-state levels of the mature 
(active) form of SREBP-1 [5]. Activation of SREBP-1 by 
ethanol feeding was associated with increased expression of 
hepatic lipogenic genes as well as the accumulation of trig-
lyceride in the livers [5]. This ethanol-induced activation is 
believed to be secondary to ethanol’s inhibition of AMPK, a 
regulatory protein that responds to cellular stress such as oxi-
dative stress or reduced energy states [5, 43]. Additional 
studies have also implicated the stimulatory effects of alco-
hol on MAPK, which in turn activates the SREBPs [5]. Mice 
lacking genes expressing SREBP-1 were found to be pro-
tected from the effects of chronic alcohol feeding [52]. 
Furthermore, decreased steatosis development and inhibition 
of SREBPs was observed in mice pretreated with TNF-  
blocking agents [53]. Accumulation of acetaldehydes and 
inhibition of AMPK have been suggested as mechanisms of 
alcohol-induced activation of SREBPs [43].

AMPK

AMPK is a crucial regulator in energy metabolism in the 
liver [43, 54]. AMPK signal transduction stimulates energy-
generating pathways such as fatty acid oxidation but inhibits 
energy-requiring pathways such as fatty acid and triglyceride 
synthesis, thereby negatively impacting on hepatic lipid con-
centration [43, 54]. Inhibition of AMPK activity has been 

reported in association with reduction of CPT1, activation of 
ACC and accumulation of malonyl-CoA in animals chroni-
cally fed alcohol [55]. A proposed mechanism involves 
decreased AMPK activation after ethanol exposure resulting 
in upregulation of SREBPs and sequential downregulation of 
PPAR-  [14]. Administration of AICAR, an AMPK activa-
tor, to rats chronically fed alcohol restored AMPK activity, 
decreased SREBP-1c, and reduced FAS expression, leading 
to suppression of alcoholic steatosis [56]. Resveratrol, a 
dietary polyphenol, has been identified as a potent activator 
of AMPK. Resveratrol treatment has been shown to reduce 
lipid synthesis, increase fatty acid oxidation, and prevent 
alcoholic liver steatosis in mice [57]. The protective action of 
resveratrol is in whole or in part mediated through the upreg-
ulation of AMPK signaling in the liver. Activation of AMPK 
in association with a reduction of lipid synthesis and increase 
in fatty acid oxidation was also associated with the beneficial 
effects of metadoxine/garlic oil on alcohol-induces hepatic 
steatosis in a rats [58]. This downregulation of AMPK by 
ethanol was suggested to be the toxic effect of acetaldehyde, 
but now is also thought to be secondary to circulating levels 
of adiponectin [43, 59].

Adiponectin

Increasing evidence suggests that adiponectin, an adipokine 
secreted exclusively from adipocytes, critically regulate lipid 
metabolism, stimulating fatty acid oxidation and suppressing 
lipogenesis [52, 59]. Two major adiponectin receptors have 
been identified on plasma membrane, adiponectin receptor 1 
(AdipoR1) and adiponectin receptor 2 (AdipoR2), and adi-
poR2 is the predominate subtype in the liver. Activation of 
adiponectin receptor-mediated signaling is known to activate 
AMPK, leading to inhibition of fatty acid synthesis via inhi-
bition of SREBP-1c [59]. Conversely, adiponectin signaling 
in the liver also stimulates fatty acid -oxidation via activat-
ing PPAR-  and PGC-1  [52]. Thus, the consequence of 
adiponectin signal transduction in the liver is reduction of 
lipid accumulation. Dysregulation of adiponectin and hepatic 
adiponectin receptors has been reported in animal model of 
alcoholic steatosis. Alcohol exposure reduced the mRNA 
and protein expression of adiponectin in adipose tissues, 
leading to reduction of serum adiponectin level [57, 60, 61]. 
Chronic alcohol exposure also downregulated the mRNA 
and protein levels of adiponectin receptors in the liver 
[6, 57, 61]. Delivery of recombinant adiponectin has been 
reported to dramatically alleviate alcoholic steatosis as well 
as inflammation and the elevated levels of serum alanine 
aminotransferase [62]. Elevation of circulating adiponectin 
level was associated with the beneficial effects of dietary 
supplementation with resveratrol, S-adenosylmethionine, 
taurine, saturated fat, and rosiglitazone (a PPAR-  agonist) 
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on alcoholic steatosis [6, 57, 63–65]. Resveratrol administra-
tion also enhanced mRNA expression of hepatic adiponectin 
receptors (AdipoR1/R2) [57]. Similarly, rosiglitazone treat-
ment upregulated the mRNA and protein levels of adiponec-
tin and its receptors in adipose tissue and liver, respectively 
[65].

Oxidative Stress

Oxidative stress is a fundamental cellular disorder in alco-
hol-induced liver disease [21]. Alcohol is metabolized in the 
liver via alcohol dehydrogenase (ADH) and the microsomal 
cytochrome P450 2E1 (CYP2E1). The K

m
 for ethanol oxida-

tion by the microsomal CYP2E1 is about 10 mM, which was 
about an order of magnitude greater than the K

m
 for ethanol 

by ADH. Chronic alcohol exposure is well known to upregu-
late hepatic CYP2E1 rather than ADH [66–69]. Alcohol 
metabolism via CYP2E1 generates reactive oxygen species, 
and CYP2E1 has been suggested to be highly responsible for 
alcohol-induced oxidant stress [70]. While oxidative stress is 
well known to induce cell injury, increasing evidence sug-
gests that oxidative stress is also a causal factor in the devel-
opment of alcoholic steatosis.

Overexpression of CYP2E1 in the liver not only exagger-
ated alcohol-induced oxidative stress, but also dramatically 
increased lipid accumulation in CYP2E1 transgenic mice 
chronically fed alcohol [71, 72]. Conversely, CYP2E1 defi-
ciency in the liver normalized alcohol-induced triglyceride 
accumulation in CYP2E1-knockout mice chronically fed 
alcohol [73]. Similarly, treatment with CYP2E1 inhibitor, 
chlormethiazole, attenuated alcoholic steatosis in association 
with inhibition of oxidative stress [73]. In addition, introduc-
tion of CYP2E1 to CYP2E1-knockout mice via an adenovi-
rus restored macrovesicular fat accumulation. Interestingly, 
PPAR-  activation and upregulated PPAR-  targeted genes 
such as acyl-CoA oxidase were associated with attenuation 
of oxidative stress due to CYP2E1 knockout/inhibition [73]. 
These data indicate a possible link between oxidative stress 
and PPAR-  inactivation in the development of alcoholic 
steatosis.

Zinc Deficiency

Zinc is the send abundant trace element in the body next to 
iron. While zinc is well known to act as a cofactor in more 
than 300 metalloenzymes, zinc also plays important role in 
cellular functions such as signal transduction and gene 
expression. Increasing evidence suggests that zinc plays a 
critical role in regulation of hepatic lipid metabolism. A 
lower hepatic zinc level was associated with steatosis in lep-
tin receptor deficiency rats [74]. Feeding rats with a zinc-

deficient diet (a single nutrient deficiency) causes hepatic 
lipid accumulation in association with dysregulation of a 
large number of genes involved in lipid metabolism [75, 76]. 
Zinc deficiency is one of the most consistently observed 
nutritional/biochemical manifestations in alcoholic liver dis-
ease [77]. Clinical studies demonstrated that zinc concentra-
tions in both serum and liver were significantly reduced in 
patients with alcoholic steatosis, hepatitis and cirrhosis 
[78–80].

Dietary supplementation with zinc in mice reverses alco-
holic steatosis in the presence of alcohol exposure [29]. 
Reactivation of HNF-4  and PPAR-  was involved in zinc 
action on hepatic fatty acid -oxidation and VLDL secretion. 
Inhibition of oxidative stress and acceleration of alcohol 
metabolism were associated with zinc action on alcoholic 
steatosis and liver injury. Cell culture studies further identi-
fied the zinc depletion significantly suppressed the DNA-
binding activities of HNF-4  and PPAR- , without affecting 
their protein levels, indicating a requirement of zinc coordi-
nation for HNF-4  and PPAR-  function [29]. HNF-4  and 
PPAR-  are zinc-finger transcription factors, and elimina-
tion of zinc coordination by oxidative stress from the zinc 
finger will disassemble the secondary structure of these pro-
teins, leading to defective DNA binding and decreased tran-
scription of target genes [81]. Therefore, the mechanistic 
link between oxidative stress and zinc deficiency, at least 
partially, accounts for alcohol-induced inactivation of 
PPAR-  and HNF-4  and hepatic lipid dyshomeostasis.

Gut–Liver Axis in Progression of ALD

Almost everyone who drinks heavily for at least 1–2 weeks 
will develop fatty liver, the first histological stage of ALD. 
A much smaller subset of subjects who continue to drink 
regularly will go on to develop AH. A baseline of fatty liver 
transitions to more severe inflammation, injury, and fibrosis 
through a series of insults or “second hits” (Fig. 6.1). We 
have thus far reviewed mechanisms of altered lipid metabo-
lism in ALD and mechanisms for the development of initial 
alcoholic steatosis. We now focus on the interactions of the 
microbiome, gut permeability, endotoxin, and proinflamma-
tory cytokines as one pathway for driving steatosis to steato-
hepatitis and cirrhosis.

It has been recognized for over a half century that the gut 
flora and gut-derived toxins play a critical role in the devel-
opment of both liver disease and certain complications such 
as hepatic or portal systemic (PSE) encephalopathy [82–91]. 
Indeed, over 50 years ago, it was shown that germ free 
rodents or rodents treated with antibiotics to “sterilize the 
gut” were resistant to nutritional and toxin-induced liver 
injury. Elegant studies by Broitman and coworkers showed 
that rats fed a choline-deficient diet developed cirrhosis 
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which could be prevented by oral neomycin. However, when 
endotoxin was added to the water supply, neomycin was no 
longer able to prevent the development of liver injury and 
fibrosis [86]. Subsequently, it was been shown that alcohol 
alters gut flora and intestinal permeability. Alterations and 
permeability allow gut-derived toxins to cross the intestinal 
barrier and activate Kupffer cells, which are “primed” to 
overproduce inflammatory cytokines, which in turn cause 
liver inflammation/injury (Fig. 6.2). Mechanisms for intesti-
nal permeability changes include acetaldehyde generation 
from alcohol, nitric oxide production, alterations in nutrition 
such as zinc deficiency, and others. Gut-derived toxins that 
cross the barrier include not only endotoxins or LPS but also 
other gut-derived products such as peptidoglycan.

Later, studies showed that antibiotics, prebiotics, and pro-
biotics all prevented the development of experimental alco-
hol-induced liver injury [92–95]. Increased plasma/hepatic 
concentrations of proinflammatory cytokines such as tumor 
necrosis factor (TNF) were noted in rodent models of 
 alcoholic liver disease (ALD), and mice given anti-TNF 

antibodies or mice lacking TNFR1 were protected against 
the development of experimental ALD [96, 97]. Moreover, 
chronic alcohol feeding was shown to sensitize to the hepa-
totoxicity induced by gut-derived endotoxin and TNF, and 
specific components of the TLR4 pathway responsible for 
alcohol-related liver injury are being defined [98, 99]. Indeed, 
TLR4 activation by endotoxin results in recruitment of the 
adaptor molecules MyD88 and Toll/interleukin-1 receptor 
(TIR) domain-containing adapter-inducing interferon-  
(TRIF), which each activate separate downstream signaling 
cascades. Recent data suggest that the MyD88-independent 
pathway (TRIF) is more important in the development of 
ALD, whereas nonalcoholic steatohepatitis appears to signal 
through the MyD88-dependent pathway [99].

Concomitant studies in patients with alcoholic hepatitis 
(AH) and/or cirrhosis showed increased gut permeability 
and endotoxemia. Over 20 years ago, we first reported that 
patients with AH had increased basal and endotoxin-stimulated 
monocyte TNF production, and subsequent studies showed 
that plasma and monocyte proinflammatory cytokines cor-
related with the clinical course of AH and survival [100, 
101]. Unfortunately, recent human studies have not demon-
strated therapeutic efficacy for biologics such as anti-TNF 
antibody/TNF soluble receptors in AH [102, 103]. Thus, it 
appears that complete TNF blockade is not a viable thera-
peutic option in ALD, possibly because of the necessary role 
for a basal level of TNF in liver regeneration [104, 105]. 
However, compelling data suggest that gut-derived toxins 
play an etiologic role in the development/progression of 
ALD, and new therapeutic approaches for this target are nec-
essary. Similar to alcohol, HIV (especially early in the course 
of infection) can disrupt gut barrier and cause endotoxemia. 
Microbial/toxin translocation is associated with systemic 
immune inflammation, which plays a role in certain HIV 
complications such as neurological degeneration [106]. The 
role of alcohol in aggravating HIV effects/complications has 
not been well defined. In theory, some of the factors that may 
improve gut barrier function following alcohol abuse may be 
of benefit in HIV infections/complications.

Therapy for ALD and Conclusions

Major advances have been made in our understanding of the 
mechanisms for the development and progression of ALD, 
and we have reviewed many of the mechanisms leading to 
initial steatosis. In experimental animals, one can block fatty 
liver and initial liver injury by blocking TNF/proinflamma-
tory cytokine production, inhibiting oxidative stress, or alter-
ing the clotting cascade. Moreover, many of these pathways 
are highly interactive; for example, there are major interac-
tions between oxidative stress and proinflammatory cytokine 
production. Unfortunately, these seemingly straightforward 

Fig. 6.2 Alcohol-induced alterations in gut flora/permeability can lead 
to activation of Tolls and subsequent hepatic inflammation/injury

Fig. 6.1 Chronic alcohol feeding and a fatty liver sensitizes the liver to 
multiple second hits, which can cause progression to inflammation/
injury and fibrosis
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mechanisms for ALD have not translated into effective ther-
apy for human ALD [107–109].

There are multiple potential reasons for this apparent lack 
of translation of therapeutic efficacy into humans. In most 
experimental models (both in vitro and in vivo), the experi-
mental design focuses on preventing the development of 
liver disease rather than treating already-developed liver 
injury. In the clinical situation, patients present with AH or 
cirrhosis and treatment instead of prevention is required.

Next, clinical trials have shown that small biologic mol-
ecules, such as anti-TNF, appear to be ineffective in acute 
AH [110]. Such therapy is highly effective at preventing 
experimental ALD, but it may be less effective treating 
established disease. A “baseline” low concentration of 
TNF appears to be required for liver regeneration, while 
excess TNF can be hepatotoxic. Thus, inhibiting all TNF 
activity with biologic therapy may not be an appropriate 
strategy for treatment of AH. Rather, drugs such as pen-
toxifylline and corticosteroids that downregulate TNF pro-
duction may be a more effective therapeutic approach. 
Indeed, two randomized clinical trials have shown thera-
peutic efficacy of pentoxifylline in severe AH. The first 
trial compared pentoxifylline against placebo and the sec-
ond compared it against corticosteroids [111, 112]. The 
dose of pentoxifylline, a nonspecific phosphodiesterase 
inhibitor, was 400 mg tid in both studies. Pentoxifylline 
was especially beneficial in blocking hepatorenal syn-
drome. Multiple meta-analyses have documented benefits 
of corticosteroids in patients with severe AH who do not 
have factors that would contraindicate corticosteroid ther-
apy [113]. Standard therapy for severe AH is 40 mg pred-
nisone/day to be tapered after about 1 month of therapy. 
Importantly, the early change in bilirubin level accurately 
predicts who will not respond to steroid therapy. Thus, if 
there is no drop in the serum bilirubin over 1 week, ste-
roids should be stopped [114]. Both of these agents work 
by dampening the proinflammatory immune system (and 
possibly through other mechanisms).

Doses and formulations of agents may also play an 
important role in therapeutic efficacy, especially in antioxi-
dant therapy. Drugs such as vitamin E may impact terminal 
processes in oxidative stress and may not be potent enough 
to be effective. Potentially stimulating the body’s own 
endogenous antioxidant systems may be more beneficial 
than providing exogenous antioxidants. Moreover, we need 
to monitor therapeutic endpoints. Thus, if patients are 
receiving antioxidant therapy, is this therapy effective in 
decreasing biomarkers of oxidative stress? Such monitoring 
was not performed in the past.

Lastly, as noted above, most large clinical trials have 
focused on therapeutic intervention for acute alcoholic hepa-
titis which is a more advanced and often lethal component in 
the spectrum of ALD. Limited clinical studies have focused 

earlier stages of ALD. Extensive studies in animals have 
shown that probiotics and prebiotics (such as oats) improved 
gut barrier function and endotoxemia [69, 93, 94]. Moreover, 
supplementation certain nutrients such as zinc also improves 
gut barrier function and endotoxemia in early ALD [115, 
116]. We have shown that patients hospitalized for detoxifi-
cation and psychosis due to alcohol abuse have altered gut 
flora, and they had more rapid correction of their liver 
enzymes with probiotic therapy. Thus, there is great promise 
for this type of gut oriented therapy in ALD, and it could in 
theory also benefit patients who are HIV positive with altered 
gut flora/barrier function.

Summary

We have markedly expanded our understanding of all phases 
of ALD, and we highlight early steatosis in this review. This 
knowledge now needs to be translated into the development 
of effective therapy, and this will require close interactions 
between basic scientists, clinicians, and industry. We have an 
improved understanding of mechanisms for fatty liver in 
ALD, the role of the gut–liver axis in disease progression, 
and the possible role of potential therapeutic interventions 
that modulate gut bacteria or barrier function. The linkage 
between HIV-associated increases in gut permeability, alco-
hol, and liver injury also remains to be elucidated.
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Introduction

The liver is the largest organ in the body with many vital 
metabolic functions. It occupies a key position between the 
gastrointestinal tract and systemic venous circulations. A 
healthy liver receives 70–75% of its blood form the portal 
vein (Fig. 7.1). The mesenteric veins of the intestinal tracts 
as well as the splenic vein are main sources of blood for the 
portal vein. Additionally, about 30% of the total blood passes 
through the liver every minute [1], carrying about 1010 lym-
phocytes in 24 h [2].

Therefore, the immune cells in liver are continuously 
exposed to foreign antigens from the gut including foods 
antigens, potential microbial antigens and toxins. The liver 
has complex mechanisms to recognize nonharmful antigens 
such as food antigens and induce tolerance to these antigens. 
The liver also identifies virulent organisms such as bacteria 
and viruses and develops protective immune responses to 
these damaging organisms. To explore these mechanisms, 
this chapter describes the structure of the liver and the func-
tions of intrahepatic cells in the immune responses, and how 
the immune cells in the liver adapt different mechanisms in 
response to foreign antigens and how the liver sustains dam-
age during these responses.

Liver Structure

Liver consists of the following cell types (Fig. 7.2):

Hepatocytes

They constitute two thirds of total cells in the liver. While the 
importance of their metabolic functions is well established 
their roles in the immune responses are under active investi-
gation. Recent data suggest that cytokines such as IL-28B 
secreted by hepatocytes may play important roles in viral 
resistance [3]. Also, the role of hepatocytes in induction of 
tolerance is discussed.

Stellate Cells

They are small number of cells in normal healthy liver local-
ized in the subendothelial space of Disse. They synthesize 
extracellular matrix proteins, including collagen types 1 and 
4, laminin, and heparin sulfate proteoglycan [4] upon stimu-
lation, and are responsible for initiation of liver fibrosis and 
cirrhosis.

Biliary Epithelial Cells

They represent about 5% of nonhepatocytes and make the 
intrahepatic and extrahepatic biliary ducts. They secrete 
chemokines and cytokines and participate in immune 
responses by expression of costimulatory molecules [4, 5].

Lymphocytes

The average human liver contains about 1010 lymphocytes, 
which makes it one of the largest reservoirs in the body for 
lymphocytes. Different subsets of lymphocytes are present, 
including the following.
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Fig. 7.1 Structure and  
composition of the immune cells 
in the liver

Fig. 7.2 Portal circulation.  
The portal vein carries blood to 
the liver from veins that drain the 
gut and the major splanchnic 
organs  
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Conventional a/b T Cells (CD4 and CD8)
These T cells express a diverse repertoire of T cell receptors 
with  and  chains. They recognize antigens in the context 
of Class I and Class I molecules on the surface of antigen-
presenting cells (APCs). The liver has higher frequency of 
CD8 (15–30%) and memory T cells (20–30%) than in the 
peripheral blood (8–10% and 10–15% respectively) [6].

Unconventional g/d T Cells
The liver is the richest sources of /  T cells. They represent 
15–25% of all intrahepatic lymphocytes. They recognize a 
limited range of antigens.

B Cells
The number of B cells in the liver is small compared to the 
peripheral blood and represent less than 6% of the total intra-
hepatic lymphocytes.

Natural Killer Cells
They are at higher frequency in the liver than in the periph-
eral blood. They represent about 30% of the total lympho-
cytes in the liver. They have strong cytotoxic and antiviral 
activity.

NKT Cells
They recognize antigen in the context of CD1d molecule. 
They are at a higher frequency in the liver than in other 
organs and can reach up to 30% of the intrahepatic lympho-
cytes. Upon stimulation, they secrete large quantities of 
IFN-  and IL-4 and may play a role in the regulation of the 
immune responses in the liver.

Antigen-Presenting Cells

Liver Sinusoidal Endothelial Cells
They represent 50% of the nonparenchymal cells in the liver. 
They line sinusoids and form fenestrated surfaces, which 
allow direct connection between lymphocytes and hepato-
cytes. They are highly efficient in antigen presentation [7].

Kupffer Cells
They are resident hepatic macrophages and represent approx-
imately 80–90% of tissue-fixed macrophages of the body [8] 
and 20% of nonparenchymal cells in the liver [9]. They are 
responsible for recognizing and elimination of microbes by 
phagocytosis. They represent heterogeneous populations of 
macrophages that reside in the periportal zone of liver lobule 
(43%) and to a lesser extent in the midzone (28%) and cen-
tral areas (29%) [10] of the hepatic lobule. Three subsets of 
Kupffer cells have been identified: (1) Small Kupffer cells 
with no phagocytic activity but responsible for secretion of 
TNF-  and immune regulation, (2) Intermediate Kupffer 

cells with high phagocytic activity, and (3) Large Kupffer 
cells with intermediate phagocytic activity. Both the inter-
mediate and large Kupffer cells secrete IL-6 and IL-10 and 
exert antimicrobial and anti-inflammatory functions [10]. 
They attach to the liver sinusoidal endothelial cell (LSEC) 
layer and are activated by endotoxin-type stimuli, including 
bacterial lipopolysaccharides (LPS) and superantigens with 
the release of acute phase proteins and cytokines.

Hepatic Dendritic Cells

They are predominantly immature dendritic cells that are 
tolerogenic in the noninflammatory microenvironment con-
dition in the liver. But during infection, they may migrate to 
regional lymph nodes and maturate to induce effective 
immune responses.

Immune Responses in Liver

Induction of Immune Responses

Innate Immune Responses
NK, NKT cells and Kupffer cells represent about 35% of 
nonhepatocytes in the liver [9], and play important role in 
innate immunity. Kupffer cells are important in initiation of 
the innate immune responses to infection. For example, 
Kupffer cells secrete IL-12 and IL-18 in responses to infec-
tion. These cytokines promote local expansion and stimula-
tion of NK and NKT cells to secrete IFN-  [11], which 
suppresses viral replication. Additionally, Kupffer cells 
secrete other cytokines such as IL-1 , IL-6, and TNF- , 
which stimulate infiltration of the neutrophil and increase 
their microbicidal activity (Fig. 7.3) [12].

NK cells regulate the immune responses by balancing the 
production of proinflammatory cytokines of Th1 and the 
anti-inflammatory cytokines of Th2 through regulation of 
their stimulatory and inhibitory receptors [13–15]. In the 
absence of inhibitory receptors and the presence of certain 
cytokines such as Type I IFN, NK will be activated to secrete 
IFN-  and lyse infected cells [16]. IFN-  also stimulates 
hepatocytes and LSEC to recruit T cells to the liver [16]. 
IL-12 secreted by Kupffer cells activates NKT cells to kill 
infected cells through Fas-mediated cell lysis, and to secret 
large quantities of IFN-  and IL-4 [17, 18]. Regulation of the 
balance between these two cytokines play important role in 
polarizing the immune response to either Th1 or Th2 
responses. There is strong evidence that NKT cells play 
important role in liver infection, because NKT deficient mice 
are more susceptible to viral [19] and bacterial infection  
[20, 21] and activation of NKT downregulates HBV viral 
infection in the transgenic mice model [22].
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Ag-Specific Immune Responses
To induce effective Ag-specific immune responses, T cells 
needs two signals; the first signal is provided through peptide-
MHC-TCR complex, and the second signal is through costi-
mulatory molecules present in professional APCs in the 
presence of proinflammatory conditions (Fig. 7.4) [23].

In the microenvironment of the liver, most of the Ag pre-
sentations lack the second signal, and, therefore, are unable 
to induce effective Ag-specific immune responses; instead, 
they produce tolerance [24].

However, in case of microbial infection with associated 
inflammation and killing of hepatocytes, Kupffer cells and 
professional immature hepatic dendritic cells (DCs) in the 
liver engulf the dead cells and migrate to the regional lymph 
nodes where they become mature DCs. Mature DCs effi-
ciently cross-present the infected cells and the foreign Ags to 
naïve T cells in the presence of costimulatory second signal. 
The stimulated Ag-specific T cells immigrate to the liver to 
secrete cytokines or kill the infected cells [25].

Induction of Tolerance

Kupffer cells respond to bacterial LPS, and superantigens 
present in the portal circulation by secretion of TNF-  and 
IL-10 [26, 27]. These cytokines downregulate Ag-uptake 
and MHC class II expression by LSECs and DCs and 
decrease T cell activation [27]. Kupffer cells also produce 

nitric oxide and reactive oxygen intermediate, which suppress 
T cell activation [28]. Additionally, lack of second signal in 
Kupffer cells and DCs in the healthy noninflammatory liver 
leads to the induction of tolerance in T cells upon presenta-
tion of the surrounding Ags (Fig. 7.5) [29]. In fact, tolerance 
in the liver depends on Kupffer cells because depletion of 
Kupffer cells in the mice model leads to impairment of toler-
ance [30].

Furthermore, LSEC-mediated presentation of antigens to 
naïve T cells results in secretion of IL-4 and IL-10 (Th2 type) 
rather than IL-2 and IFN-  [26, 31]. The dominance of IL-10 
in the liver downregulates chemokine receptors on DC and 
inhibits their migration to draining lymph nodes [32]. 
Consequently, priming T cells in the presence of IL-10 leads 
to decreased effector functions and cytokine secretions by  
T cells [27].

Induction of Apoptosis

Hepatocytes are less susceptible to cell death in comparison 
to other primary cells. In normal primary cells, Fas ligation 
alone induces the activation of caspases and apoptosis (type 1 
cell). By contrast, hepatocytes require the amplification of the 
apoptotic Fas/FasL signal thorough the mitochondria (type II 
cell), equivalent to many tumor cells. Three main mecha-
nisms are involved in apoptosis of hepatocytes; FasL, TNF , 
and Tumor necrosis factor (TNF)-related apoptosis-inducing 

Fig. 7.3 Stimulation of the innate immune responses of the liver
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Fig. 7.4 Stimulation of Ag-specific immune response in the liver

Fig. 7.5 Induction of tolerance in the liver
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ligand (TRAIL) [33]. The following section reviews the three 
mechanisms of apoptosis and their regulation.

Fas/FasL Interaction
Fas-induced apoptosis is the most important pathways 
involved in liver injury. Under normal physiological condi-
tions, Fas receptors are expressed on hepatocytes, Kupffer 
cells, stellate cells (STC), LSECs, whereas FasL is normally 
expressed on NK, NKT and activated T cells [34]. Binding 
of Fas receptors on hepatocytes to FasL on activated NK, 
NKT and T cells may lead to death of hepatocytes. Fas-
mediated cell death is important for the removal of viral 
infected or transformed hepatocytes [35]. It is also a com-
mon final pathway for liver injury in acetaminophen over-
dose [36–38], alcohol [39–41], and cholestatic liver damage 
[42, 43].

TNF-a/TNF-aR Interaction
TNF  is a proinflammatory cytokine secreted in the liver 
mainly by activated Kupffer cells, and also to lesser extent 
by NK, LSECs, and STC [44]. TNF  is present in two forms; 
soluble and membrane-bound forms (Fig. 7.6). The biologi-
cal role of TNF  in the liver is highly regulated. TNF  can 
bind to two main receptors on hepatocytes; TNFR-1 and 
TNFR-2 [45]. TNFR-1 stimulation can induce both prolifer-
ation and apoptosis, while TNFR-2 does not contains death 
or proliferation domains and its main function is to amplify 
the effect of TNFR-1 in promoting apoptosis. TNFR-1 sig-
nals through recruitment of TNFR-associated protein 

(TRAF2) and receptor-interacting protein (RIP), which leads 
to activation of NF- B and prosurvival genes and induction 
of cell proliferation. The apoptotic pathway occurs through 
activation of Fas-associated death domain protein (FADD)/
caspase 8-dependent pathway. TNFR2 receptors amplify the 
apoptotic pathway by its ability to attract the TRAF2, there-
fore inhibiting the TNFR-1 proliferation pathway.

Additionally, NF- B controls the activation of another 
important regulator, the Jun Kinase pathway (JNK). Transient 
and modest activation of JNK is associated with prolifera-
tion, while prolonged and strong JNK activations induce 
apoptosis and cell death.

Moreover, TNFR-1 activation leads to the recruitment of 
RIP-1, and activation of Nox1 and formation of reactive 
oxygen species which leads to sustained activation of JNK 
and consequently activation of the apoptotic pathway [46].

Tumor Necrosis Factor-Related Apoptosis-Inducing 
Ligand Pathway
It was initially thought that Tumor necrosis factor (TNF)-
related apoptosis-inducing ligand (TRAIL) activation 
induces apoptosis and cell death only in tumor cells and not 
primary cells, however, recent data suggest that TRAIL sen-
sitivity in primary cells is under strict control and can only be 
activated under pathological conditions [47].

TRAIL and TRAIL-R are expressed on normal hepato-
cytes and NK cells but at a low level. During viral infection, 
inflammation, drug toxicity, or fatty liver, TRAIL-R expres-
sion on hepatocytes is upregulated and the sensitivity of 

Fig. 7.6 TNF- /TNF-R interactions
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hepatocytes to TRAIL-induced apoptosis increases [48]. 
Additionally, in proinflammatory microenvironment and in 
the presence of cytokines such as IFNs, TRAIL expressions 
in intrahepatic lymphocytes and NK cells increase, which 
lead to selective killing of the infected hepatocytes by lym-
phocytes and NK cells [49]. TRAIL pathways also collabo-
rate with other apoptotic pathways in the liver [33].

Immunopathogenesis and Liver Injury in HCV 
Infection

Immune Responses and Tolerance

The mechanisms that determine the balance between the 
immune responses and tolerance to foreign antigens are still 
speculative [50]. Different hypotheses have been suggested. 
One of the hypotheses suggests that the presence of proin-
flammatory conditions in the liver maturates the intrahepatic 
APCs and upregulates the secondary signals [51]. These 
mature APCs induce effective antigen presentation and acti-
vation of T cells [52]. The inflammatory microenvironment 
is mainly induced by stimulation of innate immune responses 
by microorganisms and massive production of proinflamma-
tory cytokines which overcomes the hyporesponses induced 
by LPS to intrahepatic DCs, and LSECs [53, 54].

Another hypothesis depends on the sites of priming the 
immune responses. If priming occurs with professional APCs 
in the lymph nodes, effective immune responses are elicited. 
However, if priming occurs by the immature DCs in the liver 
or hepatocytes, T cell tolerance is likely to ensure [29]. 
Additionally, it has been suggested that the levels of Ag 
expression in the liver are important. The presence of high 
Ag concentration in the liver favors T cell depletion and tol-
erance induction [55].

In most hepatotropic viruses, there are successful and 
effective immune responses to remove the viral infection  
[9, 56]. However, in HCV-infected individuals more than 
half of the patients become chronically infected. The reasons 
for the persistent HCV infection are unclear but probably dif-
ferent factors are involved including; the high replication and 
mutation rates of HCV [57, 58], the effect of HCV core pro-
tein on immune function [59–61], the initial presentation of 
HCV Ags by the hepatocytes and intrahepatic immature DCs 
with the induction of tolerance to HCV Ags [25, 31, 62], and 
the induction of Th2 responses due to the presentation of 
HCV Ags by intrahepatic immature DCs, and LSECs [25]. 
There are also some data that suggest that the frequency of 
chronically HCV-infected patients may be overestimated and 
there are unrecognized previously HCV-infected patients 
who cleared the infection with cell-mediated immune 
responses without serological markers of infection [63–67].

Apoptosis

The role of Fas/FasL in HCV infection is still controversial. 
During HCV infection, Fas and FasL are upregulated on 
infected hepatocytes, and activated T cell respectively [68]. 
These upregulations are induced by viral proteins and cytok-
ines and correlate with the severity of the damage [69, 70]. 
Alternatively, HCV infection could protect hepatocytes from 
Fas-mediated apoptosis by repressing the release of 
cyotchrome c from the mitochondria [70, 71], the secondary 
signal necessary to induce apoptosis in hepatocytes. 
Therefore, HCV inhibits apoptosis to allow for persistent 
infection and chronicity.

HCV viral infection also sensitizes the hepatocytes to 
TRAIL-induced apoptosis by upregulations of TRAIL-R on 
hepatocytes and increases the expression of TRAIL on intra-
hepatic lymphocytes and NK cells [72], leading to death of 
hepatocytes. The ultimate outcomes of apoptosis in HCV 
infection depends on the balances among these different 
mechanisms.

Hepatocyte Responses to Infection

Hepatocytes have intrinsic capacity to inhibit viral replica-
tion through induction of interferons (IFNs). Three groups 
of IFNs have been identified. Type II (IFN- ) is mainly 
secreted by immune cells, whereas Type I (IFNs-  and ) 
and Type III (IFNs- ) IFNs are secreted by hepatocytes and 
other nucleated cells. IFNs bind to distinct transmembrane 
receptors to induce potent antiviral responses [73, 74]. The 
three newly identified IFNs – 1, 2, 3 proteins (also 
termed IL-28A, IL-28B, and IL-29) – bind to a heterodi-
meric receptor composed of a previously unknown IFN- R1 
subunit and IL-10R2, which also serves as the second chain 
of the IL-10R [3].

The antiviral activity of IFNs is mediated through the 
activation of the JAK-STAT (IFN- s, IFN- s, and IFN- s) 
and MAPK (IFN- s and IFN- s) pathways [3]. These IFNs 
play an important role in the inhibition of viral infections in 
hepatocytes.

Recent genome wide association studies (GWAS) links 
variation in IFN- 3 (IL-28B) gene to chronic HCV infection 
and failure to treatment [75, 76], as well as response to ther-
apy [77–80] and spontaneous HCV clearance [80]. Moreover, 
in vitro study suggested that IFN- 1 (IL-29) and IFN- 2 
(IL-28A) block HCV replication in human hepatocyte cell 
lines [81, 82]. IFN-  has been tested in phase 1B as a treat-
ment of chronic hepatitis C. The drug had a robust activity 
against HCV with limited toxicity due to the reduced tissue 
expression of the IFN-  receptor to the hepatocytes com-
pared with IFN- /  receptors.
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Immunopathogenesis and Liver Injury  
in HIV Infection

HCV and HIV infections are common among injection drug 
users (IDUs) with approximately 80–90% of HIV-infected 
IDUs are coinfected with HCV [83]. Furthermore, these 
HCV–HIV coinfected patients are at a higher risk of pro-
gressing to end-stage liver disease and cirrhosis [84–86]. 
Liver disease in HCV–HIV coinfected patients is character-
ized by inflammation and cell-death [87–89]. Recent studies 
suggest that the HIV envelope protein gp120 may induce 
apoptosis and inflammation in hepatocytes through increased 
Fas expression in hepatocytes, and induction of IL-8 [90–92]. 
Recently, Th17 cells, a subset of CD4 T helper cells, have 
been described. Th17 appears to be critical for regulating gut 
mucosal immune responses against extracellular microbial 
pathogens and may serve as a link between innate and 
 adaptive immune responses. Th17 cells are permissive to 

HIV infection and appear to play important role in HIV 
pathogenesis. Th17 cells are depleted from the gut of HIV-
infected individuals and their depletion is associated with 
microbial translocation, which is a cause for chronic immune 
activation and disease progression [93, 94]. A pronounced 
loss of mucosal Th17 cells in the simian immunodeficiency 
virus-infected rhesus macaque model of AIDS is linked to 
impaired immune responses in the gut mucosa [93, 95]. 
Microbial translocation is associated with increased LPS in 
the liver and chronic stimulation of intrahepatic lymphocytes 
(Fig. 7.7). Kupffer cells, which clear most of microbial trans-
location products, can be infected by HIV, and their numbers 
decrease in HIV-infected patients [96], which augments the 
deleterious effect of microbial translocation on the liver. 
Microbial translocation may also alter the cytokine produc-
tion in the microenvironment in the liver [97]. It favors Th2 
production and induction of tolerance [98] and is associated 
with progression of hepatic fibrosis [96].

Fig. 7.7 Mechanisms of microbial translocation in HIV/HCV Infection
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Summary

The liver is a site for both immune tolerance and effective 
immune responses. Different factors affect the outcome of 
liver responses to foreign antigens. These factors include the 
presence of inflammatory cytokines in the microenvironment 
and the induction of innate immune responses. Additionally, 
the site of priming the immune cells either in the lymph 
nodes or the intrahepatic environment might affect the out-
come. Hepatocyte injury and repair is a consequence of 
immune clearance and modulation of apoptotic pathways. In 
HCV and HIV infections, both the immune responses and 
apoptosis inductions are altered by viral infection and/or 
viral proteins.
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Introduction

Since the early days of the current HIV type 1 (HIV-1) pan-
demic, it has been observed that both susceptibility to HIV-1 
infection and natural course of disease are highly variable. 
These differences are the result of multifaceted interactions 
between virus, host, and environment, and these interactions 
may be even more complex in the case of coinfection with 
other viruses such as HBV or HCV. With respect to the host, 
it is known that genetic differences importantly contribute to 
this variation.

However, our current knowledge of the relevant host 
genetic factors is still limited for two main reasons [1, 2]. 
First, many studies have suffered from suboptimal study 
design, which is a common theme in the genetic-association 
literature [3]. Second, until recent years most of the discov-
eries were the result of single candidate gene studies in which 
allelic variants with a known or suspected role in HIV-
associated immune responses and pathology have been ana-
lyzed. Thus, a limited number of host genes have been 
studied so far and most of the identified genetic markers rel-
evant to HIV-1 infection are either implicated in HIV-1 life 
cycle, including viral entry, replication, and propagation or 
are involved in the modulation of antiviral immunity [4].

This candidate-gene approach is based on a priori 
knowledge of the (potential) role of a specific gene in HIV 
pathogenesis. Following identification/selection of a candi-
date gene, the corresponding genomic region can be geno-
typed at known polymorphic positions, or resequenced to 

identify unknown variants. Association analysis can address 
the individual  contributions of any single-nucleotide poly-
morphism (SNP) within this region, or of a series of linked 
SNPs (a haplotype), to a study phenotype.

However, by using this approach, statistical analysis 
needs to take into account several issues. For instance, mul-
tiple testing will lead to an increasing number of false-positive 
tests as the number of SNPs, alleles, study end points, pheno-
types, or subgroups increase. The ongoing expansion of the 
global HIV-1 epidemic, its impact on human health, and the 
limitations of the candidate-gene approach represent a strong 
argument for the adoption of genome-wide association stud-
ies (GWAS). This approach enables investigators to assess 
genetic interactions, copy number polymorphisms, enrich-
ment of genetic sets and of functional variants in the whole 
genome, or in large genomic regions even in the absence of 
a priori knowledge of the most important genes. Indeed, a 
series of GWAS have been performed in the field of HIV 
infection during recent years and provided important infor-
mation that will help to better understand the underlying 
mechanisms associated with disease expression in variable 
population groups [5–10].

Host Genetics and HIV-1 Disease

Genetic Polymorphisms Affecting HIV Life-Cycle

Chemokines and Chemokine Receptors
Chemokines, a group of chemotactic cytokines, exert chemot-
actic and immunoregulatory actions [11]. Furthermore, these 
molecules are involved in modulation of adhesion processes 
at the endothelium and thus promote the transendothelial 
migration of leukocytes (haptotaxis). In addition, some 
chemokines stimulate angiogenesis or angiostasis and thus 
may play a further role in the suppression of tumor growth or 
the establishment of an inflammatory response.

Host Gene Polymorphisms and Disease/
Treatment Outcomes in HIV and Viral 
Coinfections

Jacob K. Nattermann and Jürgen K. Rockstroh 

8

J.K. Nattermann ( ) 
Department of Internal Medicine I, University of Bonn,  
Sigmund-Freud Str 25, Bonn 53125, Germany 
e-mail: jacob.nattermann@ukb.uni-bonn.de



68 J.K. Nattermann and J.K. Rockstroh

Currently, about 50 human chemokines and 20 chemokine 
receptors have been described.

CC-chemokines bind to specific G-protein coupled recep-
tors to trigger cell activation and migration. In particular, the 
CC-chemokines CCL3 (macrophagic inflammatory protein 
1, MIP-1), CCL4 (macrophagic inflammatory protein 1, 
MIP-1), and CCL5 (regulated upon activation, normal T cell 
expressed and secreted, RANTES) are ligands for the 
CC-chemokine receptor 5 (CCR5) and attract monocytes 
and T lymphocytes [12]. Moreover, CCR5 represents the 
main coreceptor for macrophage-tropic (R5) strains of HIV-
1, normally expressed on CD4-positive T lymphocytes.

The CCR5 gene is subject to several mutations which 
have gained major scientific and clinical interest as these 
represent the only allelic variants that have been consistently 
associated with protection against infection with HIV-1.

The most prominent CCR5 polymorphism is a 32-bp 
deletion in the coding region of the CCR5 gene (CCR5 32) 
which leads to a frame shift and a truncated protein which is 
not expressed on the cell surface [13, 14]. In a Caucasian 
population the CCR5 32 allele frequency is about 10–20% 
(corresponding to a 1% frequency of homozygous individu-
als) [13] and this frequency decreases in a southeast cline 
toward Mediterranean and gradually disappears in the 
African and Asian populations.

Of note, the CCR5 32 mutation confers protection 
against infection with R5-tropic viruses in individuals that 
are homozygous for this allele and has been shown to slow 
down disease progression in heterozygotes [13].

Besides CCR5 32 there are several other uncommon 
polymorphisms within the coding region of CCR5. However, 
the impact of these allelic variants on HIV-1 coreceptor func-
tion has not been completely established [15], except for 
CCR5 303T > A SNP (also referred to as C101X or m303) 
[15, 16]. This rare mutation inserts a premature stop codon 
which prevents expression of a functional coreceptor, thereby 
blocking entry of R5-tropic HIV-1 strains in vitro [17].

Some reports suggested an influence of CCR5 promotor 
variants on disease progression owing to modulated suscep-
tibility of target cells as a result of altered CCR5 surface 
expression [18–21].

Of note, CCR5 and its ligands may not only interfere with 
viral entry of HIV into the cell but also affect antiviral 
responses via modulating cellular immunity [22]. The com-
plexity of these associations was further emphasized by stud-
ies analyzing the effects of CCR5 haplotypes (defined as a set 
of SNPs in combination with the CCR5 32 mutation). Here, 
the authors observed that the CCR5 haplotype (HHG*2) 
comprising the 32-mutation (both homozygous or in combi-
nation with another specific haplotype (HHE)) is a predictor 
of a weak cell-mediated immune response and a rapid pro-
gression of HIV infection. However, the same CCR5 HHG*2 

haplotype in combination with the CCR5 HHC haplotype 
was associated with a slower progression of infection and 
possibly with a stronger immune response [22].

CCR2 is a minor HIV-1 coreceptor that is not directly 
used for cell entry in vivo. A mutation within the first trans-
membrane region of the CCR2 chemokine gene (CCR2-64I; 
a valine to isoleucine change) has been found to delay pro-
gression to AIDS [23].

At the moment it is still controversial how the CCR2 64I 
variant exerts its protective. A proposed mechanism is an 
increased ability of CCR2 64I to downmodulate CCR5 
expression [24, 25]. However, other studies could not con-
firm an association between CCR2A 64I and CCR5 expres-
sion levels and suggested that CCR2 64I does not act by 
influencing CCR5 transcription or mRNA levels [26].

CXCR1 (IL-8RA) and CXCR2 (IL-8RB) are receptors 
for proinflammatory cytokine IL-8. Several polymorphisms 
within the CXCR1 [27] and CXCR2 genes have been classi-
fied into distinct haplotypes. Two SNPs T92G (CXCR1 
2300) and C1003T (CXCR1 2142) are an integral part of the 
CXCR1 haplotype “Ha,” which has been described to be in 
strong association with protection against rapid progression 
to AIDS possibly mediated by suppressing CD4 and CXCR4 
expression [28].

Moreover, genetic variants in the genes encoding for the 
chemokines CX3CR1 [29–36] and CXCR6 [37] have been 
reported to be associated with different outcomes of HIV 
infection. However, the exact role of these polymorphisms 
remains to be clarified in larger studies.

Duffy Antigen Receptor for Chemokines
Duffy antigen receptor for chemokines (DARC), a nonspe-
cific chemokine receptor expressed on red blood cells 
(RBCs), represents a known receptor for Plasmodium vivax. 
Moreover DARC can aid HIV-1 attachment to RBCs and 
modulate its transinfection to target cells by affecting both 
chemokine–HIV interactions and chemokine-driven inflam-
mation [38–40]. A SNP in the promoter region of DARC 
(46T-C) is widely prevalent in African populations. The 
homozygous 246CC genotype confers the malaria-resisting, 
Duffy-null phenotype. With respect to HIV-1 infection, this 
genotype has been shown to be associated not only with a 
high risk of HIV-1 infection but, on the contrary, also with 
slower progression in terms of death or development of 
dementia [40]. Interestingly, this survival advantage became 
increasingly pronounced in those with progressively lower 
WBC counts, suggesting interactions between DARC geno-
type and the cellular milieu defined by WBC counts may 
influence HIV-1 pathogenesis [41].

Chemokines represent the natural ligands for the same 
receptors used by HIV for cell entry and thus can interfere 
with HIV entry by two means: First, they compete with HIV 
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for the same receptor, and second, they can reduce surface 
expression of the respective chemokine receptor by inducing 
its internalization upon binding [42].

A variety of polymorphisms in genes encoding for 
chemokine have been analyzed with respect to its potential 
effects on HIV disease. CCL5, a ligand for the CCR5 receptor, 
is a potent inhibitor of HIV entry in vitro. In vivo studies dem-
onstrated decreased CCL5 levels to be associated with acceler-
ated disease progression, whereas the opposite effect could be 
observed in patients with upregulated CCL5 expression [42].

Several polymorphisms within regulatory regions of the 
CCL5 gene have been grouped in haplotypes that appear to 
modulate CCL5 gene expression, thereby affecting HIV suscep-
tibility as well as the course of infection [32, 43–55]. However, 
these data need to be confirmed in larger cohorts [56].

Studies on the CCL2-CCL7-CCL11 genes cluster revealed 
additional chemokine polymorphisms potentially affecting 
course of HIV disease, whereby again increase in chemokine 
expression levels has been suggested as the underlying 
mechanism [28, 57, 58].

Furthermore, allelic variants in the coding and noncoding 
regions of the CCL3 gene have been shown to be associated 
with both resistance and progression [59–61].

The gene encoding for CCL3L1 harbors various SNPs. 
Moreover, the region on chromosome 17q that encodes this 
gene represents a hotspot for duplication [62]. As a result 
individuals vary with respect to the number of CCL3L1-
containing segmental duplications (copy number variations) 
[62]. Of note, a low CCL3L1 copy number has been associ-
ated with reduced chemokine levels and a higher proportion 
of CCR5-positive CD4+ cells [63].

This is important because CCL3L1 is a potent ligand for 
CC chemokine receptor 5 (CCR5) and has been shown to be 
a dominant HIV-suppressive chemokine [64].

Of note, copy number variations in CCL3L1 have been 
reported to be associated with susceptibility to HIV-1 
infection [60, 63, 65–67] and the course of disease [63, 66, 
68, 69]. However, recent studies could not confirm these 
findings [70, 71].

Based on the combination of genotypes for CCL3L1 copy 
numbers and CCR5 deletion mutation, genetic risk groups 
(GRKs) have been defined that are associated with the risk of 
acquiring HIV infection and the extent of HIV replication 
[22, 69, 72].

Individuals with CCL3L1 high copy numbers and CCR5 
deletion point toward low risk compared with those with 
CCL3L1 low copy numbers and CCR5 nondeletion geno-
types. Furthermore, these genotypes have been shown to 
influence CD4 recovery and immune reconstitution after 
highly active antiretroviral therapy [69] and seemed to affect 
cell-mediated immune response.

SDF-1 (CXCL12) is a powerful chemoattractant cytokine 
that regulates the maturation, trafficking, and homing of 

lymphocytes and represents the natural ligand for CXCR4, 
the main coreceptor for lymphotropic HIV-1 strains (X4 
strains). Numerous studies have analyzed allelic variants 
with the SDF-1 gene with respect to its potential effects on 
HIV susceptibility and progression of disease.

In particular, a SNP located in the 3 -untranslated region, 
which might affect SDF-1 production, has been suggested to 
have various effects [73, 74]. However, in a large meta-anal-
ysis these findings could not be convincingly confirmed [75]. 
Thus, the exact role of CXCL12 variants remains unclear.

HIV-1 Dependency Factors (TSG101 and PPIA)
After cell entry, HIV-1 interacts with various host proteins. 
Some function as antiviral factors but the majority are HIV 
dependency factors (HDFs). These specific proteins are 
essential for sustaining viral replication. Therefore, HDFs 
would represent ideal candidate genes and thus have been 
studied in several host genetic studies. Until now, only two 
allelic variants in genes encoding for such HDFs have been 
shown to affect pathogenesis of HIV-1 infection und con-
firmed in subsequent studies, including TSG101 (encoding 
tumor susceptibility gene 101) and PPIA (peptidyl-prolyl 
cis-trans isomerase, encoding cyclophilin A).

TSG101 directly interacts with a highly conserved motif 
in the p6 region of the HIV-1 Gag protein, Pro-Thr/Ser-Ala-
Pro (PTAP), and thus was shown to be critical for the release 
of HIV-1 particles from the cellular membrane [76–80]. 
Haplotypes constructed from SNPs located in the 5 -region 
(+181A > C and −183T > C) were shown to affect disease 
progression, the rate of CD4 T-cell depletion and viral load 
increase over time, and to possibly influence on HIV-1 
infection [81].

The cyclophilin A protein is incorporated into the viral 
particle through selective interaction with viral capsid. At the 
moment, it is only incompletely understood how cyclophilin 
A enhances HIV-1 infection. However, recent studies sug-
gest that this molecule is involved in uncoating of the viral 
core and may act as a cofactor for the anti-HIV protein 
TRIM5. Several allelic variants within the regulatory region 
of PPIA have been found to modulate CD4+ T cell loss in 
African Americans and to possibly affect susceptibility to 
HIV-1 infection [82–84]. Considering the important role of 
cyclophilin A in HIV-1 replication, manipulation of CypA 
activity may represent a interesting novel therapeutic 
approach [83].

Intrinsic Antiretroviral Factors
In addition to genes that modulate viral entry, there are oth-
ers that are critically involved in HIV restriction and influ-
ence the anti-HIV immune response. Most notably, the 
antiviral APOBEC3G gene family and the virus restriction 
factor TRIM5a have been shown to exert a potent antiretro-
viral function.
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TRIM5a (Tripartite interaction motif 5a) is a species- 
specific antiviral factor that protects humans and other pri-
mates against a broad range of retroviruses. It targets the 
capsid molecules of the incoming retrovirus in the cytosol 
and promotes its premature disassembly. Human TRIM5a 
has been shown to effectively block N-tropic murine leuke-
mia virus (MLV) and equine anemia virus, but is much less 
efficient in restricting HIV-1 replication [85–87].

Several TRIM5a polymorphisms have been reported to 
have functional consequences with regard to the antiviral 
activity of Trim5  in vitro (e.g., H43Y, R136Q, G110R, and 
G176del) and to affect natural course of and/or susceptibility 
to HIV infection. However, most in vivo data suggest that 
common variants of human TRIM5a may only have limited 
effect on HIV-1 disease, and thus, the exact in vivo role of 
TRIM5a variants is still under discussion [85, 88, 89].

APOBEC3G (Apolipoprotein B mRNA-editing enzyme, 
catalytic polypeptide-like 3G), a cellular cytidine deaminase, 
was first identified as a host antiviral factor able to restrict 
replication of human immune deficiency viruses lacking the 
accessory protein Vif (viral infection factor) [90]. In the 
absence of Vif, APOBEC proteins are encapsidated by bud-
ding virus particles and either cause extensive cytidine to 
uridine editing of negative sense single-stranded DNA dur-
ing reverse transcription or restrict virus replication through 
deaminase-independent mechanisms.

In African populations, an H186R coding change was 
reported to favor progression to AIDS. More recently, an 
APOBEC3H allele encoding stable APOBEC3H protein 
with potent activity against retroviruses including HIV has 
been described primarily in African populations. However, 
an exhaustive analysis of APOBEC3G variants in Caucasian 
did not reveal any association with control of HIV. Thus, fur-
ther studies in larger, ethnically controlled populations are 
needed to exactly define the role of APOBEC3 variants in 
HIV infection are warranted [91–93].

Genetic Polymorphisms and Immunity

Major Histocompatibility Complex
Among the various immunogenetic determinants that are 
known to influence HIV/AIDS, the human leukocyte antigen 
(HLA) system represent the most prominent host genetic 
factor that has been consistently demonstrated to affect out-
come of HIV disease.

Three genes (HLA-A, HLA-B, and HLA-C) encode the 
classical HLA class I proteins, which are critical for the 
development of an immune response. The major biological 
function of HLA class I is presentation of antigenic peptides 
(including viral epitopes). Thus, the genetic diversity in this 
locus sets the stage for effective CD8+ T cell responses 

against the virus. Owing to HLA driven immune selection 
pressure, the virus continues to evolve into new mutants, 
albeit with varying degrees of fitness.

Following infection with HIV, the potency of the elicited 
antiviral immune response critically depends on the viral 
epitopes that can be presented by the HLA repertoire of the 
infected individual. Therefore, an increased heterozygosity at 
HLA class I region is considered to be a selective advantage 
as it enables presentation of a wide range of viral antigens 
and thus evokes a broader T-cell response, resulting in delayed 
emergence of escape mutants and decelerates progression 
toward AIDS [94]. Moreover, the HLA status may also affect 
horizontal transmission of HIV infection, as it has been sug-
gested that Major histocompatibility complex (MHC) con-
cordance between the virus donor and the recipient facilitates 
the virus to passage itself to a new host [95–97].

In the case of vertical transmission from mother to child, 
it is generally easier for the preadapted virus to reestablish 
itself in the progeny (which is least HLA haploidentical) 
with the virus donor, even if the shared HLA allele is appar-
ently a “protective” one like HLA-B27 [98, 99].

The HLA allele that has most consistently been associ-
ated with efficient control of HIV is B*57, with B*5701 
found almost exclusively in Caucasian populations and 
B*5703 mostly observed in individuals of African ancestry 
[5, 7, 9, 100].

HLA-B*57 has been shown to exert strong selection pres-
sure on HIV, forcing rapid viral mutation. But this comes at 
the cost of its replicative fitness [101]. Accordingly, a SNP 
(HCP5 rs2395029) that is a proxy for B*5701 showed the 
strongest association with viral load or long-term nonprogres-
sion in different genome-wide association studies [5, 7, 9].

Moreover, there is clear functional and epidemiological 
evidence indicating effective restriction of HIV by B*27. 
However, a recent report indicated that HIV is in the process 
of adaptation as a stable HLA-B27 CTL-escape strain circu-
lating in The Netherlands has been detected. Thus, patients 
carrying protective HLA alleles might not be protected any-
more from disease progression in the future [102].

Based on their peptide binding abilities HLA-B*35 
subtypes can be categorized into two major groups: B*35 
“Py” and B*35Px [28]. Of these, B*35Px (including B*3501, 
B*3502, B*3503, and B*3504) is associated with faster pro-
gression to AIDS [101]. However, the underlying 
mechanism(s) of such an association are not fully clear.

Various MHC haplotypes and several HLA-A supertypes (a 
group of HLA alleles with overlapping peptide-binding prop-
erties) have been reported to modulate the course of HIV infec-
tion. For instance, the B7 supertype, which encompass alleles 
such as B*0702-5, *1508, *3501-3, *5101, *5301, *5401, 
*5501-02, *5601, *5602, *6701, and *7801, has been associ-
ated with high viremia and accelerated progression to AIDS in 
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Caucasians infected with the clade B virus, but not in Africans 
who are infected predominantly with clade C [94, 103].

However, most of the reported associations between HIV 
infection and HLA haplotypes/subtypes are likely to reflect 
the impact of individual alleles included in these groups and 
to the long-range linkage disequilibrium structure of the 
MHC region [2].

Moreover, there is some evidence suggesting that genetic 
variation in HLA-C might also affect outcome of HIV infec-
tion as a SNP (rs9264942) located in the 5  region of HLA-C 
has been demonstrated be in strong association with both viral 
set point and progression [5]. However, more work is needed 
to understand the precise immunological and biological func-
tion of HLA-C in the context of HIV-1 infection [104].

The nonclassical HLA class I molecules HLA-E and -G 
are ligands for the inhibitory NK-cell receptors CD94/
NKG2A and KIR2DL4, respectively. A recent study carried 
out on Zimbabwean women suggested specific genetic vari-
ants of HLA-E (*0103) and HLA-G (*0105N) to be associ-
ated decreased risk of heterosexual HIV transmission [105]. 
However, due to the strong linkage disequilibrium within the 
HLA gene complex, the authors could not rule out the pos-
sibility that another linked gene is responsible for the 
observed effect. Thus, further data are warranted.

HLA and Drug Hypersensitivity
Finally, HLA gene variants play a role in terms of HAART 
hypersensitivity reactions which shows considerable inter-
individual variability among HIV-infected patients. 
Approximately 2–8% of HIV-positive Caucasian patients 
have been found to develop abacavir (NRTI) hypersensitivity 
syndrome (AHS) within 10–40 days after initiation of treat-
ment. Of note, these patients show a strong association of 
AHS with an extended MHC Ancestral Haplotype  
57.1 (AH57.1) carrying HLA-B*5701-DRB1*07 [106]. 
Accordingly, the presence of HLA-B*5701 is highly predic-
tive of clinically diagnosed AHS and has been confirmed in 
several study cohorts [15]. Therefore, HIV treatment guide-
lines in the USA and Europe have recommended mandatory 
screening of B*5701 before prescribing abacavir therapy. 
Besides abacavir, a few other antiretroviral drugs have shown 
specific genetic associations with drug efficacy and toxicities 
[107]. These include associations of (1) HLA-DRB1*0101 
and Cw8 with sensitivity to Nevirapine (NNRTI), (2) 
CYP2B6*6 with improved immunological recovery in 
response to NNRTIs; (3) CYP3A5*3 with faster PI (sequina-
vir and indinavir) oral clearance and others [107].

Killer Cell Immunoglobulin-Like Receptors
Beyond their role for the adaptive immune system, HLA 
molecules are also involved in the functional regulation of 
natural killer (NK) cells, a central part of the innate immune 

response against viral infections. NK cells express killer cell 
immunoglobulin-line receptors (KIR), which recognize HLA 
molecules resulting in activating or inhibitory signaling. Of 
note, there is increasing evidence indicating that specific 
HLA-KIR combinations have epistatic influences on the 
natural course of HIV infection [108].

KIR3DS1, an activating receptor has been associated with 
rapid progression to AIDS but only in the absence of HLA 
Bw4 molecules encoding an isoleucine at position 80 (Bw4 
80I) whereas KIR3DS1 alone or in combination with Bw4-
80I has a protective effect. In the absence of KIR3DS1, the 
HLA-Bw4-80I allele was not associated with any effect on 
HIV infection.

Moreover, several combinations of inhibitory KIR3DL1 
alleles and HLA Bw4 molecules have been associated with 
lower HIV serum levels and slower progression of disease. 
In addition, recent reports suggest that KIR3DL1 and 
KIR2DS1 may also have a role in modulating susceptibility 
to HIV infection [108–114].

Other Molecules Involved in Immune Responses
In general, all genes related to immunity can be suspected to 
be involved in the pathogenesis of HIV infection. Accordingly, 
many of them have been analyzed in genetic studies. 
However, most of the reported associations have not been 
conclusively replicated and therefore remain controversial.

DC-SIGN (CD209) and its related protein DC-SIGNR 
are C-type lectins known to bind multiple pathogens includ-
ing HIV-1, HIV-2, and hepatitis C virus. The extracellular 
portion of this molecule, which is important for pathogen 
binding, is composed of a tandem repeat region (“neck 
region”) and a carbohydrate recognition domain. Of note, the 
number of tandem repeats may affect susceptibility to HIV 
infection [115]. For instance, neck regions with less than 5 
repeat units have recently been demonstrated to be associ-
ated with resistance in individuals of Chinese ancestry.

Moreover, there are some reports suggesting a role of 
DC-SIGN promoter variants in HIV pathogenesis. The 
DC-SIGN 2336C allele has been associated with susceptibil-
ity to parenteral HIV-1 infection in the European Americans 
[116], while DC-SIGN-139C was associated with acceler-
ated AIDS progression in HIV-1-infected Japanese hemo-
philiacs [117]. However, these findings could not be 
confirmed in other studies.

Beta-defensin-1 (DEFB1), a small molecule mainly pro-
duced by epithelial cells, plays a role against infections, in 
inflammatory and allergic processes. In HIV-1 infection, sig-
nificant correlations between the SNPs −44 G/C and −52 
A/C in the 5 -untranslated region of the DEFB1 gene and a 
risk of vertical transmission were reported in Italian and 
Brazilian populations [118–121]. Moreover, −52 G/G geno-
type has been associated with lower levels of HIV-1 RNA in 
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breast milk, but not in plasma, in Mozambican women with 
the −52GG genotype versus women with the −52GA and 
−52AA genotypes [122].

Mannose-binding lectin (MBL), a major component of 
the innate immune response, is a circulating host-defense 
protein that acts as a broad-spectrum pattern-recognition 
molecule against a wide variety of infectious agents. MBL 
mediates its effects by influencing complement activation], 
opsonization, and phagocytosis. Of note, MBL2 contains 
polymorphisms in the coding and promoter region that have 
been associated with susceptibility to and/or progression of 
HIV-1 infection [123–125].

Finally, mounting evidence indicates Toll-like receptor 
(TLR) polymorphisms can affect susceptibility to and pro-
gression of HIV-1 infection. TLRs are innate immune sen-
sors that are integral to resisting chronic and opportunistic 
infections. Toll-like receptors (TLRs) play an important role 
in the innate immune response to pathogens. TLR7 recog-
nizes RNA of various viruses including HIV. A SNP in the 
gene encoding for TLR7 (TLR7 Gln11Leu) has been found 
to be associated with susceptibility to and a more severe 
clinical course of HIV-1 disease [126]. These results may 
have implications for the risk assessment of individual 
patients as well as for HIV-1 therapy and vaccination strate-
gies in the future.

Moreover, TLR4 polymorphisms [1063 A/G (D299G) 
and 1363C/T (T399I)] have been suggested to modulate 
HIV-1 peak viral load [127] and polymorphisms in the gene 
encoding TLR9 (1635A/G and +1174G/A) have been associ-
ated with disease progression [128, 129].

Host Genetics and HCV Mono- and HCV–HIV 
Coinfection

Currently pegylated interferon-  in combination with ribavi-
rin represents the backbone of HCV-specific therapy. 
However, in clinical studies interferon-based combination 
therapy sustained virologic response (SVR) is achieved in 
only ~40% of HCV/HIV coinfected patients [130], and SVR 
may be even lower in clinical practice [131].

HCV genotype [132–135] and viral load are major determi-
nants of treatment response in HCV infection, but there is clear 
evidence indicating host genetic factors to also influence 
response to treatment. However, only a limited number of stud-
ies have been performed in HIV–HCV coinfected patients.

The Cytokine/Chemokine System

Interleukins, Interferons, and Members  
of the Tumor Necrosis Factor Family
Factors that have received attention as possible predictors of 
response to interferon therapy of hepatitis C comprise the 

members of the cytokine family, including the chemokines, 
interleukins, interferons, and members of the tumor necrosis 
factor (TNF) family, all which play an important role for the 
initiation and regulation of immune responses.

Recently, allelic variants in IL-28B have gained major 
scientific interest as several genome-wide association studies 
identified a panel of SNPs on chromosome 19q13 to be 
strongly associated with sustained virological response to 
treatment with pegylated interferon-  and ribavirin and 
spontaneous clearance of hepatitis C [136–141] in HCV 
monoinfection. These SNPs are located about 3 kb upstream 
of the IL28B gene, which encodes for the type III interferon 
IFN-3 . Of note, IFN- 1, another member of the type III 
interferons has been shown to inhibit HCV in a dose- and 
time-dependent fashion [138, 142, 143]. Moreover, IFN- 1 
is capable of upregulating interferon-stimulated genes (ISG) 
and enhances the antiviral activity of IFN- . Whether IFN- 3 
acts in the same way remains to be clarified. However, recent 
in vitro data suggest that IFN- 3 may have comparable func-
tions as IFN- 1 [144].

With respect to HIV–HCV coinfection two recent reports 
suggest that IL28B polymorphisms may also affect treatment 
response in HIV-positive patients with chronic HCV coin-
fection but do not affect treatment-induced clearance of acute 
hepatitis C virus.

Besides IL28B variants several other polymorphisms 
have been suggested to be associated with response to HCV-
specific therapy in patients with HCV mono- and/or HIV–
HCV coinfection, including mutations located within coding 
and regulatory regions of cytokine genes that are associated 
with either high, intermediate, or low production of the cor-
responding gene product [145–148].

In particular, the production of inappropriate levels of 
tumor necrosis factor-a (TNF-a) and interleukin-10 (IL-10) 
have been reported to contribute to viral persistence in HCV 
infection [149–152], and serum levels of IL-6 and transform-
ing growth factor-b (TGF-b) are also reported to be elevated 
in chronic HCV infection compared to healthy controls 
[153–158].

Interleukin-6 (IL-6) is a multifunctional cytokine that has 
been implicated in a variety of cellular functions including 
stimulation of hepatocytes to produce acute-phase proteins 
[159], liver regeneration and protection against hepatic injury 
[160], and activation of STAT3 in the liver. A polymorphism 
within the promotor region (C > G transition at position 174) 
is associated with differences in the production of IL-6 [147]. 
Thus, individuals can be classified into high (genotypes IL-6 
174 GG and 174 GC) and low (genotype IL-6 174 CC) IL-6 
producers, respectively [147]. In HCV–HIV coinfection, the 
IL6 high producer (HP) genotype has been reported as an 
independent predictor of SVR [161]. This effect was seen in 
both HIV-positive patients with acute and chronic hepatitis C 
and corresponded to the in vitro observation that in HCV 
core-transfected HUH7 cells, IL-6 helps to overcome HCV 
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core mediated inhibition of STAT3 activation [161]. A simi-
lar observation was made in HCV monoinfected subjects 
treated with standard-interferon but not in patients treated 
with the more potent combination of pegylated interferon 
plus ribavirin.

IL10 is considered to play important roles of IL10 in anti-
viral immune responses and several studies have examined 
the relevance of functional IL10 gene polymorphisms in 
hepatitis C. Two studies found that carriers of the −592A or 
−819T alleles and the corresponding extended haplotype 
(108-bp IL10.R microsatellite and −591A + −819T + −1082
A + −2763C + −3575T+), are more likely to achieve a sus-
tained response to therapy with standard interferon +/− riba-
virin [162, 163]. However, these data have not been confirmed 
in patients treated with the more potent pegylated interferon. 
In addition, several variants of the immunomodulatory IL10 
gene have been suggested to be involved in natural clearance 
of HCV [164–166].

Interleukin-12 (IL-12) is a cytokine that governs the Th1-
type immune response. Several studies analyzed whether the 
IL12B polymorphisms within the promoter region (4 bp 
insertion/deletion) and the 3 -UTR (1188-A/C)-loci, which 
have been proposed to regulate IL-12 synthesis, are associ-
ated with the natural course of hepatitis C and treatment out-
come [167–170]. Houldsworth et al. [168] found chronically 
infected patients to be significantly more likely to be homozy-
gous for the 3 -UTR A allele than those with resolved HCV 
infection. Of note, the 3 -UTR A allele has been associated 
with lower IL-12 production.

By contrast, in a study by Mueller et al. no association of 
IL12B polymorphisms and self-limited HCV infection could 
be demonstrated [169]. Nevertheless, these authors identified 
carriers of the IL12B 3 -UTR 1188-C-allele to be capable of 
responding more efficiently to antiviral combination therapy 
owing to reduced relapse rates [169]. Finally, Lee and col-
leagues [170] reported that interleukin-12 exerts only limited 
antiviral activity against certain HCV quasi-species in vivo.

Transforming growth factor (TGF)-  is involved in the 
control of growth, differentiation, and apoptosis of cells. In 
addition, TGF-  plays a major regulatory role in hepatic 
fibrosis and cirrhosis. Analogous to other cytokine genes, the 
TGF-  gene is polymorphic (codon 10 and 25), leading to 
differences in cytokine production. Thus, patients can be 
classified in TGF-  high (10T/T 25G/G; 10T/C 25G/G), 
intermediate (10T/C 25G/C; 10C/G 25G/G; 10T/T 25G/C), 
and low (10C/C 25G/C; 10C/C 25C/C; 10T/T 26C/C; 10T/C 
25C/C) producers according to their TGF-  genotype.

In HIV-positive patients with acute hepatitis C genotype 1 
infection the TGF-  high producer genotype has been 
described as independent predictor of SVR to HCV specific 
treatment with pegylated interferon. A comparable trend was 
observed in patients with chronic HCV monoinfection but 
failed to reach statistical significance. Moreover, a variant in 
the promoter of the TGF-  1 gene (−509T/C) may affect 

natural course of HCV infection as the −509CC genotype 
and the −509C allele have been found to be significantly 
associated with higher HCV clearance rates [171].

Tumor necrosis factor (TNF)-  and IFN-  are proinflam-
matory cytokines, that have been shown to be important 
pathogenic mediators in a variety of liver conditions. TNF-  
has been reported to play a role in the immunopathogenesis 
of both acute and chronic HCV infection, in viral persistence 
as well as for the response to IFN- -based therapy [150]. 
Genetic variants in the human TNF-  promoter region, such 
as the mutations at positions −308 and −238, have been 
shown to influence expression of TNF-  [148, 172, 173]. 
However, whether these polymorphisms affect the pathogen-
esis and progression of chronic HCV infection and/or the 
response to IFN-a therapy is still under discussion as con-
flicting data have been reported [174–177].

IFN-  is essential for an effective host defense against a 
variety of intracellular pathogens. With respect to hepatitis C 
IFN-  has been demonstrated to efficiently inhibit viral rep-
lication in vitro [178], and the intrahepatic IFN-  levels 
appear to be associated with viral clearance in the chimpan-
zee model [179].

Several polymorphisms within the IFN-  noncoding 
regions, such as −874A/T, CA repeat microsatellite, and 
−179T/G, have been implicated in several autoimmune and 
chronic inflammatory conditions [145, 180, 181]. Recently, 
Huang et al. [181] have demonstrated a SNP variant located 
in the proximal IFN-  promoter region next to the binding 
motif of heat shock transcription factor (HSF), −764G, to be 
significantly associated with sustained virological response. 
Moreover, this polymorphism was also significantly associ-
ated with spontaneous recovery in a second study cohort. In 
functional studies the authors demonstrated that the G allele 
confers a two- to threefold higher promoter activity and 
stronger binding affinity to HSF1 than the C allele [179].

Whether the CCR5- 32 polymorphism affects suscepti-
bility to infection with HCV is still under discussion as con-
troversial results have been published [182–185]. By contrast, 
it is widely accepted that this mutation does not affect 
response to standard combination therapy with pegylated 
interferon and ribavirin [186–188].

However, certain RANTES (CCL5) haplotypes that are 
known to downregulate RANTES transcriptional activity 
in vitro, have been associated with nonresponse to antiviral 
therapy, which may indicate a possible role of the CCR5/
RANTES axis for treatment outcome [189].

The Human Leukocyte Antigen (HLA)-System
Cell-mediated immunity is considered to be an important 
mechanism for resolution of primary HCV infection [190]. 
Thus, potential associations between the HLA system and 
response to interferon treatment in HCV-infected patients 
have been intensively studied [191]. However, the reported 
data are conflicting and suggest major influences from other 
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factors unrelated to HLA alleles [192–198], although a recent 
large-scale study in liver transplant recipients provided some 
evidence for human leukocyte antigen DRB1 heterozygote 
advantage against hepatitis C virus infection [199].

Killer Cell Immunoglobulin-Like Receptors
Similar to data obtained in HIV-infected patients, there is 
increasing evidence indicating a role of specific HLA-KIR 
combinations for treatment-induced and spontaneous clear-
ance of HCV infection.

Khakoo and colleagues [200] first described that genes 
encoding the inhibitory NK cell receptor KIR2DL3 and its 
ligand HLA-C1 directly influence resolution of hepatitis C 
virus (HCV) infection in Caucasians and African Americans 
with expected low infectious doses of HCV but not in those 
with high-dose exposure. These findings have been con-
firmed in several subsequent studies [201–210]. Thus, it is 
widely accepted that KIR and HLA-C genes are consistently 
beneficial determinants in the outcome of HCV infection 
[191, 211]. This advantage extends to the allelic level for 
both gene families.

Other Host Genetic Factors

In patients with HCV genotype 1 monoinfection, a polymor-
phism of the GNB3 gene (GNB3 C825T) has been demon-
strated to be associated with response to standard interferon-  
treatment [169, 189, 212, 213]. GNB3 encodes the 3 subunit 
of heterotrimeric G proteins. The GNB3 825T allele is asso-
ciated with the generation of a truncated albeit functionally 
active splice variants of the human G protein 3 subunit [214] 
with enhanced signal transduction via G proteins [215]. The 
GNB3 825 CC genotype has been reported to be associated 
with nonresponse to HCV therapy with standard interferon-  
in monoinfected patients. However, this effect could not be 
confirmed in patients treated with the more potent PEG-IFN 
[216]. This in contrast to data in HCV–HIV coinfection, 
where the GNB3 genotype was significantly associated with 
response to treatment with pegylated interferon [216].

CTLA4 is a costimulatory molecule that attenuates 
T-lymphocyte responses. Two studies examined potential 
associations of CTLA4 SNPs at promoter site −318 (C T) 
and exon-1 site 49 (A G) with clearance of hepatitis C 
virus (HCV) after treatment with combination interferon-  
plus ribavirin therapy [217, 218]. In these studies, CTLA4 
49G in exon 1 alone and as a haplotype in combination with 
the −318C mutation in the CTLA4 promoter region was 
found to be associated with SVR in Caucasian patients with 
HCV genotype 1 infection.

The interferon-inducible MxA protein is known to play a 
role in the antiviral host defense and has been suggested as 
specific surrogate parameter for IFN action. Studies on a 

SNP within promoter region of the MxA gene reported the 
G/T polymorphism at position nt −88 to correlate with the 
response of hepatitis C patients in interferon monotherapy 
[219–221]. However, these data could not be confirmed by 
Naito et al. who did not find any relationship between the 
efficacy of IFN-based therapy and the MxA SNP [222].

In addition, polymorphisms in the mannose binding-lectin 
(MBL) and LMP7 have been reported to affect treatment 
outcome. However, a more recent study found no association 
between SNPs in the MBL and LMP7 gene and response to 
IFN monotherapies [222].

Moreover, a SNP (rs760370A > G) in gene encoding the 
equilibrative nucleoside transporter type 1 (ENT1), which is 
considered the primary protein involved in ribavirin cellular 
uptake, has been shown to influences the chances of rapid 
virological response to pegIFN plus RBV in HIV–HCV 
coinfected patients.

Host Genetics and HBV Mono- and HIV–HBV 
Coinfection
Only a limited number of association studies have been per-
formed in patients with hepatitis B virus infection and most 
of the results have not been confirmed. Thus, only little is 
known regarding the potential role of allelic variants and 
susceptibility to natural course and treatment response in 
HBV infection. However, some genetic factors have been 
identified, including variants in CTLA4, CD24, various 
genes encoding for cytokines as well as specific KIR-HLA 
combinations.

Summary

Host genetic polymorphisms are key modulators of immune 
response, natural history, and treatment outcomes of chronic 
viral infections including HIV, HCV, and HBV. Identification 
and characterization of these polymorphisms has the poten-
tial to significantly impact not only our understanding but 
also the management of patients with HIV and coinfections.
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Introduction

Approximately one third of the body’s blood supply passes 
through the liver each minute [1], and the majority of the 
blood flow is derived from the portal circulation. As blood 
enters the liver, it is distributed through the hepatic sinusoids, 
which are lined by a uniquely fenestrated endothelium inter-
spersed with resident hepatic macrophages, also known as 
Kupffer cells. Additionally, hepatic stellate cells (HSCs) 
reside in the Space of Disse between the fenestrated endothe-
lial cells and hepatocytes. Consequently, the low pressure 
flow combined with the uniquely fenestrated endothelium 
within the hepatic sinusoids create an environment that is 
primed for interactions between gut-derived pathogens, intra-
hepatic cell populations, and circulating cells of the immune 
system. While HIV clearly affects the immune system in 
patients with chronic liver injury, the focus of this chapter is 
to detail what is currently known about the effects of HIV on 
both parenchymal and nonparenchymal cells of the liver in 
isolation and during coinfection with other hepatotropic 
pathogens such as hepatitis B virus (HBV) and hepatitis C 
virus (HCV). Potential mechanisms by which infectious HIV, 
as well as its viral antigens, effects hepatocyte apoptosis, 
stellate cell activation, and stimulation of profibrogenic and 
proinflammatory cytokines by both parenchymal and non-
parenchymal cells of the liver are discussed.

When considering interactions between HIV and liver cell 
populations, several possibilities exist. First, viral antigens 
may engage liver cell populations without the need for viral 

infection per se. Importantly, these viral antigens may be part 
of infectious virions – even if the virions themselves cannot 
infect the particular cell type being engaged – or defective 
virions that are unable to productively infect any cell type. 
Such viral antigens may also represent antigens that have 
been shed from virions and are freely circulating. In the case 
of HIV, these soluble antigens consist largely of the envelope 
glycoprotein (gp120), although the transactivator protein Tat 
may also be present. Low concentrations of other HIV pro-
teins may result from lysis of HIV-infected cells but are 
diluted in the systemic circulation and, therefore, unlikely to 
have any appreciable effect in vivo. Separate from interac-
tions between viral antigens and liver cells, there is evidence 
to suggest that several distinct liver cell populations also sup-
port productive HIV infection. This chapter provides a com-
prehensive review of the interactions of HIV proteins with 
and HIV infection of liver cell populations, including hepato-
cytes, hepatic stellate cells, and Kupffer cells, as well as sev-
eral other minor liver cell types when data are available.

Shortly after the discovery of HIV, it was recognized that 
there were a variety of hepatobiliary disorders, as well as 
nonspecific hepatic changes, associated with HIV infection 
[2–5]. Moreover, liver enzyme elevations are relatively fre-
quent in persons with HIV infection. Nonetheless, due to 
frequent coinfection with HBV or HCV, which also lead to 
characteristic elevations in liver enzymes, the effects of HIV 
itself on the liver was inadequately explored for a number of 
years. Similarly, the inability to detect the primary HIV 
receptor – CD4 – on hepatocyte-derived cells lines in an 
early study [6], as well as conflicting reports on the ability of 
HIV to productively infect hepatocyte cell lines [6, 7], has 
lead to the assumption that HIV is nonhepatotropic.

It has been well established that HIV gains entry into most 
target cells by forming a complex consisting of its outer 
envelope glycoprotein (trimeric gp120), CD4 receptor, and 
members of the chemokine coreceptor family [8]. A variety 
of chemokine receptors may serve as HIV entry cofactors, 
with CCR5 (R5) and CXCR4 (X4) being the most common. 
Binding of HIV virions or soluble gp120 to their receptors 
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triggers a broad spectrum of signaling pathways that 
modulates the activation state of target cells (reviewed in 
[9–11]). Interestingly, HIV is also capable of infecting sev-
eral CD4-negative cell types, including fibroblasts, neural 
cells, trophoblasts, cervical epithelial cells, and renal tubular 
cells [12–16]. Astrocytes are also susceptible to HIV in a 
CD4-independent manner, although the infection is not pro-
ductive; entry is dependent upon mannose receptor and 
endocytic trafficking [17]. Moreover, CD4-independent HIV 
variants that interact directly with chemokine coreceptors 
have been identified in vivo (reviewed in [18]), and minor 
viral mutations can significantly alter the requirement for 
particular entry receptors and dramatically alter tropism. In 
addition, gp120 is capable of binding C-type lectin recep-
tors, such as the mannose receptor or dendritic cell-specific 
intercellular adhesion molecule-3-grabbing nonintegrin 
(DC-SIGN) found on antigen-presenting cells (APCs) such 
as macrophages and dendritic cells [19–21]. This pathway of 
viral entry appears to be relevant for transinfection, wherein 
input virus is transferred via virologic synapses to suscepti-
ble CD4+ cells [22]. While the role of gp120 was initially 
thought to be primarily that of viral fusion, more recent stud-
ies demonstrate that gp120 can activate cells in the absence 
of viral infection. Additionally, gp120 can activate a variety 
of signaling pathways in lymphocytes, including phosphati-
dylinositol-3 kinase (PI3K), the protein tyrosine kinases 
pyk2 and lck, focal adhesion kinase, the serine/threonine 
kinase Raf-1, and MAPK p42/44 (reviewed in [23]). 
Furthermore, using envelope-truncated or envelope-deleted 
HIVs, gp120-independent infection has also been reported 
[24–26]. While these findings suggest that viral proteins can 
significantly impact cell function separate from actual infec-
tion of the cell type(s), similar studies on the effects of gp120 
on both parenchymal and nonparenchymal cells of the liver 
are quite limited as outlined below. One critical issue is 
whether concentrations of gp120 used to elicit biologic 
effects in vitro are present in vivo. Because of the presence 
of anti-gp120 antibodies, the effective amount of gp120 
available for binding to receptors in the plasma of HIV-
infected patients is very low [27]. However, tissue concen-
trations are disproportionately higher than plasma levels, 
persist even when patients are on effective ART, and may be 
underestimated by current techniques used to measure them 
[28–30]. The hepatic concentration of gp120 in HIV patients 
is not known and would be helpful to clarify the physiologic 
relevance of in vitro effects of gp120 on hepatic cell types.

As mentioned, there are limited studies on the identifica-
tion and characterization of the possible cellular targets of 
HIV in the liver. However, several lines of evidence high-
light the potential for HIV to interact directly with multiple 
liver cell populations (reviewed in [31]). For example, HIV 
proviral DNA was detected in liver biopsies from patients 
with AIDS [32], while HIV proteins and viral RNA have 

been detected in hepatocytes, Kupffer cells, inflammatory 
mononuclear cells, and sinusoidal cells using liver samples 
from HIV-infected patients [32, 33]. Similarly, Jiang et al. 
[34] detected intracellular expression of p24 antigen in 
Kupffer cells, endothelial cells, and hepatocytes. As well, 
there were more HIV-positive liver cells in patients with 
more severe liver damage compared to those with milder 
liver damage. While Hoda et al. [35] also detected p24 and/
or gp41 in Kupffer cells and other lymphoid cells by immu-
nostaining, these findings were not related to the degree of 
histological abnormality [35]. Lang et al. [36] also used 
immunostaining for HIV proteins to demonstrate HIV infec-
tion of Kupffer cells and some intrahepatic lymphocytes, 
although hepatocytes were HIV negative in this study. 
Collectively, such findings would suggest that HIV is present 
within the liver, although the consequences of HIV’s interac-
tions with specific hepatic cell types are largely unknown.

HIV’s Interactions with Hepatocytes

Hepatocytes represent the major hepatic cell type and thus a 
logical cell type in which to examine HIV infection and/or 
the pathways altered by viral proteins. Expression of HIV 
entry receptors has been explored in hepatocytes, albeit with 
ambiguous results. Cao et al. found that two distinct hepato-
cyte-derived cell lines – Huh7 and HepG2 – were CD4 nega-
tive [6], while others have reported that HepG2 cells were 
CD4 positive [37, 38]. Recent data suggest that HepG2 cells 
also express the chemokine coreceptors CXCR4, CCR3, and 
CCR5 [38, 39]. Vlahakis et al. [7] reported that the Huh7, 
HepG2, and Hep3B cell lines, as well as primary hepato-
cytes, express CXCR4, although data on CD4 and other 
chemokine receptors were not provided. Iser et al. [40] were 
unable to detect CXCR4 or CCR5 on HepG2 cells via flow 
cytometry, although HIV infection of these cells could be 
blocked using CXCR4 or CCR5 antagonists. Thus, low-level 
expression of CXCR4 and CCR5 receptors on hepatocytes 
seems likely, although flow cytometry may not be suffi-
ciently sensitive for their detection. Divergent findings 
among these studies may also reflect the conditions under 
which the cells are maintained, the length of time cells have 
been in culture, the method used to prepare cells for analysis, 
the sensitivity of the detection method employed, and/or 
clonal variation in the cell types analyzed. Moreover, there 
are extremely limited data on expression of nonconventional 
HIV entry receptors that may also be pertinent to HIV’s 
interactions with hepatocytes. Similarly, data on HIV entry 
receptor expression in primary hepatocytes are not available 
for the most part, and it is not known how levels of these 
receptors may be different in distinct individuals based on 
common comorbid conditions such as HBV, HCV, and/or 
chronic alcohol consumption.
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HIV Proteins

As outlined above, the effects of HIV may occur either as a 
result of direct viral infection or from the activation of cells, 
in part, by soluble viral proteins (Fig. 9.1). Utilizing an 
“innocent bystander” in which only viral proteins and unin-
fected hepatocytes are present, it was found that the HCV E2 
and HIV gp120 envelope proteins cooperatively induce 
apoptosis in hepatocytes through the CXCR4 chemokine 
coreceptor [7, 38]. Downstream signaling events were also 
characterized and included upregulation of Fas ligand and 
degradation of the antiapoptotic molecule AKT and enhanced 
caspase expression [38, 41]. Subsequent studies further dem-
onstrated that HIV glycoproteins stimulate hepatocyte 
expression of the TNF-related apoptosis inducing ligand 
(TRAIL) and induce TRAIL-mediated apoptosis in a JNK 
II-dependent manner [42], as well as enhance signal trans-
ducer and activator of transcription 1 (STAT1)-mediated 
apoptosis in uninfected hepatocytes [43]. This is an intrigu-
ing finding give that STATs are key components of the Jak-
Stat signaling pathway and play critical roles in antiviral 
defense, hepatic injury, and hepatic inflammation [44].

Moreover, gp120 can also activate hepatic expression of 
interleukin 8 (IL-8), a proinflammatory chemokine that rep-
resents an important mediator of hepatic inflammation and is 
known to antagonize the antiviral effects of interferon (IFN) 
[39, 45–47]. Thus, induction of IL-8 expression may repre-
sent an important pathogenic link between HIV and increased 

replication of hepatitis viruses by abrogating the innate 
 antiviral effects of IFN. Furthermore, as both hepatocyte 
apoptosis and inflammation are important stimuli for stellate 
cell activation and the fibrogenic response [48], HIV infec-
tion and/or its envelope proteins may accelerate fibrosis pro-
gression by both promoting hepatocyte apoptosis and hepatic 
inflammation. Other HIV proteins may also be important in 
the pathogenesis of liver disease. For example, transgenic 
mice expressing HIV Tat – a regulatory protein necessary for 
viral replication and secreted by HIV-infected cells – have an 
increased incidence of hepatocellular carcinoma [49]. 
Despite these intriguing findings, it should be noted that the 
majority of in vitro studies were performed in the HepG2 
cell line; confirmation in additional hepatocyte-derived cell 
lines, as well as in primary hepatocytes, has not been reported 
to date. Moreover, the effects of viral proteins on important 
hepatocyte functions, such as drug and alcohol metabolism, 
remain largely unexplored.

HIV Infection

Despite several published studies assessing the effects of 
HIV proteins on hepatocytes in vitro, the contradictory 
reports related to HIV entry receptor expression may have 
dampened enthusiasm for investigating whether HIV can 
actually infect and productively replicate within hepatocytes. 
Nonetheless, in 1990, Cao et al. [6] utilized infectious HIV 

Fig. 9.1 The effects of HIV may 
occur either as a result of direct 
viral infection or from the 
activation of cells, in part, by 
soluble viral proteins
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molecular clones to achieve productive viral infection of 
several distinct hepatocyte-derived cell lines. Expression of 
viral p24 antigen lasted for at least 3 months, and HIV anti-
gens were observed in cells by immunohistochemical stain-
ing and radioimmunoprecipitation assay. Viral RNA and 
HIV-like particles were also detected via in situ hybridiza-
tion and electron microscopy, respectively. Nonetheless, 
hepatocyte-derived cell lines were negative for CD4 by 
immunofluorescence and for CD4 mRNA by slot-blot 
hybridization. Moreover, HIV infection was not blocked by 
anti-CD4 monoclonal antibody or soluble CD4 suggesting a 
CD4-independent mechanism of infection. Vlahakis et al. 
[7] also evaluated HIV infection of hepatocytes by assessing 
HIV infection of the Huh7 cell line via detection of intracel-
lular p24 levels at 48 h post infection. However, the authors 
found no HIV infection of hepatocytes. The conflicting find-
ings in these studies may reflect inadequate time to achieve 
sufficient viral replication for detection and/or heterogeneity 
in the cell lines or maintenance conditions utilized.

More recently, several reports have provided additional 
evidence that HIV can productively infect hepatocytes. For 
example, Xiao et al. [50] isolated a CD4-independent strain 
of HIV from a patient with advanced HIV disease that was 
able to infect hepatocytes. Interestingly, preexposure of the 
Huh7 cell line to the CCR5 antagonist TAK-779 failed to 
block HIV infection, whereas the CXCR4 antagonist 
AMD3100 suppressed infection. Primary human hepato-
cytes were also susceptible to HIV infection, although CD4 
and CCR5 receptors were not detected via flow cytometry or 
real-time PCR. Fromentin et al. [51] demonstrated that 
Huh7.5 cells bind to and internalize HIV particles. 
Furthermore, HIV infection of CD4+ T cells was enhanced 
after interactions with virus-loaded hepatocytes compared to 
cell-free virus. Finally, the absence of CD4 expression, as 
well as the low expression levels of both CXCR4 and CCR5 
led the authors to suggest that HIV infection of hepatocytes 
may occur in a gp120-independent manner. Finally, Iser et al. 
[40] observed increased HIV reverse transcriptase activity 
following HIV infection of hepatocyte cell lines with X4 or 
R5 HIV. Despite no detection of surface CD4, CCR5, or 
CXCR4 by flow cytometry in the AD38 hepatocyte cell line, 
infection of R5 or X4 HIV was inhibited by maraviroc or 
AMD3100, respectively, suggesting CCR5- or CXCR4-
dependent entry. These findings are further supported by 
studies demonstrating efficient activation of the HIV long 
terminal repeat (LTR) activation in hepatocyte-derived cell 
lines, as well as the presence of hepatocyte-specific factors 
that regulate LTR activity [52–54]. However, this intriguing 
avenue of research has remained unexplored in vivo; thus, it 
is currently unknown if signature mutations within the LTR 
may permit more robust expression of HIV in hepatocytes 
compared to other susceptible cell types.

HIV’s Interactions with Hepatic Stellate Cells

Few studies have examined the effects of direct HIV infec-
tion and/or the indirect effects of HIV proteins on nonparen-
chymal cells of the liver in vivo. In vitro, primary cultures of 
Kupffer cells [55], liver sinusoidal endothelial cells (LSECs) 
[56], and activated HSCs [57] are permissive to HIV entry 
and replication.

HIV Proteins

Activated HSCs – the main effector cell in liver fibrosis – 
express both CXCR4 [58] and CCR5 coreceptors [59]. 
Interactions between HSCs and gp120 (CCR5-utilizing) pro-
mote the secretion of proinflammatory cytokines/chemok-
ines such as IL-6 and MCP-1, promote the chemotaxis of 
HSCs, and to a lesser extent exert profibrogenic effects by 
stimulating secretion of collagen I and increasing expression 
of tissue inhibitor of metalloproteinases-1 (TIMP-1), which 
inhibits degradation of the scar matrix. Gp120 mediates its 
chemotactic effects through the PI3K/Akt pathway, while it 
proinflammatory effects are mediated through nuclear factor 
kappa B (NF-kB) and p38MAPK (Fig. 9.2) [60]. Similarly, X4 
gp120 promotes HSC activation, collagen I expression, and 
proliferation [61]. Together, these findings suggest that HIV 
envelope proteins elicit both proinflammatory and profibro-
genic effects through direct interaction with stellate cells. In 
the case of CXCR4, it has been shown that expression of 
CXCR4 increases with culture-induced activation of HSCs 
[58], suggesting that the effects of X4 gp120 could be accen-
tuated during chronic liver disease in which an initial injury 
activates HSCs and thus increases cell-surface expression of 
CXCR4. It has not been reported whether HSC expression of 
the CCR5 receptor also increases with HSC activation.

HIV Infection

Activated HSCs have recently been shown to be permissive to 
HIV entry and gene expression [57]. HIV infects culture- 
activated HSCs predominantly in a CD4/CXCR4/CCR5-
independent manner and causes increased expression of 
collagen I, the collagen characteristic of the cirrhotic liver, 
and of monocyte chemotactic protein-1 (MCP-1), a potent 
proinflammatory cytokine. Interestingly, much like what has 
been reported for dendritic cells or other APCs, HSCs can 
transfer infectious HIV to susceptible CD4+ cells in trans [57]. 
Therefore, direct interaction between HIV and HSCs may be 
an important mechanism for enhancing hepatic inflammation 
and fibrosis in patients with underlying chronic liver injury.
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HIV’s Interactions with Liver Sinusoidal 
Endothelial Cells

Only a limited number of studies have addressed HIV’s 
interactions with LSECs, although the description of hepatic 
sinusoidal lesions in a significant number of AIDS patients 
prompted Scoazec et al. [62] to examine sinusoidal barrier 
abnormalities in a series of 29 individuals with HIV and liver 
abnormalities. The authors observed ultrastructural lesions 
of the sinusoidal barrier in all cases. Numerous hyperplastic 
sinusoidal macrophages were also common, suggesting that 
HIV may directly or indirectly injure hepatic endothelial 
cells. The same group subsequently demonstrated that LSECs 
were CD4 positive, suggesting that they may serve as puta-
tive targets of HIV infection in the liver [63]. Finally, Steffan 
et al. [56] reported that primary LSECs were permissive to 
HIV infection in vitro in a CD4-dependent manner. Once 
infected, LSECs are capable of producing infectious virus in 
culture supernatant that can infect susceptible CD4+ cells. In 
addition, the synthesis of von Willebrand’s factor and excre-
tion of endothelin-1 were decreased in HIV-infected LSECs, 
while other functions such as phagocytosis and pinocytosis 
were preserved [64]. These findings suggest that while some 
secretory functions that may promote liver pathology are 
disrupted by HIV infection, the overall actin cytoskeleton is 
preserved [65]. Interestingly, LSECs express liver/lymph 
node-specific ICAM-3-grabbing nonintegrin (L-SIGN), 
which behaves similarly to DC-SIGN on dendritic cells 
in that it has high affinity for intercellular adhesion molecule 
3 (ICAM-3), captures HIV through gp120 binding, and 

enhances HIV infection of T cells in trans [66]. Whether 
LSECs are able to infect CD4+ cells in trans through a simi-
lar mechanism has not yet been demonstrated but would be 
in keeping with their ability to act as APCs and their position 
within the hepatic sinusoid.

HIV’s Interactions with Kupffer Cells

While blood monocytes/macrophages support HIV replica-
tion, there are limited data on HIV infection of liver resident 
macrophages such as Kupffer cells. Using Kupffer cells 
purified from liver tissues from AIDS patients, Hufert et al. 
[67] analyzed HIV proviral DNA and found that Kupffer 
cells were indeed infected in three of seven patients. 
Interestingly, Kupffer cells harbored HIV proviral DNA only 
if matched peripheral blood monocytes were also infected. 
Schmitt et al. [55] subsequently demonstrated that primary 
cultures of Kupffer cells support HIV replication in vitro. 
Moreover, Kupffer cell infection was increased in the pres-
ence of morphine [68], a substance commonly used among 
persons with HIV infection transmitted via intravenous 
injection. It has also been reported that Kupffer cell density 
is correlated with the degree of HIV-related immunosuppres-
sion and may increase upon initiation of antiretroviral ther-
apy [69]. The authors suggest that since Kupffer cells play a 
critical role in controlling microbial translocation, this reduc-
tion may be important for systemic immune activation and 
profibrogenic effects of LPS on HSCs (discussed further 
below). Finally, Kupffer cells can be infected in trans with 

Fig. 9.2 Gp120 mediates  
its chemotactic effects on  
hepatic stellate cells through  
the PI3K/Akt pathway, while  
it proinflammatory effects are 
mediated through nuclear factor 
kappa B (NF-kB) and p38MAPK
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virus from lymphocytes resulting in robust HIV replication 
[70]. While these reports are intriguing, no studies have 
examined the direct impact of HIV infection on the biology 
of Kupffer cells. HIV gp120 has been shown to induce the 
release of cytokines and chemokines in human mononuclear 
cells and rat Kupffer cells likely through the release of reac-
tive oxygen species (ROS) [71]. Mannose-specific receptors 
are thought to be the putative binding sites for gp120 in 
rat cells [72]. Nonetheless, these studies have not been 
 performed using human cells but clearly warrant further 
investigation.

Alteration of the Cytokine Milieu by HIV  
and Its Relevance to Liver Pathogenesis

Cytokines are immunologic signaling molecules that play a 
central role in generating immune responses to viral infec-
tions by regulation of the host response, as well as direct 
inhibition of viral replication. For example, a T-helper type 1 
(Th1) cytokine response may result in a self-limited, acute 
response to HCV [73]. By contrast, Th2 cytokines inhibit the 
effects of Th1 cytokines and are decreased during chronic 
HCV infection [74]. Several studies have reported that proin-
flammatory cytokines, such as IL-8 and tumor necrosis fac-
tor a (TNF ), are associated with severe hepatitis activity, 
inflammation, steatosis, and/or decreased interferon sensitiv-
ity [45, 46, 75–78]. The fibrogenic cytokine transforming 
growth factor 

1
 (TGF

1
) is also a key regulator of liver 

fibrosis [79] and is increased in patients with HIV infection 

[80, 81]. Recently, the intrahepatic expression of TGF
1
 was 

shown to be significantly increased in HIV–HCV coinfected 
patients compared to HCV-monoinfected patients [82]. 
Furthermore, HCV-induced TGF

1
 secretion by hepatocytes 

is enhanced by receptor-mediated binding of the HIV enve-
lope protein gp120 to hepatocytes [83]. TGF

1
 may then pro-

mote fibrosis via direct effects on stellate cells [84]. However, 
fibrogenic cytokines may be offset, in part, by antifibrotic 
cytokines, such as the interferons. Clearly, any perturbation 
of this balance could profoundly impact liver disease, as well 
as treatment sensitivity [75, 78, 85] as summarized in 
Fig. 9.3.

Cytokine dysregulation is a hallmark of HIV infection 
[86]; thus, HIV coinfection may contribute to liver disease 
by altering the cytokine milieu and/or by providing inappro-
priate immunologic signals. By contrast, antiretroviral ther-
apy (ART) utilization in HIV–HCV coinfected persons may 
have beneficial effects with respect to liver disease progres-
sion [87, 88]. We have previously reported that hepatic 
mRNA levels of IFN, TNF , IL-2, IL-8, and IL-10 were 
lower in HIV–HCV coinfected persons compared to HCV 
monoinfected persons, although hepatic expression of TGF

1
 

was higher in the HIV–HCV coinfected group [82]. Similarly, 
Kuntzen et al. [89] reported that intrahepatic mRNA levels 
of several proinflammatory cytokines/chemokines were sig-
nificantly higher in HIV-positive compared to HIV-negative 
persons, whereas mRNA levels of profibrogenic cytokines 
did not differ between the two groups. These differences 
were less pronounced among individuals receiving HAART 
compared to treatment naïve individuals. Therefore, an 

Fig. 9.3 TGFb
1
 may then 

promote fibrosis via direct  
effects on stellate cells. HIV  
and/or its envelope protein  
gp120 elicit pro-inflammatory 
and pro-fibrogenic effects  
on both parenchymal and 
non-parenchymal cells of the 
liver. Impact on one cell has 
clear implications for eliciting  
effects on neighboring cells 
within the liver. The net result  
is a pro-inflammatory and 
pro-fibrogenic milieu



879 Effects of HIV on Liver Cell Populations

enhanced inflammatory response may also contribute to 
accelerated liver disease and HCV persistence, particularly 
during HIV–HCV coinfection. Despite these intriguing find-
ings, characterization of cytokine expression among the vari-
ous intrahepatic cell types outlined here has not been fully 
explored in vivo.

HIV-Related Microbial Translocation 
Is Associated with Liver Pathogenesis

HIV infection causes CD4+ lymphocyte depletion in the gut 
within the first months of infection [90]. This HIV-related 
mucosal depletion of CD4+ lymphocytes has been linked to 
the disruption of gut epithelial integrity and increased micro-
bial translocation as evidenced by increased plasma lipopoly-
saccharide (LPS) levels, the inflammatory component of 
gram-negative bacteria cell wall [91]. Interestingly, even 
though mucosal CD4+ T cell depletion occurs during the acute 
phase of HIV infection, plasma LPS does not increase until 
the chronic phase of infection. This suggests that the conse-
quences of depletion and mucosal damage are counteracted 
by transient mobilization of factors that neutralize circulating 
LPS and likely the ability of healthy Kupffer cells to clear 
increased LPS levels [91]. Furthermore, in a cohort of HCV-
infected persons at different stages of liver disease, microbial 
translocation in HIV coinfected patients was strongly associ-
ated with liver disease progression [92]. Additionally, HIV–
HCV coinfection is associated with Kupffer cell depletion 
which is only partially recovered upon initiation of antiretro-
viral therapy [69]. Whether increased systemic LPS during 
chronic liver disease is due to increased shunting in the setting 
of portal hypertension and/or the inability of impaired Kupffer 
cells to clear LPS or is actually the cause of liver disease pro-
gression is not clear. However, potential effects of LPS on 
intrahepatic cell types include the following: (1) TLR4-
mediated increased responsiveness of HSCs to TGF

1
 [93] 

and (2) increased cytokine/chemokine secretion by both 
Kupffer and activated HSCs creating a proinflammatory 
milieu [94]. In addition, LPS stimulation enhances replication 
of R5 HIV but has minimal effect on replication of X4 HIV 
[95]. Thus, examining whether a similar situation exists for 
Kupffer cells would be an interesting area for future research.

Interactions of HIV with Hepatitis B Virus 
and Hepatitis C Virus

Since the widespread utilization of highly active antiretrovi-
ral therapy (HAART), the survival of persons with HIV 
infection has improved dramatically. Unfortunately, liver 
disease has now surpassed AIDS-defining illnesses as a major 
cause of morbidity and mortality in several cohorts [96–98]. 
Hepatitis C virus is a significant public health threat with 

over 170 million infected persons. Moreover, 350 million 
people are chronically infected with hepatitis B virus – the 
world’s leading cause of cirrhosis and hepatocellular carci-
noma [99, 100]. Owing to shared routes of transmission, 
coinfection with HBV and/or HCV is a major cause of mor-
bidity and mortality among HIV positive persons [97].

In HIV–HBV coinfected individuals, increased HBV 
DNA levels are frequently observed [101, 102]. Similarly, 
HCV RNA levels are significantly elevated during HIV–
HCV coinfection compared to HCV monoinfection [96, 
103]. While diminished immune responses in persons with 
HIV partially explain these observations, immune-mediated 
mechanisms are not the sole interactions between HIV and 
HBV or HCV. For instance, in vivo HCV RNA levels are 
more strongly associated with HIV RNA levels than with 
CD4+ cell counts [104], further supporting the hypothesis 
that direct virus–virus interactions contribute to the patho-
genesis of HIV–HBV or HIV–HCV coinfection.

By contrast, the presence of viral hepatitis may also impact 
HIV expression and/or disease progression. For instance, 
Daar et al. reported that increased HCV RNA levels were 
associated with accelerated progression to AIDS even after 
controlling for CD4+ cell count and HIV RNA level [105]. 
Similarly, others have reported that HCV seropositivity was 
associated with progression to a new AIDS-defining illness 
or death, slower CD4+ cell rebound during antiretroviral ther-
apy, and decreased adherence to anti-HIV therapy [106–112]. 
In vitro studies have demonstrated that the HCV NS3/4A 
protein activates HIV transcription through its LTR, while 
the HCV core protein suppresses the HIV LTR [113–115]. 
Furthermore, the HBV X protein acts as a nuclear coactivator 
that induces transcriptional activation of the HIV long termi-
nal repeat [116, 117], resulting in increased HIV replication 
and further impairment of the host immune function. 
Nonetheless, the precise pathways by which hepatitis viruses 
may interact with HIV in vivo remain to be fully elucidated.

HIV proteins may also have a more direct effect on repli-
cation of hepatotropic viruses. For example, a recent study 
by Lin et al. [83] showed that recombinant, monomeric 
gp120 protein increased HCV replication and enhanced 
HCV-regulated TGF

1
 expression in vitro. This enhance-

ment of HCV expression by gp120 could also be blocked 
using antibodies against CXCR4 or CCR5. These provoca-
tive data suggest a novel mechanism by which HIV regulates 
HCV replication and may accelerate liver fibrosis. 
Nonetheless, other mediators of liver fibrosis, as well as 
TGF

1
 signal transducers, have not been well characterized 

in hepatocytes in the presence of HIV proteins in vitro or 
during HIV–HCV coinfection in vivo.

While Iser et al. [40] demonstrated HIV infection of the 
HBV-expressing AD38 cell line, perhaps the most interesting 
finding was that coinfection of this cell line with HIV resulted 
in increased levels of intracellular HBV surface antigen. 
These data would suggest that HIV could dramatically impact 
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HBV pathogenesis and accelerate liver disease in HIV–HBV 
coinfected individuals. Similarly, preliminary studies within 
our group have shown increased HCV protein expression 
and RNA synthesis in an HCV-expressing cell line after HIV 
coinfection [118]. Unfortunately, to date, there are no pub-
lished reports on HIV regulation of HCV entry receptors 
gene expression. However, engagement of the CD81 recep-
tor – a putative receptor for HCV – results in increased HIV 
LTR activation and HIV replication in lymphocytes [119, 
120]. Thus, it is conceivable that HCV–CD81 interactions in 
hepatocytes and/or lymphocytes could impact HIV gene 
expression, although this has not been evaluated to date.

Summary

Given the immense public health burdens of the overlapping 
HIV and viral hepatitis epidemics, more effective strategies 
to combat viral replication, as well as complementary thera-
pies to ameliorate the complications of liver disease, are 
urgently required. A number of clinical studies have clearly 
demonstrated that HIV coinfection is associated with 
increased HBV or HCV replication and decreased treatment 
response rates, as well as progressive liver disease. While 
these observations have led many to conclude that HIV sup-
pression may be the most critical factor in controlling liver 
disease if the underlying liver disease is not treated, this must 
be supported by understanding the mechanisms by which 
HIV accelerates inflammation and fibrosis through effects on 
individual cell populations. However, the influence of HIV 
on distinct liver cell populations has only recently begun to 
be examined in detail. Moreover, characterization of the 
intracellular pathways by which HIV infection and/or viral 
proteins impact liver cell function will significantly improve 
our understanding of HIV pathogenesis and virus–virus 
interactions and may ultimately improve treatment modali-
ties for HIV-mediated liver disease.
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Introduction

Knowledge of HIV replication is critical for understanding 
AIDS pathogenesis and the proper design of therapeutic 
interventions. HIV-1 replication is a complex, multistep pro-
cess of virus–host interaction, dependent on both viral and 
host cell factors. HIV-1 utilizes host cell machinery exten-
sively at each step of viral replication. Transient events that 
occur during HIV-1 replication include viral fusion, traffick-
ing of the viral nucleoprotein complex in the cytoplasm, 
reverse transcription, relocation of proviral DNA into the 
nucleus, integration, transcription, and export of mRNA to 
the cytoplasm, assembly of new virions at the host cell mem-
brane, budding, and maturation of viral particles (see 
Fig. 10.1). The proteolytically cleaved HIV proteins are 
essential for forming infectious virus particles able to start 
the next round of viral infection.

The HIV-1 virion contains two copies of a single-stranded 
RNA genome. The HIV-1 RNA genome consists of nine 
genes flanked by long terminal repeats (LTRs) and encodes 
structural and nonstructural proteins (see Table 10.1). Three 
structural HIV-1 proteins are encoded by the gag, pol, and 
env genes. The gag gene encodes the structural proteins of 
the viral core, pol encodes the enzymes responsible for viral 
replication and integration, and env encodes the viral enve-
lope glycoproteins.

The gag gene encodes a polyprotein precursor, Pr55Gag, 
that is cleaved by the viral protease (PR) to the mature Gag 
proteins matrix (MA) p17, capsid (CA) p24, nucleocapsid 
(NC) p7, p6, and two spacer peptides, p2 and p1, upon release 
of the viral particle.

The pol gene encodes a large polyprotein precursor, 
Pr160GagPol, as a result of the −1 (minus one) frameshift dur-
ing Pr55Gag translation. In HIV-1, the −1 ribosomal frameshift 
occurs at a frequency of 5–10% during Gag synthesis [1]. 
The ratio of Gag to Gag-Pol molecules is maintained strictly 
at the level of 20:1, which is critical for RNA dimerization, 
viral assembly, replication, and infectivity [2]. The −1 frame-
shift is promoted by two cis-acting RNA elements, the “slip-
pery” sequence represented by a UUUUUUA heptamer and 
a stem-loop. Both the slippery sequence and the stem-loop 
are located in the overlapping region of the gag and pol genes 
directly following the coding region for NC.

The env encodes the surface Env glycoprotein gp120 and 
the transmembrane glycoprotein gp41. Env proteins are syn-
thesized as a single polypeptide precursor, gp160, which is 
cleaved by the viral PR during transit to the cellular mem-
brane. gp120 contains the determinants that interact with the 
CD4 receptor and coreceptor. gp41 anchors the gp120/gp41 
complex in the membrane and contains domains critical for 
catalyzing the membrane fusion between viral and host lipid 
bilayers during virus entry. gp120 is organized into five con-
served regions (C1–C5) and five highly variable domains 
(V1–V5). The variable loops, along with multiple glycosyla-
tion sites, provide evolving epitopes interacting with the host 
immune response. The gp41 protein contains a large extra-
cellular ectodomain, a transmembrane spanning anchor, and 
a large cytoplasmic domain inside the virion membrane. The 
ectodomain contains a hydrophobic, N -terminal fusion pep-
tide and two heptad-repeat domains, HR1 and HR2, which 
are critical for fusion. The native Env spikes on the surface 
of HIV-1 are assembled as trimers.

HIV-1 encodes two regulatory gene products – Tat and 
Rev. Tat transactivates viral transcription from the LTR by 
binding to the transactivation response region (TAR) at the 5  
end of viral mRNA. Rev is an essential HIV-1 regulatory 
protein that binds to the Rev-responsive element (RRE) RNA 
and is responsible for transport of unspliced and singly 
spliced viral transcripts from the cell nucleus to the 
cytoplasm.
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HIV-1 also encodes four accessory proteins: viral infectiv-
ity factor (Vif), viral protein U (Vpu), negative factor (Nef), 
and viral protein R (Vpr). Vif is essential for enhancing viral 
infectivity. Vif induces degradation of the cytidine deaminases 
APOBEC-3G and APOBEC-3F. This counteraction of the 
innate antiviral defense results in reduction or prevention of 
viral hypermutation caused by APOBEC-3G and APOBEC-3F. 
Vpu is responsible for CD4 receptor degradation, induction of 
apoptosis, and enhancement of viral particle release. Nef is 
involved in T-cell receptor activation, downregulating surface 
expression of CD4 and major histocompatibility complex I 
(MHC-I), modulating cell activation pathways, enhancing 
particle infectivity, and acting as an auxiliary factor of HIV-1 
reverse transcription. Vpr contributes to the nuclear import of 

the preintegration complex and induces arrest of cell cycle, 
stimulates transcription from some cellular promoters, and 
influences virus-induced apoptosis in activated peripheral 
blood mononuclear cells (PBMCs) and Jurkat T cells. Vpr can 
contribute to the depletion of CD4+ lymphocytes either 
directly by activating caspases 3/7, 8 and 9, or by enhancing 
Fas-mediated apoptosis [3]. In experiments on mice, Vpr 
expressed in adipose tissues and liver was able to alter lipid 
and fatty acid metabolism [4].

Two classes of HIV-1 genes can be distinguished: the early 
genes and the late genes [5]. The completely spliced mes-
sages that are exported to cytoplasm by the normal mRNA 
export pathway are Rev-independent and are early genes. 
During the early stage of HIV-1 infection, the completely 

Fig. 10.1 Replication of HIV-1. The replication of HIV-1 begins with 
viral entry into the target cell by fusion of the viral envelope and plasma 
membrane of the cell. Binding of gp120 to the cellular receptor CD4 
and interaction with the coreceptor triggers a series of conformation 
changes in both gp120 and gp41 that mediate membrane fusion and 
delivery of the viral core to the cytoplasm. The viral core is composed 
of a capsid protein that encapsidates the single-stranded, dimeric viral 
RNA genome in complex with the viral nucleocapsid protein and the 
viral enzymes RT and IN. After the core uncoats, RT copies the RNA 
genome into a double-stranded viral DNA, which is transported into the 

nucleus and integrates into the host cell genome by IN. The integrated 
proviral DNA is transcribed to full-length viral RNA and to a number of 
spliced mRNA transcripts that are translated in the cytoplasm. Cellular 
machinery is employed for transcription and translation of major struc-
tural proteins, Gag polyprotein precursor and Env glycoprotein precur-
sor, which are transported to the site of virus particle assembly together 
with viral genomic RNA. Viral assembly is coordinated by Gag, and is 
followed by budding of the nascent virion from the plasma membrane. 
Viral PR cleaves the Gag and Gag-Pol precursors, which leads to virion 
maturation with a condensed conical core
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spliced 1.8-kb mRNAs encode the viral regulatory proteins 
Tat, Rev, and Nef and are transported for translation to the 
cytoplasm. Transport of spliced and unspliced RNA from the 
nucleus to the cytoplasm is facilitated by the viral regulatory 
protein Rev which interacts with the RRE RNA in the env 
gene. Later, at the time of HIV-1 infection, Rev becomes 
available, and the intron-containing mRNA that are incom-
pletely spliced or unspliced viral mRNA use Rev as an 
adapter. These are late genes. HIV-1 uses spliced mRNAs for 
viral protein synthesis and unspliced viral RNA for genome 
RNA and mRNA. Regulation of HIV-1 splicing is essential 
for efficient virus replication. Based on the size and extent of 
processing, there are three types of mRNAs: the 9-kb 
unspliced RNA that encode Gag and Pol, the 4-kb singly 
spliced RNA forming Vif, Vpr, Vpu, and Env, and the 2-kb 
completely spliced RNA that codes Tat, Rev, and Nef [6, 7]. 
HIV-1 Rev is a mediator of HIV-1 RNA transport from the 
nucleus to the cytoplasm, and acts as a traffic signal in the 
nucleus, directing the viral mRNA from spliced to unspliced 

and singly spliced viral mRNA [8]. Rev decreases the amount 
of viral spliced messages by generating a negative feedback 
loop. The expression levels of Rev are strictly regulated, 
which is important for balancing the products of viral gene 
expression and increasing levels of virion production [5].

Entry

HIV-1 infection begins with the interaction between viral 
Env proteins and host cell proteins. HIV-1 entry into cells is 
mediated by a trimeric complex consisting of noncovalently 
associated surface gp120 and transmembrane gp41 Env gly-
coproteins. The initial steps of viral entry are facilitated by 
nonspecific interactions between positively charged domains 
on the gp120 and negatively charged proteoglycans on the 
cellular membrane, or by specific interactions with cell sur-
face lectin-binding proteins such as DC-SIGN that can 
enhance the efficiency of HIV infection. The primary HIV-1 

Table 10.1 HIV-1 genes and gene products

Gene symbol Gene name Major function Gene product(s) Function

gag Group-specific antigen Structural Matrix protein, p17 Coats the inner leaflet of the viral membrane. Stabilizes 
viral particle. Facilitates nuclear transport of viral DNA

Core protein, p24 Forms a cone-shaped core
p2 Spacer protein
Nucleocapsid (NC) A highly basic protein with two zinc fingers; associated 

with viral RNA. Responsible for recognition of packaging 
signal and encapsidation of genomic viral RNA

p1 Spacer protein
p6 Mediates interactions between p55 and Vpr and initiates 

incorporation of Vpr
pol Polymerase Structural Protease, PR Cleaves newly synthesized polyproteins during viral 

replication, which leads to virion maturation
Reverse  
transcriptase (RT)

Transcribes single-stranded viral RNA into double-stranded 
DNA

Integrase (IN) Exonuclease activity (trims 3 -end of linear DNA), 
endonuclease activity (cleaves the host DNA), and ligase 
activity (links ends of viral DNA)

env Envelope Structural Surface glycoprotein, 
gp120

Binds to CD4+ cells and chemokine coreceptor

Transmembrane  
glycoprotein, gp41

Viral fusion and internalization

tat Transactivator Regulatory Tat Transactivates viral transcription from LTR by binding to TAR

rev Regulator of viral 
expression

Regulatory Rev Promotes export of unspliced and partially spliced mRNAs 
from the nucleus; binds to RRE

vif Viral infectivity protein Accessory Vif Enhances viral infectivity; counteracts APOBEC-3G and 
APOBEC-3F, preventing viral hypermutation

vpr R protein Accessory Vpr Enhances nuclear import of the preintegration complex; 
induces cell arrest in G2 phase; stimulates transcription; 
and influences apoptosis

vpu U protein Accessory Vpu Responsible for CD4 receptor degradation; and enhances 
viral particle release

nef Negative regulation  
factor

Accessory Nef Activates T-cell receptor; downregulates surface expression 
of CD4 and MHC-I; modulates cell activation pathways; 
and enhances viral particle infectivity
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receptor is CD4, a member of the immunoglobulin super-
family that is expressed on monocytes, macrophages, and 
subsets of T cells and dendritic cells. CD4 binding is a pre-
requisite to the formation and exposure of the coreceptor 
binding site of gp120. The CD4-binding site in gp120 is rep-
resented by highly conserved residues. Attachment of viral 
gp120 to CD4 triggers a conformational change in the glyco-
protein spike. Specifically, two sets of  (beta)-sheets that 
are spatially separated in unbound gp120 are brought together 
by CD4, binding into a four-stranded  (beta)-sheet, the 
bridging sheet. CD4 binding results in exposure of the V1/
V2 and V3 loops of gp120. Binding of CD4 changes the ori-
entation of gp120, and the bridging sheet and the V3 loop 
become directed toward the host cell membrane. Such a 
series of conformational changes in gp120 makes the core-
ceptor binding site accessible and allows high-affinity inter-
action with the coreceptor.

In HIV-1 infection, the primary coreceptor on the surface 
of T-cells and macrophages is CCR5, although under certain 
circumstances CXCR4 can also be utilized as a coreceptor 
for virus entry. Utilization of coreceptors for virus entry, 
including a few alternative coreceptors, is associated with 
HIV-1 subtype. For example, HIV-1 subtype B shows robust 
entry via alternative coreceptor CCR3, and HIV-1 subtypes 
A and C are able to use the alternative coreceptor FPRL1 
more efficiently than CCR3, while subtype D viruses are 
unable to use either CCR3 or FPRL1 efficiently [9]. Both 
coreceptors are members of the seven-transmembrane G 
protein-coupled receptor family. Spatially separated domains 
of CCR5 interact with distinct regions of gp120 including 
the N  terminus with the bridging sheet, the base, and the tip 
of the V3 loop. Engagement of the N  terminus by gp120 
requires the formation of a conserved sulfotyrosine binding 
pocket and converts the V3 stem from a flexible structure 
into a rigid  (beta)-hairpin [10]. Binding of the coreceptor 
results in further glycoprotein spike rearrangement and inter-
nalization of the viral gp41 protein, leading to a fusion of 
viral and cellular membranes. Following insertion of the 
fusion peptide, the heptad repeat regions HR1 and HR2 of 
gp41 undergo a highly energetically favorable rearrange-
ment in which they fold back on each other. In a functional 
trimer spike, this forms a six-helix bundle structure where 
the three HR1 domains form a central coiled-coil, and the 
three HR2 domains wrap in an antiparallel direction around 
the central coil [10]. This structural rearrangement brings the 
transmembrane region of gp41, which is embedded in the 
viral membrane, into close proximity with the fusion pep-
tide, which is inserted into the host cell membrane. This 
results in the formation of the fusion pore, allowing the viral 
capsid to enter the cell [10].

After the fusion and delivery of the viral core into the 
cytoplasm of the target host cell, the viral core releases the 
RNA genome. Uncoating is the specific dissociation of the 

capsid shell from the viral core in the host cell cytoplasm, 
and is an essential step in the HIV-1 life cycle. Cyclophilin A 
incorporates into the HIV-1 virion through interaction with 
the Gag capsid antigen, and facilitates uncoating of the virus. 
While the Gag capsid antigen appears to be lost during this 
process, some other HIV-1 proteins, such as MA, NC, RT, 
IN, and Vpr, which entered the host cell with the viral RNA 
genome, remain associated with the functional reverse tran-
scription complex.

Reverse Transcription

HIV-1 reverse transcription is catalyzed by RT, which is a 
multifunctional enzyme, reviewed by Sarafianos et al. [11]. 
Two enzymatic activities of RT include a DNA polymerase 
and ribonuclease hybrid (RNase H) activity. The DNA poly-
merase can copy either a DNA or an RNA template. The 
RNase H cleaves RNA in the RNA–DNA duplex. These enzy-
matic functions of RT convert the viral RNA into a double-
stranded linear DNA in the cytoplasm of the infected cell.

The HIV-1 reverse transcription is a multistep process 
(see Fig. 10.2). HIV-1 RT requires both a primer and a tem-
plate. DNA synthesis is initiated from a host tRNA primer, 
which hybridizes to the primer binding site (PBS) on the 
viral RNA genome. The PBS is located near the 5  end of the 
viral RNA genome and has a sequence complementary to the 
site at the 3  end of the host tRNA primer. The viral RNA 
genome is plus-strand. First minus-strand DNA synthesis is 
initiated from the tRNA primer toward the 5  end of the viral 
RNA genome. The synthesized stretch is represented by the 
RNA/DNA hybrid between the viral RNA and newly gener-
ated minus-strand DNA. The RNase H degrades the plus-
strand RNA (see faded stretch in Fig. 10.2), and the 
minus-strand DNA becomes single stranded. Owing to iden-
tical sequences at the 5  and 3  ends of the viral RNA genome, 
minus-strand DNA relocates and hybridizes at the 3  end of 
the viral RNA. This is the first jump, or the minus-strand 
transfer. The first jump is followed by the minus-strand 
extension, which results in a long minus-strand DNA synthe-
sized along the viral RNA. During or shortly after the DNA 
synthesis, RNase H degrades the RNA strand (see faded 
stretch in Fig. 10.2) except the polypurine tract (PPT) near 
the 3  end of the viral RNA. The PPT is resistant to RNase H 
degradation and is used as the primer for second-strand DNA 
synthesis, plus-strand DNA. The synthesis of plus-strand 
DNA toward the 3  end continues until RT copies almost the 
entire tRNA primer. After this, the RNase H cleaves the 3  
end of the viral minus-strand DNA, which prepares the sec-
ond jump, or plus-strand transfer. The second jump is 
required for synthesis of the second DNA strand. Removal of 
the tRNA primer exposes a portion of the plus-strand DNA 
that has the sequence complementary to the PBS.
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Exposure of the 3  end of the plus-strand DNA allows the 
5  end of the minus-strand to be transferred to the plus-strand. 
After the second transfer, both the minus- and plus-strands are 
elongated until the entire DNA is double stranded. The two 
strands of DNA generated have similar LTR sequences at both 

ends (shaded in Fig. 10.2). The generated DNA is longer than 
the RNA genome from which it was derived. This allows the 
integrated proviral DNA to be used as the template from which 
new copies of the viral genome and the viral mRNAs are cop-
ied by the host enzyme DNA-dependent RNA polymerase. 

Fig. 10.2 HIV-1 Reverse Transcription. A host tRNA functions as a 
primer and hybridizes to the PBS near the 5  end of the viral RNA 
genome. The synthesized short stretch of single-stranded DNA relo-
cates and hybridizes to the 3  end of the viral genome. After the first 
jump, synthesis of the first DNA minus-strand occurs. Owing to RNase 
H cleavage, a unique plus-strand RNA primer is formed at the PPT 
region that uses minus-strand DNA as a template for synthesis of a 

portion of DNA plus-strand toward the 3  end of the viral genome. 
RNase H removes tRNA, which stops the synthesis and facilitates the 
second jump. After the second jump, elongation of the plus- and minus-
strands continues. The DNA copy of the viral genome is completed 
when RT copies the plus and minus strands entirely. The final product 
is a blunt-ended linear duplex DNA with LTR at both ends. Degraded 
strands by RNase H are shown fainted
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The final product of the reverse transcription is the substrate 
for viral IN. Linear double-stranded viral DNA is translocated 
to the nucleus where the viral DNA is inserted into the host 
genome by IN.

If RT makes a double-stranded viral DNA by copying 
from two different RNA genomes, the resulting DNA may 
contain sequences that are derived from both of the parental 
genomes, resulting in a recombined HIV-1 genome. 
Recombination during the process of reverse transcription is 
very common in HIV-1.

Integration

HIV-1 integrase (IN) is an essential viral enzyme that binds 
to and mediates integration of the double-stranded viral DNA 
into the genomic DNA of the infected host cell. HIV-1 IN 
mediates two critical reactions during viral replication: 3 -
end processing of the double-stranded viral DNA ends and 
strand transfer. The result of IN activity is a functional inte-
grated proviral DNA within the host chromosomal DNA. 
During the 3 -processing reaction IN removes few nucle-
otides from the ends of viral DNA. After import of the viral 
DNA into the nucleus, IN inserts both 3  ends of the viral 
DNA into opposing strands of cellular genomic DNA.

In cytoplasm, after completion of the reverse transcrip-
tion step, IN binds the newly synthesized double-stranded 
viral DNA and initiates 3 -end processing. IN binds to the 
LTR of the viral DNA and cleaves GT nucleotides at both 
3 -ends of viral DNA. IN bounded to both LTR ends forms 
the preintegration complex that also includes viral matrix 
protein, p7/nucleocapsid, Vpr, and RT, as well as some host 
cellular proteins [12]. The preintegration complex is trans-
ported through the nuclear membrane to the nucleus. The 
host cell cofactor lens epithelium-derived growth factor/
transcriptional coactivator 75 (LEDGF/p75) plays an 
important role in the integration process by tethering IN to 
chromatin [13].

Integration of HIV-1 into the human genome is not ran-
dom but favors regions containing transcriptionally active 
genes [14]. In the nucleus, the preintegration complex is tar-
geted to the host genomic DNA, which results in the strand 
transfer reaction. IN within the preintegration complex binds 
to host genomic DNA and performs nucleophilic attack on 
the phosphodiester bonds of the host genomic DNA. The 3 -
OH ends of the viral DNA ligate to the 5 -phosphate ends of 
the host genomic DNA. The two nucleotides at the 5 -end of 
the viral DNA form a “flap” and are trimmed [12]. Gap fill-
ing from the 3 -end of the host genomic DNA completes the 
process of integration. The resulting integrated proviral DNA 
represents the template for transcription of new viral RNAs 
for translation of viral proteins and transcription of viral 
RNAs for packaging new virions.

Transcription

The transcription of HIV-1 provirus is regulated by viral pro-
teins and host cellular factors by the binding of both host and 
viral proteins to the viral LTR, which serves as the viral pro-
moter, reviewed by Knipe and Howley [15]. Host transcrip-
tion factors such as the Sp family, nuclear factor kappa B 
(NF- B) family, activator protein 1 (AP-1) proteins, nuclear 
factor of activated T cells (NFAT), and CCAAT enhancer 
binding protein (C/EBP) family members play critical roles 
in the regulation of HIV-1 transcription. This interaction 
becomes possible through the presence of multiple binding 
sites for host transcription factors across the viral LTR [16]. 
In addition, viral regulatory protein Tat binds to the viral 
LTR and interacts with host cellular factors. HIV-1 exhibits 
extraordinary plasticity and capacity to adapt its transcrip-
tional strategy to different cellular environments during 
infection in lymphocytes, thymocytes, monocytes, mac-
rophages, and microglial cells.

The transcription of HIV-1 is initiated in the 5 -LTR, from 
the first nucleotide position of the R region. The HIV-1 LTR 
includes functional regions such as TAR, core, enhancer, and 
modulatory elements. The LTR sequence contains a wide 
range of cis-acting elements for cellular transcription factors. 
The enhancer region has two consensus NF- B sites which 
are considered the key host transcription factor in HIV-1 
transcription [17]. However, two HIV-1 subtypes break the 
rule: the majority of circulating HIV-1 subtype C viruses has 
three NF- B sites, while HIV-1 subtype E viruses have only 
one NF- B binding site. HIV-1 uses the NF- B sites to 
enhance its replication in host cells. Activation of CD4+ cells 
induces the host NF B, which binds to promoters in both the 
host DNA and viral LTR, initiating the transcription of viral 
RNA by the cellular RNA polymerase. The major role in 
activating the HIV-1 LTR is played by the p50–RelA het-
erodimer. Two other host factors, NFAT1 and NFAT5, also 
participate in activation of HIV-1 transcription [18–20]. The 
activity of NF- B is inhibited by I B , [21–23] which is 
degraded by signals that activate NF- B [24–26]. In turn, the 
synthesis of I B  is upregulated by NF- B [23]. The two 
p50–RelA dimers bind the adjacent NF- B sites and interact 
through a protein contact. The two dimers clamp DNA from 
opposite faces of the double helix and form a topological 
trap of the bound DNA [27]. The modulatory region of HIV-1 
LTR harbors numerous target sequences for a variety of cel-
lular transcription factors such as NF–interleukin (IL)-6, 
cyclic AMP (cAMP) response element binding protein 
(CREB), Ets, and nuclear hormone receptors.

HIV-1 transcription is activated by viral Tat protein, which 
is a major viral transactivator required for HIV-1 replication. 
Tat plays a central role in the regulation of HIV-1 gene 
expression both at the level of mRNA and protein synthesis. 
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In the nucleus, Tat stimulates transcriptional elongation and 
the synthesis of full-length transcripts from the HIV-1 pro-
moter. Tat binds to the bulge of HIV-1 viral RNA in the 
5’-nontranslated region, TAR-RNA. In the cytoplasm, Tat 
acts as a translational activator of HIV-1 mRNAs. HIV-1 Tat 
also interacts with different cellular transcription factors. For 
example, to activate viral transcription, Tat binds to positive 
transcription elongation factor b (P-TEFb), which contains 
the kinase CDK9, [28, 29], interacts with cyclin T1 [30], and 
recruits histone acetyl transferases [31, 32].

Three other HIV-1 proteins – Vpr, Rev, and Nef – also 
affect viral transcription. Vpr functions as a positive regula-
tor of HIV-1 transcription by arresting the cell cycle of 
infected cells in the G2 phase, which results in optimizing 
LTR-directed gene transcription and cooperating with Tat to 
enhance viral transcription [33, 34]. Rev shuttles between 
nucleus and cytoplasm and facilitates export of unspliced 
and singly spliced viral transcripts containing RRE RNA [5]. 
Although not participating in HIV-1 transcription directly, 
Nef enhances viral expression by upregulating the expres-
sion of factors that positively regulate LTR-driven transcrip-
tion such as NF-AT [35, 36], NF- B, AP-1, [37], signal 
transducers and activators of transcription STAT1 [38] and 
STAT3 [39], and CDK9 [40].

Assembly

Gag is the major driving force of HIV-1 assembly which 
occurs with assistance from host factors and cellular machin-
ery at the host cell plasma membrane. HIV-1 assembly is a 
multistep process that includes (1) Gag targeting to the site 
of virus assembly, (2) binding of Gag to the lipid membrane 
bilayer, (3) Gag multimerization, and (4) budding and release 
of nascent virus particles (reviewed in Dupont et al. [41]). 
Gag and Gag-Pol are synthesized in the host cell cytoplasm 
and then transported to the plasma membrane where the 
evolving viral particle obtains its envelope and buds from the 
host cell. During assembly, viral genomic RNA, the Env gly-
coprotein complex, and the Gag-Pol precursor protein 
Pr160GagPol are incorporated into the assembling particle.

The HIV-1 MA domain of Gag encodes a nuclear export 
signal, [42] and is responsible for targeting and binding to the 
plasma membrane. The N-terminal myristate moiety and 
highly basic region in MA interact with the negatively charged 
inner leaflet of the plasma membrane, resulting in stable 
binding. Interaction between the CA regions of Gag and Gag-
Pol are critical for proper packaging of the Gag-Pol precur-
sor. Gag polyproteins form small multimers in the cytoplasm 
and assemble into larger complexes at the cell membrane.

The membrane binding of Gag is regulated by the myris-
toyl switch, a conformation change during which the expo-
sure and sequestration of the myristate moiety is affected by 

the degree of Gag multimerization [43]. When Gag multi-
merizes, the N-terminal myristate becomes exposed from the 
MA globular domain, resulting in higher affinity for the 
membrane [41]. The viral RNA facilitates Gag multimeriza-
tion, and is critical for the formation of stable Gag/Gag-Pol 
complexes. The HIV-1 RNA acts as a scaffold for the multi-
merization of Gag and Gag-Pol, and stabilizes the viral core, 
preventing the collapse of the particle during processing of 
the Gag and Gag-Pol precursor proteins.

The packaging signal is the cis-acting sequence that 
directs viral RNA encapsidation. The HIV-1 packaging sig-
nal is represented by the four stem-loop structures. The sec-
ondary structure of the packaging signal and interaction 
between the packaging signal and the NC domain of Gag are 
critical for efficient encapsidation of viral RNA. NC contains 
two zinc-finger motifs flanked by highly basic sequences. 
RNA-mediated bridging by NC also plays an important role 
in Gag multimerization.

Nef plays a supporting role in Gag-Pol packaging by 
allowing a Gag/Gag-Pol/Nef complex to be more efficiently 
transported to the cell membrane. The HIV-1 accessory pro-
teins Vpr and Vif are packaged into virions. Vpr incorporates 
into the virus particles via interaction with Gag p6. 
Association of HIV-1 Vif with the viral core at the time of 
viral RNA packaging is important for core stability. Efficient 
viral budding is closely related to HIV-1 PR activity. The 
regulation of PR function and timing is critical for proper 
viral assembly. During the later steps of the HIV-1 replica-
tion cycle, the interaction between Env and Gag (Pr55Gag) 
proteins is critical for Env incorporation into infectious 
HIV-1 virions. Assembly is completed by budding of the 
immature particle from the cell.

Budding of virus particles from cellular membranes is 
driven by cellular endosomal sorting machinery including 
ESCRT-1 complex (endosomal sorting complexes required 
for transport) and associated factors, which are recruited by 
p6 to the site of virus assembly [44–46].

Maturation

Following budding, HIV maturation is initiated by prote-
olytic processing of Gag and Gag-Pol polyproteins, which 
induces conformational changes in the CA domain and results 
in the assembly of the distinctive conical capsid. The pro-
cessing of the Gag and Gag-Pol precursors generates a criti-
cal transformation of virion morphology resulting in a 
remarkable transition from noninfectious viral particles to 
infectious virus with cone-shaped cores. The HIV-1 capsid is 
organized following the principles of fullerene cones, and the 
hexagonal CA lattice is stabilized by distinct interfaces [47].

Sequential processing of the Gag protein is critical for the 
maturation of HIV-1 from immature particles with a spherical 



98 V.A. Novitsky and M. Essex

capsid shell to mature particles with an electron-dense 
 cone-shaped capsid core, reviewed in Morikawa [48]. HIV-1 
PR recognizes the asymmetric shape of the peptide substrates 
as a target for cleavage. The first cleavage of the Gag-Pol 
polyprotein occurs between p2 and NC to release MA-CA-p2 
and NC-PR-RT-IN. The second cleavage releases p6Pol-PR-
RT-IN. The subsequent cleavages separate MA from CA-p2 
and NC-p1 from p6, leading to capsid condensation and the 
formation of a spherical shell. Separation of the spacer pro-
teins p2 and p1 is the final cleavage, which generates the 
mature conical core.

HIV-1 maturation converts the immature, donut-shaped 
particle to the mature virion, which contains a condensed 
conical core composed of a CA shell surrounding the viral 
RNA genome in a complex with NC and the viral enzymes 
RT and IN. In the mature HIV-1 envelope glycoprotein 
trimer, the three gp120 subunits are noncovalently bound to 
three membrane-anchored gp41 subunits.

Summary

This overview of HIV replication covers the most basic 
aspects of this complex and multistep process. For more 
detailed descriptions of HIV replication, the following 
reviews are recommended: Freed and Martin [49], Knipe 
and Howley [15], Sarafianos et al. [11], Mougel et al. [50], 
Neckhai et al. [51], Brady and Kashanchi [52], Ganser-
Pornillos et al. [47], Morikawa [48], and Ono [41].
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Introduction

Overall, HIV infection has a detrimental effect on the natural 
history of HCV disease; HIV-infected patients are less likely 
to clear hepatitis C viremia following acute infection, have 
higher HCV RNA loads, and experience more rapid progres-
sion of HCV-related liver disease than those without HIV 
infection [1–4].

Acute HCV Infection

Following acute HCV infection, HIV-infected persons are 
more likely to progress to chronic infection compared to 
those who are HIV seronegative. In the era before effective 
ART was available, Thomas et al. [1] reported that HCV 
clearance occurred more frequently in nonblacks and 
those not infected with HIV (adjusted OR, 2.19; 95% CI, 
1.26–3.47). More recently, clearance of acute HCV infection 
has been linked to a single-nucleotide polymorphism 
(rs12979860) located ~3 kilobases upstream of the IL28B 
gene, which encodes the type III interferon (lambda inter-
feron) [5–7]. In one study, HIV-infected and uninfected per-
sons C/C genotype were significantly more likely to resolve 
their infection. Interestingly, among persons with the C/C 
genotype, the rate of HCV resolution was 52.2 and 53.1% in 
those with and without HIV infection, respectively; by con-
trast, HIV-infected persons with the unfavorable genotype 
(C/T or T/T) were less likely to clear hepatitis C viremia 
(20.6%) compared to those not infected with HIV (30%) 
(Fig. 11.1) [6]. Interestingly, HIV infection and IL28B geno-
type does not seem to affect adversely the likelihood of HCV 

clearance following the treatment of acute HCV infection 
with interferon-based therapy [8, 9].

Chronic HCV Infection

As early as 1993, Eyster and colleagues [3] reported that 
HCV RNA levels were higher in people with hemophilia 
who became HIV infected than in those who remained HIV 
negative, and liver failure occurred exclusively in coinfected 
patients. Among HCV-positive patients with hemophilia who 
were prospectively monitored, Goedert and colleagues esti-
mated the 16-year cumulative incidence of end-stage liver 
disease (ESLD) among men with and without HIV to be 14.0 
and 2.6%, respectively [4]. Among those men with coinfec-
tion, the ESLD risk increased 8.1-fold with HBV surface 
antigenemia, 2.1-fold with CD4 cell counts below 200 cells/
mm3, and 1.04-fold per additional year of age. The impact of 
HIV on HCV disease in the time era prior to effective HIV 
therapy was summarized in a meta-analysis of multiple stud-
ies that assessed the correlation between HIV coinfection 
and the progression of HCV-related liver disease. HIV coin-
fection was associated with a relative risk of ESLD of 6.14 
and a relative risk of cirrhosis of 2.07 when compared with 
HCV monoinfection [10]. Thus, in the absence of effective 
antiretroviral therapy, HCV disease is clearly worsened by 
coinfection with HIV.

Since the availability of effective HIV therapy [highly 
active antiretroviral therapy (HAART)] in 1996, there has 
been more uncertainty regarding the impact of HIV on the 
natural history of hepatitis C. While some studies have been 
contradictory, the treatment of HIV disease has generally 
been associated with decreased risk of liver disease progres-
sion, particularly with the use of antiretroviral agents with 
minimal hepatotoxicity risk. For example, Qurishi et al. [11] 
reported a lower risk of liver mortality in persons who lived 
long enough to receive effective ART. Brau and colleagues 
[12] estimated the liver fibrosis progression rate in 274 HIV-
infected and 382 HIV-uninfected patients. Among persons 
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with effectively controlled HIV-infection, defined as an HIV 
RNA level <400 c/mL and/or CD4 cell count >500/mm3, the 
fibrosis progression rate was similar in persons with and 
without HIV infection. By contrast, those with inadequately 
treated HIV disease had accelerated liver disease progres-
sion compared to those without HIV coinfection. Similarly, 
Verma and coworkers [13] found that persons treated ini-
tially with effective ART had a risk of developing cirrhosis 
which was similar to HCV monoinfected control patients. 
More recently, two studies failed to detect evidence of sig-
nificant fibrosis progression in HCV coinfected who under-
went paired liver biopsies. The first study was a prospective 
study designed to assess the effect of long-term interferon 
therapy on HCV disease progression. In this trial, Sherman 
et al. [14] observed no or minimal fibrosis in the control sub-
jects, leading the study to stopped early due to the lack of 
observed progression in the cohort of coinfected patients. In 
a second study, Schuppan and colleagues [15] observed sim-
ilar fibrosis progression rate in HCV-infected patients with 
and without HIV disease. Together, these and other studies 
have led some expert panels to recommend that all HIV-
infected patients receive antiretroviral therapy independent 
of other factors such as CD4 cell count due to the benefit of 
delaying liver disease progression [16, 17].

However, other studies have found that while ART may 
be beneficial, HIV/HCV coinfected patients remain at greater 
risk for liver disease progression than those with HCV 
monoinfection. For example, in the Amsterdam Cohort study, 
the coinfected drug users had an increased risk of dying of 
HCV disease compared to those without HIV infection; this 
risk did not decrease in the era of effective antiretroviral 
therapy [18]. In the USA, Wise et al. [19] conducted a case-
control study to evaluate 63,189 hepatitis C deaths using 
multiple-cause-of death data from 1999 to 2004 (during 
which effective ART was available). There was a strong 
association of HCV death with HIV infection, alcohol use 

and hepatitis B; approximately, 10.5% observed deaths due 
to HCV occurred with HIV coinfection. Likewise, several 
studies have reported rapid fibrosis progression in persons 
with HIV/HCV coinfection on paired liver biopsies. 
Sulkowski and colleagues [20] reported that significant fibro-
sis progression was observed over a 3-year period in ~24% 
of HIV/HCV coinfected persons with no or minimal fibrosis 
on first liver biopsy; ART exposure did not appear to be pro-
tective in this cohort. Similarly, Macias et al. [21] observed 
fibrosis progression of at least one stage over a 3-year period 
in 55% of 135 HIV/HCV coinfected who underwent two 
liver biopsies. Finally, Thein and coworkers [22] conducted 
a meta-analysis involving 27 studies on the natural history of 
HCV including 7,666 individuals (HIV/HCV coinfection, 
n = 2,636; HCV monoinfection, n = 4,970). The overall rela-
tive risk (RR) of cirrhosis among coinfected patients relative 
to monoinfected patients was 2.11 (95% CI 1.51–2.96). This 
increased risk of cirrhosis in patients with coinfection rela-
tive to those with monoinfection was similar in person taking 
ART (RR 1.72, 95% CI 1.06–2.80) and those not taking ART 
(RR 2.49, p5% CI 1.81–3.42) (Fig. 11.2). Furthermore, in 
meta-regression analysis, Thein et al. did not detect a signifi-
cant association detected between ART and risk of cirrhosis. 
Thus, in these natural history studies, antiretroviral therapy 
did not appear to account fully for the more rapid disease 
progression in HIV/HCV coinfected persons.

Clearly, additional research is needed to fully understand 
the long-term effect of ART on HCV disease progression. 
Nonetheless, as a consequence of the high HCV prevalence, 
accelerated HCV disease progression and effective antiret-
roviral therapy, HCV-related morbidity and mortality is sub-
stantial in HIV-infected persons. In one study, Gebo and 
coworkers [23] evaluated rates of admission at an urban hos-
pital from 1995 to 2000 among HIV-infected patients and 
found that admissions for liver-related complications among 
HCV-positive patients increased nearly fivefold from 5.4 to 
26.7 admissions per 100 person-years during that time. 
Similarly, among 23,441 HIV-infected North American and 
European patients followed in the Data Collection on 
Adverse Events of Anti-HIV Drugs (DAD) study, liver dis-
ease was the second leading cause of death, with an inci-
dence rate of 0.23 cases per 100 person-years follow-up 
behind HIV/AIDS (0.59 cases per 100 person-years) and 
ahead of cardiovascular disease (0.14 cases per 100 person-
years) [24]. In a survey of 340 French HIV treatment cen-
ters, liver disease accounted for 15.4% of all deaths observed 
in 2005 and, among those dying from liver disease, 25% 
were due to hepatocellular carcinoma. By contrast, HBV-
related liver deaths remained stable during the same time 
period [25]. Thus, in the context of effective treatment of 
HIV disease, HCV deaths due primarily to liver failure and 
hepatocellular will continue to be an important cause of 
mortality in HIV-infected persons. However, more effective 

Fig. 11.1 Frequency of hepatitis C clearance according to HIV serosta-
tus and IL28B genotype (rs1299860) adapted from Thomas DL, Thio 
CL, Martin MP, Qi Y, Ge D, O’Huigin C et al. Genetic variation in 
IL28B and spontaneous clearance of hepatitis C virus. Nature 2009; 
461(7265):798–801 [6]
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Fig. 11.2 Risk ratios of cirrhosis among individuals monoinfected with 
hepatitis C virus monoinfected and individuals coinfected with HIV/
HCV. (a) Non-HAART group; and (b) HAART group. Adapted from 
Thein HH, Yi Q, Dore GJ, Krahn MD. Natural history of hepatitis C 

virus infection in HIV-infected individuals and the impact of HIV in the 
era of highly active antiretroviral therapy: a meta-analysis. AIDS 2008; 
22(15):1979–1991 [22]
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HCV treatment strategies may prevent liver mortality in this 
population. Berenguer and colleagues [26] reported that 
HIV/HCV coinfected patients who achieved a sustained 
viral response following treatment with interferon plus riba-
virin were markedly less likely to die from liver disease 
compared to those without eradication of HCV. Thus, while 
not effective for all coinfected patients, the treatment of 
HCV infection in HIV-infected patients at risk for cirrhosis 
is strongly recommended [27].

Effect of HCV on HIV Infection

The effect of HCV infection on HIV disease progression is 
less clear than the effect of HCV. Indeed, in meta-analysis of 
27 studies in the era of effective antiretroviral therapy, HCV 
was associated with an increased risk of overall mortality, but 
HCV coinfection was not associated with an increased risk 
for AIDS-defining events compared to HIV monoinfection 
(risk ratio 1.12; 95% CI, 0.82–1.51) [28]. Some studies report 
impaired immune reconstitution in patients with HIV/HCV 
coinfection treated with ART compared to those with HIV 
alone [29]; however, this effect has not been observed in other 
studies [30, 31]. In a meta-analysis of 8 studies, the mean 
increase in CD4 cell count following ART was slightly lower 
(−33.4 cells/mm3) in coinfected persons compared to those 
monoinfected; this difference is not likely to be clinically rel-
evant [32]. Patients with underlying viral hepatitis are more 
likely to experience hepatotoxicity on ART [33, 34]. However, 
for most persons, this does not impact ART delivery, since the 
majority (approximately 90%) of coinfected patients do not 
develop severe hepatotoxicity. In some studies, the risk of 
ART-associated hepatotoxicity is greater in coinfected per-
sons with advanced hepatic fibrosis, suggesting that liver dis-
ease staging prior to initiating ART may be useful to stratify 
the risk of hepatotoxicity [35]. Interestingly, effective treat-
ment of HCV infection has been associated with reduced risk 
of ART-associated liver injury, suggesting the effect is directly 
related to active HCV infection [36, 37].

Conclusion

In the era of effective antiretroviral therapy, HCV infection is 
an increasing cause of morbidity and mortality among HIV-
infected persons. The factors underlying the increasing bur-
den of liver disease due to HCV include (1) the markedly 
decreased impact of HIV/AIDS due to HAART, (2) the high 
prevalence of HCV infection due to shared modes of trans-
mission, (3) the adverse effect of HIV infection on HCV dis-
ease progression. Treatment of HIV disease with safe, 
effective antiretroviral therapy appears to partially ameliorate 
the negative impact of HIV infection; however, the relative 

risk of cirrhosis and liver failure remain higher in persons 
with HIV/HCV coinfection compared to those with HCV 
monoinfection despite the advent of HAART. Successful 
HCV treatment with eradication of chronic infection is likely 
to have the greatest impact on the natural history of HCV in 
HIV-infected persons.
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Introduction

Both human immunodeficiency virus-1 (HIV) and hepatitis 
B virus (HBV) are transmitted via mucosal and percutaneous 
routes, so approximately 10% of HIV-infected persons 
worldwide are coinfected with HBV. In the USA, the HIV 
Outpatient Study found that between 1996 and 2007, the 
prevalence of HBV was stable ranging from 7.8 to 8.6% with 
the greatest fraction being in men who have sex with men 
[1]. Thus, chronic HBV is a continuing important coinfec-
tion in the HIV-infected population.

Since HIV suppresses the immune system, it initially 
seems logical that HBV disease would be more severe in 
coinfected patients. Conversely, the weakened immune 
response from HIV may not accelerate liver disease progres-
sion since HBV-related liver disease is primarily immune 
mediated. Several natural history studies shed light on the 
balance between these opposing forces. In this chapter, we 
review these studies on the natural history of acute and chronic 
HBV in HIV-infected persons, including a few studies con-
ducted during the era of potent antiretroviral therapy (ART).

Acute Hepatitis B Virus Infection

Insight into the incidence of acute HBV in HIV-infected indi-
viduals comes from the Adult/Adolescence Spectrum of HIV 
Project using data from 1998 to 2001 [2]. There were 316 cases 
of acute HBV among 16,248 HIV-infected patients yielding an 
incidence rate of 12.2/1,000 person-years (PYs), which is sub-
stantially higher compared to the rate in the general population 

(0.033 cases/1,000 PYs) [3]. The incidence was higher in black 
subjects (RR 1.4, 95% confidence interval (CI) 1.0–2.0), those 
with alcoholism (RR 1.7, 95% CI 1.2–2.3), those with active 
injection drug users (RR 1.6, 95% CI 1.1–2.4), and those with 
AIDS-defining conditions (RR 1.5, 95% CI 1.2–1.9). The inci-
dence rate in those taking ART either with or without lamivu-
dine was lower (RR 0.5) as was the rate in those who had 
received at least one dose of the HBV vaccine (RR 0.6, 95% CI 
0.4–0.9). A study of US military and their dependents found 
that incident HBV infections in HIV-infected subjects were 
higher in the pre-ART era compared to the post-ART era (4 to 
1.1 cases per 100 person-years, P < 0.001); however, from 
2000 to 2008, there was a trend toward an increased risk that 
was not statistically significant [4].

Several studies have investigated the risk of an acute 
infection developing into chronic HBV in HIV-infected indi-
viduals. Two studies from 1991 demonstrated that chronic 
HBV was more likely to occur in HIV-infected compared to 
HIV-uninfected men who have sex with men [5, 6]. 
Bodsworth et al. [5] found that after acute HBV, 23% of the 
HIV-infected compared to 4% of the HIV-uninfected men 
became chronically infected. Furthermore, among the HIV-
infected men, the CD4+ T-cell counts were significantly 
lower in those who developed chronic HBV compared to 
those who did not (342 cells/mm3 versus 547 cells/mm3; 
P < 0.005). In those who acquired HIV and HBV simultane-
ously, the risk of developing chronic HBV was twice as high 
at 40%. A more recent study reported similar numbers with a 
2.62-fold (95% CI 1.78–3.85) increased risk of developing 
chronic HBV if HIV-infected compared to uninfected [7]. In 
this study, HIV-infected persons on ART at the time of an 
acute HBV infection, had a reduced risk of becoming chroni-
cally HBV infected compared to those who were not on ART 
(OR 0.18, 95% CI 0.04–0.79). Most subjects were on ART 
that included anti-HBV agents, so this study could not deter-
mine whether it was the ART, HBV active agents in ART, or 
both that led to the risk reduction. Thus, HIV increases the 
risk for developing chronic HBV (Table 12.1).
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Chronic Hepatitis B

Once chronic HBV is established, HIV also affects hepatitis 
Be antigen (HBeAg) clearance, HBV replication, and liver 
disease. In a study of 150 men who have sex with men, the 
82 HIV–HBV coinfected men were more likely to be HBeAg 
positive compared to the 68 HBV monoinfected men 
(P < 0.001) [8]. Mai et al. [9] also demonstrated decreased 
HBeAg seroconversion in 56 HIV–HBV coinfected men 
compared to 43 HBV monoinfected men, but they also found 
more HBV replication as documented by increased likeli-
hood of detectable HBV DNA (P < 0.0005). CD4+ T-cell 
count was not associated with HBeAg status or detectable 
HBV DNA. Despite evidence of more HBV replication in 
the HIV–HBV coinfected subjects, their ALT levels were 
lower. Other studies have demonstrated similar findings of 
higher HBV DNA but lower ALT levels in HIV–HBV coin-
fected individuals [10].

Unfortunately, these lower ALT levels, which may be 
from a suppressed immune response, do not translate to less 
liver disease. In one cross-sectional study, cirrhosis on liver 
biopsy was found in 28% of the 65 HIV–HBV coinfected 
men who have sex with men compared to only 13% of the 67 
HBV monoinfected men (P = 0.04) [10]. Given the increased 
risk of cirrhosis, it is not surprising that increased liver-
related mortality has been demonstrated in HIV–HBV coin-
fected individuals. In the MACS cohort where 5,293 men 
were studied, the 326 HIV–HBV coinfected men had a liver 
mortality rate of 14.2 per 1,000 person-years (PYs) com-
pared to 0.8/1,000 PYs in HBV monoinfected, 1.7/1,000 PYs 
in HIV monoinfected, and 0/1,000 PYs in those without HIV 
or HBV [11]. In a clinic-based population followed from 
1993 to 2001, liver deaths occurred in 15% of HIV–HBV 

coinfected subjects compared to 6% of HIV monoinfected 
subjects [12]. Thus, it is clear that HIV accelerates the 
 progression of HBV-related liver disease despite an overall 
depressed immune system.

A fulminant form of chronic HBV known as fibrosing 
cholestatic hepatitis, which was first described in patients on 
immunosuppressive therapy, has also been found in HIV–
HBV coinfected patients [13]. This form of hepatitis is 
uncommon. It is attributed to cytopathic injury of hepato-
cytes by HBV and is characterized histologically by balloon-
ing of hepatocytes with evidence of significant cholestasis. It 
has also been described in a case of HBV reactivation in a 
patient with advanced HIV disease [14].

Effects of Acute HIV on Chronic Hepatitis B

Only one study has examined chronic HBV during acute 
HIV seroconversion. In this study of nine men with HBV, 
HBV DNA levels were determined before and after HIV 
seroconversion [15]. Interestingly, HBV DNA levels in five 
of the men decreased dramatically with a mean of 6.29 log 
copies/ml and loss of HBeAg. Three of the men had stable 
HBV DNA levels and only one man had an increase in HBV 
DNA. The authors hypothesized that this unexpected reduc-
tion in HBV DNA may have been due to release of cytokines 
(e.g., interferon) with acute HIV. In the one man who was 
followed until CD4 T-cell decline, the HBV DNA gradually 
increased above the original value. Thus, this is consistent 
with the above studies since in those studies the HBV DNA 
was likely determined years after HIV seroconversion.

Seroreversion

Seroreversion, which is defined as spontaneous loss of anti-
HBs, occurs infrequently and is not clearly more common in 
the setting of HIV infection. In a study of 263 HIV-infected 
and 50 HIV un-infected individuals followed for a median of 
21 and 13 months, respectively, the seroreversion rate was 
1.8/100 PYs in both groups [16]. In the HIV Atlanta Veteran 
Affairs Cohort Study, 229 HIV-infected patients with anti-
HBs had repeat testing and only six became anti-HBs nega-
tive for a rate of 0.019/100 PYs [17]. Combining their six 
cases with 18 others in literature, 45% of those who lost anti-
HBs had a decline in CD4+ T-cell counts, 62% had transami-
nase elevations at the time of anti-HBs loss, and two had 
stopped lamivudine with subsequent loss of anti-HBs.

By contrast, some studies have shown a higher serorever-
sion rate in the setting of HIV infection. A study of hemo-
philiacs found that seroreversion occurred in 13% of 
HIV-infected individuals and in 0% of the HIV-negative 

Table 12.1 Known effects of HIV on the natural history of hepatitis B 
virus (HBV)

Effects on acute HBV
Increases risk for becoming chronic

Effects on chronic HBV
Lower HBeAg seroconversion
Higher HBV DNA
Increased cirrhosis
Increased liver-related mortality
Increased isolated anti-HBc
Lower ALT

Effects of HAART
Increased hepatotoxicity
Unclear effects on liver disease

HAART highly active antiretroviral therapy, anti-HBc hepatitis B core anti-
body, HBeAg hepatitis B “e” antigen, ALT alanine aminotransferase
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patients [18]. Biggar et al. [19] followed 13 HIV-infected 
and 12 HIV-uninfected subjects, who had anti-HBs from 
a prior HBV infection, for 3 years. Of the HIV-infected 
 subjects, 6 had undetectable (4 subjects) or borderline 
(2  subjects) anti-HBs levels, whereas only 1 HIV-uninfected 
subject had borderline levels (P < 0.05).

Isolated Anti-HBc Serology

Isolated anti-HBc serological pattern is defined as negative 
HBsAg and anti-HBs but positive anti-HBc. It is more com-
mon in HIV-infected individuals with the prevalence ranging 
from 9 to 61.7%. A large study from Taiwan of 2,351 HIV-
infected individuals found that 411 (17.5%) had isolated 
anti-HBc [20] and 963 (41%) had past infection, which was 
defined as anti-HBs and anti-HBc positive. Isolated anti-HBc 
was associated with older age, lower CD4 T-cell count, and 
higher HIV RNA levels than those with past infection. In 
contrast to other studies [21–23] isolated anti-HBc subjects 
were less likely to be infected with hepatitis C, but this may 
be attributable to more sexual transmission rather than injec-
tion drug use in this cohort. In the multivariate analysis, older 
age (OR 1.03, 95% CI 1.02–1.04) and CD4 T-cell counts 
<100 cells/mm3 (OR 1.52, 95% CI 1.03–2.23) were associ-
ated with isolated anti-HBc. Serum HBV DNA was found in 
8.3% of 277 subjects with isolated anti-HBc who were tested 
and in 14.3% of 56 subjects with anti-HBs who were tested. 
The median HBV DNA in the two groups was 3.67 and 4.35 
log cp/ml, respectively.

Several other studies have investigated whether occult 
hepatitis B (detectable HBV DNA without HBsAg) is pres-
ent in HIV-infected patients with isolated anti-HBc, but there 
is no consensus. The prevalence of detectable HBV DNA 
ranges from 0 to 89% with most studies reporting HBV DNA 
values 103 IU/ml [24], as reviewed by Sun et al. [20]. The 
study by Hofer et al. [24] was at the upper limit of the preva-
lence range (89%), but the prospective design of that study 
was unique and may explain the high prevalence. In that 
study, a subject was counted as being HBV DNA positive if 
any one of the visits tested had a detectable HBV DNA. 
Thus, it is possible that low levels of HBV DNA are intermit-
tently detectable supporting the hypothesis that these indi-
viduals have chronic HBV.

An important, unanswered question is whether isolated 
anti-HBc has clinical ramifications, which has been addressed 
in studies focusing on whether survival is different in patients 
with isolated anti-HBc. In one study, this serological pattern 
was not associated with lower survival [25]. By contrast, 
Hoffmann et al. [26] found a 3.6-fold increased risk of death 
in MACS men with isolated anti-HBc compared to those 
never infected with HBV. Surprisingly, of the 5 men with 

isolated anti-HBc who died, four died from cardiovascular 
causes suggesting that there are behavioral or environmental 
differences or perhaps higher levels of inflammation that 
increased the risk for cardiovascular disease. In HBV 
monoinfected subjects, there is some evidence that occult 
HBV increases the risk for development of hepatocellular 
carcinoma [27], but whether this is true for HIV-infected 
subjects has not been studied. Additional studies are needed 
to determine whether isolated anti-HBc has long-term 
consequences.

The etiology of the isolated anti-HBc pattern is not known 
but possibilities include decline in anti-HBs with immuno-
suppression, chronic HBV with low levels of HBsAg, and 
false positive serology. From the available studies, it is not 
clear which of these accounts for the majority of isolated 
anti-HBc cases. One longitudinal study from Taiwan of 179 
patients followed subjects with isolated anti-HBc for a 
median of 5 years and found that 40.8% developed anti-HBs, 
10.1% lost all markers, and 3.9% developed HBsAg. In a 
study of women at risk for HIV infection, 322 had isolated 
anti-HBc of whom 282 were HIV+ [25]. After a median of 
7.5 years of follow-up, 20.2% acquired anti-HBs and 2.5% 
developed HBsAg. Acquisition of anti-HBs was associated 
with an increase in CD4 T-cell count and HAART use at 
>50% of the visits in univariate analysis, but only the latter 
remained in a multivariate analysis. HBsAg acquisition was 
associated with CD4 count <200 cells/mm3 at study entry. 
These two studies would suggest that loss of anti-HBs, espe-
cially with decline in CD4 T-cell counts, was the most com-
mon cause for isolated anti-HBc. However, this hypothesis is 
not supported by several studies that have looked at the ana-
mnestic response to HBV vaccine. A study from Thailand 
found that only 7% of 28 subjects with an isolated anti-HBc 
had an anamnestic response to HBV vaccine [23]. In another 
study, [28] 24% of subjects with isolated anti-HBc had an 
anamnestic to vaccine, although 47% of those that were anti-
HBe positive had an anamnestic response compared to only 
7% in the anti-HBe negative group. Thus, further studies are 
needed to determine the etiology of the isolated anti-HBc 
serological pattern.

Hepatocellular Carcinoma

There are limited data on whether HIV affects the develop-
ment of hepatocellular carcinoma (HCC). One French study 
of 822 HIV-infected individuals of whom 8% were coin-
fected with HBV found that 22% of deaths in the HIV–HBV 
coinfected group were liver-related compared to 2% in the 
HIV monoinfected group [29]. The liver-related deaths in the 
monoinfected group were attributed to alcoholic cirrhosis. In 
the HIV–HBV coinfected group, 50% of the liver-related 
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deaths were from HCC compared to 13% of the liver-related 
deaths in the HIV monoinfected group. This study suggests 
that HIV may accelerate the development of HBV-related 
HCC, although the ideal comparison group, which would be 
HBV monoinfected subjects, was not included in this study.

The Swiss HIV cohort study found that immunosuppres-
sion from HIV increased the risk for HCC among men who 
have sex with men, in whom the primary risk factor for HCC 
was HBV. They found that for every 100 cell/ml decrease in 
CD4 T-cell count, there was a 1.68-fold increased risk of 
developing HCC (95% CI 1.15–2.46) [30].

ART and Hepatitis B Natural History

We are just beginning to address the question of how ART 
affects the natural history of HBV. Several studies have dem-
onstrated that HIV–HBV coinfected patients have an 
increased incidence of hepatotoxicity (defined as amin-
otransferase elevations) from ART compared to HIV monoin-
fected patients, especially those with high HBV DNA levels 
[31, 32]. However, it is not known if this hepatotoxicity 
translates into more liver disease. Sellier et al. [33] examined 
risk factors associated with advanced liver disease in a cohort 
of 107 HIV–HBV coinfected patients with 66% of African 
origin and the remainder of European origin. During the 
median 4.8 year follow-up, 78% received ART. Univariate 
analysis found multiple associations with advanced liver dis-
ease including male gender, higher HIV RNA and HBV DNA 
levels, and elevated transaminases. In multivariate analysis, 
AST level (HR per 10 unit increase 1.79, P < 0.001) was the 
only one that remained associated with increased risk for 
advanced liver disease and lamivudine use was protective 
(HR per month of treatment, 0.96, P < 0.001). Over a median 
4.8 year follow-up period, there were 4 liver deaths giving an 
incidence of liver-related mortality of 0.7/1,000 person-
years. In the EuroSIDA cohort, 9% of the 9,802 patients had 
chronic HBV. The liver mortality rate on ART was also 
0.7/1,000 person-years and was significantly higher than in 
the HIV monoinfected subjects (0.2/1,000 person-years) 
[34]. However, the liver mortality rate prior to ART in that 
cohort is not known. This issue was addressed in the MACS 
cohort, where the liver mortality rate over a median 7-year 
follow-up on ART was higher than in these other cohorts 
(17/1,000 person-years), and surprisingly, it was not signifi-
cantly lower than during the era prior to ART (14/1,000 per-
son-years) [11, 26]. This difference in mortality rates 
compared to the other studies may be due to the longer fol-
low-up in the MACS and development of lamivudine-resis-
tant HBV. However, what this study cannot disentangle is 

whether the stable liver-mortality rate in the pre-ART and 
ART eras is a result of lack of impact of ART on liver disease 
or due to longer life expectancy and decreased death from 
AIDS-related causes.

Supporting the idea that the stable rate is due to the longer 
life expectancy, other studies have shown an improvement in 
liver-related death on ART that includes lamivudine. Puoti 
et al. [35] found a liver mortality rate of 7.5/1,000 PYs in 
HIV–HBV coinfected subjects, but the liver-related death 
per year of lamivudine use was reduced by 27% (OR 0.73 
95% CI 0.59–0.9, P = 0.004) over 4 years of follow-up. There 
are also data to support the hypothesis that ART has negative 
effects on the liver. In the D:A:D study, 23441 HIV-infected 
subjects of whom 6.8% had chronic hepatitis B were fol-
lowed for a median of 3.5 years [36]. Those with chronic 
hepatitis B had an increased risk for liver-related death of 3.7 
fold (95% CI 2.4–5.9). Multivariate showed increased risk of 
liver-related death for every year on mono or dual therapy 
before HAART. In addition, they found an 11% (95% CI 
2–21%, P = 0.02) increased risk for liver death for every year 
on ART after adjusting for CD4 T cell count.

Summary

Together, the studies clearly demonstrate that HIV has nega-
tive effects on HBV infection including decreased immune 
response to the virus and accelerated liver disease progres-
sion. ART leads to increased hepatotoxicity with chronic 
hepatitis B, but the longer-term effects of this are not yet 
clear. It is also not yet understood how HIV affects liver dis-
ease, but one intriguing idea is an increase in microbial trans-
location associated with HIV that leads to an increase in 
fibrosis [37]. It is not known if HBV modulates this process 
as well. Table 12.2 summarizes key questions related to 
HIV–HBV coinfection. Further work is needed to under-
stand HIV and liver fibrosis as well as liver disease in HIV–
HBV coinfected patients in the ART era.

Table 12.2 Outstanding questions on effect of HIV on natural history 
of hepatitis B virus (HBV)

Does HIV affect seroreversion?
Is occult hepatitis B more common in HIV infection?
What are the long-term consequences of isolated anti-HBc in HIV 
coinfection?
Why is the isolated anti-HBc prevalence higher in the setting of HIV 
infection?
Does HIV accelerate the development of hepatocellular carcinoma?
How does ART affect HBV-related liver disease?

anti-HBc hepatitis B core antibody
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Introduction

Although hepatitis B virus (HBV) and hepatitis C virus 
(HCV) are the most frequent agents of liver disease in HIV-
infected individuals, infection with other hepatitis viruses 
may lead to either acute episodes of liver damage (i.e., A and 
E) or chronic hepatic disease (i.e., Delta). Hepatotropic 
viruses other than B and C are often forgotten in the setting 
of HIV infection, and awareness and knowledge about their 
potential role as the cause of disease are important.

Hepatitis A in HIV

The hepatitis A virus (HAV) was identified in 1973 [1]. It 
displays a worldwide distribution (Fig. 13.1), causing only 
acute hepatitis, but being responsible for considerable mor-
bidity and mortality, especially when infection is acquired in 
adulthood.

Virology

HAV is a 27-nm diameter particle, nonenveloped, icosahe-
dral, which contains a positive-stranded RNA genome. The 
virus belongs to the Heparnavirus genus within the 
Picornaviridae family. The HAV genome comprised 7,474 
nucleotides, which are divided into three regions: a 5  
untranslated region (742 nucleotides), a single long open 
reading frame (ORF) that encodes a 2,227 amino-acid poly-
peptide (6,681 nucleotides), and a 3  noncoding region (63 
nucleotides). The polypeptide encoded by the ORF is cotrans-
lationally processed by a viral protease, resulting in four 

structural and seven nonstructural proteins. There is a single 
viral serotype, with four different genotypes, although no 
significant biological differences have been found among 
them [2].

The hepatocyte infection cycle begins when the virus 
binds to a receptor found in the cell surface. After infection, 
HAV acts as an mRNA, spending its entire vital cycle in the 
hepatocyte cytoplasm, where it experiences replication using 
a RNA-dependent RNA polymerase, coded by the virus 
itself. When enough viral RNA and virion proteins have been 
produced, viral assembly begins, forming mature virions. 
The whole replication cycle lasts for 5–10 h. Unlike other 
picornaviruses, HAV does not cause cytolysis when exiting 
the cell, and therefore, cytopathology is caused mainly by 
cellular immune responses.

Epidemiology

HAV spreads via the fecal–oral route and is more prevalent 
in low socioeconomic areas in which a lack of adequate sani-
tation and poor hygienic practices facilitate spreading of the 
virus. HAV infection can occur either sporadically or as epi-
demic outbreaks, showing a trend for cyclic infections. 
Worldwide around 1.4 million people get infected with HAV 
every year. In some developing countries, where hygienic 
conditions are poor, the lifelong risk for infection with HAV 
is above 90%, with most infections occurring in early child-
hood. Epidemic outbreaks are not frequent in developing 
countries, since adolescents and adults are already immune 
at those ages. In other areas where sanitary conditions are 
variable, infections are less common in the early childhood, 
with a higher incidence in adults, causing frequent epidemic 
outbreaks. Finally, in developed countries, where hygienic 
conditions are good, infection rates are low, and HAV infec-
tions are more common in adolescents and some high-risk 
groups, such as household and sexual contacts of infected 
persons, injecting and noninjecting drug users, men who 
have sex with men (MSM), people traveling to high-risk 
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areas, and persons with occupational exposure to HAV (such 
as laboratory or sewage workers).

Clinical Manifestations

HAV infection usually results in an acute, self-limited illness 
and only rarely leads to fulminant hepatic failure [3], which 
occurs more commonly in patients with underlying liver dis-
ease, particularly chronic hepatitis C. This was illustrated in 
a study of 163 patients with chronic hepatitis B and 432 with 
chronic hepatitis C who were prospectively followed for 
7 years [4]. HAV superinfection was diagnosed in 27 patients. 
An uncomplicated course occurred in nine of the ten patients 
with hepatitis B in comparison with fulminant hepatic failure 
in 7 of the 17 patients with chronic hepatitis C; six of these 
patients died.

The manifestations also vary with age. HAV infection is 
usually silent or subclinical in children. By contrast, infection 
in adults presents with mild to severe forms. The incubation 
period ranges from 2 to 6 weeks, after which the illness begins 
in symptomatic patients. HAV is rarely associated with a 
relapsing or cholestatic clinical illness and may serve as a trig-
ger for autoimmune hepatitis in genetically susceptible indi-
viduals. Morbidity and mortality differ significantly between 
age groups. HAV infection in the adulthood is associated with 
more severe symptoms and a higher mortality (1.8%). 
Hepatitis A does not appear to be worse in HIV-infected 

patients when compared to HIV-negative persons [5], although 
HAV-RNA viremia may be more prolonged [6].

Prevention

Individuals suffering from acute hepatitis A are contagious 
during the incubation period and remain so for about a week 
after jaundice appears [7]. Prevention of spread to others can 
be aided by adherence to sanitary practices such as hand-
washing, heating foods appropriately, and avoiding water 
and foods from endemic areas. Handwashing is highly effec-
tive in preventing the transmission of HAV, since the virus 
may survive for up to 4 h on the fingertips [8]. Chlorination 
and certain disinfecting solutions (household bleach 1:100 
dilution) are enough to inactivate the virus. In hospitalized 
patients, use of gloves by health-care workers and an appro-
priate handling of biological material from patients are 
strongly recommended.

Apart from hygiene measures, the most important and 
efficacious was for preventing HAV infection is immuniza-
tion. Inactivated and attenuated HAV vaccines have been 
developed and evaluated in human clinical trials [9]. 
However, only vaccines made from inactivated HAV have 
been evaluated for efficacy in controlled clinical trials [10]. 
The HAV vaccines currently licensed in the USA are the 
single-antigen vaccines HAVRIX® (manufactured by 
GlaxoSmithKline) and VAQTA® (manufactured by Merck) 

Fig. 13.1 Areas at risk of hepatitis A virus infection
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and the combination vaccine TWINRIX® (containing both 
HAV and HBV antigens; manufactured by GlaxoSmithKline). 
All are inactivated vaccines.

In HIV-negative persons, the HAV vaccine is highly 
immunogenic and efficacious. Protective levels of antibodies 
develop in 97–100% of individuals within 1 month of the 
first dose and in virtually all subjects after the second dose. 
The level of protection against clinical hepatitis is above 
80% after a single dose [11]. The combined hepatitis 
A–hepatitis B vaccine is also highly efficacious [10]. 
Successful immunization in healthy persons is thought to 
confer protection for over 10 years, although immunity may 
be lifelong. Response rates are generally reduced in HIV-
infected persons compared to HIV-negative persons, and 
correlate with the CD4 cell count at the time of vaccination 
[12]. Overall rates are 50–95%, but may be below 9% when 
CD4 counts are <200 cells/mL. By contrast, responses above 
95% are seen in subjects with CD4 counts > 300–500 cells/
mL. Plasma HIV RNA suppression on highly active antiret-
roviral therapy (HAART) is associated with improved anti-
HAV antibody levels following vaccination [13]. Increasing 
the number of doses may also improve immunicity [14].

A trial involving 99 HIV-infected patients assessed the 
immunological efficacy and safety of a three-dose schedule 
of HAV vaccine in comparison with the standard two-
 dose schedule [15], showing an increase in antibody titers in 
the three-dose group. No significant differences in terms of 
adverse events were found. Duration of protection in HIV-
infected persons is unknown, but might be shorter than in 
HIV-negative individuals. The low anti-HAV response rates 
in HIV-infected patients makes advisable to measure anti-
HAV antibodies after vaccination, to ensure that the patient 
developed protective antibody titers. Supplementary vaccine 
doses might be advisable for nonresponders. IL-2 has been 
used as immune response enhancer in one study [16]; although 
the CD4 count rose significantly, no differences in terms of 
HAV-antibodies were found when comparing patients receiv-
ing HAART and those receiving HAART plus IL-2.

The HAV vaccine is safe and well tolerated in HIV-infected 
individuals [17] Injection site reactions are the most frequent 
side effects. Malaise and headache for 1–2 days may occur 
occasionally. Serious allergic reactions are very rare. 
Currently, HAV vaccination is recommended to all HAV-
susceptible, HIV-infected persons. Certain patients, such as 
those with chronic liver disease, MSM, IDUs, or persons 
traveling to areas of intermediate or high endemicity are at 
special risk, and immunization should be particularly recom-
mended in them. HIV-infected persons with CD4 counts 
>300 cells/mL may follow the standard vaccination schedule 
and receive two doses at 0 and 6–12 months. In those patients 
with CD4 counts <300 cells/mL a third dose may be consid-
ered. HIV-infected persons at risk for the infection should 
receive a boosting dose every 5 years. Finally, in patients with 

CD4 counts <200 cells/mL, human normal immunoglobin 
(HNIG) 500 mg might be considered together with the vac-
cine before travel.

Hepatitis D in HIV

Hepatitis D virus (HDV) is a unique defective RNA agent, 
first identified in 1977 [18], that requires the presence of 
HBV for its replication and expression. HDV infection can 
occur either simultaneously with HBV (coinfection) or as a 
superinfection in chronic HBV carriers. Infection with HDV 
is associated with higher rates of liver cirrhosis and, particu-
larly in coinfection episodes, with fulminant hepatitis.

Virology

HDV has been classified in the Deltavirus genus [19]. It 
shares some similarities with viroids and plant satellite 
viruses, mainly in terms of genomic organization and repli-
cation mechanisms [20]. The HDV virion is a large particle, 
approximately 36 nm diameter, with an external lipoprotein 
envelope provided by HBV. Beneath this envelope, the viral 
capsid, formed by a structure of delta antigen (HDAg), can 
be found. This capsid contains the HDV genome, formed by 
a single-stranded, circular RNA, 1,700 nucleotides long.

The HDV RNA genome has six ORFs, three on the 
genomic strand and three on the antigenomic strand. One 
ORF encodes the HDAg, while the others do not seem to be 
actively transcribed. Two different antigens exist: a small 
24-kDa HDAg, 155 amino acids long, and a large 27 kDa 
HDAg, 214 amino acids long. While the small HDAg accel-
erates HDV RNA synthesis, the large one inhibits it. 
Nevertheless, the presence of the large HDAg is necessary 
for virion morphogenesis [21]. HDV RNA replication occurs 
through a “double rolling circle model” in which the genomic 
strand is replicated by a host RNA polymerase to yield a 
multimeric linear structure that is autocatalytically cleaved 
into linear monomers and ligated into circular HDV RNA.

Epidemiology

Similarly to HBV, HDV is spread mainly through parenteral 
exposure. Worldwide, more than 350 million people are 
chronically infected with HBV, of whom around 15–20 mil-
lion are superinfected with HDV [22]. Several regions, as the 
Mediterranean basin, the Middle East, Central Africa, and 
the northern countries of South America remain endemic for 
HDV (Fig. 13.2). In other countries with lower prevalence of 
HDV infection, viral transmission occurs in limited settings, 
such as within communities of IDUs.
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Several studies carried out in the 1980s and 1990s showed 
rates of HDV infection as high as 25% among HBsAg-
positive individuals [23]. After the implementation of HBV 
vaccination programs, the prevalence of HDV infection has 
decreased dramatically in the Western world [24]. 
Improvements in socioeconomic conditions and an increased 
awareness of the risk of transmitting infectious diseases have 
contributed to this decrease as well. However, the decline 
appears to have stopped, and some resurgence of HDV has 
been noticed both in the Mediterranean area and in Central 
Europe, mainly as result of immigration flows from highly 
endemic regions.

At least eight HDV genotypes have been identified [19]. 
In terms of HDV genotype distribution, genotype 1 shows a 
global distribution, being the predominant variant both in 
Europe and in North America. Genotype 2 is found mainly in 
the Far East, while genotype 3 predominates in South 
America. Genotypes 4–8 have mostly been identified in 
African patients [25].

Clinical Manifestations

The clinical sequelae of HDV infection encompass a spec-
trum of manifestations from fulminant liver failure to the 
asymptomatic carrier state. Clinical features vary depending 
on the chronification of HDV infection. Acute HBV and 
HDV coinfection leads to complete viral clearance of both 
viruses in more than 90% of cases, but it may lead to severe 
acute hepatitis with the potential for a fulminant course. By 
contrast, only a minority of chronic HBsAg carriers experi-
encing HDV superinfection clear HDV [21]. Outbreaks of 
acute hepatitis D have been described worldwide [26, 27]. 
Nevertheless, the global incidence of acute HDV infection 
has significantly decreased in comparison with two decades 

ago largely due to the introduction of HBV vaccination 
programs.

Chronic HDV infection leads to more severe liver disease 
than chronic HBV monoinfection, and is associated with an 
accelerated course of liver fibrosis, an increased risk of hepa-
tocellular carcinoma, and early decompensation in the set-
ting of liver cirrhosis [28]. A study of 299 patients followed 
for up to 28 years found that persistent HDV replication was 
associated with annual rates of development of cirrhosis and 
liver cancer of 4% and 2.8%, respectively [29]. Overall, 
patients chronically infected with HDV suffer from a shorter 
survival [30].

Distinct HDV genotypes may be associated with different 
clinical outcomes. The genetic variability is significant in 
HDV [31]. Infection with HDV genotype 1 has shown a 
lower remission rate and more adverse outcomes [30] than 
infection with genotype 2. Genotypes 2 and 4 have been 
found in East Asia, causing relatively mild disease [32]. 
However, a genotype 2b variant has been found to be related 
with accelerated progression to cirrhosis [33]. HDV superin-
fection of HBV genotype F has particularly been associated 
with episodes of fulminant hepatitis [34]. Of note, while the 
genotype of HBV does not seem to affect the interaction of 
HBsAg with HDV, the HDV genotype may influence the 
efficiency of assembly of the HDV antigen with HBsAg to 
constitute virions. Finally, amino-acid sequence variations in 
HBsAg have shown to influence the assembly efficiency of 
HDV genotypes 2 and 4 [35].

Diagnosis

Due to the dependence of HDV from HBV, the presence of 
HBsAg is necessary for the diagnosis of HDV infection. 
The additional presence of IgM antibody to hepatitis B core 

Fig. 13.2 Worldwide distribution 
of hepatitis delta virus
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antigen (IgM anti-HBc) is necessary for the diagnosis of 
acute HBV–HDV coinfection. All HIV-infected individuals 
positive for HBsAg should be tested for anti-HDV IgG anti-
bodies. It is also advisable to repeat the test yearly or in case 
they develop an unexpected increase in ALT levels [36]. 
There is no evidence supporting direct HDV-RNA testing in 
the absence of anti-HDV antibodies as far as antibodies 
develop in almost every individual infected with HDV. It is 
important to consider, however, that a positive result for the 
presence of anti-HDV antibodies does not necessarily indi-
cate active hepatitis D. Although waning of HDV-RNA has 
been reported in some individuals, indicating recovery from 
HDV infection, this is rarely seen in the HIV setting, and 
most anti-HDV patients with HIV infection display detect-
able HDV viremia.

Several laboratory techniques are currently available for 
the diagnosis of HDV infection. HDV-RNA can be detected 
in serum by either molecular hybridization or RT-PCR 
assays. Serum HDV-RNA is an early and sensitive marker of 
HDV replication in acute hepatitis D [37]. RT-PCR assays 
have shown higher sensitivity than hybridization tools [38]. 
It should be noticed, however, that due to extensive sequence 
heterogeneity of different HDV isolates with only a few con-
served genomic regions, it is difficult to choose suitable 
primers for the amplification of HDV-RNA. Furthermore, 
the secondary and tertiary structures of the HDV-RNA may 
hamper efficient amplification even when highly conserved 
regions are targeted [39]. RT-PCR assays can also be useful 
for monitoring and assessing the eradication of HDV infec-
tion in patients with remission of liver disease after therapy 
[40]. A cross-sectional study conducted in a large series of 
chronic hepatitis delta patients [41] using real-time RT-PCR 
has allowed to assess the replicative profiles and mutual 
interactions between HBV and HDV in chronic carriers, 
showing a dynamic fluctuating profile, with different pat-
terns of viral dominance over time.

Detection of anti-HDV antibodies, both IgM and IgG, can 
be detected by EIAs or RIAs. Total anti-HDV antibody may 
be recognized usually after 4 weeks of acute infection; thus, 
its clinical value is limited unless repeated testing is per-
formed [42]. Nevertheless, anti-HDV seroconversion may 
be the only way to diagnose acute HDV infection in the 
absence of other markers of HDV infection. High titers of 
anti-HDV IgG are present in chronic HDV infection. Anti-
HDV IgG shows a good correlation with HDV replication 
and may help in differentiating current from past HDV infec-
tion. Anti-HDV IgM can also be detected by EIAs or RIAs, 
but the availability of such techniques is limited. IgM anti-
HDV is present during chronic HDV infection, and titers 
correlate with the level of HDV replication and potentially 
with severity of liver disease [43]. IgM anti-HDV gradually 
disappears from serum in patients who have persistent remis-
sion after successful therapy or liver transplantation.

Finally, both HDAg and HDV-RNA can be detected in 
liver tissues routinely processed for histopathologic evalua-
tion. HDAg can be detected by direct immunofluorescence 
or immunohistochemical staining. However, as many as 50% 
of liver biopsy specimens from patients who have been 
infected with HDV for 10 or more years may be negative for 
HDAg, suggesting that HDV replication levels may decline 
with time [44].

From a clinical perspective, in countries with a high preva-
lence of HDV infection as well as in subjects with history of 
injection drug use who are HBsAg+, HDV testing should not 
be forgotten. Initial screening should begin with total anti-
HDV. When possible, the diagnosis should be confirmed by 
immunohistochemical staining of liver biopsies for HDAg or 
by RT-PCR assays for HDV-RNA in serum. At this time, HDV-
RNA quantitation is only useful if antiviral treatment is indi-
cated, as far as there is no evidence that serum HDV-RNA 
levels correlate with any clinical marker of activity or liver dis-
ease staging [45]. Following success in the evaluation of liver 
fibrosis in chronic hepatitis B and C [46], noninvasive assess-
ment of liver fibrosis in hepatitis delta using serum biomarkers 
or elastography is rapidly expanding in Europe. However, pre-
liminary data with tests as APRI have shown poor correlation 
with liver fibrosis staging in delta hepatitis [47].

Treatment

The main aim of treatment of hepatitis D is to eradicate or to 
achieve long-term suppression of both HDV and HBV repli-
cation. Suppression of HDV replication is generally accom-
panied by normalization of serum aminotransferases and 
improvement of necroinflammatory activity on liver biopsy. 
Suppression of HDV replication is documented by loss of 
detectable HDV-RNA in serum and/or HDAg in the liver. 
A secondary end point is the eradication of HBV infection, 
with HBsAg to anti-HBs seroconversion. Eradication of 
HBV infection with development of anti-HBs will protect 
from re-infection with HBV as well as HDV. Patients who 
have cleared HDV but who remain HBsAg+ are still at risk 
for recurrence and/or re-infection with HDV.

Currently, there is no well-established treatment for HDV 
infection. Several therapeutic strategies have been proposed 
(Table 13.1). As far as different patterns of viral dominance 
between HDV and HBV and occasionally HCV exist, diverse 
therapeutic approaches can be explored. As previously men-
tioned, viral dominance may show a dynamic and complex 
pattern, hence adaptation of treatment during patient’s fol-
low-up is advisable.

Several nucleoside and nucleotide analogues have been 
assessed as possible therapy for HDV infection. Most have 
shown no activity against HDV. This is the case of famciclo-
vir, which failed to provide antiviral activity during a 6-month 
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period in a trial that enrolled 15 chronic hepatitis delta 
patients [48]. Lamivudine was also ineffective in trials that 
used the drug as monotherapy [49] and in combination with 
interferon alpha (IFN ) [50]. Although ribavirin has shown 
in vitro activity against HDV, no benefit has been seen in 
monotherapy [51] or in combination with pegIFN  [52].

More recently, a 6-year follow-up observational study 
involving 16 patients coinfected with HIV, HBV, and HDV 
[53], all of whom being under antiretroviral therapy includ-
ing tenofovir, showed more promising results. Overall, 13 
patients showed an average reduction in HDV viremia from 
7 to 5.8 log

10
, and three subjects achieved undetectable serum 

HDV-RNA and normalized ALT. Clearance of serum HDV-
RNA using tenofovir has also been confirmed in a more 
recent study [54]. Thus, prolonged treatment with potent 
HBV polymerase inhibitors could bring beneficial effects at 
least in a subset of patients with hepatitis D. These observa-
tions clearly warrant further investigation.

Interferon-based therapies are currently the recommended 
options for the treatment of HDV infection. The mechanism 
of action of IFN  in hepatitis D remains unknown. IFN  has 
not shown any antiviral activity against HDV when tested 
in vitro [55]. Thus, a possible mechanism of action for IFN 
therapy against HDV could be an indirect antiviral effect on 
the helper virus (HBV). The largest multicenter trial to date 
with IFN in hepatitis delta was carried out in Italy and 
involved 61 patients, who were randomly assigned to receive 
IFN  in doses of 5 MU/m2 three times weekly for 4 months, 
followed by 3 MU/m2 three times weekly for an additional 
8 months, or placebo [56]. The patients were then followed 
for another 12 months. Although ALT normalization rates 
were significantly higher in the IFN group, the frequency of 
undetectable serum HDV-RNA or histological improvement 
rates at the end of the follow-up period did not differ signifi-
cantly among groups.

Another smaller study involving 42 patients with chronic 
hepatitis D randomly assigned individuals to receive two dif-
ferent doses of IFN  (9 vs. 3 MU three times weekly) for 
48 weeks or placebo [57]. Higher doses of IFN  were asso-
ciated with higher rates of ALT normalization and undetect-
able serum HDV RNA at the end of treatment. Liver histology 
improvement, including reversal of cirrhosis, was also more 

frequent in the 9 MU group. Since 2006, pegIFN-  has been 
evaluated for the treatment of hepatitis D in several small 
trials. The largest published study has included 38 patients 
who were treated with pegIFN alfa-2b (1.5 MU/kg per week) 
alone or in combination with ribavirin for 48 weeks [50]. 
Most individuals on this trial had previously failed treatment 
with standard IFN. All patients were treated with pegIFN for 
an additional 24 weeks, and then followed off therapy for 
24 weeks. The response rate was similar in the monotherapy 
and combination therapy groups, suggesting that ribavirin 
does not exert any benefit on HDV.

Finally, some trials have assessed the efficacy of pegIFN 
in combination with nucleoside analogues in hepatitis delta. 
One of the largest controlled trials included 90 patients with 
compensated chronic HDV infection who were randomly 
assigned to PegIFN alone or in combination with adefovir, or 
adefovir monotherapy [58]. After 48 weeks, both pegIFN 
groups demonstrated significant suppression of HBV repli-
cation. However, combination therapy appeared to offer no 
advantage while adefovir monotherapy had no effect on 
HDV replication. Patients receiving combination therapy 
had a significant decline in HBsAg levels with two clearing 
HBsAg.

Although many experts recommend treatment for chronic 
HDV infection with pegIFN-  for at least 1 year [21], 
extended treatment should be considered if patients are able 
to tolerate the adverse effects of therapy, show biochemical 
and virologic responses, and have a high probability of 
achieving clinical endpoints. Treatment with potent HBV 
polymerase inhibitors, such as tenofovir, may be considered 
only if IFN therapies are not feasible and there is high 
HBV replication. Newer experimental therapies, such as 
using prenylation inhibitors [59] or IFN-lambda are under 
investigation.

Hepatitis E in HIV

Similar to HAV, hepatitis E virus (HEV) spreads by the 
fecal–oral route. HEV was first isolated in 1955 during 
an outbreak of acute hepatitis in India. Among its clinical 
features, HEV has been characteristically associated with 

Table 13.1 Main clinical trials for the treatment of hepatitis delta

Trial N Clinical setting Treatment Outcome

Yurdaydin et al. [48] 15 CHD FCV No effect on serum HDV-RNA
Niro et al. [49] 31 CHD LAM vs. placebo No effect on serum HDV-RNA
Yurdaydin et al. [50] 39 CHD LAM vs. LAM + IFN -2a vs. IFN -2a alone SVR in 41%. No benefit of LAM addition

Sheldon et al. [53] 16 HDV–HIV coinfection HAART Slight HDV-RNA decline
Castelnau et al. [98] 14 CHD PegIFN -2b SVR in 43%

Niro et al. [52] 38 CHD PegIFN -2b vs. PegIFN -2b + RBV SVR in 21%. No benefit of RBV addition

N number of patients, CHD chronic hepatitis D, FCV famciclovir, LAM lamivudine, SVR sustained virological response
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fulminant hepatitis during pregnancy [60]. HEV infection is 
currently an important public health issue in developing 
countries and has recently emerged as an important pathogen 
in some immunosuppressed patients.

Virology

HEV is the sole member of genus hepevirus in the family 
Hepeviridae. HEV is an icosahedral, nonenveloped single 
stranded RNA virus that is approximately 27–34 nm in diam-
eter. Its genome consists of a closed, positive, single RNA 
strand, around 7,200 kb long that contains three large ORFs. 
The ORF1 is located at the 5  end of the genome and encodes 
viral nonstructural polyproteins that are involved in process-
ing and in viral replication. It remains unclear whether the 
ORF1 polyprotein functions as a single protein with multiple 
functional domains or as individually cleaved smaller 
proteins [61]. The ORF2 is located at the 3  end of the 
genome, and encodes the viral capsid protein and three 
potential glycosylation sites, which are crucial for the forma-
tion of infectious viral particles [62]. The ORF3 encodes a 
small cytoskeleton-associated phosphoprotein [63], as well 
as a protein that is essential for virus infectivity in vivo [64], 
although its expression is not required for virus replication, 
virion assembly, or infection in vitro [65].

Epidemiology

HEV is one of the most frequent agents of acute viral hepati-
tis worldwide. Although the real global burden of HEV 
infection has not been well established, up to one third of the 
world population has been infected with HEV [66]. Four dif-
ferent HEV genotypes have been described [67]. Genotypes 
1 and 2 are restricted to humans and are mainly responsible 
for large waterborne epidemics in endemic regions [68], 
while genotypes 3 and 4 are found both in humans and 
 several animal reservoirs, and are mainly responsible for 
sporadic cases of hepatitis E. Genotype 3 is found in 
Europe, the USA, and Japan, and genotype 4 is circualting in 
Asia [69].

HEV seroprevalence is higher in countries where water 
sanitation is poor, as in Central and South East Asia, North 
Africa, and the Middle East. There, HEV seroprevalence can 
be as high as 25% [70]. In Western countries, this figure in 
the general population is 1–3% in Europe and around 2% in 
the USA [71] (Fig. 13.3). However, recent estimates in the 
Unites States have reported significant higher rates of HEV 
seroprevalence in both natives and foreigners from endemic 
regions [72].

As being transmitted via the fecal–oral route, HEV infec-
tions may present as large outbreaks from waterborne infec-
tions or poorly cooked meat of animal reservoirs, such as 

Fig. 13.3 Levels of endemicity for hepatitis E virus infection
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swine, wild boar, or deer [73]. Occasionally, person-to-person 
transmission has been described in some outbreaks [74].

Clinical Manifestations

HEV generally causes a self-limited acute infection, although 
fulminant hepatitis can develop. Chronic hepatitis does not 
develop after acute HEV infection, except in the transplant 
setting, where unexpected reports of chronic liver disease 
associated with persistent HEV viremia have recently been 
described [75].

Self-limited, acute infection is the most common clinical 
condition associated with HEV infection. Although the main 
clinical features do not significantly differ between industri-
alized and developing countries, the mortality rate seems to 
be higher in the latter, where it can reach up to 11% [76]. 
Prior history of underlying liver disease or alcohol abuse 
predisposes to poor prognosis.

The incubation period of HEV infection ranges from 15 to 
60 days. The clinical presentation may vary from asymptom-
atic forms to fulminant acute hepatitis. Clinical symptoms 
generally are nonspecific, including fever, pain, myalgia, 
anorexia, jaundice, or pruritus [77]. Infection with HEV geno-
type 4 is associated with more severe clinical manifestations 
[78]. HEV viremia and viral excretion in stools appear during 
the incubation period, 1–2 weeks before the onset of clinical 
symptoms. A few days to 2 weeks after the onset of symp-
toms, HEV-RNA is usually no longer detectable in the blood.

Chronic hepatitis E is an unexpected rare condition, which 
has been observed in immunocompromised patients, such as 
transplant recipients, individuals with hematological malig-
nancies, and more recently in the setting of HIV infection 
[79, 80]. In transplant recipients, chronic HEV diagnosis was 
made during the course of the investigation of unexplained 
persistent liver enzyme elevations. Of note, half of the trans-
plant recipients in whom chronic HEV infection was diag-
nosed were clinically asymptomatic. Symptomatic patients 
reported nonspecific symptoms, such as asthenia or joint 
pain. Patients with chronic hepatitis E showed elevated ami-
notransferases, persistent serum HEV-RNA, and histological 
inflammatory abnormalities.

In a Spanish study that examined 50 HIV-infected patients 
with CD4 counts <200 cells/ L and persistent unexplained 
elevated liver enzymes, HEV viremia was not recognized in 
any of them [81]. In a French series that included 245 HIV-
infected individuals [82], 3 of them experienced acute HEV 
infection, but a total of 15 showed anti-HEV IgG, with an 
overall prevalence of anti-HEV IgG of around 6%. In Europe, 
the prevalence of anti-HEV IgG shows a geographical gradi-
ent, with the highest rates in Southern France. A case of per-
sistent carriage of HEV in an HIV-infected patient with 

unexplained liver enzyme elevations has been reported [80]. 
The presence of HEV-RNA was demonstrated in serum and 
feces samples collected during the preceding 18 months. 
Further studies are needed testing HIV-infected subjects 
from distinct geographical regions stratified by diverse CD4 
strata to assess the clinical relevance of chronic hepatitis E in 
the HIV setting.

Pregnant women are a population in which HEV infection 
remains an important health-care issue. For unknown rea-
sons, fulminant hepatic failure occurs more frequently dur-
ing pregnancy, resulting in an especially high mortality rate 
of up to 25%, primarily in women infected during the third 
trimester [83]. Pregnant women showing jaundice and acute 
viral hepatitis caused by HEV infection appear to have worse 
obstetric and fetal outcomes compared to pregnant women 
with jaundice and acute viral hepatitis due to other agents 
[84]. Of note, HEV infection during pregnancy has not been 
associated with higher mortality rates in other areas such as 
Egypt or Southern India [85]. Moreover, some studies have 
not shown any correlation between pregnancy and HEV dis-
ease severity [86]. Unknown variables such as HEV geno-
types or subtypes could play a role in the severity of 
symptoms during pregnancy [87].

Diagnosis

The diagnosis of HEV infection is based upon the detection 
of HEV in serum or stools by PCR or by the detection of IgM 
antibodies to HEV [88]. Antibody tests against HEV alone 
are less accurate for diagnosis, since false positive and nega-
tive results have often been described [89]. Anti-HEV IgG 
and IgM assays are available for diagnosis.

HEV-RNA can be detected in stools approximately 1 week 
before the onset of illness and persists for as long as 2 weeks 
after. Because HEV is enterically transmitted, patients are 
infectious during fecal shedding. HEV viremia is generally 
transient, but persistence for up to 4 months has been 
described [90]. Anti-HEV IgM appears during the early 
phase of clinical illness and vanishes rapidly beyond 
4–5 months [91]. The IgG response appears shortly after the 
IgM response, remaining positive for years after the acute 
episode. Anti-HEV IgM as measured by EIA has shown its 
good diagnostic accuracy in HEV outbreaks [92].

Serological and nucleic acid tests (qualitative and quanti-
tative HEV-RNA) currently represent the gold standard for 
HEV testing and have been used for both epidemiological 
and diagnostic purposes. Compared to single and nested gel-
based RT-PCR, the various real-time PCR assays have a 
higher sensitivity, are less laborious, save time, and are less 
prone to cross-contamination. Moreover, they are able to 
detect all four HEV genotypes [93].
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Treatment

There is no specific treatment for HEV infection, being sup-
portive therapy the only valid strategy considered for acute 
HEV infection. A pilot study has been carried out to assess 
the efficacy of ribavirin [94] in HIV-infected patients. In this 
study, six patients that received kidney transplants who were 
positive for HEV-RNA for more than 3 years received riba-
virin monotherapy for 3 months at doses of 600–800 mg 
according to kidney function. After treatment, serum HEV-
RNA became undetectable in all patients, and four of them 
showed sustained virological response, while the other two 
patients relapsed after therapy ended. ALT were normal at 
the end of treatment in all patients. In other solid organ trans-
plant patients with chronic hepatitis E, treatment with pegy-
lated interferon has similarly resulted in HEV clearance in 
some patients [95].

Several vaccines to prevent HEV infection are under 
development, with promising results [96]. The results a 
phase III trial using a recombinant HEV vaccine have 
recently been reported [97]. More than 110,000 individuals 
were recruited and randomized to receive either three doses 
of vaccine or placebo at weeks 0, 4, and 24. The rate of 
immunization was very high with relatively null or mild 
adverse events. There is no experience so far with HEV vac-
cines in HIV-infected persons. Whereas these vaccines arrive 
to the market, hygiene measures to reduce fecal–oral trans-
mission must be implemented. Travelers to HEV endemic 
areas should be encouraged to keep safe practices that pre-
vent infection, avoiding drinking water of unknown purity, 
uncooked shellfish, and uncooked fruits or vegetables.
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Introduction

Hepatitis B Virus (HBV) is a DNA virus that utilizes a com-
plex life cycle to replicate via an RNA intermediate transcript 
with the help of reverse transcriptase enzyme. Many steps in 
the life cycle of HBV have not been clearly understood 
mainly because of the lack of availability of culture systems 
that are permissive to full-length HBV genome replication. 
Chronic HBV infection can lead to liver cirrhosis and hepa-
tocellular carcinoma. Effective treatments are available for 
chronic HBV that has been shown to significantly lower 
morbidity and mortality. However, the effectiveness of anti-
viral therapy is hampered by the development of mutations 
in the reverse transcriptase resulting in progressive liver dis-
ease. Mutagenesis also happens in the presence of host 
immune response and has resulted in the evolution of HBV 
across various species (avian, primate, and human) and geo-
graphical regions. This review focuses on a concise summary 
of HBV replication cycle, mutagenesis, and evolution.

HBV Replication

HBV belongs to the family hepadnaviridae and has a life cycle 
that is similar to that of other viruses in its family, producing 
approximately 1013 virions per day. However, certain charac-
teristics of its replication mark the HBV cycle as distinct from 
other retroviruses and have allowed for the survival of viral 
material in infected cells. Lack of cell lines that permit HBV 
replication in vitro has hampered a clear understanding about 
the details of HBV life cycle. This review summarizes the 
most recent understanding about the step-wise process of 

HBV replication. The 3.2 kb HBV genome consists of four 
overlapping reading frames, PC-C (core), PS-S (surface),  
P (polymerase), X (Fig. 14.1). Transcription is controlled by 
four HBV promoters, Cp, PS1p, Sp, Xp, and two enhancers, 
enhancer I region and enhancer core domain. Briefly, infec-
tious virions with partially double-stranded, circular DNA 
enter the host cell and shed their coating. Then, the partially 
double-stranded circular DNA is then converted to covalently 
closed circular (ccc)DNA within the host cell. Viral RNA is 
transcribed by RNA polymerase II and produces pregenomic 
RNA (pgRNA), which is packaged and then reverse tran-
scribed into new relaxed coiled (RC-) DNA genomes. RCDNA 
is a small, partially double-stranded, relaxed circular DNA 
genome that needs to be converted to cccDNA, which serves 
as the template for all viral RNA transcription. The process is 
unique because the genetic code of HBV is stored in three dif-
ferent forms in two different locations in the cell: RC-DNA in 
the virions and both cccDNA and pgRNA within the cell [1]. 
Furthermore, translation of distinct entities of each gene prod-
ucts occurs instead of splicing from a single transcript. The 
distinct (−) strand DNA produced during replication is also a 
hallmark of HBV.

Genome Composition

The overlapping genome encodes for four regions: core, sur-
face, viral DNA polymerase (P), and X. The core protein is 
responsible for pgRNA packaging and viral DNA replica-
tion, using three serine phosphorylation sites [2]. The precore 
(HBeAg) is a product of the core region. The surface proteins 
of HBV are largely involved in receptor binding and entry. 
Significantly, the PreS1 region of large surface protein 
(LHBs) has been demonstrated to be a direct component of 
viral attachment although no putative host receptor has been 
identified for HBV [3]. The P open reading frame (ORF) 
encodes the polymerase (pol), which is about 800 amino 
acids long and structured into four domains: the terminal pro-
tein (TP), the spacer domain, the reverse transcriptase (RT), 
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and the ribonuclease H. The terminal protein plays a role in 
encapsidation and initiation of the (−)DNA strand, the spacer 
domain allows for mutations and assists in TP and RT func-
tion, the reverse transcriptase is involved in the synthesis of 
the genome, and the ribonuclease H is responsible for the 
degradation of pgRNA [4]. The X protein is involved in the 
regulation of several critical cellular pathways that are essen-
tial for HBV replication. Each of these elements of replica-
tion is described in greater detail below.

Viral Entry

The recent discovery of a functional model of HBV infection 
has led to increased knowledge about the mechanisms of 
Hepatitis B virion entry. HBV infectivity can now be studied 
using the hepatoma cell line HepaRG, which was derived 
from a liver tumor of a patient with chronic Hepatitis C 
infection [5]. Two types of viral particles are associated with 
HBV, the 22-nm-diameter spherical and the tubular subviral 
particles [6]. The 22-nm-diameter particle (Dane particle) is 
responsible for actual infection and replication. Three types 
of envelope glycoproteins (collectively called Hepatitis B 
surface antigen, or HBsAg) are essential for virion binding 
and entry: the large (LHBs), middle (MHBs), and small 
(SHBs) surface proteins. LHBs are more commonly 
expressed among infectious virions and are required for 
virion entry [7]. Large volumes of subviral particles are pro-
duced; however, most are essentially empty envelopes which 
are useful as a marker of HBV in serologic testing. The level 
of subviral particles may also be involved in regulating HBV 
replication.

Transcription

After entry into the cell and uncoating, the infectious virions 
are transported to the host cell nucleus where replication 
occurs within the viral capsids. The RC DNA is converted to 
cccDNA, which becomes the transcription template for new 
viral RNA particles. In order for conversion to occur, the fol-
lowing mechanistic steps must happen: both (+) and (−) 
strand DNA must be covalently ligated from the RC-DNA’s 
complete (−)DNA strand and incomplete (+)DNA strand, the 
5  end of the (−)DNA must be detached from the P protein, 
and the RNA oligonucleotide primer at the 5  end of the (+)
DNA must be removed. The process and amplification of 
cccDNA occurs within the cell. During the late infection 
stage when a high amount of envelope proteins are present in 
the cell, the cccDNA amplification rate decreases, keeping 
the average cccDNA copy number between 1 and 50 in each 
nucleus [8]. However, before this occurs, cccDNA serves as 
a template to produce the transcript necessary for viral repli-
cation. RNA polymerase II transcribes genomic and subge-
nomic RNAs from cccDNA. pgRNA, which is one product 
of transcription, is then packaged and reverse transcribed 
into new RC-DNA genomes that are released from the cell.

Reverse Transcription

The mechanism for reverse transcription of Hepatitis B dis-
tinguishes HBV replication from other hepadnaviruses. 
Introduction of DHBV pgRNA into duck hepatocytes initi-
ates infection with Woodchuck hepatitis virus, while for 
HBV, the  stem-loop alone can mediate encapsidation, 

Fig. 14.1 The 3.2 kb HBV 
genome consists of four 
overlapping reading frames, 
PC-C (core), PS-S (surface), 
P (polymerase), X
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including packaging of heterologous RNAs [1]. In DHBV, 
the situation is more complex in that a second RNA element, 
called region II is required for pgRNA packaging [1]. As 
stated previously, one of the products transcribed from 
cccDNA is pgRNA. pgRNA is 3.4 kb, which is the length of 
the entire genome plus a terminal redundancy of the direct 
repeat 1 (DR1), e signal, and poly-A tail. pgRNA has two 
specific functions: (a) it is the mRNA for reverse transcriptase 
and the core protein, and (b) it is the template for the creation 
of new DNA genomes [9]. The reverse transcription process 
is also unique because it requires specific protein primers.

Release of Virions

The packaging of the pgRNA and reverse transcriptase into 
discrete capsids is an important step of HBV replication. The 
interaction of the encapsidation signal epsilon ( ) and the P 
protein on the pgRNA specifically allow for the packaging of 
the pgRNA and reverse transcriptase complex to occur; the 
binding of these two elements initiates the reverse transcrip-
tion process. The interaction of the polymerase and epsilon 
RNA requires chaperones Hsp90 and p23 to function [10, 
11]. These heat shock proteins (Hsp90) are responsible for 
forming the polymerase conformation needed for pgRNA to 
bind to epsilon RNA. Once the P protein is covalently linked 
to the first DNA nucleotide, the DNA transforms into a com-
plete (−) strand DNA. (+) strand DNA can then be con-
structed from the (−) strand DNA, resulting in new RC-DNA. 
The reverse transcription process is completed before the 
genetic material leaves the cell, which differentiates HBV 
from other retroviruses.

Minus Strand (−)DNA Synthesis

Synthesis for the (−)DNA strand begins from the UUCA 
motif in the epsilon bulge [12], creating the complementary 
sequence 3  AAGT at the 5  end of (−)DNA in a stem-loop 
structure. Epsilon is a cis-acting element that acts as both a 
packaging signal for nucleocapsids and the initiation signal 
of reverse transcription [13]. Interestingly, this primer pro-
duced (3 AAGT5 ) is then translocated to the 3  proximal 
DR1* with the aid of specific factors , , and  [14, 15]. 
From the acceptor DR1* site, elongation of the (−)DNA 
strand continues until the end of the pgRNA 3  end. The 
bulk of the pgRNA template is degraded as part of the pro-
cess of this elongation. The final RNase H cleavage occurs 
at 11–16 nt from the pgRNA 5  end. This primer is then 
translocated (second strand jump) to the DR2 homologous 
site on the (−)DNA strand, resulting in a primer segment for 
the (+)strand DNA.

Synthesis of (+)DNA, Noncovalently Closed 
Circular DNA

Two important regions of the HBV genome are the direct 
repeats DR1 and DR2, which are located in the 5  ends of the 
(+)DNA. These are involved in DNA synthesis during replica-
tion, as described previously (Fig. 14.2). The (+)DNA is syn-
thesized from the primer in DR2 and is completed when a third 
translocation occurs when the (+)DNA reaches the 5  terminus 
of the minus strand DNA. At this point, the translocation from 
the 5  end to the 3  end of the (−)DNA yields a noncovalent 
closed, circular DNA molecule. Thus, the (+)DNA is only 

Fig. 14.2 Two important regions 
of the HBV genome are the 
direct repeats DR1 and DR2, 
which are located in the 5  ends 
of the (+)DNA. These are 
involved in DNA synthesis 
during replication
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 partially completed, resulting in the gapped yet double-
stranded circular DNA that exists in the virions. At this stage, 
the nucleocapsid with RC-DNA is either (a) returned back to 
the nuclease where amplification of cccDNA occurs or (b) 
secreted out of the cell as a new infectious agent.

Protein X

Recent studies have examined the previously enigmatic func-
tion of the HBV X protein. The HBV X protein (HBx) is a 
small 154 amino-acid protein that regulates many cellular 
pathways, including cellular transduction, transcription, pro-
tein degradation, and calcium signaling. It also influences cell 
proliferation, apoptosis, and stimulation of HBV replication 
[16–18]. Of significance, it is believed to be a factor in HBV 
pathogenesis and hepatocellular carcinogenesis [19]. Studies 
have demonstrated that HBx regulation induces hepatocytes 
to commence the G1 phase of the cellular cycle, which may 
explain the linkage between HBV infection and the occur-
rence of hepatocellular carcinoma (HCC). Normally, the 
majority of hepatocytes are quiescent. However, when 
induced in vivo (in a rat model) by transfection with HBx, 
studies have shown that hepatocytes enter the G1 phase of the 
cell cycle and then fail to proceed to the S stage [18]. In the 
context of HBV replication, HBx acts to mediate cell cycle-
regulatory proteins, such as p15, p16, and active G1-phase 
proteins p21, p27, cyclin D1, and cyclin E. HBx has also been 
shown to mobilize cytosolic calcium, which is necessary for 
HBV replication in HepG2 cultures [20, 21]. Furthermore, 
studies have demonstrated that quiescent hepatocytes are not 
suitable for HBV replication because this phenomenon is cell 
cycle dependent. There is an inverse correlation between 
expression of proliferating cell nuclear antigen and presence 
of episomal HBV DNA in individual hepatocytes in vivo 
[22]. Therefore, HBx’s role of inducing hepatocytes to enter 
G1 is an essential part of successful HBV replication [18, 23, 
24]. HBx promotes HIV-1 replication synergizing with Tat 
protein and T cell signal transduction pathways [25]. Studies 
have shown this to be in a NF- B-dependent manner and a 
NF-AT-dependent manner. HBx mutants that fail to interact 
with the T cell signal transduction pathways lacked the ability 
to promote HIV-1 Long terminal repeat (LTR) transcription 
[25]. These studies suggest HBx can act as a nuclear coacti-
vator and thereby enhance HIV replication in T cells [25].

HBV Mutation

HBV replication is associated with an increased rate of muta-
tions, mainly due to the RT activity; however, this rate is 
much lower than retroviruses. It is estimated that the rate of 
evolution for HBV is <2 × 10−4 base substitutions per site per 

year, which is intermediate between the rates reported for 
other DNA and RNA viruses [26]. Interestingly, the rate of 
synonymous substitutions for HBV is 104 times higher than 
that has been reported for a host genome and it is 102 less 
than that of retroviral genes [27]. These closely related 
molecular variants play a major role in the evolution of HBV. 
In fact, eight genotypes of HBV have been identified, labeled 
A–H, which are defined by an 8% genetic difference and 
tend to display according to distinct geographical distribu-
tions. Within these genotypes, there are 24 subgenotypes. 
HBVs high rate of replication combined with a high error 
rate of the RT (due to a lack of proofreading) result in the 
possible occurrences of numerous single and double muta-
tions on every nucleotide of the HBV genome. Furthermore, 
since HBV consists of overlapping genome domains, a muta-
tion on one gene (e.g., the S gene) may affect changes on its 
overlapping gene (e.g., the polymerase gene). Yet, the over-
lapping genome simultaneously limits the number of viable 
mutations since many may generate nonviable virions [28]. 
The conservation of the direct repeats, promoters, and cis-
acting elements must be conserved for replication to occur. 
Thus, the high mutation rate reported must occur to a greater 
degree in the pre-S domain, which is not as constrained.

The most common naturally occurring mutations are 
exhibited in both the precore and core domains. The most 
common precore variant results from a point mutation at 
nucleotide 1896 (G1896A) and displays to a higher degree in 
HBV genotype D. The mutation prevents the production of 
HBeAg, which allows the virus to escape immune recogni-
tion and persist within the host cells. Studies have demon-
strated that the mutation arises during seroconversion [29]. 
Interestingly, the mutation is associated with a decreased risk 
of hepatocellular carcinoma. The most common variant of the 
core is a dual mutation at A1726T and G1764A, which results 
in downregulation of HBeAg synthesis of the precore mRNA. 
This mutation is more common among individuals with geno-
type C. Unlike the precore variant discussed, this mutation 
arises before seroconversion. Recently, there has been a sig-
nificant shift from the occurrence of HBeAg+ to HBeAg− 
chronic hepatitis. The switch signifies the growing dominance 
of the precore and core variants over the wild-type form. The 
emergence of a greater HBeAg− population is most likely due 
to the effectiveness of the HBV vaccine. However, mutations 
have also arisen from the pervasive use of antiviral drugs. The 
development of drug resistance is initiated with mutations in 
the RT gene, followed by elevation in ALT levels and progres-
sion of liver disease [30]. Treatment of HBV infection with 
nucleoside and nucleotide analog therapies has encouraged 
selection of novel “escape” mutants. Three main areas are tar-
geted as potential areas that would confer resistance: viral 
factors, host factors, and pharmacologic factors. In terms of 
viral factors, high HBV DNA serum levels before treatment 
and the presence of preexisting mutations are associated with 
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increased risk of drug resistance. In terms of host receptivity, 
prior exposure to medications that select for the same resis-
tance mutations and an increased immune pressure as indi-
cated by high ALT levels leave patients more prone for 
resistance [31]. Furthermore, medication noncompliance or 
unfavorable pharmacogenetics can lead to antiviral drug-
resistant mutations. Specific mutations and resistance to the 
most common anti-HBV agents are elucidated in greater 
detail below.

Resistance to Lamivudine

Lamivudine was the first nucleoside analog that was approved 
by the Food and Drug Administration (FDA) for treatment of 
chronic HBV. While it is effective and well tolerated, lami-
vudine is highly associated with viral resistance complica-
tions that result in a return of HBV DNA after initial 
suppression [32]. Resistance to lamivudine (LMV) has been 
identified to be associated with the YMDD locus of the cata-
lytic domain of HBV pol. A specific mutation at position 204 
(rtM204V/I) in the HBV polymerase decreases susceptibility 
1,000-fold to lamivudine. At this position of the genome, 
valine or isoleucine substitutes methionine. In a longitudinal 
study, researchers demonstrated that genotypic resistance 
affected 15–25% of patients after year 1, and 70% of patients 
at 4–5 years [31].

Resistance to Adefovir

Adefovir dipivoxil is a nucleotide analog for treatment of 
HBeAg+, HBeAg−, and lamivudine-refractory chronic HBV 
infection. The substitution of alanine by threonine or valine 
at position 181 (rtA181T/V) and the substitution of asparag-
ine by threonine or valine at position 236 (rtN235T/V) 
decrease susceptibility to adefovir by five- to tenfold [33]. 
Unlike lamivudine resistance, genotypic resistance was not 
observed in patients after 1 year. However, after 240 weeks 
(or, a little more than four and a half years), 29–30% of 
patients demonstrated adefovir resistance particularly among 
those who were previously treated with LMV monotherapy.

Resistance to Entecavir

Entecavir is a nucleoside analog for treatment of chronic 
Hepatitis B. Resistance to entecavir happens in a two-step 
mechanism. First, a mutation in the HBV polymerase at 
rtM204V or rtM204I results in a tenfold decrease in suscep-
tibility to entecavir. If further mutations occur at rtThr184, 
rtSer202, or rtMet250, a decreased susceptibility by ten-
fold is observed [34]. Thus, in combination, mutations at 

both points cause a 100-fold decrease of susceptibility. In 
nucleoside-naïve patients, genotypic resistance was observed 
in about 1% of patients after 4–5 years. By contrast, in a 
cohort of lamivudine-refractory patients, about 51% experi-
enced resistance to lamivudine after 5 years.

Resistance to Telbivudine

Telbivudine is a nucleoside analog. A mutation in the rtM204I 
region has been associated with genotypic resistance to 
Telbivudine. Among patients who are HBeAg+, about 5% 
show resistance after 1 year and 25% show resistance after 
2 years. Among those patients who are HBeAg−, about 2% 
experience genotypic resistance after 1 year and 11% experi-
ence resistance after 2 years [35]. Studies have shown that 
patients with HBeAg+ have higher DNA levels, which sug-
gests an explanation for the recorded higher risk of drug 
resistance.

Resistance to Tenofovir

Tenofovir is a nucleotide analog used for treatment of chronic 
Hepatitis B. Genotypic resistance has not been confirmed for 
tenofovir. Patients enrolled in a study who were taking teno-
fovir did not experience genotypic resistance after 2 years 
[36], but longer studies have not yet been performed. Certain 
studies suggest that HBeAg-negative patients may be more 
susceptible to developing tenofovir resistance because a 
mutation at rtA194T was associated with drug resistance for 
the mutant construct [37]. However, more research is needed 
to support this data. Previous studies have demonstrated that 
mutations associated with antiviral drug resistance can 
induce changes in the HBV surface region [38, 39]. These 
surface variants include rtV173L, which arises from the 
rtM204V or rtM204I mutations and causes reduced binding 
of HBsAg to the HBV surface antibody, and the stop codons 
Trp172X of the S protein, which arises from the rtA181T 
mutation and causes decreased virion secretion. These escape 
mutants of HBV potentially could result in antiviral drug 
associated potential vaccine escape mutants and lead to new 
infections in patients who may have protective anti-HBV 
antibody titers by previous vaccination.

Multidrug Resistance

Sequential monotherapy for HBV can promote the selection 
for multidrug-resistant strains of HBV (e.g., LMV followed 
by adefovir and LMV followed by entecavir (ETV)) due to the 
development of compensatory mutations that enhance replica-
tive potential, but may also alter the binding characteristics of 
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other agents at the polymerase binding site. These have been 
reported when there has been use of add-on strategies for 
patients who may have a partial response to initial antiviral 
therapy that does not result in rapid and complete suppression 
of HBV replication. High necroinflammatory activity in the 
liver as evidenced by high ALT levels usually allows a larger 
replication space for HBV to rapidly spread because of 
increased rates of hepatocyte replication in areas of injury. 
The lower rates of mutations observed with the use of tenofo-
vir (TDF) and ETV may suggest their use as first-line agents. 
Close monitoring of patients undergoing therapy for HBV 
viral load is also necessary to make a switch of antiviral ther-
apy before the occurrence of ALT flares to minimize the 
chances of selecting for MDR HBV strains. Such therapeutic 
strategies aimed at maximizing viral suppression and eradica-
tion rates ensure prevention of emergence of drug resistant 
HBV strains.

HBV Evolution

As described earlier, HBV undergoes several rounds of repli-
cation each day inside the infected host using an error prone 
RT enzyme. This process leads to the emergence of closely 
related molecular species termed quasi-species. A close 
molecular analysis of the heterogeneous HBV population 
helped us to understand the factors responsible for the diver-
sity and the evolution of HBV across species and continents.

The rate of HBV evolution is estimated to be about 2 × 10−4 
base substitutions per site per year, which is an intermediate 
rate between DNA virus and RNA virus rates [40]. This find-
ing suggests that the origins of the virus began as a retrovirus 
or retrovirus-like particle and evolved through a process of 
deletion [41]. Evolution of the HBV virus occurs due to both 
genotypic variability and phenotypic variability. Genotypic 
variability results from the slow changes of the genome over 
time in the absence of selective pressure. By contrast, pheno-
typic variability arises due to specific selective pressures, 
such as host immune responses and vaccination, which leads 
to virus adaptations as demonstrated by the fairly conserved 
HBV genome observed in immunotolerant HBeAg-positive 
asymptomatic subjects with very high levels of replication. 
A fundamental mechanism of HBV evolution is dependent on 
the fixation of randomly generated mutations resulting in an 
improved replication fitness of the mutant variant [42]. In the 
case of HBV mutant strains that emerge during antiviral ther-
apy, a major determinant is the presence of covalently closed 
circular DNA, which is maintained in the hepatocyte nuclei 
with a long half-life in infected cells [43]. Antiviral therapy is 
not able to prevent the formation of cccDNA resulting in new 
infection of hepatocytes in persistently viremic patients 
receiving therapy. In other words, HBV cccDNA serves as a 
reservoir of HBV responsible for relapse in patients receiving 

antiviral therapy. Apart from the persistence of cccDNA, 
there are other major mechanisms that facilitates emergence 
of HBV mutants. These include viral factors such as exis-
tence of quasi-species, high rate of HBV replication, error 
prone RT based life cycle, adaptive mutations with compen-
satory mutations. Host factors include compliance on antivi-
ral therapy, immune response, enhanced hepatic inflammatory 
response, and host genetic background.

Genotypic Variability

Viral variability due to genetic changes can be classified 
using subtypes based on the molecular basis of HBsAg. The 
major subtype epitopes are known as the d/y and r/w deter-
minants, which are distinguished by the amino acid at posi-
tion 122 and 160 of HBsAg, respectively. However, with 
four different combinations of d, y, r, and w and other amino-
acid presentations, there are a total of ten different subtypes 
[44]. Importantly, serotypes are distinct from genotypes, the 
latter of which was developed later to classify HBV types. 
However, some correlations have been discovered between 
serotype and genotype.

The geographical distribution of the genotypes provides 
interesting insights into the evolution of the Hepatitis B 
virus. Okamoto et al. [45] were the first to divide a collection 
of 18 full-length genomes into groups, identifying four dis-
tinct strains as A–D. Since their discovery, four additional 
genotypes have been identified. The eight genotypes, A–H, 
are present in discrete geographical regions. While genotype 
may be correlated with severity and progression of disease, 
no conclusive data has been reported. Genotype A is com-
mon worldwide, B and C are common in Asia, D is found in 
most places except Northern Europe and the Americans, E is 
present mainly in sub-Saharan Africa, F is common in South 
and Central America, G has been discovered in Europe, the 
USA, and Japan, and H is present in Central America and 
southern USA. The geographical separation seems to sug-
gest that these HBV types evolved independently from each 
other. However, with increased migration and travel, these 
distinct types are beginning to be spread globally and hetero-
geneous genomes have been reported.

Recombination events are likely to occur due to the nature 
of HBV replication. The B2 and B3 subtypes, which are 
composed of a genotype B backbone and a core gene and 
core promoter of genotype C, yield interesting insights into 
the process of recombination. Since the promoter of geno-
type C is present in these subtypes, researchers have sug-
gested that homologous recombination of cccDNA molecules 
occurs in which the two different HBV strains infect a single 
hepatocyte. If this is true, both genotype B and C would pres-
ent in the cccDNA pool and additional recombinants would 
be produced by the chimerical pgRNA.
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Phenotypic Variations

In contrast to genotypic variations, phenotypic variations 
emerge due to selective pressure from nature host immune 
responses, antiviral treatments, or vaccination. Phenotypic 
variations can be distinguished from genotypic variations 
because they are less fit and do not emerge in populations in 
the absence of selective pressures (e.g., drug-resistance 
mutations as described previously are lost when the therapy 
is stopped). Thus, although vaccination programs and use of 
nucleoside/nucleotide analogs have been largely successful 
in reducing the prevalence of HBV infection, we must now 
be aware that we are potentially increasing the rate of evolu-
tion of the virus. A recent shift to the precore and core muta-
tions demonstrate that this mutation is more fit in a 
population pool that has received vaccination against the 
wild-type HBV.

Occult HBV

Occult HBV infection is defined as the presence of HBV 
DNA in the serum or liver tissue without the presence of the 
surface antigen (HBsAg). Mutations in the “a” determinant 
region of the S-gene have been associated with occult 
Hepatitis B. Studies have demonstrated that one of the muta-
tions, T143M, may be the cause of HBsAg negativity [46]. If 
the gene is modified in such a way that it produces an anti-
genically altered surface protein, HBsAg would not be able 
to detect the protein [47].

In evolutionarily terms, it has been suggested that an 
accumulation of substitutions occurred in the core–surface 
protein interface. This evolutionary branch survived due to 
positive selection. In a comparison of the genome for occult 
infection with the genome of genotype D, van Hemert et al. 
[48] described that a 2986-202 RNA splicing event creates 
viral particles that lack the surface protein. The splicing does 
not effect a change in the polymerase, envelope, or X-protein 
functions.

Conclusion

In summary, HBV utilizes a complex, poorly understood pro-
cess of life cycle using an error-prone RT enzyme, resulting in 
an enhanced rate of mutagenesis, which leads to selection of 
adapted strains influenced by the immune pressure and/or 
antiviral therapy. Existing molecular techniques to study HBV 
diversity is complex and labor-intensive, requiring novel 
molecular technology to be developed. Close analysis of 
HBV diversity has been helpful in providing valuable insights 
into our understanding of HBV origin, evolution, migration, 
and emergence of drug resistance. Availability of novel drugs 

that act at various stages of HBV life cycle, particularly in 
preventing the formation of cccDNA is imperative in prevent-
ing newer infections with multidrug-resistant HBV mutant 
strains in vaccinated subjects.
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Introduction

Since the introduction of highly active antiretroviral therapy 
(HAART), HIV has been successfully converted into a 
chronic condition. In place of traditional opportunistic infec-
tions, Hepatitis C Virus (HCV)-related liver disease has 
emerged as a significant cause of morbidity and mortality in 
HIV infected persons [1]. HIV–HCV coinfected patients have 
an accelerated rate of fibrosis, developing cirrhosis more rap-
idly than those with HCV alone [2]. Among those with HCV-
related decompensated liver disease, HIV coinfection also 
increases liver-related mortality [3]. Efforts to treat HCV are, 
therefore, warranted to forestall these complications.

Viral eradication is reflected by achievement of a sus-
tained virologic response (SVR), defined as an undetectable 
HCV RNA 24 weeks after the end of a course of treatment. 
SVR is a particularly robust endpoint, with nearly 100% of 
patients remaining free of circulating HCV up to 18 years 
after achieving SVR [4]. In coinfected patients, accomplish-
ment of SVR is associated with improved natural history, 
with reduced liver injury and lower overall mortality [5]. 
SVR, therefore, remains the gold standard, representing a 
clinical cure.

Initiation of Treatment

The treatment of chronic HCV infection in the HIV(+) per-
son is best managed by a multidisciplinary team that includes 
hepatologists and infectious disease specialists who can 

anticipate and monitor response to treatment, drug interac-
tions, and toxicities of treatment regimens. HIV–HCV coin-
fected patients who exhibit evidence of liver disease in the 
form of serum aminotransferase elevation and/or pathologic 
changes on liver biopsy should be considered for treatment. 
Since it is the development of fibrosis that indicates a trajec-
tory toward cirrhosis and liver failure, this is typically used 
as an indication for treatment. Those with mild disease, or 
stage 0–1 fibrosis, are usually deferred for treatment in the 
presence of negative predictors of response to therapy, such 
as genotype 1 or 4 infection. In general, chronic hepatitis C 
with any stage of fibrosis is eligible for therapy, but the pres-
ence of moderate fibrosis (at least stage 2) should prompt the 
recommendation for treatment. Some patients with a high 
likelihood of achieving an SVR, especially those with HCV 
genotypes 2 or 3, may be offered treatment without liver 
biopsy to assess for fibrosis. Patients who are not offered 
treatment should be reassessed every 3 years, in part because 
of the more rapid progression of hepatic fibrosis in the HIV–
HCV cohort [6–10].

Persistently Normal Alanine  
Aminotransferase

The liver biopsy, or a surrogate noninvasive marker of liver 
fibrosis, is particularly important in those HIV–HCV infected 
persons with persistently normal alanine aminotransferase 
(PNALT), since up to one third of these patients may have 
enough fibrosis to justify treatment [11, 12]. In a study of 
mostly genotype 1 patients, 10.5% of coinfected patients 
with PNALT had advanced liver fibrosis and nearly 30% had 
a Metavir score of at least F2 [13]. HIV–HCV patients with 
PNALT should, therefore, be considered for liver biopsy or 
noninvasive assessment of fibrosis. Empiric treatment may 
also be considered in those with genotype 2 or 3 infection.
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Regimen

Background

The currently recommended treatment regimen for chronic 
HCV monoinfection is a combination of pegylated-interferon 
alpha (PegIFN) and ribavirin (RBV) for 24–48 weeks, 
depending on viral genotype.

The precise mechanism by which interferon alpha sup-
presses HCV has not been fully elucidated. It is known that 
the interferon alpha molecule binds to interferon-receptor 
subunits on cells activating the janus kinase (JAK)-signal 
transducer and activator of transcription (STAT) pathway of 
downstream protein kinases. This results in the upregulation 
of several hundred interferon-stimulated genes. It is thought 
that the proteins expressed by these genes have antiviral 
properties, including inhibition of the translation of viral 
proteins and replication of viral RNA. Interferon alpha may 
also promote the adaptive immune response to hepatitis C 
infection [14].

Initial therapy with standard interferon alpha was of lim-
ited utility, with only about 8–20% in the treated monoin-
fected cohort achieving SVR [15]. The addition of ribavirin 
resulted in an improvement in treatment results, with SVR 
approaching 43% among patients of all genotypes [16]. 
Ribavirin is a synthetic guanosine analog, and the mecha-
nism by which it enhances viral eradication in combination 
with interferon alpha, is also unclear. It is thought that it may 

directly inhibit the HCV polymerase, modulate the immune 
response, or may enhance viral mutagenesis during inter-
feron therapy [14]. However, recent data suggest that ribavi-
rin increases interferon stimulated gene induction [17].

Pegylation of the interferon-alpha (IFN) molecule reduces 
its rate of renal clearance, thus prolonging steady state dura-
tion of therapeutic levels of IFN. This enables PegIFN to be 
given weekly. In HCV monoinfection, combination PegIFN 
and RBV produces an SVR of 40–45% for genotypes 1 and 
4 after 48 weeks of therapy, and about 70–80% for genotypes 
2 and 3, after 24 weeks or therapy [18]. Two types of pegy-
lated-interferon alpha can be used: PegIFN alpha 2a at 
180 g/week or PegIFN alpha 2b at 1.5 g/kg per week. 
Both forms of pegylated interferon alpha are thought to be 
comparable in efficacy with similar side-effect profiles [19].

Treatment

The use of PegIFN and RBV for treatment of the HIV–HCV 
coinfected population has been studied extensively during 
the HAART era. In 2004, three landmark studies demon-
strated the safety and efficacy of PegIFN and RBV in treat-
ing chronic HCV infection in HIV–HCV coinfected patients 
(Table 15.1) [22, 23]. While these studies showed that SVR 
could be accomplished in this group of patients, these rates 
are decidedly diminished compared to those seen in HCV 
monoinfected persons. In the ACTG trial, PegIFN alpha 2a in 
combination with RBV achieved an SVR of 27% compared 

Table 15.1 Comparison of PegIFN + RBV regimens in major trials in HIV–HCV coinfection

APRICOT (PegIFN  
Alpha 2a + RBV) [23]

ACTG (PegIFN  
Alpha 2a + RBV) [20]

RIBAVIC (PegIFN  
Alpha 2b + RBV) [21]

PRESCO (PegIFN 
Alpha 2a + weight- 
based RBV) [22]

Number patients, n 289 66 205 389
Age (year) 39.7 (± 7.9) 45 (Median) 39.5 (± −5.5) 40 (Median)
Male (%) 80 79 77 74
Race (%) 80% White, 11% black 50% White, 32% black Not recorded Not recorded
IVDA/no. (%) 180 (62%) Not recorded 165 (80%) 348 (89.5%)
Mean serum HCV RNA (IU/ml) 5,600,000 ± 6,400,000 6,200,000 ± 400,000 937,000,000 (median) Not recorded
HCV genotype 1 (%) 61 77 48 49
Cirrhosis/advanced fibrosis (%) 15 11 39 Not recorded
Antiretroviral Rx (%) 84 85 83 74
HIV-1 RNA mean (log 10 copies/ml) 2.3 ± 1.0 Not recorded 3.6 (Median) <2 (Median)
Undetect HIV-1 RNA (%) 60 61 70 71.5
Mean CD4+ cells – (no./mm3) 520 ± 277 495 (Median) 477 (Median) 546 (Median)
RBV regimen 400 mg po BID Dose escalation 400 mg po BID Weight-based
EVR (%) 71 44 Not recorded Not recorded
ETVR (%) 47 41 35 50
SVR – overall (%) 40 27 27 67
SVR – Gt 1/4 (%) 29 14 17 35
SVR – Gt 2/3 (%) 62 73 44 72

EVR early virological response, ETVR end of treatment virological response
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with only 12% in patients receiving interferon alpha 2a and 
RBV [20]. Significantly, in the PegIFN alpha 2a group, 73% 
of genotype 2/3 patients attained SVR, in contrast to only 
14% of genotype 1 patients. In the larger APRICOT trial, 
treatment with PegIFN alpha 2a and RBV resulted in an SVR 
of 40% compared with 12% in the IFN and RBV group. 
Similar advantages over interferon alpha were replicated in 
HIV–HCV patients treated with PegIFN alpha2b, in the 
RIBAVIC study [21]. As in HCV monoinfected patients, 
there appears to be no statistical difference in efficacy and 
adverse events between PegIFN alpha 2a and PegIFN alpha 
2b in the HIV–HCV coinfected cohort [24].

Ribavirin is essential for enhancing the rates of SVR in 
HIV–HCV coinfected patients. In the APRICOT trial, among 
genotype 1 patients, an SVR of 29% was achieved with both 
PegIFN and RBV compared with an SVR of only 14% in the 
nonribavirin arm; in genotypes 2 and 3, the SVR increased 
from 36 to 62% with the addition of RBV to the treatment 
regimen [23]. The dose of ribavirin is also important for 
ensuring viral eradication. In the monoinfected population, a 
weight based regimen of 1,000 mg/day or 1,200 mg/day is 
superior to 800 mg/day dosing in genotype 1 patients [25]. 
Lower doses of ribavirin were used in these early trials in 
HIV–HCV coinfection due to concerns over side effects, 
though there is now data to suggest that a weight-based RBV 
dosing regimen improves virologic response among the 
HIV–HCV cohort [22, 26]. A recent retrospective analysis in 
HIV–HCV patients found that a ribavirin concentration of 
<2.5 g/ml at week 4 was associated with increased HCV 
relapse; however, the routine use of ribavirin concentrations 
has not been adopted in clinical practice because of concerns 
regarding assay quality control [27]. Currently, the HIV–
HCV International Panel recommends a weight based dose 
of ribavirin of 1,000 mg/day for patients <75 kg or 1,200 mg/
day for patients >75 kg, although a recent multicenter trial 
failed to detect improved efficacy with weight-based ribavi-
rin dosing in genotype 1 HIV-coinfected patients [10, 28].

Viral Kinetics

During therapy with PegIFN and RBV, viral loads should be 
followed closely, since they predict response to therapy, and 
can determine treatment duration. An early virological 
response (EVR) is defined as at least a 2 log fall in HCV viral 
load after 12 weeks of therapy. As in monoinfected patients, 
EVR has a very high negative predictive value of 98–100% 
in HIV–HCV coinfection, that is, if an EVR is not attained, 
treatment should be discontinued for virologic futility [23]. 
Likewise, patients with viral RNA positivity at 24 weeks 
should also discontinue treatment [10]. By contrast, patients 
who clear HCV at 4 weeks of treatment, thereby achieving a 
rapid virologic response (RVR), appear more likely to 
accomplish SVR [29].

Attempts have been made to further tailor treatment 
 duration based on EVR and RVR, but there are few random-
ized control trials [30]. There has also been the suggestion 
that patients may benefit from extending therapy to 72 weeks, 
though recent data do not support this [31]. Currently, the 
2007 HIV–HCV International Panel recommends 48 weeks 
of therapy for all genotypes [10].

In summary, PegIFN alpha 2a or PegIFN alpha 2b with 
RBV 800–1,200 mg/day have demonstrated SVR rates of 
38–75% in genotypes 2 and 3, and 14–33% in genotypes 1 or 
4 [32]. Unlike monoinfected patients, persons with HCV 
genotypes 2 or 3 should be treated for 48 weeks. Overall, the 
HIV–HCV coinfected cohort appears to be less responsive to 
therapy, especially among genotype 1 or 4 patients.

Adverse Effects of Treatment

Treatment discontinuation and adherence can significantly 
lower SVR. In HCV monoinfected patients, genotype 1 sub-
jects who received at least 80% of their PegIFN and RBV 
doses had a higher SVR than those who received less than 
80% [33]. The HCV treatment regimen is not benign and can 
be associated with significant side effects that influence 
adherence and treatment discontinuation rates.

Side effects occur in almost 80% of patients who receive 
combination PegIFN and ribavirin therapy. Anemia is com-
monly encountered and is caused by hemolysis secondary to 
ribavirin, as well as suppression of the bone marrow by 
PegIFN. The mechanism by which RBV causes hemolysis is 
not completely understood. RBV appears to accumulate 
within red blood cells, resulting in a relative ATP deficiency 
and may thus increase the susceptibility of the erythrocyte to 
oxidative stress and extravascular hemolysis [34]. The hemo-
lytic anemia is ribavirin dose dependent and stabilizes or 
resolves with dose reduction or discontinuation. Patients 
with a deficiency in inosine triphosphatase, an enzyme that 
degrades the competitive nucleotide inosine triphosphate, 
appear to tolerate ribavirin more readily; specifically, such 
patients have a reduced incidence of hemolytic anemia [35]. 
Erythropoietin may be used to ensure adequate hemoglobin 
concentrations during treatment to help maintain ribavirin 
doses [36].

The most frequent adverse events of interferon treatment 
are flu-like symptoms including myalgias, headaches, and 
low-grade fevers, seen in over 80% of patients. They are 
more severe within the first 48 hr of interferon administra-
tion. Interferon may also cause neutropenia, thrombocytope-
nia, fatigue, emotional lability, autoimmune thyroiditis, and 
ophthalmologic disorders, including ischemic retinopathy. 
Significant depression occurs in about 26% of patients using 
interferon and should be anticipated in those with mood and 
anxiety symptoms prior to treatment with PegIFN [37]. This 
is particularly important in the HIV–HCV cohort, where 
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there is a high rate of drug use and baseline neurocognitive 
or psychiatric disorders. Psychiatric evaluation before and 
during HCV treatment should not be deferred if there is any 
suggestion of a mood disorder.

Because of the potential toxicity of PegIFN and RBV, 
those being considered for routine treatment should have a 
hemoglobin of at least 12 g/dL (men) or 11 g/dL (women), 
an absolute neutrophil count >1,500, and absence of retin-
opathy on funduscopic exam. However, each of these 
parameters is not absolute and should be considered in the 
context of individual risk and benefit. Interferon causes 
abortion in pregnant rhesus monkeys and ribavirin is terato-
genic. Pregnancy is, therefore, contraindicated with combi-
nation therapy and women of child-bearing age, or men, 
should use two forms of barrier contraception with sexual 
activity. Given the common exacerbation of depression 
with interferon, and the real risk of suicide, active psychiat-
ric illnesses must be stabilized before receiving treatment. 
Those with already decompensated liver failure with evi-
dence of ascites, variceal bleeding, jaundice, coagulopathy, 
or encephalopathy do not tolerate interferon well,and 
should be considered for liver transplantation before con-
sideration of a course of PegIFN/RBV, which can exacer-
bate decompensation. Such patients are best treated by 
specialists with experience in hepatic decompensation 
management. While being treated, patients should be fre-
quently monitored (typically, every 4 weeks) for develop-
ment of side effects. It is also recommended that HIV be 
suppressed before starting anti-HCV therapy. Most studies 
have enrolled patients with no opportunistic infections, a 
CD4 count greater than 200 cells/mm3 and an HIV viral 
load of less than 50,000 copies/ml.

A large proportion of HIV–HCV individuals in the USA 
are injection drug users. These patients are thought to be at 
risk of jeopardizing treatment success due to ongoing or 
recent substance abuse. However, prior studies suggest that 
these patients may be successfully treated for HCV infec-
tion, provided they receive adequate medical and peer sup-
port [38]. Treatment for such patients should be decided on 
an individual basis, with attempts to ensure appropriate 
counseling, and psychiatric evaluation, as well as enrollment 
in the appropriate abstinence programs.

Predictors of Response

For those who are able to initiate and successfully complete 
therapy, there are several factors that predict response. In 
particular, an HCV RNA level of less than 800,000 IU/ml, 
absence of prior intravenous drug abuse, and genotypes 2 or 
3 have been associated with an improved chance of attaining 
SVR [20, 21, 23]. Baseline HCV quasi-species complexity 
was an independent predictor of response in an HCV/HIV 

coinfected cohort, but this assay is not clinically available 
[39]. Other factors associated with poor treatment response 
include presence of cirrhosis, African-American or Hispanic 
race, and high body mass index (BMI).

With such low success rates in genotypes 1 and 4, 
improved tools for predicting response to therapy are needed 
to identify those who would most benefit. Genome wide 
association studies have identified a genetic variation in the 
IL28B gene as being highly associated with the likelihood of 
success of PegIFN and RBV therapy [40]. The IL28B locus 
encodes for interferon lambda-3, and research into how the 
rs8099917 minor allele of the IL28B locus is associated with 
failure in genotypes 1 and 4 is ongoing. If the presence of an 
unfavorable genotype is confirmed, this information may be 
used to justify delaying the start of therapy in genotype 1 
patients, particularly as we await the introduction of new 
treatment options.

Drug Interactions

Special considerations in the coinfected population include 
the interactions of HCV medications with HAART. 
Zidovudine should be avoided during HCV treatment, as it 
can exacerbate the anemia caused by ribavirin [22]. Ribavirin 
enhances didanosine exposure, resulting in higher risk of 
mitochondrial toxicity from this nucleoside reverse tran-
scriptase inhibitor [41]. Coadministration of didanosine and 
ribavirin is, therefore, contraindicated.

The Future

Given the low SVR and high toxicities affecting PegIFN and 
RBV therapy in HIV–HCV coinfection, there is a major need 
for new therapies. On the horizon are several new direct act-
ing antiviral agents (DAAs) for hepatitis C. The most prom-
ising DAAs are the protease inhibitors, which include 
ciluprevir, telaprevir and boceprevir. These drugs inhibit the 
viral NS3/4A serine protease responsible for processing the 
HCV polyprotein into mature viral proteins. Ciluprevir was 
associated with a 100–1,000-fold reduction in HCV viral 
load after only 2 days of treatment [42]. While studies of this 
drug were halted due to cardiotoxicity in animal trials, tel-
aprevir continues to show promise in phase 2 trials of HCV 
monoinfected patients [43, 44]. In a recent multicenter, ran-
domized control phase 2b trial, the addition of telaprevir per-
mitted truncation of therapy to 24 weeks, at the same time 
enhancing SVR. Patients who received ribavirin and PegIFN 
for 24 weeks with telaprevir added to the treatment regimen 
for the first 12 weeks, achieved an SVR of 61%, compared 
with 42% in the standard of care regimen using ribavirin and 
PegIFN for 48 weeks [44].
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While this class of drugs holds significant promise, there 
is the real risk of selecting for resistant variants. In nonre-
sponders and relapsers in this study who had been treated 
with telaprevir, the selection of telaprevir-resistant mutants 
was demonstrated. It is anticipated that the development of 
such resistance may be minimized by the use of future drug 
cocktails similar to HAART therapy, where the HCV and the 
host machinery are attacked at multiple targets with non-
overlapping resistance patterns. Other DAA targets include 
the viral RNA polymerase as well as the NS5A protein.

There are a number of intriguing host factor inhibitors 
that offer promise because they have a high barrier to viral 
resistance, since they do not apply direct selection pressure 
against the virus. Cyclophilins are cofactors that facilitate 
HCV replication, as they regulate RNA binding of the viral 
polymerase. There has been interest in using selective inhib-
itors of these cyclophilins as another means of reducing 
viral replication. Alisporivir (Debio-025) is a cyclosporine 
A derivative that inhibits host cell cyclophilins, without 
immunosuppressive activity. In phase II trials and animal 
models, alisporivir alone or in combination with PegIFN 
has been shown to reduce the HCV viral load [45]. 
Interestingly, alisporivir also has anti-HIV activity and is 
thus an attractive candidate for future trials involving HIV–
HCV patients [46].

In summary, the effectiveness of recent DAAs and ongo-
ing clinical trials of others surely will mean transformation 
of the standard of care for HCV. Trials involving groups with 
disappointing SVR rates, such as HIV–HCV coinfected 
patients, are eagerly anticipated. It is expected that a larger 
combination regimen or drug cocktail, with increased effi-
cacy, will soon be available.

Nonresponders/Relapsers

With the low rates of SVR after initial treatment of HCV in 
the HIV–HCV coinfected population, we can anticipate a 
particularly large number of relapsers and nonresponders. 
Patients who develop a recurrence of HCV after having 
become HCV RNA negative at end of treatment are consid-
ered relapsers. Retreatment with the same regimen usually 
results in a second relapse and thus alternative dosing, dura-
tion, or regimens should be considered. Nonresponders, or 
patients with persistent HCV viral load during and at the end 
of treatment, have a poor prognosis. If initially treated with 
standard of care combination therapy, they are likely to have 
a poor response to retreatment with PegIFN and RBV.

There had been some suggestion that nonresponders or 
relapsers have a mortality or histologic benefit to treatment 
despite not achieving SVR [47, 48]. Efforts to investigate 
whether maintenance PegIFN therapy could produce histo-
logic benefit in the absence of viral clearance were made. 

However, the long-term use of weekly, maintenance peg-IFN 
has recently been shown to have no clinical advantage in 
monoinfection [49]. Similarly, the SLAM-C trial in HCV-
HIV coinfection failed to demonstrate a difference for main-
tenance PegIFN in altering fibrosis progression, although the 
observation arm in the study experienced little fibrosis pro-
gression [50].

Relapsers and nonresponders who were initially treated 
with a suboptimal regimen could derive significant benefit 
from retreatment. In a small study of patients initially treated 
with interferon monotherapy, interferon and RBV, or PegIFN 
plus RBV 800 mg/day, an overall SVR of 30.8% was attained 
with PegIFN and weight based RBV retreatment [51]. An 
SVR of 72.7% was obtained for genotypes 2 and 3 and 19.5% 
for genotypes 1 and 4. In the subset of prior PegIFN and 
RBV failures, SVR was 27% overall: 16% in prior nonre-
sponders and 35% in relapsers. In the specific group of geno-
type 1 prior nonresponders, SVR was a dismal 9%. While 
genotype is notably associated with response to retreatment, 
multivariate analysis also highlighted the importance of 
maintaining an adequate RBV plasma concentration [51]. It 
is anticipated that the introduction of the protease inhibitors 
will improve retreatment SVR. Preliminary results show that 
the addition of telaprevir to a retreatment regimen may 
increase SVR from 20 to 73% for prior relapsers and from 9 
to 39% for prior nonresponders [52]. Thus it is hoped that the 
introduction of protease inhibitors will offer a real treatment 
option for coinfected patients who have failed prior PegIFN 
and RBV treatment. This benefit must be weighed against 
the risk of selecting out and enriching for protease inhibitor-
resistant variants.

Acute Hepatitis C Virus: Treatment

Acute HCV is defined as infection with HCV of less than 6 
months’ duration [53]. Patients with acute HCV are usually 
asymptomatic, and given the lack of a reliable IgM-based 
diagnostic test, or clear distinction between laboratory find-
ings of acute and chronic hepatitis C, often remain undiag-
nosed. In clinical practice, acute HCV is diagnosed when a 
patient with recent risk of exposure presents with an elevated 
ALT > 10 times the upper limit of normal in the setting of a 
positive HCV RNA test. In HCV monoinfected patients, a 
98% SVR with interferon therapy has been reported in acute 
HCV [54]. In the HIV–HCV population, data on the success 
of treatment are limited, though several studies report an 
SVR of 59–94% with 24 weeks of PegIFN and RBV therapy 
[55, 56]. Current guidelines suggest initiating therapy 
12 weeks after the date of estimated exposure to allow for 
spontaneous clearance, and then to treat with 24 weeks of 
Peg-IFN and weight-based ribavirin [10]. In summary, 
because acute HCV is highly treatable and success rates are 
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substantially higher than in those patients who move on to 
chronic HCV, the need for providers to identify these patients 
with HIV coinfection is great.

Summary

HCV is a significant cause of morbidity and mortality in the 
HIV-infected population. While treating HCV with PegIFN 
and RBV in HIV–HCV coinfected persons is not as effective 
as in HCV monoinfected patients, appreciable SVR rates can 
be accomplished. In those patients chronically coinfected 
with HCV genotypes 2 or 3, clinical cure rates are substan-
tial, approaching those of monoinfected persons. HCV geno-
types 1 and 4 remain difficult to treat, and new treatment 
options, including viral protease inhibitors, are of particular 
promise for this group. It is also anticipated that protease 
inhibitors and perhaps other classes of small molecule agents 
will significantly improve SVR when added to standard 
PegIFN and RBV for treating prior relapsers and nonre-
sponders. Furthermore, the development of a new treatment 
regimen that ultimately combines oral direct acting antiviral 
and host cofactor inhibitors is eagerly awaited.
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Introduction

Hepatitis B virus (HBV) is a potentially controllable infection, 
but it is rarely eliminated from the body. During HBV replica-
tion, a covalently closed circular DNA molecule is formed, 
which remains intracellular and serves as a persistent reservoir 
that can cause reactivation of HBV infection years after a 
patient discontinues therapy.

Because HBV is rarely eradicated from its host, the goals 
of treatment are to prevent complications of hepatic disease, 
including cirrhosis and hepatocellular carcinoma. The most 
significant factor associated with liver dysfunction and dis-
ease progression is elevated HBV DNA levels [1, 2]; thus, 
the goal of therapy is HBV DNA suppression.

Previous clinical trials have established that decreases in 
serum HBV DNA levels, normalization of transaminases, and 
loss of hepatitis B e antigen (HBeAg) and hepatitis B surface 
antigen (HBsAg) are associated with improved liver histol-
ogy and clinical outcomes. Recent trials evaluating HBV 
treatments typically report the above noninvasive markers as 
surrogates for clinical response.

Two major categories of medications, interferon and 
nucleos(t)ide analog inhibitors, are available for treatment of 
HBV. Interferon preparations used for treatment of HBV 
include IFN- -2b and pegylated IFN- -2a. Nucleos(t)ide 
analogs active against hepatitis B include lamivudine, ente-
cavir, adefovir, tenofovir, and telbivudine. A summary of cur-
rently available HBV medications is provided in Table 16.1.

Interferon a and Pegylated Interferon a

Interferon-  was the first Food and Drug Administration 
(FDA)-approved drug for treatment of chronic hepatitis B 
infection. Interferon interferes with viral replication and acti-
vates the immune system, but the exact mechanism is 
unknown. Standard interferon, given three times weekly, can 
lead to loss of HBsAg, with 5–10% of HBV-monoinfected 
patients developing HBsAb within 1 year of treatment. 
HBeAg loss as a result of interferon-  treatment is more 
durable than that seen after discontinuation of lamivudine, 
with up to 80% maintaining negative HBeAg 5 years after 
discontinuation of treatment [3]. Patients with positive 
HBeAg, elevated alanine transaminase (ALT) levels, and low 
serum HBV-DNA titers at baseline have the highest rates of 
response to interferon [4].

Early studies of patients coinfected with HIV showed 
lower rates of response to interferon therapy than monoin-
fected patients [5–8]; however, these studies were performed 
in patients with severe immunocompromise prior to the 
advent of antiretroviral therapy (ART). One reason for the 
decreased response of HIV/HBV-coinfected patients to inter-
feron may be related to lower baseline transaminases; in one 
small study, HIV patients with elevated transaminases at 
baseline had improved response to interferon therapy as 
compared to those with lower ALT [9].

For the most part, standard interferon has been replaced 
by pegylated interferon, which can be dosed once weekly, 
and has improved efficacy at converting HBeAg to HBeAb 
and normalization of LFTs in HBV monoinfected patients 
[10]. No studies using pegylated interferon in HIV/HBV 
coinfected patients have been conducted.

Interferon therapy may appeal to select HIV-coinfected 
patients because it can be administered for a finite period of 
time, 4–12 months, and HBeAg seroconversion achieved is 
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more durable than nucleos(t)ide analogs after discontinuation 
of therapy. However, the use of interferon has been limited by 
its numerous side effects, which include flu-like symptoms, 
bone marrow suppression, thyroid dysfunction, and depres-
sion. It is contraindicated in patients with decompensated 
liver disease (e.g., ascites or encephalopathy).

Lamivudine

Lamivudine is an oral cytosine nucleoside analog with both 
anti-HBV and anti-HIV activities; 100 mg/day is needed to 
suppress HBV, but 300 mg/day is needed for HIV suppression. 
In several studies, the addition of lamivudine to ART in HIV/
HBV-coinfected patients led to a 2–3 log reduction in HBV 
DNA levels in 1 year. Forty to eighty-seven percent achieved 
HBV DNA suppression at 12–17 months, and 22–29% had 
HBeAg seroconversion in 1–2 years [11–13]. Response to 
lamivudine may be related to baseline CD4 count; patients 
with CD4 > 200 cells/ L had an average 2 log decrease in 
serum HBV DNA levels after 6 months of therapy as com-
pared to no decrease in patients with CD4 < 200 cells/ L [14].

With long-term use of lamivudine, development of HBV 
resistance is common. Mutations of the HBV DNA poly-
merase in the YMDD region (rtL80V/I, rtV173L, rtL180M, 
and rtM204I/V) are often responsible for resistance to 

 lamivudine. Viral resistance is seen in up to 90% of HIV–
HBV coinfected patients after 4 years [15, 16]. Development 
of resistance to lamivudine may be accompanied by rebounds 
in serum HBV DNA, worsening of liver histology, and liver 
enzyme flares [17–19]. Continuation of lamivudine in 
patients who have developed HBV-resistance provides no 
benefit [20, 21] and may lead to accumulation of compensa-
tory mutations that generate higher levels of resistance to 
other agents.

Lamivudine is generally well-tolerated; mild side effects 
include nausea, diarrhea, and skin rash. Lactic acidosis and 
severe hepatomegaly with steatosis, including fatal cases, 
have been reported with the use of lamivudine and other 
nucleoside analogs used alone or in combination.

Emtricitabine

Emtricitabine (FTC) is a cytosine analog similar to lamivu-
dine with antiviral activity against HBV and HIV. Analysis 
of HBV DNA levels in HIV treatment trials using FTC 
showed up to 3 log copies/mL reduction in serum HBV DNA 
in coinfected patients, and almost half of the patients had 
undetectable serum HBV DNA at week 48 [22].

Emtricitabine is frequently used in combination with ten-
ofovir as a coformulation, Truvada® (Gilead Sciences, Foster 

Table 16.1 Medication for the treatment of HBV–HIV coinfection, dosage, effectiveness, and side effects

Medication Dosage Log HBV drop at 1 y
HBeAg loss  
at 1 y, % Side effects

Interferon- -2b 5–10 MU 3×/ 
week × 16 week

0–27% undetectable  
HBV DNA

0–8.3 Flu-like symptoms, cytopenias,  
thyroid dysfunction, psychiatric

Pegylated-IFN- -2aa 180 g/week 4.5 (32% undetectable  
HBV DNA)a

32a As above

Lamivudine 300 mg/day 2.7 (40–87% undetectable  
HBV DNA)

22–29 Nausea, diarrhea, skin rash,  
rare lactic acidosis/steatosis

Emtricitabine 200 mg/day 3 (50% undetectable  
HBV DNA)

50 Nausea, diarrhea, rash;  
rare lactic acidosis/steatosis

Adefovir 10 mg/day 4.6 (25% undetectable  
HBV DNA)

8 Nausea, fatigue, headache,  
rare renal toxicity, Fanconi’s  
syndrome

Tenofovir 300 mg/day 4–5.5 (65% undetectable  
HBV DNA)

0–25 Rash, nausea/vomiting, diarrhea,  
headache, rare renal toxicity,  
Fanconi’s syndrome;  
possible osteopenia;  
lactic acidosis/steatosis

Entecavir 0.5 mg/day for  
lamivudine-naïve pts;  
1 mg/day for  
lamivudine- 
experienced pts

3.6–4.2 (80%  
undetectable  
HBV DNA)

2 Headache, fatigue, dizziness,  
rare lactic acidosis

Telbivudinea 600 mg/day 6 (56% undetectable  
|HBV DNA)

16–33% Fatigue, mild elevation in CK levels;  
rare lactic acidosis

MU million units, y year, HBV DNA hepatitis B DNA levels, CK creatine kinase
a No data available for HIV-coinfected patients, data shown are from HBV-monoinfected patients
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City, CA, USA), for the treatment of both HIV and HBV in 
coinfected patients. Because of its activity against HIV, it 
should be used in combination with other HIV-active agents. 
Lamivudine and FTC share almost total cross-resistance, and 
FTC should not be used after resistance to lamivudine has 
developed.

Adefovir Dipivoxil

Adefovir, a nucleotide analog of adenosine, also inhibits 
HBV DNA polymerase. It was first developed as anti-HIV 
therapy at doses of 60–120 mg/day; however, it frequently 
caused renal toxicity. At a dose of 10 mg/day, it is effective 
against HBV but not HIV, and renal side effects are rare. 
Multiple randomized, controlled studies in monoinfected 
patients have shown its efficacy compared to lamivudine or 
placebo in both HBeAg positive and negative patients [23–27], 
including in patients with lamivudine-resistant virus [28]. 
However, it has low viral potency at suppressing HBV DNA 
when compared to other HBV-active agents when the 10 mg 
daily oral dose is utilized.

An open-label study in HIV/HBV infected patients with 
baseline lamivudine resistance demonstrated that adefovir 
added to an ART regimen lowered serum HBV DNA by a 
median 5.9 log copies/mL at 144 weeks. Approximately 
25% (7/35) developed undetectable HBV DNA during the 
course of the study, and three patients converted HBeAg to 
HBeAb. HIV replication was not inhibited, and no new HIV 
mutations were seen at the 10 mg/day dose used in the study 
[29]. Induction of the K65R mutation in HIV, which was 
noted at the 120 mg/day doses of adefovir, has not been 
observed clinically [30–32] at the 10 mg dose.

Patients who have been treated previously with lamivu-
dine may develop resistance mutations that confer cross-
resistance to adefovir (rtA181T/V) [33]; however, adefovir is 
usually effective in most patients with history of lamivudine 
exposure and/or resistance. Other genetic polymorphisms 
that render HBV resistant to adefovir are I233V and L217R 
[34]. A mutation in codon 236 within the DNA polymerase 
gene may also reduce susceptibility to adefovir [35].

Adefovir is generally well tolerated, with nausea, fatigue, 
and headache being the most frequently reported side effects. 
Renal toxicity and Fanconi’s syndrome have been rarely 
reported.

Tenofovir Disoproxil Fumarate

Tenofovir, an adenosine nucleotide analog active against 
HBV DNA polymerase and HIV, has one of the highest 
potencies and clinical efficacy against HBV. In patients with 
HIV, several studies examining the use of tenofovir within 

ART regimens have shown reduction of HBV DNA levels of 
4–5 log copies/mL [36, 37] and HBeAg seroconversion of 
7–25% [38–40]. In a study of patients with lamivudine- 
resistant HBV, tenofovir demonstrated a significant reduction 
in HBV DNA level compared to adefovir (mean HBV DNA 
5.5 log copies/mL vs. 2.8 log copies/mL, respectively) in 
both mono- and coinfected patients [41].

In a randomized, controlled study evaluating the addition 
of tenofovir or adefovir to a stable anti-HIV regimen, tenofo-
vir was noninferior to adefovir at suppressing HBV replica-
tion in HIV–HBV coinfected patients (4.4 log copies/mL vs. 
3.2 log copies/mL, respectively) at 48 weeks [42]. A larger 
double-blind, placebo-controlled trial in HBV-monoinfected 
patients demonstrated superior efficacy of tenofovir in sup-
pressing HBV DNA levels, HBeAg seronconversion, and 
histologic improvement as compared to adefovir [43].

HBV resistance to tenofovir is rare, even in patients who 
have baseline resistance to lamivudine. In two studies, the 
development of A194T resulted in a tenfold decrease in sus-
ceptibility to tenofovir [32, 44]. In addition, adefovir-resis-
tance mutations rtA181V and rtN236T decrease susceptibility 
to tenofovir [45]. However, tenofovir has been used effec-
tively in patients who have developed clinical failure of both 
lamivudine and adefovir [46].

The most commonly reported adverse effects in patients 
treated with tenofovir include rash, diarrhea, headache, and 
nausea. Renal impairment and Fanconi’s syndrome are reported 
in some patients treated with tenofovir. Analysis of patients 
treated with tenofovir in cohort studies have shown small 
decreases in glomerular filtration rate as compared to those 
treated with other antiretrovirals, although no changes in crea-
tinine or renal dysfunction were noted [47]. Patients with pre-
existing renal impairment or those receiving other nephrotoxic 
agents are at increased risk for nephrotoxicity. Evaluation of 
renal function (including serum creatinine, serum phosphorus, 
and urinalysis) is recommended for patients receiving tenofo-
vir, especially in patients with baseline renal impairment.

Tenofovir use has been associated with an increased loss 
of bone mineral density in patients with HIV during the first 
several months of therapy, although it stabilizes over time. 
Lactic acidosis, hepatomegaly, and steatosis have been rarely 
reported with tenofovir.

Entecavir

Entecavir, a guanosine analog, inhibits HBV replication at 
multiple steps, including priming, reverse transcription, 
and positive strand synthesis. Entecavir is more effective 
than adefovir and lamivudine, reducing HBV DNA by 
7 log copies/mL in monoinfected patients, and is effective 
against lamivudine- and adefovir-resistant virus [48, 49]. 
In one study evaluating the effect of adding entecavir to a 
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stable ART regimen in HIV-infected patients with baseline 
lamivudine resistance, entecavir reduced HBV DNA by a 
mean 3.65 log copies/mL as compared to placebo over 
24 weeks [50].

Development of HBV viral resistance against entecavir is 
rare in HBV-treatment naïve patients. Entecavir resistance 
usually results from the accumulation of multiple mutations in 
the DNA polymerase, with cross-resistance with lamivudine 
(including the rtL180M and rtM204V/I) [51]. Other entecavir 
mutations in the polymerase region of HBV include rtT184V/
A/I/L, rtS202G/C, and rtM250I/V. In patients who are lamivu-
dine-resistant, 1 mg/day rather than 0.5 mg/day of entecavir is 
recommended. If entecavir resistance has  developed, lamivu-
dine should not be utilized. Entecavir and adefovir have not 
been shown to have cross-resistance and could be substituted 
for one another or combined [35].

Entecavir was previously thought not to have activity 
against HIV; however, recent studies have shown that it can 
produce reductions in HIV RNA of 1- to 2-log copies/mL 
[52, 53]. Use of entecavir has been associated with develop-
ment of the M184V mutation in HIV in coinfected patients; 
in one study, 6/17 patients developed a de novo M184V 
mutation on therapy [54]. Entecavir should be used only in 
combination with a fully suppressive regimen against HIV in 
coinfected patients. Entecavir is generally well-tolerated; 
most commonly reported side effects include diarrhea, head-
ache, indigestion, nausea, and fatigue.

Telbivudine

A newer medication for treatment of HBV is telbivudine, an 
l-nucleoside analog of thymidine that specifically inhibits 
HBV polymerase. The GLOBE trial in monoinfected HBV 
patients showed higher anti-HBV potency compared with 
lamivudine with decrease in HBV viral load than lamivudine 
(6 log copies/mL vs. 4.5 log copies/mL) [55]. Telbivudine 
was found to be more potent and effective against HBV in 
comparison with adefovir, as well [56].

No clinical trials of telbivudine have been performed in 
HIV–HBV coinfected patients to evaluate for efficacy or 
generation of resistance mutations within HIV. Previous 
treatment guidelines for patients with HIV/HBV have 
reflected the thought that telbivudine does not have activity 
against HIV; however, recently published case reports dem-
onstrated transient reductions in HIV-1 RNA in patients 
treated with telbivudine. No HIV-genotypic resistance muta-
tions were identified in these studies [57, 58].

Telbivudine has a low rate of inducing HBV resistance. 
Commonly noted mutations include rtM204I, rtL180M, and 
rtL80V/I, which cause cross-resistance to lamivudine. 
Telbivudine does not appear to be effective in lamivudine-
resistant virus [59], and there is no benefit of combining 

lamivudine with telbivudine. There is no evidence yet of 
cross-resistance between adefovir or tenofovir and telbivu-
dine. Telbivudine is generally well tolerated; however, ele-
vated creatine kinase levels may rarely be seen.

Combination Therapy

Multiple medications included in a regimen to treat HBV 
could prevent resistance or have additive or synergistic 
effects against the virus; however, few studies have investi-
gated combination therapy in clinical practice.

Interferon + Nucleoside Therapy

Most studies examining the effect of interferon combined 
with lamivudine show no improvement in HBV DNA sup-
pression or ability to convert HBeAg compared with pegy-
lated interferon monotherapy [60, 61]. However, several 
studies have shown that adding interferon to lamivudine 
monotherapy decreases the rate of lamivudine resistance 
mutations [62, 63].

Adefovir Versus Adefovir/Lamivudine

Studies of adefovir combination therapy in HBV-
monoinfected patients have shown mixed results. One trial 
comparing the use of adefovir alone to adefovir plus emtric-
itabine showed a greater suppression of HBV DNA and nor-
malization of ALT in the combination group. Rates of HBeAg 
conversion were similar between the two groups [64]. 
Another trial evaluating the addition of lamivudine to patients 
with persistently high HBV DNA levels on adefovir therapy 
showed improved virologic response once lamivudine was 
added [65]. However, another study comparing lamivudine 
plus adefovir to adefovir alone showed no increase in effec-
tiveness [66].

Emtricitabine/Tenofovir

Several retrospective studies have examined the use of lami-
vudine/tenofovir combination in HIV-positive patients as 
part of ART. One study comparing lamivudine therapy alone, 
those initiated on lamivudine and tenofovir at beginning of 
therapy, or later addition of tenofovir therapy to a regimen 
containing lamivudine showed higher rate of undetectable 
HBV viral load and HBeAg seroconversion when lamivu-
dine and tenofovir were combined in the initial regimen; 
however, the study was underpowered to show statistical sig-
nificance [67].
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In a retrospective analysis of ART naïve patients enrolled 
in randomized clinical trials of tenofovir in HIV, which was 
added to a backbone of efavirenz and lamivudine, HBV-
positive patients experienced a mean 4.5 log copies/mL 
decrease in HBV DNA in the tenofovir/lamivudine arm as 
compared to an decrease of 1.9 log copies/mL group treated 
with lamivudine alone [37]. All of the patients receiving 
lamivudine monotherapy developed resistance mutations by 
144 weeks of therapy, as compared to one sixth on combina-
tion therapy.

Several small pilot studies of lamivudine/tenofovir com-
bination therapy in HIV patients showed potent suppression 
of HBV viral load [68], and superior efficacy at achieving 
undetectable HBV viral load as compared to lamivudine or 
tenofovir monotherapy [69, 70]. However, a recent prospec-
tive study in ART-naïve HIV-HBV coinfected patients 
showed no difference in decrease in HBV DNA over 48 weeks 
of combination lamivudine/tenofovir therapy (4.73 log cop-
ies/mL) versus tenofovir alone (4.57 copies/mL). Tenofovir 
was more effective than lamivudine monotherapy at decreas-
ing HBV viral load. No episodes of HBV resistance were 
noted in the tenofovir arms compared to the lamivudine 
monotherapy arm [71].

When to Start Treatment for HBV Infection  
in HIV-Coinfected Patients

The threshold for treatment of HIV–HBV coinfected patients 
is unclear. No studies have demonstrated the specific HBV 
DNA levels associated with increased risk of liver damage in 
HIV-infected patients, or whether elevated liver enzymes or 
HBeAg status is associated with worse prognosis in this sub-
group. Given the more aggressive nature of hepatitis B in 
HIV-infected patients, it is typically recommended to start 
therapy at lower HBV DNA levels than in monoinfected 
patients.

Traditionally, the decision to treat HBV with antiviral 
therapy has depended heavily on the decision whether to 
start patients on medications for HIV. If patients meet criteria 
for ART initiation by other means (e.g., CD4 < 350 cells/ L), 
initiation of therapy active against hepatitis B as part of ART 
is indicated. In patients who do not meet criteria for ART 
initiation, many recommendations on the optimal timing of 
HBV treatment exist. Table 16.2 indicates some of the guide-
lines released by national and international committees.

More recent recommendations have reflected the shift 
toward earlier initiation of ART in patients with HBV. As 
HIV infection is associated with more rapid progression of 
hepatitis B infection, ART may slow development of liver 
complications by conserving and reestablishing HBV-
specific immune function or by suppressing HIV-associated 
immune activation. In addition, the treatment options for 
patients not receiving a fully suppressive ART regimen are 
limited (i.e., interferon and adefovir). In recent HIV treat-
ment guidelines, HBV is considered a relative indication to 
initiate ART, regardless of CD4 count [72].

Management of Patients with Hepatitis B  
and HIV Coinfection

Initial assessment of patients with HIV and HBV (see 
Fig. 16.1) should include HBeAg, HBsAg, HBeAb, HBV 
DNA, CBC, liver function tests, CD4 count, and HIV viral 
load. Patients should be counseled regarding the risks of 
transmission of HBV and other hepatitis viruses, and should 
receive hepatitis A vaccine if not immune. Treatment recom-
mendations are summarized in Fig. 16.1 for HIV/HBV 
patients who are naïve to ART.

No data exists on what role liver biopsy should play in 
HIV–HBV coinfected patients. However, given the signifi-
cant mortality associated with HBV in this population, a liver 
biopsy should be considered to stage severity of liver fibrosis, 

Table 16.2 Treatment guidelines for patients with CD4 > 350–500 cells/ L

Organization HBeAg ALT HBV DNA

European Consensus Conference [77] Positive N/A >20,000 IU/mL if fibrosis present on biopsy
European Consensus Conference [77] Negative N/A >2,000 IU/mL if fibrosis present on biopsy
European AIDS Clinical Society (EACS) [78] N/A – >2,000 IU/mL if ALT elevated or liver biopsy 

showing disease activity
CDC OI Guidelines [79] Positive Abnormal >20,000 IU/mL
CDC OI Guidelines [79] Negative Abnormal >2,000 IU/mL
British HIV Association  
(if CD4 > 500 cells/ L) [80]

Positive N/A >2,000 IU/mL or fibrosis on noninvasive testing

HIV-Hepatitis B Virus International Panel [81] – – >2,000 IU/mL if elevated ALT or significant  
fibrosis on biopsy

HBeAg hepatitis B e antigen, ALT alanine transaminase, HBV DNA hepatitis B Virus DNA, OI opportunistic infection



146 E. Kitchell and M.K. Jain

especially in those who are not initiated on ART. The degree 
of liver fibrosis could impact treatment decisions and moni-
toring for HCC.

In HIV/HBV patients with a history of lamivudine use, it 
should be assumed that HBV isolates are lamivudine-resistant. 
Either tenofovir or entecavir at an increased dose of 1 mg/day, 
should be used in this group.

Once a patient has started therapy, HBV DNA levels 
should be obtained every 3–4 months, similar to how HIV 
RNA levels are monitored during therapy, to evaluate for 
response [73]. Once a patient is found to have response to 
treatment, HBeAg and anti-HBe should be monitored peri-
odically. In HIV-infected patients, the response to HBV ther-
apy may be delayed. In one study, 20% of patients on 
tenofovir did not reach undetectable viremia after 52 weeks 
of therapy, although most of those patients later became 

undetectable after 20 months [74]. If patients do not demon-
strate decreasing HBV viral load, addition or substitution of 
another HBV-active agent should be considered.

There is no consensus on discontinuation of HBV active 
therapy in HIV-infected patients; most providers choose to 
continue medications indefinitely. As HBsAg seroconver-
sion is durable, discontinuation of HBV therapy may be con-
sidered if HBsAg loss occurs. If a patient develops virologic 
failure of HIV and medication regimen switch is considered, 
medications active against HBV should be continued unless 
a patient has developed HBV resistance.

An increase in the HBV viral load > 1 log copies/mL com-
pared with the lowest level achieved previously on therapy 
may indicate nonadherence or development of HBV resis-
tance. Drug discontinuation or mutation-associated viral 
breakthrough may be associated with a flare in serum ALT 

Fig. 16.1 Evaluation and 
management of an HIV–HBV 
coinfected patient (Note: HBV 
DNA hepatitis B viral load, 
HBeAg hepatitis Be antigen, 
anti-HBe hepatitis Be antibody, 
AFP alpha-fetoprotein, anti-HDV 
hepatitis D antibody, GFR 
glomerular filtration rate, TDF 
tenofovir disoproxil fumarate, 
FTC emtricitabine, 3TC 
lamivudine, ART antiretroviral 
therapy, LFT’s liver function 
tests, HBV hepatitis B,  
IDU injection drug use)
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levels, and hepatic decompensation among those with 
advanced fibrosis/cirrhosis [17]. Polymerase mutation test-
ing of the YMDD mutation may be helpful in cases of 
possible lamivudine resistance. For patients failing lamivu-
dine, emtricitabine, or telbivudine, a change to tenofovir or 
adefovir is indicated. Higher-dose entecavir may also be con-
sidered, although in patients with lamivudine resistance, risk 
for developing entecavir resistance is high. In patients failing 
entecavir, tenofovir or adefovir should be started. Tenofovir 
may also be effective in patients failing adefovir [46].

Control of HBV replication can be beneficial to those 
who have cirrhosis or hepatocelluar carcinoma, resulting in 
decreased rates of liver decompensation and increased sur-
vival [75]. Select patients may also be candidates for trans-
plantation in some centers, as posttransplant survival is 
similar in HIV-coinfected patients and those with HBV 
alone [76].
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Introduction

For HIV-infected persons with access to potent antiretroviral 
therapy (ART), HIV infection can be controlled, and medi-
cally managed like other chronic medical conditions such as 
diabetes and hypertension [1, 2]. Despite the spectacular 
advances in therapy, there remain significant challenges for 
HIV care providers. Coinfection with viral hepatitis is one of 
these challenges, as liver-related diseases now are the lead-
ing significant cause of non-AIDS related deaths among 
HIV-infected patients [3, 4]. While there are numerous eti-
ologies for liver injury among HIV-infected patients, coin-
fection with hepatitis viruses poses the greatest risk due to 
shared routes of transmission and immunosuppression, 
which may limit their ability to spontaneously clear these 
infections. As with many other diseases, prevention is the 
key! In this chapter, we review strategies to prevent coinfec-
tion with hepatitis viruses among HIV-infected individuals. 
Topics covered include routine screening and education of 
patients, behavioral interventions, and the aggressive utiliza-
tion of available hepatitis vaccines.

Knowledge Is Power

Despite the recognition that HIV shares routes of transmis-
sion with the hepatitis viruses, particularly hepatitis B (HBV) 
and hepatitis C (HCV), many providers fail to screen their 
HIV-infected patients for evidence of coinfection. For exam-
ple, a recent French study reported that ¼ of all HIV providers 
did not check HBV serologies in their HIV-infected 

patients [5]. Another recent survey of US providers found 
that >90% correctly identified risk factors for HCV, yet only 
59% routinely ask patients about HCV risk factors and 30% 
do not test those persons with risk factors for HCV [6]. 
Serologic testing allows not only for screening for these 
important comorbidities but also to identify persons who 
will benefit from hepatitis A virus (HAV) and HBV vaccina-
tion, and importantly to create the environment to discuss 
important behavioral prevention strategies.

Hepatitis A

While HAV does not cause chronic hepatitis, it is the most 
common cause of viral hepatitis in the USA [7]. This virus is 
traditionally associated with contaminated water or food; 
however, sexual transmission is also common, specifically 
for persons engaging in anal sex (see Table 17.1) [8]. With 
more than 50% of incident cases of HIV in the USA occur-
ring in men who have sex with men (MSM), HAV screening 
and vaccination remain a priority for secondary prevention 
[9]. Despite there being no risk for chronic HAV infection, 
acute HAV may lead to temporary interruption of ART with 
negative consequences regarding subsequent HIV viral sup-
pression [10]. Additionally, previous research has found that 
HIV-infected persons have higher levels of HAV viremia and 
take longer to clear the HAV virus [11]. These findings have 
implications from a public health perspective and may result 
in higher risk of transmission of HAV by HIV-infected per-
sons with acute HAV.

Hepatitis B

Given that HIV and HBV share routes of infection and 
there is a safe, effective HBV vaccine, proactive screening 
for HBV is essential [12, 13]. Worldwide, HBV is the lead-
ing cause of cirrhosis and hepatocellular carcinoma [14]. 
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There are estimated to be 1.25 million chronic carriers of 
HBV in the USA currently with approximately 5,000 attrib-
utable deaths annually [15, 16]. HBV is more efficiently 
transmitted by blood-borne exposure than HIV and can be 
shed in body fluids, such as saliva and sweat, which do not 
normally transmit HIV. While 90–95% of immunocompe-
tent adults will spontaneously clear HBV infection, clear-
ance rates are lower for HIV-infected persons. In US-based 
surveillance, coinfection is most common in MSM and 
injection drug users (5–10%), although reported in approx-
imately 4% of HIV-infected women, as well [17, 18].

HIV modulates the disease caused by HBV. The incidence 
of acute hepatitis is lower in coinfected patients, but chronic 
infection occurs more often in this population [19]. The lat-
ter point has been shown with decreased clearance of HBV e 
antigen in HIV-infected patients when compared with that of 
HIV-negative patients (12% vs. 49% clearance at 5 years) 
[20]. Furthermore, in prospective studies of MSM, coinfec-
tion with HIV and HBV was associated with a 15-fold 
increase in mortality when compared with HBV alone [21]. 
Additional data suggest that HBV accelerates the course of 
HIV infection; however, this finding has not been proven in 
larger epidemiologic studies [22, 23].

Hepatitis C

In the USA, HCV is the leading etiology for liver transplan-
tation [24]. An estimated four million Americans are cur-
rently living with chronic HCV infection and as many as 
75% are unaware of this chronic comorbidity [25, 26]. 
Parenteral transmission is the primary route for HCV trans-
mission. With the advent of screening of blood products in 
1985, the incidence of HCV declined precipitously and now 
injection drug use accounts for at least 60% of all incident 
HCV infections [27, 28]. Sexual transmission also occurs 
and there have been a number of recent reported outbreaks 
among MSM, specifically when other risk factors were also 
reported: coinfection with other sexually transmitted dis-
eases (STI)s, sharing drugs via anal or intranasal routes, 
unprotected anal intercourse, and certain anal–oral and anal–
hand contact during sexual encounters [29, 30]. Long-term 

studies have found that monogamous partners of HCV-
infected individuals have a slightly increased risk of acquir-
ing HCV although the overall rate remains quite low (1.5%) 
[31]. Perinatal transmission is rare but is higher for babies 
born to mothers coinfected with HIV and HCV [32].

Clearly, HIV-infected persons are at risk for coinfection 
with hepatitis viruses. With the success of current HIV treat-
ment strategies, HIV providers should aggressively screen 
for hepatitis coinfection, counsel patients on risk reduction 
strategies, and offer timely vaccination for HAV and HBV.

Laboratory Testing

A baseline assessment of liver function should be performed 
for all HIV-infected persons, including measurement of 
hepatic inflammation with transaminases, AST and ALT. 
While there are numerous other causes, a low platelet counts 
may indicate end stage liver disease. Similarly, low albumin 
or elevated international normalized ratio (INR)/partial 
thromboplastin time (PTT) may suggest impaired liver syn-
thetic function and warrants further evaluation.

The most recent guidelines from the HIV Medicine 
Association (HIVMA) and European AIDS Clinical Society 
are consistent in their recommendation to evaluate baseline 
liver function and hepatitis serologies at the initial visit for 
HIV care [33, 34]. Initial testing should include HAV anti-
body (anti-HAV total), HCV antibody (anti-HCV), HBV 
surface antigen (HBsAg), HBV core antibody (anti-HBc 
total), and HBV surface antibody (anti-HBs). This testing 
will identify the majority of patients with chronic HBV and 
HCV as well as those persons who are immune from HAV 
and HBV, whether from vaccination or past infection (see 
Table 17.2). Persons who are negative for HBsAg and anti-
body to HBsAg but positive for HBV total core antigen anti-
body should be screened for chronic HBV infection by 
determination of HBV DNA. HCV RNA should also be per-
formed in HCV-seronegative patients with a history of 
injection drug use or with unexplained increased serum 
transaminases, as approximately 3% of HIV-infected persons 
with undetectable HCV antibodies have chronic HCV infec-
tion [35, 36]. Persons who are seronegative for HAV and 
HBV should be offered vaccination (see section below). 
Baseline HCV Ab screening is a recommended performance 
indicator in the quality standards established by the two 
major authorities on quality of HIV care in the USA [9, 37]. 
In addition, the New York State AIDS Institute Guidelines 
recommend annual HCV screening for HIV-infected persons 
who are seronegative but have ongoing risky behaviors, i.e., 
injection drug use, MSM, and those with multiple sexual 
partners.

Table 17.1 Persons at increased risk of HAV infection
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Behavioral Prevention and Intervention

After completing serologic testing, care providers should 
review the results and interpretations with patients. All HIV-
infected patients should receive counseling about the modes 
of transmission for the hepatitis viruses, highlighting that all 
three can be transmitted sexually so safe sexual practices 
including consistent condom use remain a high priority to 
prevent acquisition of the hepatitis viruses. Specifically for 
HBV and HCV, patients should also be counseled about the 
risk for household transmission through shared use of tooth-
brushes and razors, and more importantly through sharing of 
drug using equipment, most notably needle-sharing but also 
intranasal drug paraphernalia (see Table 17.3). While the art-
istry of tattooing and body piercing remains a topic of debate, 
providers should also counsel patients of the risk for acquisi-
tion of both HBV and HCV, particularly when equipment is 
not sterile or tattoo dye is reused on multiple persons.

HIV care providers must use a risk reduction strategy to 
help patients improve their health [38]. The first step is hav-
ing an open discussion with patients about illicit drug as well 
as alcohol use. Data from the HIV Cost and Services 
Utilization Study cohort reports high prevalence of consump-
tion of alcohol (50%), cocaine or heroin (17%), amphet-
amines (15%), and marijuana or hashish (34%) [39]. 
Prescription drug use and heavy alcohol use were strongly 
associated with HIV risk behavior in a study of men who 
were clients at commercial sex venues, suggesting prevention 
efforts should be focused on misuse of  prescription and atypi-

cal drugs of abuse in addition to illicit substance [40]. 
Unfortunately, illicit drug users who are  living with HIV are 
often marginalized and fail to seek care due to poor socioeco-
nomic status and stigmatization. Furthermore, many persons 
will fail to disclose the use of illicit drugs given the perceived 
stigma [41]. Views on  personal privacy vary by gender, race, 
ethnicity, and age, so prevention messages must be adapted to 
accommodate  specific populations [42]. Therefore, routine 
screening and education with all patients will significantly 
reduce stigma and raise awareness only if tailored individu-
ally as is done with HAART therapy.

Substance Abuse Treatment

Ideally, all persons who use illicit drugs would be referred to 
a substance abuse treatment program and successfully com-
plete the program and remain drug-free. Unfortunately, nearly 
50% of patients decline substance abuse treatment (SAT) at 
the time of recommendation [43]. Women and persons with a 

Table 17.2 Hepatitis serologies

Hepatitis A Hepatitis B Hepatitis C

Sero- 
negative  
state

Acute  
HAV

Past HAV/
vaccination

Acute  
HBV

Inactive  
carrier

Occult 
infectiona

Chronic 
infection

Cleared 
infection Vaccination

Acute  
HCV

Chronic  
HCV

Cleared  
HCVb

HAV Ab IgG − − +
HAV Ab IgM − + −
HBV sAg − + + − + − −
HBV sAb − − − − − + +
HBV cAb IgGc − ± + ± + + −
HBV cAb IgM − + ± ± − − −
HBV eAg − + − − + − −
HBV eAb − − + − − + −
HBV viral load − + + + + − −
HCV Ab − ± + +
HCV viral load − + + −
a See the text for discussion of isolated HBcAb positivity
b An isolated HCV Ab with two negative HCV RNA tests separated by 6 months is most consistent with past infection. It may also reflect a false 
positive antibody which can be confirmed with a HCV recombinant immunoblot assay (RIBA) test
c Also referred to as HBV Total cAb

Table 17.3 Prevention strategies for intravenous drug users

– Refrain from sharing needles/paraphernalia
– Promote consistent condom use
– Reduce other risky sexual behavior



154 E.T. Overton and J.A. Aberg

history of injection drug use are more likely to participate in 
SAT. To be most successful, SATs must be combined with 
evaluation and treatment of psychiatric illness, specifically 
depression and anxiety. Furthermore, an assessment of com-
plicating factors such as housing, transportation, medication 
acquisition, and other needs can further facilitate a success-
ful SAT.

Given that many persons will refuse SAT, other risk reduc-
tion strategies are necessary, specifically for injection drug 
use. Intravenous injection provides the strongest drug effect 
and is also the most cost-effective for most drug users. 
Unfortunately, intravenous injection is also the most efficient 
means to transmit blood-borne pathogens such as HBV, 
HCV, and HIV. While the high rates of transmission are often 
reduced to blaming the risky individual, we must recognize 
that many factors contribute to transmission. These include 
but are not limited to the following: a lack of knowledge and 
awareness of the risk associated with injection drug use, lack 
of access to sterile injection drug equipment, the use of 
“shooter’s galleries” in which a drug dealer lends needles 
and syringes to multiple persons [44]. It is, therefore, incum-
bent on providers to identify persons at risk and educate them 
about risk reduction strategies.

Opioid Replacement Therapy

While some persons can successfully abstain from recur-
rence of use of illicit drugs through abstinence-based pro-
grams such as Narcotics Anonymous or other programs, 
opioid agonist therapy (OAT) with maintenance methadone 
or buprenorphine have proven very successful in the outpa-
tient setting [45]. Numerous studies of methadone mainte-
nance therapy have yielded successful results reducing the 
use of heroin and significantly reducing the transmission of 
HIV and hepatitis [46–48]. While there has been recent 
increased concern about methadone toxicity and attributable 
mortality, numerous studies have illustrated a 40–70% reduc-
tion in mortality with methadone maintenance compared to 
time periods before the institution of methadone programs 
[49, 50]. Given the concern for cardiac toxicity with metha-
done, many providers are using buprenorphine, a partial opi-
oid agonist to reduce heroin use [51, 52]. Head-to-head 
comparisons showed that long-term adherence was better 
with methadone but greater reduction of opioid consumption 
was reported with buprenorphine [53]. There is significant 
literature supporting both agents and providers are encour-
aged to refer patients for routine focused counseling when 
buprenorphine is given in the office-based setting. 
Unfortunately, for persons using amphetamines or cocaine, 
there are currently no effective pharmaceutical agents for 
replacement therapy. There are even fewer resources for 
those with prescription drug addiction.

Needle Exchange Programs

HBV and HCV have been demonstrated to remain viable in 
syringes stored at room temperature up to 8 months after 
inoculation and HIV may be recoverable up to 30 days (but 
generally 1–2 days) after inoculation [54, 55]. While disin-
fecting equipment using bleach can inactivate these viruses, 
trials have shown mixed results regarding reduction in HIV 
transmission [56]. Alternatively, needle [and syringe] 
exchange programs (NEP) can facilitate the use of sterile 
equipment for persons who continue to use injection drugs. 
The first NEPs were met with skepticism in Amsterdam in 
the mid-1980s but have since proven successful in both 
developed and developing countries [57, 58]. Ideally, NEP 
allow for the dissemination of education materials and other 
risk reduction strategies such as condom distribution, vacci-
nation, access to SATs, and other health services [38]. 
Numerous studies have illustrated the effectiveness of NEP 
and a recent cost-effectiveness analysis illustrated that wide-
spread NEPs in the USA would prevent 12,350 incident cases 
of HIV with a savings of 1.3 billion dollars in treatment costs 
for HIV alone [59]. Despite the widespread recognition of 
the success of NEPs, the restrictive legal apparatus of many 
countries has made the widespread uptake of this interven-
tion difficult in many settings [60]. An alternative approach 
is to utilize pharmacies as a resource for sterile needles and 
syringes although the benefits of other risk reduction efforts 
may be less emphasized and there is concern that some 
patients do not like this approach due to stigmatization or 
cost issues [61]. Some hospital- and community-based harm 
reduction programs prefer to distribute syringes/needles 
directly rather than exchange and also provide opioid over-
dose prevention supplies including naloxone.

Overview of Vaccination

The administration of preventive vaccines remains an impor-
tant preventive measure in the care of persons living with 
HIV. Current guidelines recommend all HBV seronegative 
HIV-infected persons receive HBV vaccination shortly after 
their initial visit [9, 33, 34, 62]. HAV vaccination is routinely 
recommended for all nonimmune HCV-coinfected patients, 
because of their increased risk of fulminant HAV, and for 
persons in high-risk groups, although some clinicians rou-
tinely vaccinate all HIV-infected persons regardless of HCV 
status [33, 62]. For the asymptomatic patient with a high 
CD4 cell count, these vaccinations are administered before 
initiating antiretroviral therapy (ART). Questions remain 
about the appropriate timing of vaccine administration with 
regard to current CD4 count, nadir CD4 count, level of HIV 
viremia, and administration of potent ART. If clinicians wait 
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until the plasma HIV RNA levels are undetectable or for 
CD4 counts to increase for persons presenting late to care, 
many patients may be at risk for infection with these pre-
ventable pathogens. The issue is complicated by the fact 
that HIV-infected persons respond poorly to vaccinations, 
with seroprotection rates ranging from 18 to 56% for HBV 
and 52 to 94% for HAV vaccine compared with greater than 
95% in HIV-seronegative adults [63]. This section reviews 
recent literature regarding hepatitis vaccine responses, the 
role of immune reconstitution and HIV virologic suppres-
sion on these responses, and the use of hepatitis vaccines by 
practitioners.

Hepatitis A Vaccination

Although the most recent Advisory Committee on 
Immunization Practices (ACIP) adult immunization sched-
ule recommends HAV vaccination for persons with chronic 
liver disease, those requiring clotting factors, certain occupa-
tional risk groups, travelers to endemic areas, and persons 
with specific behavioral risk factors (e.g., MSM and injec-
tion drug users), it does not specifically recommend vaccina-
tion for all persons with HIV infection [64]. Nevertheless, 
many providers offer HAV vaccination to their HAV-
seronegative patients regardless of risk factors because of the 
possible complications of acute HAV and given the preva-
lence of HAV seropositivity in HIV-infected populations 
(more than 20%) [65, 66]. Two recent articles specifically 
evaluated the poor response rates in adult HIV-infected pop-
ulations in the current ART era, and a third attempted to 
evaluate the role of immune reconstitution for HAV vaccine 
response [66–68].

In the first study, 334 HIV-infected, HAV antibody sero-
negative subjects received HAV vaccination [66]. Of those 
vaccinated, 133 subjects (50%) developed protective anti-
body after vaccination. Two thirds of the cohort was receiv-
ing ART at the time of vaccination. Although there was no 
difference among different CD4 cell count strata, responders 
had significantly lower HIV viral loads than nonresponders. 
By multivariate analysis, both low HIV viral load at time of 
vaccination and male gender were associated with a protec-
tive vaccine response. The second study evaluated HAV vac-
cine responses in 214 HIV-infected subjects with a 
seroconversion rate of 61% [67]. By univariate analysis, vac-
cine response correlated with the level of HIV viremia and 
current and nadir CD4 cell counts. By multivariate analysis, 
only higher current CD4 was associated with a response to 
vaccine.

Taken together, these studies suggest that response to 
HAV vaccine is less than optimal in HIV-infected persons 
and that immune status mediates the response, whether 
because of absolute number of CD4 cells or the level of HIV 

viremia. Clearly, the patient’s immune status should be 
 considered when vaccinating against HAV. Another study, 
from the Pediatric AIDS Clinical Trials Group, attempted to 
address this very question [68]. This study included 152 
HAV-seronegative HIV-infected youth with a median age of 
9.2 years (range, 2–21 years) who were on stable ART with 
a baseline median CD4 count of 830 cells/mm3 (median, 
32%). After two vaccine doses, 97% of the subjects serocon-
verted, although only 53% were considered to have devel-
oped a high antibody titer (>250 mIU/mL). A significantly 
higher proportion of subjects with high antibody response 
also had undetectable HIV viral loads. Of note, although 
seroconversion rates approached those of uninfected youth, 
the titers were lower in the HIV-infected subjects by a mag-
nitude of approximately two. Because of this lower peak 
antibody production, titers waned to below the level of pro-
tection in 10% of HIV-infected children by 12 months after 
vaccination. Overall, this study suggests that control of vire-
mia improves humoral responses to HAV vaccine. Whether 
the direct mechanism is mediated through absolute CD4 cell 
count, improved B-cell function, or reduction in viral loads 
remains to be fully elucidated. However, these studies sug-
gest that in persons with low CD4 cell counts, HAV 
vaccination should be deferred until immune reconstitution 
has occurred with CD4 cell count increases above 200 
cells/mm3.

Hepatitis B Vaccination

Numerous studies have demonstrated that HIV-infected 
persons do not respond optimally to HBV vaccination. 
Ungulkraiwit et al. [69] enrolled 65 HIV-infected subjects in 
a series of three injections with a double dose of HBV vac-
cine. At first vaccination, the mean CD4 cell count was 354 
cells/mm3; 88% of the cohort was receiving HAART, with 
75% having an undetectable HIV viral load. Unfortunately, 
only 46% of the vaccines responded. Response rates corre-
lated with younger age and higher CD4 counts. There was 
also a trend toward lower HIV viral loads in responders. 
Another recent study evaluated responses in 55 subjects 
observed at a single site in Brazil using a higher dose of HBV 
vaccine [70]. Overall, 59% of the subjects responded, and 
response correlated with higher CD4 cell counts and lower 
HIV viral loads. The third study compared standard (10 mcg) 
vs. high (40 mcg) doses of HBV vaccine in 79 HIV-infected 
individuals observed at a single site in Mexico [71]. Overall, 
61% of the subjects responded with no difference between 
the two arms. Mean CD4 counts were 225 and 245 cells/
mm3, respectively, and only 19% had HIV viral loads below 
the limits of quantification at time of vaccination.

Given that these studies confirm that our current 
approaches yield poor responses, researchers have looked 
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for alternative strategies. A small study from Canada evalu-
ated the use of four intradermal injections in 12 HIV-infected 
subjects who failed to respond to six doses of standard intra-
muscular vaccine [72]. By improving antigen presentation 
mediated through the Langerhans cells in the dermis, this 
strategy has yielded protection in non-responding health care 
workers and dialysis patients. Unfortunately, only 6 of the 12 
HIV-infected subjects responded, with one individual main-
taining protective immunity at 12 months. Therefore, this 
intradermal route of administration does not appear to be an 
effective strategy.

Use of higher dose HBV vaccine (40 mcg dose) is another 
alternative given the ACIP recommendations regarding dial-
ysis patients and other immunocompromised individuals 
[64]. Fonseca et al. [73] randomized 210 HIV-infected per-
sons to standard (20 mcg dose) vs. double dose (40 mcg 
dose) and reported a better seroconversion with the higher 
dose (47 vs. 34%, p = 0.07) [74]. This improvement was most 
noticeable for those with CD4+ T-cell counts 350 c/mm3 
(64 vs. 39%) and HIV viral loads <10,000 cp/mL (58 vs. 
37%). However, another trial comparing 10 vs. 40 mcg dos-
ing of HBV vaccine reported no differences in seroconver-
sion rates between the two strategies (61 and 62%, 
respectively) [71]. Still, more subjects who received the 
40 mcg dose developed HBsAb titers >100 mIU/mL. Sasaki 
et al. reported a seroconversion rate of 66% in 80 HIV-
infected age 18–35 years with CD4+ T-count >350 c/mm3 
who received the 40 mcg dose of vaccine [74]. Similarly, 
Overton et al. recently reported a 59% seroconversion rate 
with a 40 mcg dose of HBV vaccine [75]. While there is a 
trend to better responses with these higher vaccine doses, 
they remain below what is reported in immunocompetent 
individuals.

A second alternative strategy that has been pursued to 
improve antibody responses is the use of adjuvants. The for-
mulations of hepatitis vaccines that are currently approved 
by the Food and Drug Administration (FDA) are precipitated 
with alum (potassium aluminum sulfate) to form bulk vac-
cine adjuvanted with amorphous aluminum hydroxyphos-
phate sulfate or adsorbed onto the alum [76]. It is believed 
that the effective adjuvanticity of alum is a function of the 
degree of adsorption of antigen on the adjuvant, and this in 
turn is the basis of the depot theory. The aluminum adjuvants 
allow the slow release of antigen at the site of vaccine injec-
tion, prolonging the interaction between antigen and APCs 
and lymphocytes. Unfortunately, as noted above, HIV-
infected persons do not respond adequately to the currently 
available alum-adsorbed vaccines. Therefore, other adju-
vants are being evaluated.

One adjuvant that has shown promise in HIV-infected 
patients is CpG adjuvant, an oligodeoxynucleotide-
 containing immunostimulatory motif that directly activates 
B cells and plasmacytoid dendritic cells via toll-like receptors. 

Cooper et al. have recently published data from a random-
ized controlled trial of 36 HIV-infected subjects receiving 
40 mcg of HBV vaccine with or without this adjuvant [77]. 
Response was significantly greater in those receiving the 
novel adjuvant (85 vs. 40%) at 60 months after vaccination. 
These data were particularly intriguing given that the rate 
of response was similar to that in historical controls. 
Confirmatory results are expected from larger studies.

Other possible adjuvants have been evaluated. Two meta-
analyses have compiled data regarding the role of granulo-
cyte-macrophage colony-stimulating factor (GM-CSF) on 
immune responses to HBV vaccine. The first meta-analysis 
identified 187 patients with end-stage renal disease from 
seven different prospective trials. The odds ratio of having a 
protective response rate was 4.63 (95% CI, 1.42–15.14) for 
those receiving adjuvant GM-CSF [78]. Cruciani et al. [79] 
identified 734 subjects from 13 studies and also reported a 
benefit for GM-CSF, particularly in generating protection 
after the first dose of HBV vaccine.

This strategy has also been evaluated in HIV-infected sub-
jects with mixed results. Sasaki et al. [74] evaluated the effi-
cacy of a single 20 mcg dose of GM-CSF to augment response 
to double-dose HBV vaccine in 80 HIV-infected persons 
with CD4 cell counts greater than 350 cells/mm3 90% of who 
were on HAART. A significant increase in the development 
of hepatitis B surface antibody (HBsAb) was noted in the 
GM-CSF group (62%) vs. the placebo group (30%) after the 
second vaccine dose (p < 0.0074). One month after vaccina-
tion, 72% of the patients in the GM-CSF group and 60% in 
the placebo group developed protective titers that were sig-
nificantly higher in the GM-CSF group (645 vs. 375 IU/L; 
p < 0.01). These results suggest promise for the role of cytok-
ines in augmenting immune response to vaccination in HIV-
infected persons. However, a recent study from the AIDS 
Clinical Trials Group evaluating the use of higher-dose 
GM-CSF (250 mcg) with 40 mcg HBV vaccine administered 
at weeks 0, 4, and 12 weeks yielded differing results [75]. 
The overall response rate was 59% 1 month after completion 
of the vaccine series with no differences between the study 
arm who received GM-CSF and the vaccine only arm. 
Additional research is needed to clarify if there is a dose 
threshold for the use of GM-CSF as an adjuvant for HBV 
vaccination.

Issues with Isolated Hepatitis B Core Positivity

Screening for hepatitis serologies has become the standard 
of care for HIV care providers. As noted earlier, evidence of 
active or past coinfection with HBV is very prevalent in HIV-
infected patients. The pattern of HBV surface antigen nega-
tive-HBV core antibody (HBcAb) positive is also more often 
found in HIV-infected individuals. The question arises as to 
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whether this reflects cleared infection in the distant past, 
occult HBV infection, or a false-positive HBcAb assay. For 
a patient who is currently receiving HAART with HBV activ-
ity, it may be difficult to discern the actual meaning of iso-
lated HBcAb, although the presence of HBV e antibody 
(HBeAb) can confirm past infection; however, this test is not 
100% reliable as the HBeAb may wane and disappear over 
time. Several studies evaluated this issue and assessed the 
utility of HBV vaccination for HIV-infected subjects with 
isolated HBcAb.

The University of Pennsylvania’s Center for AIDS 
Research evaluated the prevalence of isolated HBcAb serol-
ogy in their database and identified 699 (59%) of 1,193 HIV-
infected subjects with this pattern [80]. To assess for occult 
HBV infection, 179 subjects were randomly selected to have 
stored serum sent for HBV DNA and 17 subjects (10%) were 
identified with occult infection. This number may actually 
underestimate the prevalence of occult HBV as 61% of HBV 
DNA-negative subjects were receiving more than one active 
agent against HBV. Detectable HIV viremia was associated 
with occult HBV, and the authors suggest that immune dys-
function may contribute to persistent low-level HBV replica-
tion. Of note, persons coinfected with HCV were less likely 
to have occult HBV, raising questions of either a false- positive 
result or the possible dominance of HCV over concomitant 
HBV infection.

Two additional studies also looked at the prevalence of 
this serologic pattern and its impact on HBV vaccination. 
Gandhi et al. [81] evaluated vaccine responses in 69 subjects, 
29 with isolated HBcAb and 40 with negative HBcAb. 
Isolated HBcAb serology was associated with HCV antibody 
positivity, male gender, white race, and elevated transami-
nases but not level of HIV viremia or CD4 cell count. An 
anamnestic response to a single booster dose of HBV vac-
cine occurred in only 16% of subjects overall; this result did 
not differ between the groups. Interestingly, the 50% of sub-
jects who were HBcAb positive–HBeAb positive had a sig-
nificantly higher anamnestic response than did isolated 
HBcAb-positive subjects (43 vs. 7%, respectively). The 
authors suggested that the former pattern likely represents 
past infection and thereby enhanced the vaccine response. A 
second study from Thailand found 28 of 140 patients (20%) 
with isolated HBcAb [82]. Risk factors for this pattern again 
included HCV antibody positivity and history of intravenous 
drug use. Only 2 of the 28 subjects (7%) had an anamnestic 
response to HBV vaccination.

Another study evaluated the perception of this serologic 
pattern among 40 HIV practitioners at a Chicago clinic with 
more than 4,500 HIV-infected patients [83]. Of 3,810 patients 
with complete HBV serology, 698 (18%) were found to have 
isolated HBcAb. Once again this pattern was more common 
in HCV antibody-positive than in HIV-monoinfected patients 
(36 vs. 13%). The majority of providers (77.5%) believed 

this pattern to reflect past infection with resulting immunity 
while the remaining providers (22.5%) believed that this rep-
resented occult HBV disease. Only six providers (15%) 
reported routinely vaccinating patients with this serologic 
pattern.

The authors of the two vaccine studies recommended 
additional research to evaluate the appropriate vaccine strat-
egy for this common serologic pattern. One approach at pres-
ent is to check quantitative HBsAb 2–4 weeks after a single 
dose of HBV vaccine and if an anamnestic response has not 
occurred, complete the three-dose series [62]. Alternatively, 
one could vaccinate these patients with the three-dose series 
and then check the HBsAb titer. The latter approach may be 
more practical as the anamnestic response was very poor in 
both studies and the additional vaccine doses will serve to 
boost immunity and yield higher protective HBsAb titers. 
Furthermore, having patients return for the 2- to 4-week visit 
may be impractical in the clinical setting.

Perceptions About Hepatitis Vaccination

As noted above, while providers are aware of risk factors for 
hepatitis coinfection, many still fail to adequately screen 
their patients for serologic evidence of hepatitis coinfection. 
In the current era of potent ART, providers must recognize 
the appropriate prevention measures for HIV-infected 
patients, whether those are age-appropriate cancer screen-
ings, behavioral modification, or disease-preventing vac-
cines. Several recent studies evaluated the perceptions of 
patients and providers of hepatitis vaccination and provider 
utilization of hepatitis vaccines and illustrated that we need 
appropriate medical education regarding vaccine-preventable 
diseases.

Ho et al. [84] interviewed 144 HIV-infected subjects at a 
single site in Brazil regarding receipt of several recom-
mended vaccines, including hepatitis B, influenza, pneumo-
coccal, and diphtheria/tetanus. Brazil’s National 
Immunization Program offers free vaccinations to all HIV-
infected persons, thus removing any financial burden related 
to vaccine administration. Overall, the cohort had a mean 
CD4 count of 443 cells/mm3 and 87% of the subjects were 
receiving ART, indicating that they were engaged in care. 
The subjects reported vaccine coverage as follows: 77% 
HBV vaccine, 55% pneumococcal vaccine, 36% diphtheria/
tetanus vaccine, and 24% influenza vaccine in the past 3 
years. Only 17% of the entire sample had received all appro-
priate vaccines.

A second study from the French Aquitaine cohort specifi-
cally evaluated patient and provider perceptions regarding 
HBV vaccination [5]. Almost all the physicians (93%) 
reported being vaccinated against HBV, whereas only 113 of 
512 HIV-infected patients (22%) reported HBV vaccination. 
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One of four physicians reported that they did not routinely 
perform HBV serologic testing, and only 23% reported that 
they evaluated patients with post-vaccination serologic test-
ing. Physicians reported the following reasons for failure to 
vaccinate: forgetting (78%), difficulty in identifying at-risk 
patients (44%), and concern regarding post-vaccination com-
plications (32%). Notably, a large majority of the HIV-
infected patients (82%) reported risk factors for HBV 
infection. Overall, vaccination coverage was suboptimal in 
this at-risk population, and the authors recommended devel-
oping educational campaigns for both patients and 
providers.

These reports on vaccination practices by HIV providers 
indicate that we are missing an opportunity to prevent viral 
hepatitis. These issues are important not only for the indi-
vidual patient but also from the public health perspective; 
universal vaccination could improve population immunity 
and assist in our progress toward elimination of hepatitis 
infections. Data from the CDC confirm that the incidence of 
acute HBV declined 94% among US children and adoles-
cents from 1990 to 2004, coinciding with the integration of 
HBV vaccine into routine childhood vaccinations [85, 86]. 
Two recent studies of intravenous drug user (IVDU) popula-
tions in the USA and the UK illustrate that vigilant HBV 
immunization programs are needed to reduce HBV in those 
high-risk populations as well. In a cohort of 831 IVDUs in 
San Francisco, only 22% of subjects had evidence of vac-
cine-induced immunity whereas 56% were naïve for all HBV 
markers and 21% had evidence of past or chronic infection 
[87].

The UK study evaluated trends regarding HBV infection 
among 31,913 IVDUs from 1992, when universal HBV vac-
cination was recommended by the World Health Organization, 
through 2004 [88]. Rates of HBV infection were cut in half 
from 1992, when 50% of IVDUs tested were HBcAb posi-
tive, to 1999, when only 25% of those tested were HBcAb 
positive. Unfortunately, the rates subsequently increased 
slightly, particularly among young IVDUs. Although these 
data illustrate that the current UK vaccination program focus-
ing on intravenous drug use as a risk factor has had a tremen-
dous impact, there is still progress to be made in terms of 
education and promotion of hepatitis vaccination.

Summary

In the current ART era, we expect the life span of HIV-
infected persons to approach that of those without HIV infec-
tion. Given this fact, addressing prevention issues is critical, 
whether we focus on cardiovascular risk factors or vaccine-
preventable diseases. In the Data Collection on Adverse 
Events of Anti-HIV Drugs (D:A:D) study, liver disease was 
the most common cause of mortality for HIV-infected per-
sons other than AIDS-related deaths [3]. Surprisingly, at 

CD4 cell counts above 200 cells/mm3, liver-related mortality 
was the single most important cause of death in this large 
cohort. Both HBV and HCV were significantly associated 
with increased mortality. These findings serve as a clear 
reminder of the importance of hepatitis prevention.

We recommend that all HIV-infected patients undergo 
hepatitis serology testing (HAV antibody total, HBV core 
antibody total, HBV surface antibody, HBV surface antigen, 
and HCV antibody) at baseline and then annually (if suscep-
tible) to monitor for incident infection. Given the concern for 
liver toxicity, we recommend vaccination against both HAV 
and HBV for patients who are seronegative for these viruses, 
even for those who do not fall into traditional risk groups for 
HAV. Persons with isolated HBcAb without occult HBV 
infection should also be offered HBV vaccination as outlined 
previously.

The current ACIP guidelines recommend the use of 
higher-dose (40 mcg) HBV vaccine for dialysis patients and 
other immunocompromised patients [64]. The revised US 
Public Health Service guidelines for opportunistic infections 
explicitly urge providers to vaccinate patients who have CD4 
cell counts above 350 cells/mm3 as early as possible [62]. 
For patients with more advanced disease, ART should be 
optimized to suppress HIV replication and increase CD4 cell 
counts to generate a better vaccine response.

To improve the likelihood of seroconversion, we recom-
mend the current two-dose series of HAV vaccine and a 
three-dose series of HBV vaccine using the higher, 40-mcg 
dosing used in dialysis patients. Care providers should evalu-
ate HBsAb and HAV antibody status after vaccination and 
perform annual quantitative HBV surface antibody assays. 
Patients who fail to develop protective antibody after com-
pleting the vaccine series may be offered a second vaccina-
tion series, although development of protection remains low 
and current strategies for these patients are inadequate. For a 
person whose titer wanes to below 10 IU/L, one should con-
sider administering a booster vaccine, as recommended for 
dialysis patients [64]. The role of adjuvants and other immu-
nomodulating agents to improve vaccine responses are cur-
rently under study and hopefully will enhance this preventive 
strategy.

Finally, frank discussion with patients about risk reduc-
tion strategies to avoid infection with viral hepatitis is also 
needed. With the recognition of high morbidity and mortality 
associated with liver-related diseases, it is imperative to 
counsel patients on avoidance of these life-threatening 
comorbidities.
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Introduction

The advent of antiretroviral therapy (ART) for treatment of 
HIV has significantly delayed HIV-related disease progres-
sion, allowing those infected to live longer without opportu-
nistic infections. To some extent, HIV has become a chronic 
disease requiring long-term treatment with multidrug regi-
mens. A probability model of the survival benefit of AIDS 
therapy in the USA demonstrated that the projected per-
person survival after a diagnosis of AIDS increased 13.3 years 
from 19 months with no available treatment to 14.9 years in 
2003 [1]. However, risks associated with ART pose chal-
lenges to patient care. Of particular concern is the potential 
for hepatotoxicity, especially in HIV-infected patients who 
may be at increased risk from liver injury due to underlying 
liver disease from causes such as viral hepatitis. Flares in 
aminotransferases, often interpreted as hepatoxicity in those 
on ART, may cause treatment discontinuation, appropriately 
in some cases but unnecessarily in others.

This chapter discusses the definition, mechanisms, diag-
nosis, and frequency of hepatotoxicity attributable to ART 
and reviews the added impact of viral coinfection.

Defining Hepatotoxicity

Hepatotoxicity is typically diagnosed when there are liver 
enzyme elevations in the absence of other causes of eleva-
tion, such as viral hepatitis, alcohol or drug abuse, immune 
reconstitution syndrome, or biliary tract disorders. Updated 
reference ranges for the upper limit of “normal” alanine 

aminotransferase (ALT) have been suggested: 30 U/L for 
men, and 19 U/L for women [2], corresponding to the 95th 
percentiles of ALT levels in a cohort of nearly 4,000 first-
time blood donors at low risk for liver disease. Although 
ALT is certainly one marker of liver injury, it is not suffi-
ciently sensitive or specific to define or categorize hepato-
toxicity, as it is found in tissues other than the liver [3].  
A commonly used grading scheme for hepatotoxicity in HIV 
was derived from the Adult AIDS Clinical Trials Group 
(AACTG) (Table 18.1) [4]. However, this scale implies a 
“normal” baseline value against which to assess transami-
nase abnormalities. In many patients with HIV, baseline 
values are above normal limits, often due to viral hepatitis 
coinfection. Thus, a modification to this scale was devel-
oped to measure fold-change from baseline, and it defines 
severe hepatotoxicity as grade 3 or 4 change in aspartate 
aminotransferase (AST) or ALT levels during treatment 
(only one enzyme elevation is needed to meet the hepatotox-
icity definition) (Table 18.1) [5].

More recently, the US Food and Drug Administration 
(FDA) released guidance for the pharmaceutical industry 
on evaluating drug-induced liver injury (DILI) in the post-
licensure context [6]. In this guidance, the FDA suggests that 
the most critical evaluation of potential for severe hepato-
toxicity is “Hy’s Law,” the moniker given to an algorithm 
that combines assessment of liver injury with altered liver 
function. Hy’s Law, derived from Hy Zimmerman’s obser-
vation that patients with ALT/AST elevations with concomi-
tant jaundice had a poor prognosis [7], is met by the 
following criteria:
 1. ALT or AST >3× ULN,
 2. Total bilirubin >2× ULN, and
 3. There is no other cause for these enzyme elevations.

In the context of drug trials, it is also important to con-
sider the frequency of ALT/AST elevations compared to the 
placebo or control group, and whether there are even higher 
elevations (e.g., >5× or 10× ULN or change from baseline) 
seen in the treatment group versus the control group.
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Mechanisms of ART-Associated Hepatoxicity

Mitochondrial Toxicity

Hepatotoxicity and lactic acidosis in patients treated with non-
nucleoside polymerase inhibitors (NRTIs) have been observed 
for nearly two decades, both preclinically [8–11] and clini-
cally [12, 13]. NRTIs inhibit HIV replication by incorporating 
into viral genetic material and acting as chain terminators. 
However, NRTIs are also able to inhibit human DNA poly-
merase  (pol- ), which is responsible for mitochondrial DNA 
(mtDNA) replication. This inhibition leads to mitochondrial 
dysfunction due to DNA depletion, along with the potential 
for mtDNA mutations, microvesicular steatosis, and oxidative 
stress [14, 15]. Evaluations of various NRTI compounds in 
HepG2 cells have demonstrated differing effects of various 
compounds on mitochondrial function. Walker et al. [12] ana-
lyzed effects of zalcitibine (ddC), didanosine (ddI), stavudine 
(d4T), lamivudine (3TC), and zidovudine (ZDV) and found 
that ddC, ddI, and d4T, in this order, had the greatest depletion 
on mtDNA, whereas 3TC had no effect. Similarly, when put in 
combination, 3TC–ZDV and ddC–d4T had the greatest effect. 
A separate study yielded comparable results: ddC, ddI, d4T, 
ZDV, and 3TC/abacavir (ABC)/tenofovir (TDF) decreased 
mtDNA levels in this order [16].

Recently, reports of mitochondrial toxicity manifested by 
pancreatitis, lactic acidosis and hepatic failure in patients 
coinfected with HIV and HCV receiving ddI plus ribavirin 
(RBV) or ddI/d4T and RBV, generated a review by the US 
FDA [17]. The Adverse Event Reporting System was ana-
lyzed for adverse events associated with both RBV and with 
approved NRTIs. Results demonstrated a significantly ele-
vated risk of mitochondrial toxicity in those taking RBV and 
ddI (OR, 12.4; 95% CI, 3.8–40.8) or RBV and ddI/d4T (OR, 
8.0; 95% CI, 2.9–21.9) compared with patients on RBV and 
other NRTIs. Fleischer et al. [17] hypothesized that the abil-
ity of RBV to facilitate phosphorylation of ddI to its active 
metabolite may at least partially explain this synergistic 
effect. These data led to a contraindication for RBV added to 
the ddI label in 2009 [18].

It should be noted that this toxicity may also affect 
newborns of HIV-infected mothers. Deleterious NRTI effects 
on placental mitochondria have been described [19]. However, 
it has also been suggested that the risks of mitochondrial tox-
icity remain small compared to the risks of mother-to-child 
transmission, and the balance falls in favor of the benefits of 
effective therapy at preventing horizontal transmission [20].

Direct Hepatotoxicity

Like many drugs and other chemicals, ART can induce direct 
liver toxicity. This may occur when polymorphisms in cyto-
chrome metabolic pathways are present and alter drug 
metabolism and exposure. For example, efavirenz (EFV) is 
metabolized by cytochrome P450 2B6 (CYP2B6), and vari-
ous polymorphisms have been associated with very high 
plasma levels of the agent [21–23]. In the double nonnucleo-
side (2NN) study of 1216 HIV-infected patients randomized 
to EFV or nevirapine (NVP) plus a double NRTI backbone, 
induction plasma concentrations of EFV appeared to be 
related to risk of liver enzyme elevations in the first 6 weeks 
of treatment [24]. Hepatocyte toxicity can also occur through 
activity of Fas ligand and tumor necrosis factor  (TNF- ), 
which trigger hepatocyte apoptosis and necrosis [25]. 
Proinflammatory cytokine expression and signaling may be 
increased in the context of HIV and HCV coinfection [26] 
and it has also been demonstrated that HIV may increase 
hepatocyte susceptibility to TRAIL-mediated apoptosis [27]. 
Although data linking specific ART agents or regimens to 
altered cytokine expression and resulting hepatotoxicity are 
sparse, assessing expression of genes regulating hepatocel-
lular apoptosis may help in early screening for potential 
hepatotoxicity.

Hypersensitivity Reactions

Hypersensitivity reactions are unpredictable immunological 
responses to drugs or other foreign agents and may or may 
not be mediated by dosage, route of administration, and 
duration of treatment [26, 28]. There are several ART agents 
that have known propensity to trigger hypersensitivity reac-
tions in the liver. NVP, for example, may result in rare but 
potentially fatal hepatic hypersensitivity reaction. Martin 
et al. reported that the interaction of haplotype HLA-
DRB1*0101 and higher CD4 cell count renders individuals 
susceptible to immune-mediated hypersensitivity reactions 
[29]. This is consistent with results from Shenton et al. [30] 
that suggest a CD4-mediated immune response to NVP, and 
also suggest that tolerance at low doses is due to hepatic 
metabolic tolerance rather than immune tolerance. Recently, 
SNPs in cytochrome genes CYP2B6 and CYP3A5 and the 

Table 18.1 ALT and AST elevations and hepatotoxicity grading

Grade Description
AACTG ALT or  
AST elevation

Modified ALT or  
AST elevation

0 <1.5× baseline
1 Mild 1.25–2.5× ULN 1.25–2.5× baseline
2 Moderate 2.51–5× ULN 2.6–3.5× baseline
3 Severe 5.1–10.0× ULN 3.6–5× baseline
4 Potentially  

life-threatening
>10.0× ULN >5× baseline

AACTG Adult AIDS Clinical Trials Group, ALT alanine aminotrans-
ferase, AST aspartate aminotransferase, ULN upper limit of normal
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transporter gene ABCB1 have been implicated in the 
potential for NVP hepatoxicity [31]. In ACTG 5095, NVP 
was substituted for EFV when an EFV-related adverse event 
occurred unless administration of NVP was contraindicated 
[32]. Grade 3/4 hepatotoxicity occurred in 14% of patients 
who switched compared to 6% in patients who did not 
switch; however, only three patients discontinued NVP 
because of hepatotoxicity. The incidence of hypersensitivity 
reactions leading to NVP discontinuation in the 3,752-patient 
AIDS Therapy Evaluation in The Netherlands (ATHENA) 
cohort was 6%; this manifested as hepatotoxicity in 1.5%, 
rash in 4.9%, and both in 0.2 [33]. Importantly, significant 
risk factors for hypersensitivity included prior treatment with 
high CD4 counts, Asian race, female sex, and detectable 
HIV viral load at the start of treatment. Race and sex differ-
ences may stem from variability of haplotypes or metabolic/
transporter gene SNPs in the study population.

The NRTI abacavir (ABC) may also cause a hypersensi-
tivity reaction that is characterized by rapid onset of rash, 
fever, gastrointestinal symptoms, and less frequently respira-
tory complaints. This reaction is known to be associated with 
the haplotype HLA-B*5701, with positive and negative pre-
dictive values of 100 and 97%, respectively [34, 35]. 
A recent, large, and prospective epidemiological analysis 
reported that HLA-B*5701 prevalence in Europe was 
approximately 5%, with the highest proportions in Caucasians 
and the lowest in those of Black race [36], consistent with 
the racial variability in reaction incidence observed in clini-
cal studies. The complex hepatic metabolism of ABC gives 
rise to several metabolites which, in the setting of the identi-
fied haplotype, may provoke a strong T-cell response. It is 
not often that ABC causes reactions in the absence of the 
offending haplotype, but cases of HCV-negative, HBV-
negative patients with severe hepatotoxicity after ABC initi-
ation have been described [37].

Steatohepatitis

Hepatic steatosis refers to accumulation of lipids within 
hepatocytes and is termed “nonalcoholic fatty liver disease 
(NAFLD)” in the absence of other identifiable etiologies 
such as excessive alcohol use, viral infections, drug or other 
toxicities, and autoimmune disease. Over 5% of hepatocytes 
must have evidence of fatty infiltration for NAFLD to be 
diagnosed [38]. Nearly 40% of patients with NAFLD will 
progress to nonalcoholic steatohepatitis, or NASH, which is 
characterized by inflammation and/or fibrosis and may result 
in end-stage liver disease, hepatocellular carcinoma, and 
death in 10–15% [39, 40]. As described above, antiretrovi-
ral-related inhibition of mitochondrial DNA synthesis by 

NRTIs may lead to hepatic steatosis and lactic acidosis, 
which in some cases may be fatal [41]. Steatohepatitis can 
also occur with use of protease inhibitors, which may lead to 
dyslipidemia and insulin resistance that results in triglycer-
ide accumulation in the liver [42, 43]. Both mechanisms of 
steatosis development may be facilitated by concomitant 
HCV infection, especially genotype 3 [44–46]. It is impor-
tant to note that although viral hepatitis and alcohol use may 
be predisposing factors, their absence does not preclude 
development of NAFLD or NASH, or even rapid progression 
to cirrhosis [47]. In a report of 225 HIV-monoinfected 
patients without a history of alcohol abuse, the prevalence of 
NAFLD was 37% [48]. Multivariable analysis of these results 
suggested that longer NRTI exposure was significantly asso-
ciated with NAFLD, along with male sex, waist circumfer-
ence, and high serum ALT/AST ratio. Other studies [49], 
though not all [46, 50] have reported similar trends.

Immune Reconstitution/Inflammatory Syndrome

An additional mechanism for ART-related hepatotoxicity is 
immune reconstitution/ inflammatory syndrome, which typi-
cally occurs with viral hepatitis coinfection. The immune 
response that follows successful ART initiation may be 
directed at viral antigens in the liver, resulting in cell death 
and release of aminotransferases. Several studies have dem-
onstrated a correlation between an increase in CD4+ count 
after ART initiation and ALT/AST flares [5, 51–53], and 
some of these studies demonstrated a concomitant increase in 
HCV viral load as well [52, 54]. Similarly, HBV-active ART 
initiation in those with HBV coinfection may result in ALT/
AST flares mediated by proinflammatory cytokines [5, 55]. 
Conversely, withdrawal of HBV-active ART such as 3TC or 
tenofovir (TDF)/emtricitibine (FTC) can result in HBV viral 
load rebound and severe transaminase flares [56, 57].

The challenge for patient management is to determine 
when a transaminase flare is truly reflective of hepatic injury, 
and when it is transient and clinically insignificant. In the 
case of HBV coinfection, treatment interruptions appear to 
exacerbate flares caused by immune reconstitution and may 
lead to increased HBV treatment resistance; thus, treatment 
should be maintained if the flare is not severe [57]. When 
concomitant HCV is present, transaminase flares should be 
evaluated for severity and in the context of increasing or 
decreasing HCV viral load. Many flares are mild-to-moderate 
and transient and do not require treatment modification. 
However, persistent HCV viral load increases may be sug-
gestive of immune pressure facilitating HCV quasispecies 
evolution and mutations that could adversely affect future 
HCV treatment response.
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Hyperbilirubinemia

Some ART agents, especially protease inhibitors, may cause 
unconjugated hyperbilirubinemia. It has been demonstrated 
that indinavir (IDV) competitively inhibits bilirubin UDP-
glucuronosyltransferase (UGT) activity, leading to increases 
in serum levels of unconjugated bilirubin [58]. The same 
mechanism has been observed for atazanavir (ATV) [59]. 
Presence of the Gilbert’s polymorphism in the UGT1 gene 
increases the risk of this event. Generally, this phenomenon 
is reversible upon withdrawal of the offending agent, and is 
not associated with hepatocellular injury or concomitant 
transaminase elevations. Grade IV hyperbilirubinemia is rare 
compared to lower elevations [60] and is typically associated 
with UGT1A1 polymorphisms [61]. A recent analysis of 
prospectively collected data from a cohort of more than 2,400 
patients suggested that higher baseline CD4+ counts, abnor-
mal bilirubin levels at baseline, and concomitant RTV use 
increase risk of grade 3/4 hyperbilirubinemia, while female 

sex and NNRTI use are protective [60]. Interestingly, HCV 
antibody positivity was not a predictive factor for hyperbili-
rubinemia in multivariable analysis in this study.

Incidence and Predictors of Hepatotoxicity

Incidence of hepatotoxicity varies significantly by therapeutic 
regimen and patient population, but including newer agents 
such as entry and integrase inhibitors, generally ranges 
between 2 and 26% for grade 3/4 transaminase elevations [52, 
62–68]. Steatosis incidence is difficult to assess due to a pau-
city of liver biopsy data from HIV trials but prevalence of ste-
atosis is highly variable, ranging from 13 to 69% [44, 49, 69].

Therapeutic classes, agents, and hepatoxocity mecha-
nisms and frequency are summarized in Table 18.2. Although 
the potential for hepatotoxicity is associated with every class 
of ART, novel FDA-approved agents such as the integrase 
and entry inhibitors appear to have relatively low hepatotoxic 

Table 18.2 FDA-approved therapeutic agents for HIV and hepatic toxicity incidence

Drug class/agent Typical toxicity mechanisms Incidence/prevalence

Nucleoside reverse-transcriptase  
inhibitors (NRTIs)
Abacavir (ABC)
Didanosine (ddI)
Emtricitibine (FTC)
Lamivudine (3TC)
Stavudine (D4T)
Tenofovir (TDF)
Zidovudine (ZDV)

Mitochondrial toxicity (especially ddC,  
ddI, and d4T, and especially ddI/D4T  
when combined with ribavirin)

Mitochondrial toxicity:
Incidence, 5–8.5% [45, 71, 72]

Steatohepatitis (HCV is an  
important cofactor)

Steatohepatitis:
Incidence, 20.9/1000 PY [73];
Prevalence of severe steatosis, 13% [49];
Prevalence of any steatosis, 67–69% [44, 69]

Hypersensitivity reaction (ABC) Hypersensitivity reaction: Incidence, 5–6% [35]

Nonnucleoside reverse-transcriptase  
inhibitors (NNRTIs)
Delavirdine (DLV)
Efavirenz (EFV)
Etravirine (ETV)
Nevirapine (NVP)

Direct hepatotoxicity (NVP, EFV;  
viral hepatitis is a significant cofactor)

Direct hepatotoxicity incidence:
8–16% [68];
1.26–2.63/100 PY [74];
3.6–7.6/100 PY [75];
1.3–2.1% [76];
18.5/100 PY–44.4/100 PY [77]

Hypersensitivity (NVP) Hepatic hypersensitivity: 1.5% [33]
Protease inhibitors (Pis)
Amprenavir (APV)
Atazanavir (ATV)
Darunavir (DRV)
Indinavir (IDV)
Lopinavir (LPV)
Nelfinavir (NFV)
Ritonavir (RTV)
Saquinavir (SQV)
Tipranavir (TPV)

Steatohepatitis
Immune reconstitution/inflammatory  
syndrome
Viral hepatitis exacerbation

Overall grade 3/4 transaminase elevations:
9–17% [68];
19–26% [66];
18% [67];
7–19.5% [52]

Hyperbilirubinemia (ATV, IDV) Hyperbilirubinemia:
~50% [60];
30–38% [66];
25% [78].
Grade 3/4 jaundice, 37% [61]

Integrase inhibitors
Raltegravir (RAL)

Liver enzyme elevations (LEE) Any liver enzyme elevation:
7.9% [70]
2.8–3/100PY [65]
Grade 3/4 LEE: 2–4.2% [63, 79]

Entry inhibitors
Enfurvitide (ENF)
Maraviroc (MVC)

Liver enzyme elevations (LEE) Grade 3/4 LEE:
6.5%, or 5.9/100PY (ENF in combination  
with TPV/RTV) [64]
3–5% (MVC in triple-class  
resistant patients) [62]



16718 Antiretroviral Therapy and Hepatotoxicity

propensity. Maraviroc and raltegravir both demonstrated 
transaminase elevations at rates comparable to placebo in 
clinical trials [62, 63, 65]. In a prospective observational 
analysis of 126 HIV-monoinfected and 92 HIV–HCV coin-
fected patients initiating raltegravir, 1.4% experienced grade 
3 or 4 ALT or AST flares [70]. The only independent predic-
tor of such elevations was HCV coinfection and no flares 
could be attributed to raltegravir.

It was recently demonstrated that coadministration of 
TPV/RTV with the fusion inhibitor enfuvirtide (ENF) 
increased plasma trough levels of both TPV and RTV [80]. 
This interaction was cited as the etiology for grade 4 transam-
inase elevations (including AST, ALT, and gamma-glutamyl-
transferase) in an HBV-coinfected patient with low HBV 
viral load and no evidence of cirrhosis or history of excessive 
alcohol use [81]. The authors posited that the hepatotoxicity 
was induced by increased TPV/RTV serum levels and rec-
ommended monitoring of TPV levels, TPV dose adjustment 
if necessary, and adjustment or discontinuation of RTV if 
TPV is coadministered with ENF. However, a subsequent 
subanalysis of the Randomized Evaluation of Strategic 
Intervention in multidrug resiStant patients with Tipranavir 
(RESIST) 1 and 2 studies, in which 22% of patients admin-
istered TPV/RTV and 18% of those receiving RTV-boosted 
comparator PI were on concomitant ENF, showed that grade 
3/4 ALT flares were lower in the TPV/RTV plus ENF arm 
compared to the TPV/RTV arm without EVF (6.5 and 12.9%, 
respectively, p < 0.05) [64]. The same trend was true for the 
comparator PI arm. The rate of clinically reported hepatic 
events was also lower in the TPV/RTV + ENF arm was 
lower than the TPV/RTV arm without ENF (5.9 vs. 9.3 
events/100PY), although rates were slightly higher in the 
RTV/PI arm with versus without ENF (3.9 vs. 2.9/100PY). 
Thus, while increases in TPV (and other PI) plasma concen-
trations may occur with concomitant ENF and RTV, this 
does not translate into increased risk of hepatotoxicity.

Several studies have examined predictors and risk factors for 
severe hepatotoxicity. A retrospective analysis of 16 AACTG 
trials, comprising nearly 9,000 HIV-positive patients treated 
between 1990 and 1999, assessed predictors of severe hepato-
toxicity and mortality from hepatic-related causes [82]. Subjects 
from each study were categorized by baseline treatment: single 
NRTI, multiple NNRTs, NRTI(s) plus NNRTI(s), and NRTI(s) 
plus PI(s). Overall, 9.3% developed severe hepatoxicity in the 
first year of treatment, although this decreased to 8.7% if IDV-
related hyperbilirubinemia was excluded. Liver-related deaths 
occurred in 0.9% of patients. Factors that were associated with 
risk of severe hepatoxicity for all regimens included elevated 
transaminases at baseline (NRTIs and NNTRIs), thrombocy-
topenia (single NRTI), concomitant medications with potential 
for hepatoxicity (NRTIs), and renal insufficiency (multiple 
NRTIs). For those on IDV (PI), risk factors included elevated 
baseline transaminases and bilirubin, concomitant d4T, other 
hepatotoxic medications, injection drug use, and abnormal 

baseline bilirubin. Hepatitis C infection was a strong predictor, 
but HBV infection failed to reach statistical significance, pos-
sibly due to small patient numbers. Conversely, in the HIV-
Netherlands Australia Thailand Research Collaboration 
(HIV-NAT) trials, nearly 700 patients were treated with two 
NRTIs and subsets were treated with a PI (n = 135) or NNRTI 
(n = 215) [77]. Both HCV and HBV coinfection (9 and 7% of 
the study participants, respectively) and NNRTI use as indepen-
dent predictors of severe hepatotoxicity

As elevated baseline transaminases are common in those 
with viral hepatitis coinfection, these were adjusted for in a 
400-subject study, of whom 15% were HCV+ and 8% were 
HBV+ [67]. After adjustment, viral hepatitis remained associ-
ated with an increased risk of hepatotoxicity with relative risks 
of 2.78 (95% CI, 1.50–5.16) and 2.46 (95% CI, 1.43–4.24) for 
HBV and HCV infection, respectively.

Although treatment for HCV is generally initiated only 
when HIV is controlled with ART, it is important to note that 
sustained viral response to HCV treatment may decrease 
hepatoxicity risk with ART for HIV. In one study, the annual 
incidence of hepatic events was statistically significantly 
reduced in patients who achieved SVR compared to those 
who did not (3.1 vs. 12.9%, respectively) [83]. Other factors 
associated with risk of hepatotoxicity included NRTI use 
(increased risk) and PI use (decreased risk).

Summary

Hepatotoxicity in the context of ART is complex and multi-
causal. Although some hepatic events are class effects, oth-
ers are agent-specific, rendering study comparisons difficult. 
In many cases, mechanisms underlying elevated transami-
nases are best identified by liver biopsy, which can be costly 
and difficult. Although novel agents appear to be relatively 
safe for the liver, patients with other forms of liver disease 
may be at increased risk and should be monitored for signs of 
hepatoxicity. Even in these patients, early ALT/AST eleva-
tions may resolve without clinical implications. New phar-
macogenomic methods may help identify patients at 
increased risk for hepatoxicity, and may also help in identify-
ing the safest new agents and optimal combinations of agents. 
Until then, the clear quality-of-life and survival benefits con-
ferred by ART continue to outweigh risks for most patients.
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Cirrhosis in HIV Patients

Liver disease is the second most frequent cause of death in 
HIV patients after AIDS, accounting for a greater proportion 
of deaths than cardiovascular disease or non-AIDS-related 
cancers [1]. The major contributor to end-stage liver disease 
(ESLD) in HIV-infected patients is the high rate of coinfec-
tion with hepatitis C virus (HCV) or hepatitis B virus (HBV), 
estimated at 30% and 10%, respectively [2]. Rates of both 
coinfections vary in the population depending upon the route 
and timing of transmission. Because individuals with HIV 
are living longer without AIDS and progression to cirrhosis 
is more rapid in patients with liver disease and HIV, ESLD is 
now common in HIV patients. Cirrhosis may be present in 
up to 15% of patients without any clinical findings, so called 
“silent cirrhosis” [3]. Serum ALT is not a good marker of 
ongoing liver disease and normal ALT has been shown to be 
associated with significant fibrosis in 25–40% of HIV–HCV 
coinfected patients [4]. On the positive side, introduction of 
highly active antiretroviral therapy (HAART) has reduced 
the risk of developing ESLD in those HIV patients with HCV 
coinfection [5] and therapy for HCV or HBV may halt or 
reverse progression of liver disease.

Cirrhosis and its complications in HIV patients should be 
managed as it is in HIV-seronegative patients (Table 19.1). 
All patients with cirrhosis should undergo upper endoscopy 
to evaluate for varices and should undergo routine screening 

for hepatocellular carcinoma (HCC). If Grade 2 or greater 
varices are found, primary prophylaxis with a nonselective 
beta blocker (propranolol or nadolol) should be initiated to 
decrease the heart rate by 10%. Lower doses of beta blockers 
are required to decrease splanchnic pressure than are used to 
decrease systemic blood pressure (e.g., propranolol 10–20 mg 
twice or thrice daily). If beta blockers cannot be tolerated, 
then band ligation is recommended.

HCC risk appears to be increased in HIV patients with 
cirrhosis [6, 7]. All patients with cirrhosis should be moni-
tored for HCC. Ultrasonography is recommended every 
6 months to 12 months (every 6 months in patients on the 
transplant waiting list), with quadruple-phase computed 
tomography (CT) used to confirm and further delineate 
abnormalities. The risk of HCC in cirrhotics is 1–4% per 
year and the doubling time of HCC tumors is estimated to be 
136 days. Alfa-fetoprotein (AFP) testing should be con-
firmed with liver imaging studies because of poor specificity 
and sensitivity. The utility of serum AFP for HCC screening 
in persons with HIV is unknown. Patients with HCC should 
be offered all conventional therapies including chemoembo-
lization and transplantation.

Decompensated Cirrhosis

Cirrhosis from any cause can progress to decompensated 
liver disease with the development of varices, ascites, hepatic 
encephalopathy, or synthetic dysfunction [low albumin, 
increased international normalized ratio (INR) and jaun-
dice]. It is estimated that 5–7% of patients with cirrhosis 
without HIV decompensate per year [8]. It is difficult to pre-
dict clinically which cirrhotic patients will progress, although 
an elevated hepatic venous pressure gradient (HVPG) of 
greater than 10 mmHg has been shown to be the best predic-
tor of decompensation [8]. This evaluation requires catheter-
ization of the hepatic vein with wedge pressure measurement 
and is not routinely performed in the clinical setting. 
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The clinical severity of cirrhosis predicts mortality: stage 1 
is compensated cirrhosis with absence of varices; stage 2 
compensated cirrhosis with varices; stage 3 decompensated 
cirrhosis with ascites but without hemorrhage; and stage 4 
decompensated cirrhosis and variceal hemorrhage with or 
without ascites. One year mortality in a large cohort of 
untreated patients was 1% in patients with stage 1 disease; 
increasing to 3%, 20% and 57% in those with stage 2, 3, and 
4, respectively [9]. The presence of varices on CT scan or 
upper endoscopy provides evidence of portal hypertension, 
as does a low platelet count with splenomegaly.

There have been a number of studies showing that time to 
cirrhosis and liver decompensation is shortened in HIV 
patients with liver disease. After the first evidence of liver 
decompensation in a group of patients with HIV–HCV coin-
fection, 54% survived 1 year, compared to 74% of those with 
HCV alone [10]. This increased rate of decompensation con-
tinued over time in HCV/HIV patients, with 40% and 25% 
surviving 2 and 5 years, compared to 61% and 44% survival 
in those with HCV monoinfection alone. Death due to ESLD 
is increased in those HIV patients with concomitant viral 
coinfection: 44% of those HIV patients with HBV and HCV 

coinfection died a liver related death; compared to 31% of 
those with HCV coinfection; 22% of those with HBV coinfec-
tion; and 1.2% of HIV patients without viral coinfection [11].

Tools used to assess disease severity and predict death in 
cirrhosis include the Child-Pugh-Turcotte (CPT) score and 
Model for End-Stage Liver Disease (MELD) score. The CPT 
score was developed in the 1970s to assess risk of death in 
cirrhotic patients, mainly in patients who received portacaval 
shunting. CPT utilizes both clinical assessment and labora-
tory values: grading of encephalopathy and ascites, serum 
albumin level, bilirubin level, and prothrombin time or INR 
(Table 19.2) [12]. Class A (CPT score 5–6) indicates well-
compensated cirrhotic disease, with Class B indicating 
milder decompensation (CPT score 7–9) and Class C indi-
cating the most severe decompensation (CPT score > 9). If 
there is elevated serum bilirubin in patients on HAART, 
direct and indirect bilirubin should be evaluated as hyperbili-
rubinemia can be due to atazanavir or indinivir. If only indi-
rect bilirubin levels are elevated, then the direct value for the 
CPT score is used. If both the direct and indirect bilirubin 
levels are elevated, then the total bilirubin level for the CPT 
score should be used. This scoring system was initially used 

Table 19.1 Monitoring of patients with cirrhosis and HIV

Test Outcome Treatment

Upper endoscopy Varices Nonselective beta blocker
No varices Repeat in 2 years

HCC surveillance: liver imaging every 6 months HCC Treat as for non-HIV patients
Ascites All patients require paracentesis Check ascitic albumin, protein

White cell count and differential
Place fluid in blood culture bottles

Check serum to ascites albumin gradient (SAAG) >1.1 Antibiotic prophylaxis
Spontaneous bacterial peritonitis PMN > 250 or positive culture Antibiotics for SBP

Ascitic protein < 1
MELD >9

Primary SBP prophylaxis antibiotics see text

After one episode of SBP Secondary SBP prophylaxis

Hepatic encephaolopathy Search for precipitating cause

Liver decompensation Evaluate for transplantation

HCC hepatocellular carcinoma, PMN polymorphonuclear cells, MELD model for end-stage liver disease, SBP spontaneous bacterial peritonitis

Table 19.2 Child–Pugh–Turcotte score

Points 1 2 3

Hepatic encephalopathy* None 1–2 3–4

Ascites Absent Slight or diuretic controlled Moderate (despite diuretics) or severe

Bilirubin (mg/dL) <2 2–3 >3

Albumin (g/dL) >3.5 2.8–3.5 <2.8

Prothrombin time <4 s prolonged 4–6 s >6 s

Or INR <1.7 1.7–2.3 >2.3

Child class: A: 5–6, B: 7–9, C: >9
INR international normalized ratio
* see table 19.3 for Hepatic encephalopathy staging
Note: If there is elevated bilirubin, check direct and indirect bilirubin. If only indirect bilirubin levels are elevated, use direct value for the CPT 
score. If both the direct and indirect bilirubin levels are elevated, use the total bilirubin level for the CPT score
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for determining severity of liver disease for liver transplant 
recipients. However, it is has been replaced by the MELD 
scoring system, which is less subjective and ulitizes only 
serum bilirubin level, INR, and creatinine level [13]. MELD 
was shown to predict 3-month mortality after transjugular 
intrahepatic portosystemic shunting (TIPS), and subsequent 
studies showed it to be a better predictor of survival of 
patients on the liver transplant waiting list than was the CPT 
score [14]. Since 2002, MELD score has been used to deter-
mine severity of disease on the liver transplantation waiting 
list. There is no correction for MELD in patients with uncon-
jugated hyperbilirubinemia.

Ascites

An increase in intrahepatic resistance in cirrhotic patients 
leads to portal hypertension, splanchnic and systemic vaso-
dilation, a reduction in effective arterial blood volume, acti-
vation of neurohumoral systems, and sodium retention with 
the development of ascites. All patients with ascites require 
a diagnostic paracentesis for analysis to evaluate for portal 
hypertension and to exclude spontaneous bacterial peritoni-
tis (SBP) [15, 16]. Portal hypertension is determined by mea-
suring the serum to ascites albumin gradient (SAAG); 
SAAG  1.1 mg/dL suggests that the ascites is secondary to 
portal hypertension. Lower values should precipitate a search 
for other etiologies including peritoneal tuberculosis and 
carcinomatosis.

Management of ascites includes sodium restriction (<2 g/
day) to alleviate fluid retention and diuretics [8]. Sodium 
intake can be checked by measuring sodium levels in the 
urine. If a patient reports no response to diuretics but has 
significant sodium in the urine, he/she is likely not adhering 
to a low-salt diet. The recommended starting diuretic regi-
men is spironolactone alone or in combination with furo-
semide (ratio of 40 mg furosemide: 100 mg spironolactone). 
Spironolactone increases serum potassium and furosemide 
reduces it, so the two drugs need to be used in balance to 
maintain normal serum potassium levels. The doses of 
spironolactone can be increased up to 300–400 mg as needed 
with concomitant increases in furosemide (60–80 mg twice 
daily) adjusting for serum potassium.

If these measures are ineffective, other interventions 
include large-volume paracentesis with albumin replacement 
and TIPS. With progressive decompensation, ascites may 
become refractory to diuretic. Treatment of refractory ascites 
usually requires large-volume paracentesis. For every liter of 
ascites removed, 50 cc of 25% sal-poor albumin must be 
given intravenously. Albumin or peritoneovenous shunting 
increases the effective arterial blood volume but peritone-
ovenous shunting is rarely used now because it has a high 
failure rate and complications. While TIPS leads to prompt 

drop in portal pressure, ascites may not reverse for 4–6 weeks. 
Thus, while portal hypertension is clearly important in the 
generation of ascites, reduction of portal pressure alone is 
rarely sufficient to induce prompt reversal of ascites, show-
ing the importance of neurohumoral factors. Although TIPS 
is associated with greater transplant-free survival than large 
volume paracentesis, it also has a much higher rate of hepatic 
encephalopathy [17]. The risk of hepatic encephalopathy 
reflects the shunting of blood away from the liver to the sys-
temic circulation permitting toxins and other substances 
from the gut that would ordinarily be metabolized by the 
liver to act as neurotoxins.

Spontaneous Bacterial Peritonitis

Spontaneous bacterial peritonitis (SBP) is the most common 
type of bacterial infection in hospitalized liver patients, with 
Escherichia coli being the most common pathogen [16]. 
Clinical suspicion is raised by unexplained encephalopathy, 
jaundice, or worsening renal failure. In less than 50% of 
cases, there is fever, abdominal pain or leukocytosis. The 
diagnosis of SBP requires paracentesis. A diagnostic para-
centesis removes 20–30 cc of ascitic fluid and places fluid in 
blood culture bottles and a CBC tube to measure the percent 
of polymorphonuclear cells (PMN) and to culture the ascites. 
Gram stain is not of value and fluid is more likely to produce 
a positive culture if placed in blood culture bottles [16]. The 
recommended initial treatment is cephalosporins, with 
adjustment based on results of ascitic fluid culture sensitivi-
ties. In SBP, renal dysfunction is a major cause of death. 
Administration of intravenous albumin has been shown to 
prevent hepatorenal dysfunction and subsequent death in 
patients who have a serum bilirubin level greater than 4 mg/
dL, serum creatinine level greater than 1 g/dL, or blood urea 
nitrogen level greater than 30 mg/dL [18]. Recurrence of 
SBP can be decreased by prophylactic treatment with antibi-
otics: ciprofloxacin, trimethoprim-sulfamethoxazole, or nor-
floxacin. Primary prophylaxis against SBP should be given 
in those patients with an ascitic protein level <1 g/dL, with 
oral antibiotics such as weekly ciprofloxacin (750 mg), daily 
TMP-SMX or norfloxacin (400 mg). Secondary antibiotic 
prophylaxis is recommended for all persons with a history of 
SBP and is advisable in any HIV patient with a MELD 
score > 9.

Esophagogastric Varices

Esophagogastroduodenoscopy (EGD) should be performed 
in all persons with cirrhosis at the time of diagnosis, particu-
larly those with thrombocytopenia and who have evidence of 
portal hypertension. If no gastroesophageal varices are noted, 
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EGD should be repeated every 2 years. For persons with 
grade 2 or higher varices, nonselective beta blockers (e.g., 
nadolol or propranolol) are used to decrease splanchnic pres-
sure. Effectiveness is assessed by decreasing the heart rate by 
10%. Nonselective beta blockers are the mainstay of both 
primary and secondary prevention of variceal hemorrhage. 
However, esophageal variceal ligation (EVL) or banding is 
another preventive option, particularly for persons who can-
not tolerate beta blockers.

Treatment of variceal hemorrhage includes antibiotics 
(which improve survival) and resuscitation aimed at achiev-
ing a hemoglobin level of 9 g/dL [8]. Factors associated with 
increased risk of death in the first 6 weeks after variceal 
bleeding include a MELD score of 18 or greater, the use of 
four or more units of packed red blood cells in the first 24 h, 
and active bleeding at endoscopy. Specific therapies for acute 
variceal hemorrhage include intravenous vasoconstrictors 
(e.g., somatostatin, terlipressin, octreotide) given for 2–5 days 
in an intensive care unit, though large randomized clinical 
trials have reported conflicting results in terms of improved 
survival. Endoscopic EVL to obliterate varices is the pre-
ferred treatment over sclerotherapy, which is associated with 
a higher risk of esophageal stricture. If these measures fail 
TIPS may be performed. TIPS has largely replaced surgical 
treatments such as selective splenorenal shunting. For pre-
vention of variceal recurrence, the combination of a nonse-
lective beta-blocker (e.g., propranolol) and EVL is superior 
to EVL alone, with a rebleeding rate of 12% observed with 
the combination versus 38% with EVL alone in one study 
[19]. Vasoconstrictors reduce splanchnic flow and splanch-
nic pressure disproportionately to their reduction of systemic 
blood pressure. The goal of TIPS or another shunting proce-
dure is to reduce portal pressure to <12 mmHg.

Hepatorenal Syndrome

Hepatorenal syndrome (HRS) results from renal vasocon-
striction which is characterized by decreased cortical flow 
and increased medullary flow in the kidney, leading to a 
marked reduction in effective arterial blood volume. Acute 
renal failure occurs in 14–25% of hospitalized patients with 
cirrhosis [8] with HRS the primary form of prerenal failure 
accounting for 60–80% of cases. To exclude a prerenal state, 
all patients should receive 48 h of fluid challenge (usually 
albumin) before the diagnosis of HRS can be made. Acute 
tubular necrosis accounts for the remaining 20–40% of cases 
of renal failure. There are two forms of HRS: a rapidly pro-
gressive type 1 which produces acute renal failure within 
2 weeks and is associated with a doubling of serum creati-
nine level or halving of creatinine clearance to <20 mL/min. 
Type I HRS is more common in those patients with refrac-
tory ascites, hyponatremia, or both, and carries a <50% survival 

at 1 month. Type 2 HRS is a more slowly progressing form 
characterized by an increase in serum creatinine level to 
greater than 1.5 mg/dL, creatinine clearance < 40 mL/min, 
and urine sodium level of less than 10 mEq. Type 2 HRS is 
often precipitated by excessive diuresis of patients who are 
diuretic resistant. It carries a median survival of 6 months. 
Treatment for Type I HRS consists of liver transplantation. 
In type 2 HRS associated some small studies have shown 
benefit with midodrine and octreotide in reversing vasodila-
tion and albumin to increase intravascular volume [20]. 
However, no controlled trials have demonstrated that this 
improves survival. In those patients with hyponatremia, 
treatment consists of fluid restriction and vasopressin-2 
receptor antagonists or midodrine. Hypertonic saline should 
not be used: patients with hyponatremia have normal levels 
of total body sodium with massive fluid overload, and hyper-
tonic sodium exacerbates the problem. Dialysis may be per-
formed in patients with type 1 HRS who are on the transplant 
waiting list. However, most patients require continuous ven-
ovenous hemodialysis in an intensive care unit because they 
usually have systemic hypotension and cannot tolerate inter-
mittent hemodialysis.

Hepatic Encephalopathy

Hepatic encephalopathy results from a combination of porto-
systemic shunting and failure to metabolize neurotoxic sub-
stances. The nature of these false neurotransmitters absorbed 
from the gut in the setting of liver dysfunction remains 
unclear after decades of research. Ammonia levels actually 
correlate poorly with stage of encephalopathy in cirrhosis. 
Early stage 1 encephalopathy may have subtle findings such 
as euphoria, fluctuating mild confusion, slowness of menta-
tion, slurred speech, sleep–wake disturbance, and loss of 
second language. The stages of encephalopathy are depicted 
in Table 19.3.

Hepatic encephalopathy can be precipitated by infection 
(e.g., urinary tract or SBP), gastrointestinal bleeding (with an 
increased protein load in the gut), electrolyte imbalance, por-
tal vein thrombosis, worsening liver disease, or shunting of 
blood away from the liver (as seen after TIPS). Treatment is 
aimed at reducing production of ammonia (and other toxins) 
from the colon through use of nonabsorbable disaccharides 
(e.g., lactulose, lactitol, lactose) and nonabsorbable antibiot-
ics such as neomycin and rifamixin; data indicate that rifa-
mixin is less absorbable than neomycin [21]. Patients with 
HIV may not tolerate lactulose because of already present 
diarrhea and benefit from therapy with zinc and rifaximin. 
Protein restriction is no longer recommended as it promotes 
protein degradation, may worsen nutritional status, and 
decrease muscle mass when maintained for long periods. 
A 40 g protein diet is recommended.
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Liver Transplantation

HIV Transplant Candidacy

The management of HIV patients who are undergoing liver 
transplantation requires close collaboration of hepatologist, 
surgeon, and infectious disease specialists because of the 
complexity of diagnosis, management, and drug–drug inter-
actions. All HIV-infected persons with decompensated liver 
disease and/or early HCC are potential candidates for ortho-
topic liver transplantation. This is because HIV infection is 
no longer a contraindication to organ transplantation with the 
use of effective HAART [22, 23]. Development of decom-
pensation such as ascites, variceal hemorrhage, or hepatic 
encephalopathy is associated with a median survival of 
1.5 years. Eligibility for transplantation is based on MELD 
score. Those patients with CPT score 7 and/or MELD score 
>10 should be referred for evaluation for liver transplanta-
tion. However, MELD underestimates the need for trans-
plantation in patient with chronic encephalopathy, hepatic 
hydrothorax, hepatopulmonary syndrome, and portopulmo-
nary hypertension and HIV patients may deteriorate at a 
lower MELD than non-HIV patients. For these patients, 
other options that should be considered include “higher risk” 
donors and living donors.

All HIV candidates for transplantation must fulfill standard 
requirements for non-HIV patients including absence of life-
threatening extrahepatic disease and ability to adhere to post-
transplantation care (Table 19.4). In addition, there are certain 
specific HIV exclusions which include progressive multifocal 
leukoencephalopathy (PML), chronic cryptosporidiosis, drug 
resistant fungal infections and visceral Kaposi’s sarcoma 
(KS). For listing for liver transplantation, CD4 counts are 
required to be at least 100/mm3. This is lower than required for 
renal transplantation because CD4 counts may be lower due to 
common occurrence of portal hypertension and hyper-
splenism. Patients who are unable to tolerate posttransplantation 

antiretroviral therapy (ART) medication have poorer outcomes 
and those patients with multidrug resistant HIV may not be 
candidates [23]. Determining posttransplantation HIV control 
is particularly difficult with the many patients coinfected with 
HIV–HCV who may be unable to tolerate HAART pre trans-
plant. In these patients, careful assessment by an infectious 
disease specialist is required, including HIV resistance testing 
to predict whether the patient will respond to HAART post 
transplantation. Significant wasting and/or malnutrition are 
additional relative contraindications to transplantation.

Posttransplantation Management

A summary of posttransplantation management in HIV 
patients is outlined in Table 19.5.

Immunosuppressive Strategies

The immunosuppressive regimens used following liver trans-
plantation in HIV infected recipients were originally chosen 
as a result of their antiretroviral qualities. The majority of the 
maintenance immunosuppressive regimens include a cal-
cineurin inhibitor [(CNI): Cyclosprin A (CSA)] and tacroli-
mus, mycophenolate mofetil, and steroids. The early 
utilization of lymphocyte depleting agents, most notably thy-
moglobulin, has been avoided in liver transplant recipients 
based on a rapid septic death in a HIV-positive liver trans-
plant recipient following treatment with thymoglobulin [23]. 
It is speculated that lymphodepletion associated with thymo-
globulin may exacerbate the compromised immune state 
associated with a recovering liver, and overwhelm the 
immune system in an HIV + recipient. Since early control of 
rejection can be achieved in liver transplant recipients with-
out lymphodepleting induction therapy, induction therapy is 
not recommended.

Table 19.3 Hepatic encephalopathy staging

Stage Mental state Tremor EEG

I Euphoria, occasionally depression, fluctuant mild confusion,  
slowness of mentation, untidy, slurred speech, sleep–wake  
disturbance

Slight
Increased reflexes

II Accentuation of stage I, drowsiness, inappropriate behavior Present, easily elicited Abnormal, generalized 
slowing

III Most of the time but can be aroused by vocal stimuli speech is  
incoherent and confusion is marked

Present if subject is cooperative Abnormal

IV, early Cannot be aroused by vocal stimuli but reactive to noxious  
stimuli

None Abnormal

IV, late Cannot be aroused by vocal stimuli and uncoordinated  
reactivity to noxious stimuli

None Abnormal

EEG electroencephalogram
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Both CSA and tacrolimus have a significant role in most 
immunosuppressive regimens in HIV-negative recipients and 
also have well-documented antiretroviral qualities. Despite 
their efficacy, both of these agents are nephrogenic and dia-
betogenic. These detrimental side effects can be exacerbated 
by antiretroviral regimens which include protease inhibitors 
(PI). PIs are diabetogenic, and may increase the risks of diabe-
tes associated with both tacrolimus and CSA. Most liver trans-
plant centers in the USA favor tacrolimus over CSA as the 
CNI of choice in the majority of liver transplant recipients. 
Unfortunately, the diabetogenicity of tacrolimus is probably 
greater than CSA, and CSA may be chosen in recipients that 
are at a high risk for developing diabetes. Perhaps the great-
est problem is the inhibition of the cytochrome p450 3A4 
(CYP3A4) system in HIV-positive recipients that are on 

HAART regimens that include PIs. Owing to this inhibition, 
patients on PI and CSA required only 20% of the dose given 
to recipients that do not have a PI as part of the HAART regi-
men. For subjects on tacrolimus or sirolimus, the dose was 
markedly decreased and the dosing interval was increased up 
to fivefold [24]. There is no question that recipients on 
HAART regimens which require HAART require close mon-
itoring. Despite the recognition that HIV infected trans-
planted recipients require significantly lower doses of CNI if 
their regimen includes a PI, a significant number of patients 
have developed toxic CNI levels, which in turn have been 
associated with nephrotoxicity [23]. For all these reasons, 
there is some consideration to switching antiretroviral regi-
mens if they include a PI, to HAART regimens which avoid 
PIs (see Section “HAART Strategies” below).

Table 19.4 Candidacy for liver transplantation in HIV patients with end-stage liver disease

Indications Standard criteria as for non-HIV patients
CD4  100/mm3

Deemed able to tolerate HAART post transplantation
Stable HIV disease
HIV expertise in primary medical provider
HIV undetectable is ideal. If patient off HAART, HIV must be predicted to be controlled post transplantation
Compliance with HAART and transplant regimens

Contraindications Progressive multifocal leukoencephalopathy
Chronic cryptosporidiosis
Drug-resistant fungal infections
Visceral Kaposi’s sarcoma
Multidrug-resistant HIV
Substance use per transplant program policy
Malnutrition and wasting

HAART highly active antiretroviral therapy

Table 19.5 Posttransplant management of HIV patients

HBV coinfection

HCV coinfection
HAART

Immunosuppression

Immunization

Prophylaxis Pneumocystis carinii
3

Malignancy screening

CNI calcineurin inhibitors, PI protease inhibitors, MAC Mycobacterium avium complex, HAART highly active antiretroviral therapy, HCV 
hepatitis C virus, CMV cytomegalovirus, HBV hepatitis B virus, NNRTI nonnucleoside reverse-transcriptase inhibitors, OLT orthotopic liver 
transplantation
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Another immunosuppressive agent which may have a 
special place in regimens used in HIV + recipients is siroli-
mus, a target of rapamycin (TOR) inhibitor and antiprolifera-
tive agent [25]. This drug has less nephrotoxicity than CNI, 
and is less diabetogenic than CNIs. Since sirolimus also 
downregulates the CCR5 receptor on lymphocytes, the entry 
port for HIV, it may prevent the virus from entering the cell 
[26]. Finally, sirolimus inhibits vascular endothelial growth 
factor and is effective in the treatment of KS, which is an 
HHV-8 derived opportunistic neoplasm and can be problem-
atic in people infected with HIV [27]. For all these reasons, 
sirolimus is utilized in several HIV-infected recipients in the 
absence of any CNI.

HAART Strategies

In the early trials of transplantation in HIV + recipients, 
immunosuppression did not cause progression of HIV to 
AIDS [28]. Since HIV + patients in all clinical trials have had 
well controlled HIV on a stable HAART regimen, clinicians 
have been reluctant to change the stable antiretroviral regi-
men which was controlling progression of HIV. Nonetheless, 
based on the problems obtaining safe and adequate levels of 
CNI inhibitors in people on HAART regimens which include 
PIs, there has been a debate about switching HAART regi-
mens pretransplant and provide PI-free regimens. Some cen-
ters have been using HAART regimens that use the new 
integrase inhibitors and exclude PIs [29]. In fact, these cen-
ters are reporting lower rejection rates in HIV-positive trans-
plant recipients, which in turn may be related to more stable 
CNI drug levels in patients which have been switched off of 
the PI based regimens. The debate to switch to PI free regi-
mens pretransplant remains controversial, although many 
transplant centers appear to be leaning in the direction of 
switching to PI free HAART regimens pretransplant.

During the posttransplantation period, the HIV-positive 
liver transplant recipient may develop several of the toxici-
ties associated with HAART, including hepatotoxicity and 
neuropathies. If the HAART regimen is suspected to be 
involved with the toxicity, it is imperative that all drugs of 
the HAART regimen be discontinued temporarily without 
risk and to avoid the development of HIV drug-resistance. 
Following resolution of the toxicity, a new antiretroviral reg-
imen can be initiated based on recommendations from the 
HIV provider.

HBV and HCV Management Post Transplantation

HBV–HIV coinfected patients have similar patient and graft 
survival to with HBV mono-infection [30]. This success can 
be attributed to the ability to control the HBV coinfection 

post transplantation with combination nucleoside analogs 
and HBV immune globulin. The fact the both patient and 
graft survival in liver transplants performed in HBV–HIV 
coinfected recipients is comparable to HBV monoinfected 
recipients is really the proof that liver transplantation can be 
performed safely in people infected with HIV, as long as the 
viral hepatitis can be controlled post transplantation.

Unfortunately, the same success observed in the HBV–
HIV coinfected liver transplant recipients has not been seen 
in the HCV–HIV coinfected transplant recipients [23, 31]. 
Rapid recurrence of HCV has been problematic in all patients 
transplanted for HCV, but there is no question that recipients 
with HIV–HCV coinfection have a higher morbidity and 
mortality than those with HCV monoinfection. Nonetheless, 
there have been some HCV–HIV coinfected patients who 
have done extremely well and cleared HCV with interferon 
therapy post transplantation. In addition, a few HCV–HIV 
coinfected patients have cleared HCV spontaneously. It is 
possible that some of the antiretroviral drugs may impact 
HCV. Some transplant centers prefer the use of CSA in main-
tenance regimens over tacrolimus, in that CSA has both anti-
HCV and anti-HIV properties [32]. As with monoinfected 
HCV liver transplant recipients, bolus steroids should be 
avoided in the treatment of rejection in light of the exacerba-
tion of HCV which has previously been reported [33]. The 
future for newer agents to control HCV post transplantation 
is very promising, and hopefully the HIV–HCV liver coin-
fected liver transplant recipients will enjoy the same degree 
of success as the HIV–HBV coinfected recipients.

Opportunistic Infections and Malignancies Post 
Transplantation

Transplant recipients infected with HIV are susceptible to 
cancers specific to HIV as well as cancers associated with 
immunosuppression [23]. As is done in HIV-uninfected liver 
transplant recipients, HIV-positive recipients should receive 
prophylaxis for cytomegalovirus, fungal infections, and 
Pneumocytys carinii pneumonia. If CD4 counts drop below 
75 cell/ l, HIV + recipients should also receive prophylaxis 
for Mycobacterium avium complex. KS and non-Hodgkin’s 
lymphoma have been associated with AIDS, but fortunately 
have not been seen with a high frequency in the early stud-
ies. Although de novo cutaneous KS has been seen in a 
couple of posttransplantation HIV-infected transplant recip-
ients, it has been very effectively treated with rapamycin 
[27] (see Section “Immunsuppressive Strategies”, above). 
Unfortunately, the human papillomavirus (HPV) and associ-
ated anal and cervical cancers may be problematic in HIV-
positive transplant recipients. Patients with low-grade cellular 
abnormalities have progressed to anal cancer following liver 
transplantation and immunosuppression. The University of 
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California–San Francisco (UCSF) screening guidelines 
 recommends that these patients should be screened with PAP 
smears of the cervix and anal canal on an annual basis.

Summary

HIV-positive patients with cirrhosis should receive the same 
management and prophylaxis as cirrhotic patients without 
HIV. This usually requires comanagement by HIV provider 
and hepatologist. Early referral for liver transplantation is 
critical to allow HIV patients to be evaluated for optimal tim-
ing of liver transplant. HBV–HIV coinfected patients have 
similar posttransplantation survival to those with HBV alone 
as recurrent HBV infection is generally well controlled with 
combination nucleoside analogs and HBV immune globulin. 
Recurrent HCV infection remains a difficult problem in all 
patients transplanted for HCV, but those with HIV–HCV 
coinfection have a higher morbidity and mortality than those 
with HCV monoinfection. Some successes are noted and 
there is hope with newer direct acting antivirals will achieve 
higher clearance rates of HCV infection before and post 
transplantation. Immunosuppressive treatment for transplan-
tation in HIV patients is complicated with the use of multiple 
drugs, especially HAART, provided by many physicians. For 
this reason, close collaboration between HIV physicians and 
transplant physicians is necessary to avoid drug interactions 
that pose especial risks for organ rejection and calcineurin 
toxicity.
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Introduction

Throughout the world, alcohol and substance use can be 
described as vectors of HIV infection. Transmission of HIV 
related to alcohol and substance use may be direct or indi-
rect. Direct transmission of HIV comes through the sharing 
of needles or other “works” among injection drug users 
(IDUs), or through exposure to blood by other means, such 
as sharing a contaminated straw used for intranasal inhala-
tion of cocaine. Indirect transmission occurs when substance 
users, often while under the influence of the substance, 
become vulnerable to unsafe practices, such as trading sex 
for drugs or money to get drugs, failure to use condoms or 
safer sex practices, or failure to maintain stable relationships, 
thus increasing the number of sexual partners, about whom 
they may know very little.

Furthermore, alcohol and substance use and their seque-
lae are significant factors reducing adherence to treatment 
[1, 2]. Patients who are actively using may be vulnerable to 
fail to come for appointments, to not remember to take medi-
cine, to beliefs about not wanting to take medicine while 
under the influence and thus having erratic dosing, and to 
adherence lapses due to experiencing other negative conse-
quences of use, such as arrest or intermittent homelessness. 
The Healthy Living Trial Group found almost a third of their 
sample to be intermittently homeless over a 37-month period 
[3]. It is imperative that providers working with patients with 
substance-use disorders understand the larger picture of the 
patients’ lives and how substance use has figured into the 
equation.

Among patients with HIV infection, alcohol- and substance-
use disorders of all kinds are found in high prevalence. In a 
point prevalence study at the Johns Hopkins University HIV 
(Moore) Clinic, substance-use problems were identified in 
74% of patients presenting for initial HIV treatment [4]. In a 
more recent study performed by the National Institute of 
Mental Health (NIMH) investigating acute/early HIV infec-
tion, 85% of participants had a history of alcohol or sub-
stance-use disorder [5]. Hearing this prevalence may lead 
some to make various assumptions about the population of 
patients with HIV infection (“they all use drugs, share nee-
dles, smoke crack,” etc.), the overall drug problem in major 
cities, or the rationale of use (“if I had that infection, I’d use 
too,” etc.). The point of this statement is to entreat the prac-
titioner to overcome the urge to make assumptions, and to 
rather ask the question “What kinds of people and problems 
went into making up those high point prevalences, and how 
can I assess my patients to see if they have similar issues for 
which I might intervene?”

Definitions of Alcohol and Substance-Use 
Disorders

For the purpose of discussion, it is useful to begin with defi-
nitions of the various types of substance-use problems and 
disorders with which patients may present. First among these 
is substance misuse. Misuse occurs when a patient uses a 
psychoactive substance for a purpose other than its intended 
purpose. An example of this is the use of leftover narcotic 
prescription tablets to attempt to alleviate insomnia on some 
occasion. This type of problem is of unknown prevalence, 
but suspected to be very high. It may be the topic of discus-
sion for providers and patients, generally in the form of 
admonitions against self-assessment and treatment, but for 
the purposes of this chapter, it is outside the scope of further 
discussion.
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The second type of disorder is substance abuse. This term 
may be somewhat confusing, since it is improperly used in a 
general way to describe any and all substance problems, 
most often by the media, legislators, administrators, but even 
on occasion by experts in the field. However, substance abuse 
relates specifically to continued use of a substance despite 
the experience of adverse consequences. An example is con-
tinuing to drink alcohol to excess despite arrests for driving 
under the influence, loss of job, and damage to a relationship. 
Individuals with substance abuse may or may not be using 
every day, and may also have substance dependence.

Third, substance dependence is a disorder that requires 
either the development of tolerance to a substance, or the 
development of a physical withdrawal syndrome when the 
substance use is stopped, or the steady increase in devotion 
of life of the individual to the thinking about the substance, 
planning for its use, obtaining funding for the substance, 
obtaining the substance, using the substance, being under 
the influence of the substance, withdrawing from the sub-
stance, and starting the cycle over. While the first two crite-
ria may not be easily demonstrable for all substances 
(tolerance to cocaine is less clear than for opiates, for exam-
ple, and some argue there is no physical withdrawal syn-
drome for cocaine), the third criterion really describes the 
process of selective behavior shaping by a series of positive 
and negative reinforcements, and thus describes a patient 
with a narrowly proscribed set of behaviors that incremen-
tally preclude the healthy expression of a wider variety of 
behaviors.

Last among the definitions for this discussion is addic-
tion. Politically charged, and with good reason, addiction 
describes those individuals who have become enslaved to 
the substance to the point of utter devastation of life. While 
much of the present literature is either moving away from 
using the term or applying it to a wider range of behaviors 
(such as sex, eating, video games, or work) which may be 
diluting the impact of the term, it is a powerful word that is 
well known to those who suffer from it. Addicts will describe 
to providers, when asked and as part of a trusting, commit-
ted provider-patient relationship, behaviors that seem over-
whelmingly irrational, such as injecting water from the toilet 
based on the belief that some cocaine powder was spilled 
into the toilet while using in a restroom stall. The above 
clinical terms simply lack the emotional power to describe 
this, and while the provider may document the above as part 
of a substance dependence diagnosis, the therapy will center 
on the addiction. The proper use of this word, however, 
requires a level of professionalism and education that will 
endeavor to stigmatize the behavior and not the patient, 
helping the patient to recognize his or her loss of identity to 
the enslaving substance so that the patient can increase his 
or her power to choose other behaviors and, ultimately, 
outcomes.

Assessment of Patients for Alcohol  
and Substance-Use Disorders

Probably the most important factor in the assessment of 
patients for alcohol- and substance-use disorders is a high 
index of suspicion on the part of the clinician. While it is not 
suggested that the clinician automatically assume all patients 
are actively using and/or lying about use, it is useful for clini-
cians to begin thinking about each patient as if she/he may be 
using so that an assessment may be undertaken and therapeu-
tic decisions based on fact, rather than assumption. Many 
clinics choose to administer screening tools to all patients. 
Among these are the CAGE questionnaire [6] (tried to Cut 
back, Annoyed by questions about use, Guilt over use, need-
ing an Eye-opener in the morning) for alcohol use and the 
28-item Drug Abuse Screening Tool (DAST) [7] for other 
substances (see Table 20.1). Once a patient “screens posi-
tive,” a full assessment is recommended to the patient. 
Another approach is administering the Addiction Severity 
Index (ASI) to all patients [8]. This may be useful, as the ASI 
can be readministered as indicated to track change over time. 
Screening tools used in the recovery community to help a 
patient identify if they have alcohol or substance addiction 
include pamphlets such as “Is AA for you?” from Alcoholics 
Anonymous (see Table 20.2) and “Am I an addict?” from 
Narcotics Anonymous (see Table 20.3).

This difficulty with assessment for substance-use disor-
ders stems from the willingness of the patient to acknowledge 
the problem and begin the process of change. The stages of 
change model, first described by Prochaska and DiClemente 
[9] is a useful theoretical construct for understanding how 
people move through the process of changing behavior. In 
this model, individuals begin in the precontemplative stage, 
in which there is no recognition of the problem, no desire to 
change and no activity in the direction of change, except by 
chance. The next stage is the contemplative stage, in which 
individuals are recognizing a problem or potential to change, 
beginning to think about the steps of changing, and, as they 
progress, trying out new behaviors in line with the proposed 
plan of changing. From this stage, people move to the active 
stage, where the individual is practicing new behaviors in a 
concerted effort, finally moving to a “whatever it takes” atti-
tude. These stages of course are not static and concrete, but 
rather represent a continuum over which people move gener-
ally in the direction of change, but perhaps in a halting, erratic, 
meandering or “three-steps-forward-and-two-back” way.

Understanding this theoretical process is useful to the clini-
cian, as it helps to explain why patients may or may not be forth-
coming about details of alcohol or substance use. As a tool to 
help patients move forward on the process of change while gath-
ering necessary information, a technique called Motivational 
Interviewing was described by Miller and colleagues [10, 11]. 



18320 Assessment and Treatment of Alcohol- and Substance-Use Disorders in Patients with HIV Infection

Table 20.1 DAST items [7]

1. Have you used drugs other than those required for medical 
reasons?

2. Have you abused prescription drugs?
3. Do you abuse more than one drug at a time?
4. Can you get through the week without using drugs (other than 

those required for medical reasons)?
5. Are you always able to stop using drugs when you want to?
6. Do you abuse drugs on a continuous basis?
7. Do you try to limit your drug use to certain situations?
8. Have you had “blackouts” or “flashbacks” as a result  

of drug use?
9. Do you ever feel bad about your drug abuse?

10. Does your spouse (or parents) ever complain about your 
involvement with drugs?

11. Do your friends or relatives know or suspect you abuse drugs?
12. Has drug abuse ever created problems between you and your 

spouse?
13. Has any family member ever sought help for problems related to 

your drug;se?
14. Have you ever lost friends because of your use of drugs?
15. Have you ever neglected your family or missed work because of 

your use of drugs?
16. Have you ever been in trouble at work because of drug abuse?
17. Have you ever lost a job because of drug abuse?
18. Have you gotten into fights when under the influence of drugs?
19. Have you ever been arrested because of unusual behavior while 

under the influence of drugs?
20. Have you ever been arrested for driving while under the influence 

of drugs?
21. Have you engaged in illegal activities in order to obtain drugs?
22. Have you ever been arrested for possession of illegal drugs?
23. Have you ever experienced withdrawal symptoms as a result of 

heavy drug intake?
24. Have you had medical problems as a result of your drug use (e.g., 

memory loss, hepatitis, convulsions, bleeding, etc.)?
25. Have you ever gone to anyone for help for a drug problem?
26. Have you ever been in hospital for medical problems related to 

your drug use?
27. Have you ever been involved in a treatment program specifically 

related to drug use?
28. Have you been treated as an out-patient for problems related to 

drug abuse?

Scoring and interpretation: A score of “1” is given for each YES 
response, except for items 4, 5, and 7, for which a NO response is 
given a score of “1.” Based on data from a heterogeneous psychiatric 
patient population, cutoff scores of 6 through 11 are considered to be 
optimal for screening for substance-use disorders. Using a cutoff score 
of 6 has been found to provide excellent sensitivity for identifying 
patients with substance-use disorders as well as satisfactory specific-
ity (i.e., identification of patients who do not have substance-use dis-
orders). Using a cutoff score of <11 somewhat reduces the sensitivity 
for identifying patients with substance-use disorders, but more accu-
rately identifies the patients who do not have a substance-use disor-
ders. Over 12 is definitely a substance abuse problem. In a 
heterogeneous psychiatric patient population, most items have been 
shown to correlate at least moderately well with the total scale scores. 
The items that correlate poorly with the total scale scores appear to be 
items 4, 7, 16, 20, and 22

Table 20.2 The 12 questions have been excerpted from the pamphlet 
“Is A.A. for you?”

1. Have you ever decided to stop drinking for a week or so, but only 
lasted for a couple of days?

2. Do you wish people would mind their own business about your 
drinking – stop telling you what to do?

3. Have you ever switched from one kind of drink to another in the 
hope that this would keep you from getting drunk?

4. Have you had to have an eye-opener upon awakening during the 
past year?

5. Do you envy people who can drink without getting into trouble?
6. Have you had problems connected with drinking during the past 

year?
7. Has your drinking caused trouble at home?
8. Do you ever try to get “extra” drinks at a party because you do 

not get enough?
9. Do you tell yourself you can stop drinking any time you want to, 

even though you keep getting drunk when you don’t mean to?
10. Have you missed days of work or school because of drinking?
11. Do you have “blackouts”?
12. Have you ever felt that your life would be better if you did not 

drink?

If individuals answered four or more questions YES, then they were 
considered to have a problem with their drinking. Reprinted with per-
mission by AA World Services, Inc. All rights reserved

In this technique, the clinician lends emotional reward to the 
patient’s responses to questions, leading the patient to see 
the benefits of change. Part assessment, part therapy, this 
approach is often generally adopted by substance-use disor-
der treatment counselors of all types, even if adherence to the 
formal “rules” of the technique is minimal. Through the pro-
cess, the provider hopes to help the patient with the process 
of conversion – moving forward on the states of change 
continuum.

A full assessment of substance-use history is a detailed 
interview and may take 30 min or more to complete, depend-
ing on the patient’s comfort level. The history will describe 
the age of first exposure and initial experiences, early influ-
ences in use (e.g., parents, peers), which substances are used, 
how much and how often of each type, patterns of use and 
associated stimuli that trigger use, consequences of use and 
their effect on the individual and the substance use, periods 
of abstinence and prior attempts at recovery, and current 
motivation and support for recovery.

In addition to this evaluation, providers should obtain a 
medical history with attention to those illnesses that often 
result from substance use. Of course, information about HIV 
and hepatitis infections should be obtained, but in addition, 
the review should cover other illnesses such as cellulitis, 
abscesses (integumentary as well as intramuscular, intracra-
nial, epidural, and pulmonary), osteomyelitis, endocarditis, 
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Chronic Obstructive Pulmonary Disease (COPD), nephropa-
thies, cirrhosis, neuropathies and ataxia, nasal septum 
 erosions, heart disease (cardiomyopathies, myocardial infarc-
tion, congestive heart failure), malnutrition, frostbite and 
hypothermia (dependent on geography), and tuberculosis.

Finally, it cannot be stressed strongly enough that patients 
with substance-use disorders must be evaluated for comorbid 
mental illnesses. It is well established that there is a high 
degree of comorbidity of mental disorders with substance-
use disorders [12]. Most commonly seen are major depres-
sion, adjustment disorders, anxiety disorders of all types 
(including panic, generalized anxiety, and posttraumatic 

stress disorder), bipolar disorders, and personality disorders. 
In the NIMH multisite acute HIV infection study, 53% of 
participants had a history of an affective disorder [5]. The 
full assessment and treatment of these disorders is outside 
the scope of this chapter, but it should be noted that if the 
patient reports severe, potentially life-threatening psychiatric 
symptoms such as suicidal thinking, they should be referred 
for expert psychiatric evaluation and treatment as soon as 
possible.

The Motivated Behavior Concept and Its Use  
as a Framework for Designing Treatment

In The Perspectives of Psychiatry, McHugh and Slavney [15] 
describe a model for understanding reinforced behaviors and 
the role of drive in the continuance of certain behaviors (see 
Fig. 20.1). In short, it is understood that behaviors that are 
rewarded are generally repeated, and behaviors that result in 
adverse consequences are generally extinguished [13, 14]. 
However, some behaviors are continued despite negative 
consequences because of a programmed drive in the brain. 
Examples of such types of drives are hunger, thirst, and sex 
drive. Even if an individual has severe food poisoning and 
she/he has developed repulsion to the particular kind of food 
that caused the illness, hunger will eventually return and lead 
to resumption of eating. This feature is self-preservative – it 
ensures that a behavior necessary for life (and in the case of 
sex drive, the survival of the species) will continue. The issue 
for these behaviors, however, is that positive feedback loops 
that reinforce behavior are dangerous in biologic systems 
and can lead to illness. Therefore, for these types of normal 
behaviors, the brain also has a feedback system that turns off 
the behavior – the ability to achieve satiety. After eating a 
full meal, there is little interest in reviewing the menu of 
entrees again – it holds little salience because the reward sys-
tems for food stimuli have been dampened. These two fea-
tures, drive and satiety, are highly important to the regulation 
of motivated behaviors (eating, drinking, sleep, sex), and are 
precisely the features that are corrupted in the development 
of reinforced behaviors of substance use.

When substances have the ability to short-circuit the cycle 
because of a short half-life or abrupt termination of action, as 
in the case of short-acting benzodiazepines, intravenous or 
smoked cocaine, or intravenous amphetamine, the satiety 
brake on the cycle is disabled and the cycle can spin out of 
control for the duration of the episode of use. The cycle 
becomes smoke crack, feel high for a period (an hour or less), 
feel an intense dysphoria as the cocaine wears off and dop-
amine reuptake begins again abruptly, find a way to obtain 
more crack quickly (pay, perform sexual act, etc.), use more 
crack, feel high for a short time, feel intense dysphoria, and 
on and on until the individual is no longer able to continue. 

Table 20.3 The 29 questions have been excerpted from the pamphlet 
“Am I an Addict?”

1. Do you ever use alone?
2. Have you ever substituted one drug for another, thinking that one 

particular drug was the problem?
3. Have you ever manipulated or lied to a doctor to obtain prescrip-

tion drugs?
4. Have you ever stolen drugs or stolen to obtain drugs?
5. Do you regularly use a drug when you wake up or when you go  

to bed?
6. Have you ever taken one drug to overcome the effects of another?
7. Do you avoid people or places that do not approve of you using 

drugs?
8. Have you ever used a drug without knowing what it was or what 

it would do to you?
9. Has your job or school performance ever suffered from the effects 

of your drug use?
10. Have you ever been arrested as a result of using drugs?
11. Have you ever lied about what or how much you use?
12. Do you put the purchase of drugs ahead of your financial 

responsibilities?
13. Have you ever tried to stop or control your using?
14. Have you ever been in a jail, hospital, or drug rehabilitation 

center because of your using?
15. Does using interfere with your sleeping or eating?
16. Does the thought of running out of drugs terrify you?
17. Do you feel it is impossible for you to live without drugs?
18. Do you ever question your own sanity?
19. Is your drug use making life at home unhappy?
20. Have you ever thought you couldn’t fit in or have a good time 

without drugs?
21. Have you ever felt defensive, guilty, or ashamed about your using?
22. Do you think a lot about drugs?
23. Have you had irrational or indefinable fears?
24. Has using affected your sexual relationships?
25. Have you ever taken drugs you didn’t prefer?
26. Have you ever used drugs because of emotional pain or stress?
27. Have you ever overdosed on any drugs?
28. Do you continue to use despite negative consequences?
29. Do you think you might have a drug problem?

The NA World Services pamphlet notes that addicts all answered differ-
ent numbers of these questions “yes.” They specifically state that actual 
number of “yes” responses was not as important as how individuals felt 
inside and how addiction had affected their lives. Reprinted with per-
mission by NA World Services, Inc. All rights reserved
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This binge pattern is a commonly described one and is often 
a critical factor in the documentation of a diagnosis of sub-
stance abuse, and sometimes, substance dependence (if there 
is an increasing preoccupation with returning to this cycle of 
use). Clearly, therapies designed to address this type of prob-
lem for a patient will focus strongly on never using the first 
time, since once the use is begun the patient is “off to the 
races” and becomes swept up in the spinning cycle until it 
burns itself out.

In contrast to this type of pattern, individuals who use 
substances that lead to the development of a new drive, such 
as heroin, prescription narcotics, alcohol, intranasal cocaine 
and amphetamine, and longer-acting benzodiazepines, may 
eventually settle into a more ordered cycle of behavior. The 
quintessential example of this is heroin use, where patients 
initially feel high for some time from the heroin, but with 
repeated use, develop tolerance, and then develop withdrawal 
symptoms when they do not get the heroin regularly. By this 
time, the patient will be using heroin fairly regularly – often 
three to four times a day with a regimented periodicity – sim-
ply to maintain a withdrawal-free existence. This type of pat-
tern is easily documented to support the diagnosis of 
substance dependence. In such cases, the therapy often has 
an initial focus on detoxification and overcoming craving, 
and then a focus on relapse prevention, since once with-
drawal is gone, the patient is drawn again to the intoxicating 
effects of the drug.

Treatment of Alcohol- and Substance-Use 
Disorders

First and foremost, the treatment of any substance-use disor-
der cannot begin until the goal and path of treatment has 
been established. While it would be easiest to say that the 
goal of treatment is complete abstinence in every case, this is 
more of a dogmatic approach, and thus, less individualized. 
It will be clear from the patient’s history if there are circum-
stances during which alcohol use, for example, is handled 
responsibly and does not lead to adverse outcomes. For such 
individuals, a moderation approach may be appropriate [15], 

but extreme caution should be exercised in recommending 
this path, as there are significant risks associated with failure. 
For illicit drug users or patients abusing prescription drugs, 
abstinence may be the only plausible ultimate goal, although 
the path to the abstinent state may require an intermediate 
step of agonist substitution.

In particular, opioid-dependent patients need careful guid-
ance when deciding between an agonist-based or abstinence-
based recovery. For patients who have failed several attempts 
at abstinence, who have significant psychiatric and/or medi-
cal, especially chronic pain, comorbidities, or who have few 
supports and little structure to their lives, agonist-based ther-
apies, such as buprenorphine or methadone maintenance 
treatment, are the standard of care. Patients who have less 
severe opioid problems, have stable, more structured lives 
with social supports, and who have no significant comorbidi-
ties may benefit from an abstinence-based approach from the 
beginning. Ultimately, one might envision that the agonist-
based patients will improve in stability and structure to the 
point where they can slowly move toward complete 
abstinence.

The universal beginning of therapy, however, is the pro-
cess of role induction for the patient. This is best accom-
plished in a reasonably focused patient, and so it may require 
that the patient have a brief detoxification period so as to 
eliminate effects of intoxication or acute withdrawal on 
attention and judgment. During the role induction, the pro-
vider outlines for the patient what the jobs of the treatment 
team members will be, what the patient’s responsibilities are, 
and how the relationship will proceed. General ideas to be 
covered are that substance use is a behavior with many steps 
and the process will involve the patient’s hard work to iden-
tify and enhance points of control in the behavior and even 
harder work to exercise that control and choose different, 
albeit less established, more difficult behaviors. Further, the 
concept of prescribed behaviors, such as attendance at meet-
ings, should be discussed, with an emphasis on establishing 
a set of normalizing behaviors to replace the routines of sub-
stance-use behaviors. Last, the patient should learn the part 
that providers and medications will play in the recovery, and 
understand the need for adherence to all aspects of 
treatment.

Nonpharmacologic treatment of substance-use disorders 
is essential in every case, but may take more or less struc-
tured forms. Some patients may benefit from a locked resi-
dential setting with restricted visitors, while some may 
function well enough with a “recovery house”, where indi-
viduals in recovery live together and support each other, but 
there is little to no structured oversight and residents are 
encouraged to go out to work or school during the day. All 
patients benefit from developing a support network, be it 
made up of friends or family or both, to be available in times 
of crisis and promote maintenance of normal behaviors.

Fig. 20.1 The motivated behavior model. From: McHugh PR, Slavney 
PR. The Perspectives of Psychiatry, 2nd edition. Baltimore: Johns 
Hopkins University Press, 1998 [13]
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A mainstay of therapy for substance-use disorders is 
group therapy. Substance-use disorder programs rely heavily 
on the group process to reinforce cognitive and behavior 
change. Substance-use patterns are identified and sustaining 
factors reinforcing use can be explored and addressed. 
Through the group process, patients challenge each other to 
identify “triggers” – stimuli that have become associated 
with substance use – and to “change people, places and 
things” so as to break habits and find new responses to crav-
ings. The knowledge shared by more experienced patients 
helps those newer to recovery, and the networking of patients 
allows for a support system that extends beyond the group 
meeting for when unanticipated challenges arise.

A widely accepted framework for the therapeutic process 
that meshes well with the group method is the 12-step frame-
work. The foundation of the 12-step model is built upon an 

individual’s admission of the disorder and recognition for the 
need for help. Emphasis is placed on the individual having a 
spiritual transformation to overcome his/her addiction. 
Individuals examine and admit past indiscretions, and, where 
necessary, they attempt to mend their relationships. Finally, 
the process culminates in individuals rebuilding their lives 
without use and helping others that suffer from similar addic-
tions through shared experiences. Members of 12 step pro-
grams often utilize sponsors (experienced members) to take 
them through this process. The 12-steps are published 
throughout the world and are recognized as an effective pro-
gram to recovery. There are well over 200 kinds of 12-step 
programs addressing various kinds of addictions. The two 
most popular are Alcoholics Anonymous and Narcotics 
Anonymous (Tables 20.4 and 20.5, respectively, outline the 
original 12 original steps of each program).

Table 20.4 The 12 steps of alcoholics anonymous

 1. We admitted we were powerless over alcohol – that our lives had become unmanageable
 2. Came to believe that a Power greater than ourselves could restore us to sanity
 3. Made a decision to turn our will and our lives over to the care of God as we understood Him
 4. Made a searching and fearless moral inventory of ourselves
 5. Admitted to God, to ourselves, and to another human being the exact nature of our wrongs
 6. Were entirely ready to have God remove all these defects of character
 7. Humbly asked Him to remove our shortcomings
 8. Made a list of all persons we had harmed, and became willing to make amends to them all
 9. Made direct amends to such people wherever possible, except when to do so would injure them or others
10. Continued to take personal inventory and when we were wrong promptly admitted it
11. Sought through prayer and meditation to improve our conscious contact with God, as we understood Him, praying only for knowledge of 

His will for us and the power to carry that out
12. Having had a spiritual awakening as the result of these Steps, we tried to carry this message to alcoholics, and to practice these principles in 

all our affairs

Reprinted with permission of A.A. World Services, Inc. Permission to reprint this material by A.A. World Services, Inc means that AAWS has not 
reviewed and/or endorses this publication. A.A. is a program of recovery for alcoholism only- use of A.A. material in any non-A.A. context does 
not imply otherwise

Table 20.5 The 12 steps of narcotics anonymous

 1. We admitted that we were powerless over our addiction, that our lives had become unmanageable
 2. We came to believe that a Power greater than ourselves could restore us to sanity
 3. We made a decision to turn our will and our lives over to the care of God as we understood Him
 4. We made a searching and fearless moral inventory of ourselves
 5. We admitted to God, to ourselves, and to another human being the exact nature of our wrongs
 6. We were entirely ready to have God remove all these defects of character
 7. We humbly asked Him to remove our shortcomings
 8. We made a list of all persons we had harmed, and became willing to make amends to them all
 9. We made direct amends to such people wherever possible, except when to do so would injure them or others
10. We continued to take personal inventory and when we were wrong promptly admitted it
11. We sought through prayer and meditation to improve our conscious contact with God as we understood Him, praying only for knowledge 

of His will for us and the power to carry that out
12. Having had a spiritual awakening as a result of these steps, we tried to carry this message to addicts, and to practice these principles in all 

our affairs

Reprinted with permission of N.A. World Services, Inc. 
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Individual therapy for substance-use disorders is of use 
for many patients, but there are potential pitfalls. The iso-
lated nature of individual therapy allows for a separation of 
the therapeutic setting from the “real world,” thus leading to 
a sense that the discussions are either theoretical and not spe-
cifically applicable to daily challenges, or that discussions 
are after-the-fact analyses of events, and do not generalize. 
Further, individual therapy typically occurs once to twice 
weekly, and may not allow for the daily support and net-
working available from group meetings, which can be 
attended several times per day. Therefore, it is generally rec-
ommended that individual therapy not be the sole mode of 
nonpharmacologic intervention for substance-use disorders.

Pharmacologic Interventions for Substance-
Use Disorders

Certain pharmacologic interventions have been shown to be 
of some benefit for patients with alcohol or opioid use disor-
ders. While these medications are not a substitute for the 
cognitive and behavior changes brought about by psycho-
therapy and group meetings, they provide powerful adjuncts 
that may support patients through the process of recovery. 
The mechanisms of action of these agents differ, so each 
requires a discussion with the patient as to the proper use and 
expected outcomes. Most importantly, however, the majority 
of these medicines require daily administration, and so their 
effectiveness is limited to patients who maintain adherence.

There are three medications used in the treatment of alco-
hol use disorders. The first of these is disulfiram. Disulfiram 
blocks the action of acetaldehyde dehydrogenase, which 
causes a buildup of acetaldehyde when an individual ingests 
alcohol. Since acetaldehyde is toxic, the individual will 
experience a degree of acetaldehyde poisoning, with symp-
toms of flushing, headache, nausea and vomiting. Disulfiram 
works for 1–3 days after ingestion, so it is usually prescribed 
daily. In principle, the use of disulfiram reinforces the com-
mitment the patient makes to sobriety, acting like a promise 
made not to drink, the knowledge of which deters drinking if 
a significant craving should occur. Before prescribing disul-
firam, patients should be checked for elevations of liver 
transaminases, as disulfiram can cause a chemical hepatitis.

Naltrexone can be used for patients with binge drinking 
problems, as it has been shown to reduce the amounts or 
alcohol during relapse. The mechanism of action is believed 
to be that blockade of opioid reward lessens the reward trig-
gered by alcohol ingestion. Again, patients should be tested 
for abnormalities of liver transaminases prior to prescribing 
naltrexone. Patients occasionally report that other rewarding 
sensations are reduced while taking naltrexone, thus limiting 
adherence sometimes. Since binges occur sporadically, 
patients often have difficulty taking medicine daily when 

there are no daily effects. However, patients who have the 
idea that naltrexone reduces alcohol craving may have 
improved confidence in their ability to resist or limit use.

Acamprosate is a medicine used for patients with alcohol 
dependence. The proposed mechanism of action is a reduc-
tion of anxiety symptoms that accompany the withdrawal 
and craving states. The medication takes about 1 week to 
begin working. Patients must be free of alcohol for several 
days before starting and should have liver transaminases 
checked before prescription. Studies have reported positive 
outcomes in some settings, specifically where the medication 
is coupled with some form of group therapy.

There are three medications prescribed for opioid-depen-
dent patients. Methadone is a full opioid receptor agonist 
with a half-life that supports once daily dosing. It is used to 
occupy opioid receptors and thus, remove a patient’s need to 
use shorter-acting agents repeatedly throughout the day. By 
satisfying withdrawal-induced craving, methadone mainte-
nance provides a biological stability that can be a platform 
for building psychosocial stability and structure, which ulti-
mately may support an abstinent lifestyle.

Buprenorphine is a partial agonist at the opioid receptor, 
binding tightly, but only stimulating weakly. The effect is 
again a reduced withdrawal-driven craving, which provides 
the same support to the patient. In one preparation, it is 
coformulated with naloxone, an opioid antagonist, in a sub-
lingual tablet. Since buprenorphine is well absorbed sublin-
gually while naloxone is not, tablets administered by this 
route provide full buprenorphine activity but no antagonist 
activity of naloxone. However, if the tablet is crushed, sus-
pended and injected, the effect will be all naloxone, and 
thus unpleasant for an opioid-dependent person. The cofor-
mulation, therefore, decreases diversion of the medication 
to street use, which was a factor in the Food and Drug 
Administration (FDA)’s decision to permit office-based 
prescription. Further, since buprenorphine is a partial ago-
nist, competitive inhibition of metabolic enzymes that 
affects its serum concentration has less impact on clinical 
effect than seen with the full agonist methadone. This ren-
ders buprenorphine a good choice for use in HIV-infected 
patients on antiretrovirals such as efavirenz and ritonavir, 
which inhibit cytochrome P450 3A4, the major metabolic 
pathway for both methadone and buprenorphine (see 
Table 20.6) [16].

Finally, naltrexone has been used to help patients with 
opioid dependence. Available in a depot preparation, it 
blocks the opioid receptor for up to 4 weeks. Since typical 
opioid use will result in no stimulation of the receptor, this 
knowledge can strengthen patients’ resolve to not use. Of 
risk though, is that when a patient does relapse, she/he may 
try to override the naltrexone blockade of the receptor, to 
dire outcome, as overdosage will lead to respiratory suppres-
sion prior to the intoxicating effects.
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Summary

Substance-use disorders are important vectors of HIV trans-
mission and are highly prevalent among patients with HIV 
infection. Further, substance-use disorders are often comor-
bid with other mental illnesses and can lead to impaired 
adherence and poorer HIV outcomes. Providers should be 
familiar with substance-use disorders, their assessment and 

underlying mechanisms, and with available psychotherapeu-
tic and pharmacologic treatment options. Aggressive treat-
ment of substance-use disorders improves patients’ lives and 
may improve HIV outcomes.
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Table 20.6 Drug interactions

No. or insignificant  
interaction

Clinical relevant  
interaction

Methadone Abacavir
Emtricitabine
Lamivudine
Tenofovir
Etravirine
Amprenavir
Atazanavir
Darunavir
Fosamprenavir
Indinavir
Saquinavir
Tipranivir
Enfurvitide
Maraviroc
Raltegravir

Didanosine
Stavudine
Zidovudine
Delavirdine
Efavirenz
Nevirapine
Lopinavir/Ritonavir
Nelfinavir
Ritonavir

Buprenorphine Abacavir
Didanosine
Emtricitabine
Stavudine
Lamivudine
Zidovudine
Tenofovir
Etravirine
Nevirapine
Amprenavir
Atazanavir
Darunavir
Fosamprenavir
Indinavir
Lopinavir/Ritonavir
Nelfinavir
Ritonavir
Saquinavir
Tipranivir
Enfurvitide
Maraviroc
Raltegravir

Delavirdine
Efavirenz

Reprinted with permission from: Batkis MF, Treisman GJ, and Angelino 
AF. Integrating Opioid Use Disorder and HIV Treatment: Rationale, 
Clinical Guidelines for Addiction Treatment, and Review of Interactions 
of Antiretroviral Agents and Opioid Agonist Therapist 2010;24 (1): 
115–22 [17]



189K.E. Sherman (ed.), HIV and Liver Disease, 
DOI 10.1007/978-1-4419-1712-6_21, © Springer Science+Business Media, LLC 2012

Introduction

Based on the recent Center of Disease Control (CDC) report, 
an estimated 1.1 million persons in the USA are infected 
with the human immunodeficiency virus (HIV). Several 
US-based population studies have consistently shown a sig-
nificant ethnic variation in HIV prevalence, with ethnic 
minorities accounting for about 70% of those living with 
HIV. In 1997, for the purposes of federal statistics reporting, 
the Office of Management and Budget revised the classifica-
tion of individuals by race and ethnicity. The revision identi-
fied five racial and two ethnic groups. The racial categories 
are as follows: (1) White, (2) Black or African American, 
(3) Asian, (4) Native Hawaiian or other Pacific Islander, and 
(5) American Indian or Alaskan Native; the ethnic categories 
are as follows: (1) Hispanic or Latino and (2) non-Hispanic/
Latino. Owing to the lack of consistency in the classification 
across published studies, in this review ethnicity and race are 
used interchangeably. Ethnicity/race will be categorized as 
(1) White or Caucasian, (2) Black or African American, 
(3) Hispanic or Latino, (4) Asian, and (5) others.

Among ethnic minorities, Blacks are disproportionately 
affected by HIV accounting for 49% of all HIV-infected per-
sons, followed by Hispanics (18%) and other minority group-
ings (2%) (Fig. 21.1). Furthermore, Blacks are overrepresented 
among individuals with new HIV infection, perinatal HIV 
infection, and AIDS-related mortality [1]. A recent retro-
spective study found a significant ethnic disparity in survival 
among patients with HIV infection and black race was iden-
tified as an independent predictor of poor outcomes [2]. 
Although this study was not designed to determine the exact 
reason for the observed ethnic differences in overall survival, 

the investigators did not find an association with socioeco-
nomic status. Thus, even though Blacks account for only 
13% of the US population, they are overrepresented in popu-
lation-based estimates of HIV incidence, prevalence, and 
mortality.

In recent years, with the introduction of highly active 
antiretroviral therapy (HAART) therapy the trends in HIV-
related morbidity have shown a shift in chronic disease pat-
tern. Morbidity and mortality from HIV/AIDS has declined, 
but that due to chronic liver disease and its long-term seque-
lae of cirrhosis and hepatocellular carcinoma is on the rise. 
The exact prevalence of liver disease among persons infected 
with HIV in the US is unknown, but a recent US-based study 
found that, among those with chronic liver disease, nonalco-
holic fatty liver disease (NAFLD) was the most common 
occurring in 30%, followed by viral hepatitis [hepatitis B 
virus (HBV) and hepatitis C virus (HCV)] and alcoholic liver 
disease [3]. Though this study did not evaluate for ethnic-
specific differences in liver disease prevalence or etiology, 
Akhtar and Shaheen [4] – in a retrospective analysis of a 
large African American and Hispanic population with abnor-
mal liver tests – showed that the subset with AIDS and jaun-
dice had a primary hepatic as opposed to biliary disorder. In 
this study, the most common etiology was drug-induced 
hepatotoxicity as defined by elevated liver enzyme tests, fol-
lowed by infection (nonviral or viral) and alcoholic liver dis-
ease. Though the findings of this study are limited by the 
retrospective nature of the study design and the absence of 
whites as a comparative ethnic/racial group, it does provide 
an insight into the possible disease etiologies among ethnic 
minorities.

Despite the lack of population-based studies addressing 
ethnic-specific prevalence in chronic liver disease, the reports 
of an increasing liver-related morbidity and mortality among 
persons with HIV, and the disproportionate number of HIV-
infected ethnic minorities, highlights the importance of 
understanding the impact and disease burden of chronic liver 
disease in this population. This review discusses the existing 
literature on ethnic variations of chronic liver disease in the 
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HIV population with the purpose of providing a better under-
standing of ethnic disparities in liver disease and HIV, and to 
address clinical implications of this disparity, where 
applicable.

Nonalcoholic Fatty Liver Disease

NAFLD is a clinical spectrum ranging from benign hepatic 
steatosis to steatohepatitis, with or without fibrosis. In the 
non-HIV US population, the prevalence of NAFLD is esti-
mated to be between 20 and 30%, and several studies have 
documented a significant ethnic variation with reports of a 
higher prevalence among individuals of Hispanic ethnicity 
[5–7]. In the HIV population, the exact prevalence of NAFLD 
is unknown and reports from published studies have pro-
vided conflicting reports pertaining to the association 
between ethnicity and hepatic steatosis either by imaging or 
histopathology. In a study by Crum-Cianflone et al. [8], using 
imaging (ultrasound) for diagnosis of hepatic steatosis in an 
HIV population, the investigators reported that African 
Americans (AA) were less likely to have NAFLD compared 
to other ethnic groups. This finding is similar to that of 
Sulkowski et al. [9], in which Caucasians were more likely to 
have NAFLD compared to AA. In this study, the cohort con-
sisted of an HCV–HIV population and the diagnosis of 
NAFLD was based on the histologic presence of hepatic ste-
atosis. The finding of a negative association between NAFLD 
and AA contradicts reports from other published studies. In 
the study by McGovern et al. [10], the authors reported a 
higher prevalence of NAFLD in AA compared to non-AA, 
while Gaslightwala and Bini [11] reported no significant eth-
nic difference in the presence of NAFLD. In both studies, 
NAFLD was defined as a histologic presence of hepatic ste-
atosis and the patient population consisted of HCV–HIV 
coinfected individuals. Therefore, in contrast to the non-HIV 

population in which reports have consistently shown an ethnic 
variation in NAFLD, the prevalence of NAFLD in HIV-
infected individuals from different ethnic backgrounds is 
unclear [6, 7]. Furthermore, the published studies evaluating 
NAFLD in HIV-infected individuals provide very limited 
information on other ethnic groups since the study popula-
tion has been predominantly AA and Caucasian. Future stud-
ies to better define the prevalence, natural history and burden 
of NAFLD in the multiethnic HIV population will be 
invaluable.

Viral Hepatitis: HBV and HCV

Coinfection with HCV or HBV is common in individuals 
with HIV infection because of the shared route of transmis-
sion. The prevalence of HBV–HIV, HCV–HIV, and HBV–
HCV–HIV triple infection in the USA is 6–14, 15–30, and 
1.6%, respectively [12–14]. Furthermore, in a recent 
US-based study by Kim et al. [14], the investigators reported 
Black race to be significantly associated with HBV and HCV 
coinfection, but not with HBV–HCV–HIV triple infection. 
Owing to the lower prevalence of triple infection, there is 
limited population-based data on the natural history and 
prognosis of these individuals. The following section reviews 
the available epidemiologic and clinical data available per-
taining to HBV and HCV coinfected individuals from differ-
ent ethnic backgrounds.

Hepatitis C

Although there are no population-based estimates of the prev-
alence of HCV among HIV individuals of different ethnic 
backgrounds, the study by Kim et al. [14] report Black race to 
be associated with the presence of HCV–HIV coinfection. 
Furthermore, data from an ongoing prospective observational 
HIV study, found the prevalence of HCV in HIV individuals 
to be 30.2, 28.6, and 18.9% for AA, Hispanics, and Whites, 
respectively [15]. This is consistent with reports from several 
US population studies of a higher prevalence of HCV monoin-
fection among ethnic minorities [16].

The clinical spectrum of HCV–HIV coinfection, in terms 
of biochemical and histological parameters, is variable. To 
date, there are no studies specifically designed to determine 
if ethnic differences exist in clinical spectrum of individuals 
with HCV–HIV coinfection. In a study by Shores et al. [17] 
the investigators found AA were more likely to have a lower 
alanine transaminase (ALT) in comparison to non-AA, a 
finding that is consistent with that observed in the monoin-
fected HCV population. The correlation between ALT and the 
histologic grade or stage was not provided in this study. 
However, clinical data from the monoinfected HCV population 

Fig. 21.1 Race/ethnicity of HIV/AIDS diagnosed in 2007 (adapted 
from http://www.cdc.gov) [1]
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show a lower histologic grade and stage in AA compared to 
Whites and Hispanics [18, 19]. A similar finding of a lower 
hepatic fibrosis score in AA compared to Whites and 
Hispanics has been observed in patients with HCV–HIV 
coinfection [20]. This is in contrast to a recent report by 
Rozenberg et al. [21] showing no significant ethnic differ-
ence in the average hepatic fibrosis score as determined by 
the Ishak scoring scale. In this study, the average Ishak score 
for AA and CA was 2.3 and 2.1, respectively. The limitation 
of this study is the small sample size and the lack of Hispanic 
or Asian representation in the cohort. Therefore, based on the 
clinical data available from published studies, it is unclear if 
the clinical presentation of HCV–HIV based on biochemical 
(i.e., ALT) and histologic parameters differs among ethnic 
groups, especially in those of Hispanic and Asian heritage.

Although there are no published studies specifically 
addressing the impact of ethnicity on the natural history and 
progression of HCV–HIV coinfected individuals, a retro-
spective analysis of HCV–HIV cohort using data obtained 
from the Veteran’s Administration (VA) Medical center pro-
vides useful insights [22]. In this study, the investigators 
found an ethnic difference in the frequency of biochemical 
markers of advanced liver disease as demonstrated by throm-
bocytopenia and hyperbilirubinemia. Whites with HCV–HIV 
coinfection were more likely to have features of advanced 
liver disease than Blacks. This may reflect diminished histo-
logic disease, a finding similar to that observed in HCV 
monoinfected Blacks [18]. In terms of causes of mortality in 
HCV–HIV coinfected individuals, the authors also found a 
significant racial disparity in survival, with a higher mortal-
ity observed in Whites compared to Blacks; no Hispanics or 
Asians were included in this study. Therefore, future studies 
designed to evaluate the clinical spectrum and natural his-
tory of HCV–HIV in a multiethnic population is essential 
because the information derived will represent an indirect 
measure of the burden of HCV–HIV coinfection among dif-
ferent ethnic groups.

To reduce the liver-related morbidity and mortality of 
HCV–HIV coinfection, the availability and accessibility of 
effective antiviral therapies is crucial. Unfortunately, access 
to antiviral therapy for HCV in this population is not univer-
sal. Several studies have implicated health-care access as one 
of the main reasons for low HCV treatment rates of HCV–
HIV coinfected individuals. In a study by Mehta et al. [23] 
the investigators report low referrals for HCV treatment as a 
significant factor contributing to poor treatment rates, and 
AA were less likely to be referred for HCV care. Furthermore, 
in a multivariate analysis, Cohen et al. [24] found that both 
AA and Hispanics were negatively associated with referrals 
for HCV treatment. The reason for the ethnic disparity in 
referrals for HCV care is uncertain. Ethnic disparity in receipt 
of antiviral therapy has also been documented in HCV–HIV 
coinfected individuals. Two large HCV–HIV cohorts [VA 

and HIV outpatient study (HOPS)] found Black race to be 
independently associated with nonreceipt of HCV treatment 
[25, 26]. In addition, the HOPS study found that individuals 
with elevated ALT had a higher likelihood of receipt of HCV 
treatment. Similar findings from the Women’s Interagency 
HIV Study (WIHS) found AA and Hispanics were negatively 
associated with receipt of HCV treatment, but an elevated 
ALT increased the likelihood of receiving HCV treatment 
[24]. It is unclear if the lower ALT observed among AA with 
HCV–HIV coinfection plays a contributory role in treatment 
decision. Therefore, future studies to elucidate the factors 
associated with ethnic disparity in receipt of antiviral therapy 
for HCV is an essential step toward reducing and ultimately 
eliminating this disparity.

The approved antiviral therapy for HCV in HIV coin-
fected individuals is a combination of pegylated interferon 
and ribavirin. For those that receive this combined therapy, 
the sustained virologic response (SVR) is lower for AA com-
pared to Whites. In a prospective trial of AA and Whites with 
HCV–HIV coinfection (genotype 1) treated with pegylated 
interferon (IFN) and Ribavirin, the SVR was 7.6 and 40% for 
AA and Whites, respectively [21]. In another trial using non-
pegylated IFN, Black race was associated with a lower likeli-
hood of early virologic response rate (EVR) at week 12 [20]. 
The lower response rates in AA with HCV–HIV coinfection 
is similar to that observed in those with HCV monoinfection 
[27, 28]. Several studies have attempted to identify the host 
and viral factors associated with nonresponse in this popula-
tion. In recent years, much of the research has focused on 
understanding the possible mechanisms responsible for 
decreased interferon effectiveness in AA with HCV monoin-
fection or HCV–HIV coinfection. The studies focusing on 
viral kinetics have provided useful insights into the host 
responsiveness to IFN across ethnic groups. Following the 
subcutaneous administration of IFN, a biphasic pattern of 
viral reduction is observed. In the first phase, a significant 
decrease in HCV RNA is observed within 24–48 h followed 
by a second phase, which is associated with a gradual 
decrease. The first phase reflects the efficacy of viral inhibi-
tion by IFN, while the second phase represents a combina-
tion of IFN effectiveness and clearance of infected 
hepatocytes. In a recent study by Rozenberg et al. [21] the 
investigators evaluated the viral kinetics and pharmacody-
namics of HCV–HIV coinfected individuals receiving IFN 
therapy. They found a smaller first phase decline in HCV 
viral load and a much slower second phase decline among 
AA compared to Whites. Overall, the mean decline in HCV 
viral load at week 4 and week 12 was significantly lower in 
AA compared to Whites, and this correlated with an SVR of 
7.6 and 40% in AA and Whites, respectively. Despite the 
small sample size of this study, the findings are similar to 
that of HCV monoinfected individuals showing a reduced 
IFN effectiveness among AA [28].
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The exact reason for the observed ethnic variation in IFN 
ineffectiveness is unknown. Several studies have implicated 
hepatic suppressor of cytokine signaling 3 (SOCS3) as a key 
factor involved in the cellular mechanisms involving IFN 
response [29, 30]. IFN mediates its antiviral effect by bind-
ing to and activating IFN receptors located on hepatocytes, 
resulting in a cascade of events that activate IFN stimulated 
genes via signal transducer and activator of transcription 
(STAT) pathway. Hepatic SOCS3 are thought to play a role 
in antagonizing IFN signaling by interfering with STAT 
pathway. Therefore, a high hepatic SOCS3 expression is pre-
sumed to be associated with poor response rate to IFN. The 
study by Kim et al. [31], investigated the role of hepatic 
SOCS3 in HCV–HIV coinfected individuals. They found 
that high hepatic SOCS3 expression correlated with poor 
response to interferon therapy, and AA had higher hepatic 
SOCS3 expression than Whites or Hispanics. Though the 
studies on viral kinetics and IFN signaling provide useful 
insights into mechanisms involved with IFN ineffectiveness, 
recent reports implicating genetic variant of IL28B in HCV 
as a key factor across ethnic groups renders support to a mul-
tifactorial mechanism [32, 33]. Therefore, in view of the sub-
stantial burden of HCV–HIV coinfection and its sequelae, it 
is imperative that clinical and translational studies are con-
ducted to better elucidate the underlying pathophysiologic 
mechanisms responsible for the observed ethnic disparities 
in this cohort. It is expected that the findings of these studies 
will pave the way for improved outcomes irrespective of 
ethnicity.

Hepatitis B

The estimated prevalence of HBV in persons infected with 
HIV is 6–14% [12]. Among patients with HBV alone, a sig-
nificantly higher prevalence is found in Asians compared to 
non-Asians. There are no US-based population studies 
addressing HBV in HIV-infected individuals of Asian eth-
nicity. Therefore, the prevalence of HBV–HIV coinfection 
among Asians Americans is unknown. In a recent HIV out-
patient study, the prevalence of HBV based on the presence 
of HBsAg was 3.5, 8.7, and 9.5% in Hispanics, Whites, and 
Blacks, respectively [34]. There are no population-based 
studies addressing ethnic differences in the clinical presenta-
tion, natural history and treatment responses of HBV–HIV 
coinfected individuals. However, in a retrospective analysis 
using data from the US Military HIV Natural History Study 
(NHS), the investigators report an ethnic variation in clinical 
presentation based on three virologic patterns: (1) Chronic 
HBV classified as the presence of HBsAg, (2) isolated 
HBcAb, and (3) resolved HBV defined as presence of HBcAb 
and HBsAb [35]. In this study, the prevalence of chronic 
HBV was higher in AA compared to Hispanics and Whites, 

a pattern similar to that of the HIV outpatient study. 
Additionally, the prevalence of isolated HBcAb was higher 
in AA (10.9%) compared to Whites (8.1%) and Hispanics 
(7.2%). The clinical significance or long-term outcome of 
isolated HBcAb in HIV-positive individuals is uncertain; 
therefore, the clinical impact of the higher prevalence among 
AA is unknown. In the WIHS, though the investigators were 
not able to determine the clinical significance of isolated 
HBcAb, they found that during a median follow up period of 
7.5 years, the majority of the women maintained an isolated 
HBcAb virologic status, while 20% converted to HBsAb 
positive and 2% reverted to HBsAg positive [36]. In this 
study cohort, ethnicity was not a predictor of conversion to 
HBsAb-positive status.

Future studies focusing on the natural history and treat-
ment outcomes will improve our understanding of the bur-
den of disease among HBV–HIV coinfected individuals 
from different ethnic backgrounds. In the interim, public 
health programs focusing on the implementation of strate-
gies to decrease or eliminate HBV transmission in the HIV 
population should be strongly encouraged. In a study by 
Kellerman et al. [37] the investigators found low hepatitis B 
vaccination rates in their HIV cohort. Although the postvac-
cination response rates in HIV-infected individuals are low, 
Landrum et al. [38] in their recent hepatitis B vaccination 
study showed no ethnic differences in vaccine response. 
Therefore, efforts to increase vaccination rates in HIV-
positive individuals irrespective of ethnic background should 
be encouraged. The application of these preventive strategies 
in HIV-positive individuals and the conducting of clinical tri-
als and population based studies to better understand the 
clinical spectrum and natural history of HBV–HIV coinfec-
tion across ethnic backgrounds will be invaluable step in 
confronting ethnic disparity in this population.

Hepatocellular Carcinoma

Hepatocellular carcinoma (HCC) in HIV-infected individu-
als occurs most frequently in those with HBV or HCV coin-
fection. In large study using the VA database, the investigators 
found that in the HCV–HIV coinfection increases the risk of 
HCC by fivefold [39]. The role of HBV–HIV coinfection on 
the incidence of HCC was not evaluated. In the non-HIV US 
population, HCC is more common in Asians and Blacks and 
most often associated with HBV and HCV, respectively [40]. 
In the HIV population, reports from a multicenter study 
revealed that patients with HCC were more likely to be Black 
in comparison to other racial groups [41]. However, in con-
trast to the lower survival observed among Blacks with HCC 
in the non-HIV population, race was not a predictor of sur-
vival in HIV cohort. This study did not address the impact of 
available treatment options including liver transplantation 
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(LT) on overall survival. Future studies to evaluate the impact 
of ethnicity on HCC recurrence after regional or systemic 
treatment in HIV-positive individuals will be provide invalu-
able information.

Liver Transplantation

The role of LT in end-stage liver disease patients with HIV 
has evolved from an absolute contraindication to being a 
viable option in selected patients. Reports from several stud-
ies in Europe and North America have consistently shown a 
reasonable patient and graft survival of LT recipients with 
HIV infection [42, 43]. In a retrospective analysis of data 
from the US liver transplant registry, the investigators found 
that among LT recipients with HIV, the risk of death was 
significantly higher in Blacks compared to non-Blacks, and 
the most common indication for LT in this cohort was viral 
hepatitis [44]. In another study of HCV–HIV coinfected 
individuals, the authors report that LT recipients of AA eth-
nicity had a lower survival in contrast to non-AA [45]. The 
finding of inferior outcomes for AA in HCV–HIV-positive 
recipients is similar to reports from the HCV LT population 
[46]. Conversely, reports from a cohort of LT recipients with 
HBV monoinfection do not show ethnic differences in long-
term outcomes [47]. However, it is unknown if the lack of 
ethnic difference in survival among recipients with HBV 
monoinfection reflects a similar outcome among HBV–HIV 
recipients. In a recent study of HBV–HIV cohort, though 
they report no survival difference between recipients with 
HBV versus HBV–HIV, no information on race stratification 
was provided [48]. Therefore, the impact of ethnicity on 
post-LT survival in HBV–HIV is unknown.

Summary

Ethnic variations exist in the incidence, prevalence, thera-
peutic and long-term outcomes of chronic liver disease 
patients with HIV. These ethnic differences present unique 
challenges to health-care professionals involved in the care 
of these patients. With the steadily improving life expectancy 
of individuals living with HIV, the increasing liver-related 
morbidity highlights the need for a better understanding of 
liver disease in this population. In view of our ethnically 
diverse population and the disproportionate rate of HIV 
among ethnic minorities, a heightened awareness of the 
existing ethnic variations in liver disease in this population is 
essential. Furthermore, a better understanding of the impact 
of ethnicity on liver disease in HIV-positive individuals 
promises to identify strategies to decrease the prevalence of 
preventable liver diseases and ultimately improve therapeutic 
outcomes in this population. Though this review summarizes 

the complex relationship between ethnicity and liver disease 
in the HIV population, it also highlights the lack of population-
based studies with adequate representation of all ethnic 
groups. The significance of adequate representation of cur-
rently underrepresented ethnic minorities in clinical trials 
involving HIV and Liver disease outcomes cannot be over-
emphasized. In order to benefit from clinical research, the 
active participation of ethnic minorities is essential if the 
results of these studies are to be applicable to them.

Practicing health-care professionals involved in the care 
of the HIV patient need to be cognizant of these ethnic dif-
ferences and be aware of the associated therapeutic and 
prognostic implications. Future research to clarify and 
improve the issues addressed in this review will be useful as 
we strive to understand ethnic disparities in the HIV-positive 
population.
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Introduction

The presence of HIV infection, alone or in combination with 
other infections and diseases, can have a serious impact on a 
patient’s health and quality of life (QOL). According to the 
World Health Organization (WHO) Constitution of 1948, 
“Health is a state of complete physical, mental and social 
well-being and not merely the absence of disease or infir-
mity” [1]. Like the definition of health, the definition of QOL 
is broad and multidimensional, “[An] individual’s perception 
of their position in life in the context of the culture and value 
systems in which they live and in relation to their goals, 
expectations, standards and concerns” [2].

While the formal assessment of QOL is a major topic of 
interest to health services researchers, a general understand-
ing of QOL is crucial for clinicians involved in the care of 
HIV-infected patients. Issues related to QOL can strongly 
influence a physician’s recommendations for treatment of a 
particular patient and can even dictate how the patient 
responds to the recommendations. Although survival and life 
expectancy are of course major concerns, they are not the 
only concerns in decision-making about health care. In fact, 
many medical interventions have no impact on survival or 
life extension and are performed entirely to improve func-
tional status or other dimensions (domains) of QOL. In cases 
in which various treatments offer the prospects for equiva-
lent outcomes in terms of survival, life extension, cost, and 
other objectively quantifiable measures, the choice of treat-
ment is often based on subjective QOL considerations. And, 
for that matter, even if different types of treatments do not 
have equivalent life expectancies, patients may place more 

value on QOL considerations and opt for a therapy that 
improves their function even as it may hasten their death. As 
McDowell argues, “Herein lies the central purpose of QOL 
scales: they provide insight into the perceived discrepancy 
between actual and ideal states” [3].

Assessing QOL can shed light on attributes of a health 
state that are unobservable or difficult to measure. Good 
QOL measures assess, either explicitly or implicitly, how 
much a patient is bothered, or would be bothered if a particu-
lar course of treatment were followed, by perceived deficits 
in any specific aspect of their physical, emotional, or social 
well-being [4]. Two people in exactly the same situation 
might make very different choices about their care. Therefore, 
it is important for the clinician to determine the individual 
patient’s preferences and develop a plan for what is some-
times called preference-sensitive care.

This chapter is designed to familiarize health-care providers 
with the concepts related to QOL (Table 22.1) and the types of 
instruments that can be used to assess QOL, including in 
patients with HIV and liver disease (Table 22.2).

Characteristics of Quality-of-Life Measures

With the vast number of QOL measures available, choosing 
an instrument for a particular patient population can be 
overwhelming. Several characteristics of QOL measures 
might be helpful to consider when identifying an appropri-
ate measure.

Domains of Quality of Life

Efforts to measure QOL typically involve partitioning the 
broad, multidimensional concept of QOL into narrow and 
clearly defined constructs known as domains. Instruments 
designed to measure health-related QOL generally include 
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Table 22.1 Glossary of terms pertaining to quality-of-life assessment

Term Definition (reference)

Health “Health is a state of complete physical, mental and social well-being and not merely the absence of disease or 
infirmity” [1]

Health state The health state is the state of being. Examples are life without chronic disease, life with immobility, life with 
pain, and life without pain, but with impaired cognition

Health status Health status refers to an individual’s health at a particular point in time, in terms of one or more domains 
(e.g., physical function, mental health, social and role function, general health perceptions) [31, 70]

QOL “[Quality of life] refers to the adequacy of material circumstances and to [an individual’s] feelings about 
these circumstances,” and “Health forms but one of many components in this broad concept.” [3] “[An] 
individual’s perception of their position in life in the context of the culture and value systems in which they 
live and in relation to their goals, expectations, standards and concerns” [2]

Health-related QOL Health-related QOL includes the aspects of a person’s life that are affected strongly by changes in health 
status and that are important to the individual [70]. Health-related QOL refers to people’s subjective 
evaluations of the influences of their current health status, health care, and health promoting activities on their 
ability to achieve and maintain a level of overall functioning that allows them to pursue valued life goals and 
that is reflected in their general well-being [5]. Examples are physical health, mental health, social function-
ing, role functioning, and general health perceptions

Domains of QOL In a QOL measure, a domain is a narrow and clearly defined focus of attention [70]. Measures designed to 
measure health-related QOL generally include physical, psychological/emotional, and social, but they may 
also include other domains, such as cognition, pain, spirituality, and overall well-being. Each domain may 
include multiple items

Item A discrete question within the measure to assess QOL

Measure to assess QOL
A health status measure to assess QOL is sometimes called an instrument, questionnaire, scale, or survey to 
elicit patient-reported outcomes (e.g., information about symptoms or conditions that the patient says are 
present). Questionnaires or surveys usually consist of multiple items (questions)
An approach that captures patient preferences (e.g., the patient’s beliefs about or attitudes toward symptoms 
or conditions)

 
system

A questionnaire based on multiattribute utility theory that applies predetermined weights to patient responses 
and creates a final utility score that represents the value (preference) of the given health state from the 
perspective of the general public; also known as indirect utility elicitation

A collection of modeling techniques for analyzing item-level data obtained to measure interindividual 
variation (e.g., in health status) [71]

Psychometric properties of measures to assess QOL
Validity is the extent to which an instrument measures what it is intended to [3, 4, 72]

3, 4] the stability of 
an instrument over repeated measurement [72]
Sensitivity (responsiveness) is the ability of the instrument to detect important incremental changes in QOL 
[3, 4, 72]

In a profile, the results for each item have equal weight in the total score
In an index, the items for a particular domain are weighted and combined into a final numeric score for that 
domain
A particular metric for valuing the (strength of) preference for a health state. Utilities generally range from  
0 to 1, with 0 indicating the worst state and 1 indicating the best state. Utilities are numerical measures that 
denote the value or strength of preference for a particular state of being (such as a health state, either real or 
described)

quantity of life (longevity) to adjust (or weight) the time spent in a particular health state by the desirability 
of that health state. Only scores expressed as utilities can be used in cost–utility analysis

QOL quality of life
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Table 22.2 Characteristics and examples of quality-of-life measures

Type of measure Characteristics Examples (reference)

Generic health  
status questionnaire

Advantages: These measures can be used for  
various populations (i.e., individuals with or  
without a specific disease and individuals with  
different types of diseases). Items are generally  
straightforward and easy to understand.  
Disadvantages: Items may be too broad and may  
be insensitive to relevant changes in QOL for  
patients with specific diseases. In many cases,  
scores for individual domains are kept separate,  
making it difficult to understand the net impact  
on QOL. Scores from health status  
questionnaires may be numeric, but they  
are not utility-based and cannot be used  
in cost–utility analysis

 
36-Item Short Form Survey (SF-36) [32]

33]

Disease-specific health  
status questionnaire

Advantages: These measures are sensitive to  
QOL changes that are important and relevant to  
a particular patient population. Disadvantages:  
The measures are not intended for other patient  
groups or for general populations so their results  
cannot be compared with QOL of people without  
the condition. However, several measures listed  
here (LDQOL, HQLQ) are based on the SF-36  
plus other items, so these measures can, in fact,  
generate SF-36 QOL scores for comparison  
across conditions

– MOS-HIV [36, 37]
– AIDS Health Assessment Questionnaire  

(AIDS-HAQ) [40]
– HIV/AIDS-Targeted Quality of Life  

(HAT-QOL) Questionnaire [41]

– Liver Disease Quality of Life (LDQOL)  
Questionnaire [44]

– Hepatitis Quality of Life  
Questionnaire (HQLQ) [45]

– Chronic Liver Disease Questionnaire (CLDQ) 
[73]

– Chronic Liver Disease-Hepatitis C  
Virus (CLDQ-HCV) Questionnaire [74, 75]

Direct elicitation  
(preference-based)

Advantages: Standard gamble and time trade-off  
scores reflect an individual’s preferences and do  
not use a predetermined or prescribed set  
of weights. Although the results often pertain  
to specific diseases, the utility values for a  
given health state (e.g., HIV) can be compared  
with utility values elicited for other conditions  
and can be used in cost–utility analysis.  
Disadvantages  
utilities and cannot be used to compute  
quality-adjusted life years. The standard gamble  
and time trade-off are time-consuming to  
administer and often difficult for patients to  
understand because they ask patients to take  
hypothetical risks or make hypothetical  
trade-offs vis-à-vis other health conditions

14]
23]

Health state classification  
system (preference-based)

Advantages: These measures can be used for  
various populations. The items look simple  
and straightforward, and the results can be  
used in cost–utility analysis. Disadvantages:  
The domains addressed or items included  
in the instruments may not capture changes  
relevant to patients with specific diseases

18, 19]
20, 21]

22]
23]

QOL quality of life
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physical, psychological/emotional, and social domains, but 
they may also include other domains, such as role function-

domains for HIV-infected patients include sexual function-
ing, sexual behaviors, stigma, and spirituality [5, 6].

Health Status Measures

Health status measures are designed to elicit data and descrip-
tive information about the past and current health status of 
individuals in the population being studied. They are designed 
to describe functioning in one or more domains of health. 
The results are generally expressed in terms of a profile 
(which yields separate scores for each domain) or an index 
(which combines items from across domains into a summary 
score of QOL).

The most frequently used instruments in QOL assessment 
are standardized questionnaires that have been developed 
and verified in ways that are consistent with principles of 
survey development or educational testing. The measure 
development process involves several steps. The first step 
entails defining the scope and objectives of the instrument 
(i.e., defining whether the instrument is intended to assess 
overall QOL or specific domains of QOL) and then compil-
ing, testing, and refining a battery of items or questions to 
address the objectives. The next step entails evaluating and 
refining the instrument according to various psychometric 
standards. These include validity (the extent to which an 
instrument measures what it is intended to measure), reli-
ability (the consistency with which it measures a domain or 
construct), and responsiveness or sensitivity (the ability of the 
instrument to detect important changes in QOL) [3, 4, 7, 8]. 
The final step involves providing guidelines for scoring a 
patient’s responses and for interpreting the scores.

Generic vs. Disease-Specific Measures

QOL measures may be characterized in terms of whether 
they are generic or disease-specific. An advantage of generic 
measures is that they can assess health states for different 
groups of patients or different populations, allowing the 
results to be compared. A disadvantage of these measures is 
that they do not provide detailed information about condi-
tion-specific domains and therefore may not be able to detect 
changes in symptoms that matter most to patients with a par-
ticular condition. Disease-specific measures focus more nar-
rowly on symptoms or attributes of a particular condition, 
such as HIV or liver disease. They are more sensitive to clini-
cally relevant changes that matter to patients who have the 
particular condition but may not be germane to individuals in 
the general population or to patients with other conditions.

Preference-Based Measures

Preference-based measures, also known as health utilities or 
health values, are designed to find out how patients value 
particular actual or described health states. The results, thus, 
denote the value or strength of preference for a health state.

By convention, utilities are scaled between 0 and 1, with 
0 indicating the worst state (usually, dead) and 1 indicating 
the best state (usually, full health or perfect health). Every 
other health state is an intermediate one, with a utility weight 
that lies somewhere in the [0, 1] interval (except that some 
measures allow for negative utilities representing states 
worse than dead). Utility weights can be used to compute 

that they combine measures of quantity and quality of life 
into a single metric by adjusting (or weighting) the time 
spent in a particular health state by the desirability of that 
health state. For example, spending 10 years in full health 

in a compromised health state with a utility of 0.7 would 

There are several approaches for eliciting preferences, but 
two widely applied methods involve (1) direct assessment 
via rating scales, the standard gamble method, or the time 
trade-off method, and (2) indirect assessment via health state 
classification systems, in which utilities derived from the 
general public are mapped onto an individual’s health state. 
(Other methods for eliciting preferences, including willing-
ness to pay, conjoint analysis, and person-trade-offs, are 
described elsewhere [9–12].)

Rating Scale
-

mometer and visual analog scale, ask patients to rate a par-
ticular health state, e.g., HIV, along a continuum between 0 
(worst health state) and 100 (best health state). Although 
relatively easy to complete, such ratings do not represent true 
utilities because no trade-offs are involved, and therefore, 
raw rating scale scores theoretically cannot be used to com-

13]. When administered in combination with 
other preference-based measures as an introductory exercise, 
however, a rating scale may help patients to think in quantita-
tive terms about the quality of health states.

Standard Gamble
The standard gamble is regarded as a true utility elicitation 
technique that assesses a patient’s willingness to risk an 
immediate bad outcome (usually, death) for a chance to 
improve the quality of a given health state such as HIV (usu-
ally to perfect health). Patients must choose between two 
options, denoted as the sure thing (HIV) or the gamble. If 
they choose the “sure thing,” then they agree to accept or 
remain in that current (or described) health state. Alternatively, 
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they can try to attain the best possible health state by choos-
ing the “gamble,” which represents an experimental or risky 
intervention (e.g., a pill or an operation) that will either suc-
cessfully restore the patient to full health (with an assigned 
likelihood of p that can vary between 0 and 1) or cause imme-
diate death (with an assigned probability of 1 − p). Patients 
are presented with the choice between the sure thing and the 
gamble over several iterations in which p is varied systemati-
cally, until eventually there is a value of p at which the patient 
cannot decide between the sure thing and the gamble. At this 
indifference point, the options are considered to be equiva-
lent to the patient, and the magnitude of p is the patient’s 
utility for the given health state.

Time Trade-Off
The time trade-off technique determines the amount of time 
(if any) by which patients are willing to reduce life expec-
tancy order to improve a given health state [14]. For example, 
would a patient with HIV prefer a shorter but healthier life to 
living their remaining life expectancy in their current state of 
health? [15] Again, patients must choose between two 
options. One is to remain in the given health state, e.g., HIV, 
for some specified duration of time (X), usually their life 
expectancy, followed by death. The other is to live in the best 
possible health state for some shorter duration of time (X − t), 
again followed by death. In contrast to the standard gamble, 
in the time trade-off, there is no risk of immediate death. 
Instead, death occurs with certainty at the end of the time 
horizon stated explicitly for both options. But, like the stan-
dard gamble, in the time trade-off, the exercise is repeated 
for different values of t as long as the patient expresses a 
strict preference between the two options. When the patient 
reaches the point of indifference, the options are considered 
to be valued equally and the patient’s utility for the given 
health state is computed as the ratio (X − t)/X.

Health State Classification Systems
These indirect utility questionnaires are a hybrid between 
health status questionnaires and direct utility measures. As 
with the development of any validated questionnaire, health 
state classification systems [16] are the end product of sub-
stantial data collection efforts, in this case obtaining directly 
assessed utilities (e.g., standard gamble or time trade-off) 
for described health states in large groups of participants 
(community-based samples) and then using these data to 
estimate and validate quality-of-life weights for those health 
states [13, 17]. Once completed, health state classification 
systems can be administered in the same manner as health 
status questionnaires that ask patients to report their health 
and level of functioning across various domains. The 
weights are then mapped to patient responses and combined 
into a final utility score. The five-item EuroQOL (EQ-5D) 
questionnaire, [18, 19] Short Form 6D (SF-6D), [20, 21], 

Quality of Well-Being (QWB) scale [22], and Health 
Utilities Index systems (HUI2 and HUI3) [16, 23] are all 
examples of health state classification systems (Table 22.2). 
Weights for the EQ-5D derived from US samples are avail-
able [24, 25].

On the one hand, the health state classification systems 
questionnaires have several advantages. Their administration 
is straightforward. They do not require an understanding of 
probabilities and they do not involve subjecting patients to 
unfamiliar tasks or unusual experiments, such as trading 
years of life for perfect health. They can be used as a mea-
sure of QOL, even if economic evaluations (e.g., cost-effec-
tiveness analyses) are not intended and utility calculations 
are not needed. On the contrary, health state classification 
systems are typically generic rather than disease-specific, so 
physicians need to consider whether the items included in 
them are appropriate to use for their targeted patient popula-
tion. Also, because the questionnaires apply predetermined 
weights to patients’ responses, they treat preferences as 
homogeneous across individuals. They cannot be used to 
discern individual differences in preferences or values for 
health states.

Item Response Theory and Computerized 
Adaptive Testing

A relatively recent approach to measuring health-related 
-

tive testing (CAT) [26
database of items (“item banks”) related to QOL (or domains 

efficient QOL assessment because the full battery of items 
related to QOL does not need to be administered. Instead, 
after a respondent completes an item, CAT chooses to admin-
ister the next most informative item, based on the individu-
al’s previous responses (think of it as “smart skip patterns”). 

to avoid having test-takers complete either too many easy 
questions to demonstrate their understanding or too many 
hard questions to confirm lack of understanding for a given 
concept; therefore, with each new response, CAT refines its 
assessment of the test-taker’s performance and chooses the 
next most discriminating item to further refine the assess-

-
ible to administer to many patient groups/populations and 
also to assess QOL for many different severities of illness 

[27
QOL across different stages of illness in patients with HIV. 

developing and validating extensive item banks for QOL 
domains [27].
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Uses of Quality-of-Life Measures

Clinical Decision-Making

Although efforts in developing measures of QOL are largely 
motivated by research interests, [28] administering QOL 
measures to patients and assessing change in QOL over time 
also plays a role in clinical practice. Most commonly, utili-
ties are incorporated into decision analyses comparing two 
or more diagnostic or therapeutic strategies (e.g., two differ-
ent threshold CD4 counts for initiating highly active antiret-
roviral therapy), with the optimal option being the one that 

asked to measure QOL for these purposes may also provide 
patients with the opportunity to thoughtfully evaluate their 
own priorities and clarify their preferences. Furthermore, the 
responses to the questions can help physicians understand 
their patients’ perspectives and serve as “talking points” to 
improve physician–patient communication. With health sta-
tus assessment, declines over time in functioning and other 
QOL domains might indicate a need to manage a patient’s 
condition differently, and changes (whether improvement or 
deterioration) following an intervention would speak to the 
success of treatment. On a larger scale, trends in responses to 
QOL-related questions may help inform developing best 
practices for specific patient populations.

Economic Evaluation

Health utilities can be incorporated into economic evalua-
tions to help inform decisions about health policy and 
resource allocation. In cost-effectiveness analysis (CEA), 
two or more treatments or courses of action are analyzed to 
assess which course would be the most advantageous and 
worth pursuing in terms of the resources expended relative to 
the benefits achieved [13]. For the analysis, direct medical 
costs and other relevant costs, such as costs of patient’s time, 
are converted into monetary units, but benefits are defined 
differently from one analysis to the next depending on the 
most clinically relevant outcomes. For example, in the case 
of HIV, intervention benefits could be measured in terms of 
life-years gained, cases of HIV detected, or cases of HIV 
averted [29, 30]. Once defined and measured, the results are 

-
puted as follows:

 

A B

A B

Cost Cost

Effect Effect  

where the numerator equals the additional costs of option 
A over B and the denominator equals the additional benefits. 

Cost–utility analysis (CUA) is a special case of CEA that 

metric, their use allows analysts to make comparisons of dif-
ferent treatments for a particular condition and also to make 
comparisons across conditions [13, 31].

In the UK, formal economic evaluation contributes sub-
stantially to decision-making about health care. For example, 
the National Institute for Health and Clinical Excellence 
applies CUA to assess, recommend, and prioritize best care 
practices and to influence payment and coverage decisions 
by the National Health Service. In the USA, economic evalu-
ation has been less influential in shaping health policy. 
Nevertheless, in the mid-1990s, the US Public Health 
Service’s Panel on Cost-Effectiveness in Health and Medicine 
issued recommendations for performing economic analyses 
and recommended CUA as a key component of economic 
evaluations [31].

Assessment of Quality of Life in Patients  
with HIV Infection, Liver Disease, or Both

Examples of QOL Measures

Generic Health Status Measures
Several well-known generic health status measures were 
derived from the Medical Outcomes Study (MOS). These 
include two of the most common health status questionnaires, 
the MOS 36-item short form (SF-36) [32] and the 12-item 
SF-12 [33]. Both instruments address eight domains or sub-
scales – physical function, role limitations due to physical 
health, role limitations due to emotional health, social function-
ing, mental health, pain, vitality, and general health – and com-
pute two summary component scores: physical and mental.

Disease-Specific Health Status Measures
Although instruments can be developed de novo for a spe-
cific population of patients, generic measures are often mod-
ified or supplemented with additional items to assess the 
needs of specific groups; to wit, Shumaker and colleagues 
[5] recommend that QOL assessment for a particular patient 
population (e.g., those with HIV infection) incorporate 
generic components shared by other patient and community 
populations.

Several MOS measures have been modified to assess 
QOL in patients with HIV infection or liver disease. 

all be traced back to the SF-36. These include the AIDS 
Clinical Trials Group (ACTG) questionnaire, [34] the HIV 
Cost and Service Utilization Study (HCSUS) measures, [35] 
and the MOS-HIV developed by Wu and colleagues [36–38]. 
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The most widely used instrument, the MOS-HIV, addresses 
ten domains (physical function, role function, pain, social 
function, emotional well-being, fatigue, cognitive function, 
general health, distress, and overall QOL). There are many 
other health status measures available for assessing QOL in 
HIV-infected individuals, [39], including the AIDS Health 
Assessment Questionnaire (AIDS-HAQ) [40] and the HIV/
AIDS-Targeted Quality of Life (HAT-QOL) instrument [41]. 
Additional examples of both HIV-specific measures and 
generic measures as applied to HIV populations can be found 
in recent review articles [28, 42, 43].

used the SF-36 as a basis and then added several items spe-
cifically targeting liver symptoms. Examples are the Liver 
Disease Quality of Life (LDQOL) measure for chronic liver 
disease [44] and the Hepatitis Quality of Life Questionnaire 
(HQLQ) for hepatitis C virus (HCV) infection [45]. Those 
two measures vary in terms of comprehensiveness/respon-
dent burden: the LDQOL includes 75 additional items to 
address 12 disease-specific domains (symptoms, activities of 
daily living, concentration, memory, sexual functioning, sexual 
problems, sleep, loneliness, hopelessness, social interaction, 
health distress, and self-perceived stigma), whereas the 
HQLQ adds only four items related to both generic concerns 
(sleep and health distress) and condition-specific issues 
(HCV-related limitations and distress).

Although a large number of individuals are coinfected 
with HIV and HCV, a targeted QOL instrument has not been 
developed with this particular population in mind. Instead, 
QOL in coinfected individuals has been assessed with HIV-
specific measures such as the HCSUS measures, [46] the 
HQLQ, [47] and the MOS-HIV [48]. Only the MOS-HIV 
has been validated for use in detecting QOL differences 
between HIV-infected individuals and HIV–HCV-coinfected 
individuals in terms of both the physical domains and mental 
domains of QOL [48].

Direct Utility Assessment
Direct assessment methods can be applied to any health state 
and have been widely used in HIV-related contexts. Direct 
elicitation methods (e.g., standard gamble and time trade-off) 
have been used extensively in HIV and HIV–HCV coinfec-
tion [49, 50] and in liver disease [51]. Additionally, Mrus and 
colleagues [52] demonstrated that rating scale scores could 
be transformed to standard gamble utilities reasonably well.

Health State Classification Systems
There are currently no health state classification measures 
specific to HIV-infected individuals, but a recent study found 
that the HUI3 and, to a lesser extent, the EQ-5D were respon-
sive to changes in QOL among patients with advanced HIV 
and AIDS [53]. The QWB and SF-6D have also been used in 
patients with HIV [54, 55].

Results of Selected Quality of Life Studies

Quality of Life and HIV Infection
Many studies have assessed QOL in HIV. In one of the larg-
est, as part of the HIV Cost and Services Utilization Study, 
researchers examined QOL data for a national sample of 
2,864 HIV-positive adults at various stages of illness ranging 
from asymptomatic to AIDS [35]. They computed SF-36 
summary measures of physical health and mental health and 
compared values to the general population and to other 
patient groups. There was substantial morbidity in the HIV 
population based primarily on symptoms, but there was also 
wide variation according to stage of illness. In terms of phys-
ical health for example, patients at the least severe stage 
(asymptomatic) compared favorably with the general popu-
lation, while those at the most severe stage (AIDS) reported 
worse physical functioning than all other chronic illnesses 
considered. Mental health was similar across stage of illness 
for HIV-positive patients, but substantially worse than other 
conditions except mental illness.

Mrus and colleagues [56] examined patients from three 
large HIV studies and compared their self-assessment of 
overall health using two global rating scales and found QOL 
was related to measures of illness severity (e.g., CD4 count, 
salvage therapy) as well as age. They also found that patients 
enrolled in clinical trials tended to assign higher QOL 
ratings.

A growing body of research has shown that, perhaps con-
trary to expectation, self-reported QOL may actually improve 
over time for some HIV-positive patients after their diagno-
sis. In particular, patients with increased tangible support 
(e.g., assistance from family, regular medical care), improved 
emotional support (e.g., family reconciliation, spiritual/faith 
community), or improved health behaviors (e.g., discontin-
ued drug use) after diagnosis might quite reasonably experi-
ence better QOL after diagnosis. Alternatively, patients may 
rate their QOL as better over time once they adapt to their 
diagnosis or new health state [15, 57].

Quality of Life and Liver Disease
In testing the Hepatitis Quality of Life Questionnaire 
(HQLQ), the health burden associated with HCV was sub-
stantial. Overall, patients with HCV scored lower than the 
general population for most domains; they had worse QOL 
scores than patients with hypertension, were comparable to 
patients with diabetes, and fared better than patients with 
depression [45].

More recently, a review of studies examining QOL in 
HCV patients published from January 2005 to March 2007 
has reported that 20 of the 21 studies used the SF-36 [58]. 
Many studies used multiple measures, but no other measure 
was used by more than two studies. Groessl and colleagues 
[58] noted that a negative correlation between HCV infection 
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and QOL in numerous domains is clear but that the cause is 
not. Questions remain about the roles that physiological 
mechanisms and psychological mechanisms (e.g., stigma) 
play in lowering the QOL scores.

Until recently, preference-based estimates of QOL for 
HCV-related health states have been lacking, except for 
proxy estimates from physicians. In the past decade, how-
ever, several groups of researchers have computed utilities 
for HCV health states using either direct elicitation methods 
or health state classification systems. In North America, 
Sherman and colleagues [59] administered a rating scale, 
followed by both SG and TTO, while Chong and colleagues 
[60] used visual analog scale, SG, HUI3, and EQ-5D. 
Björnsson et al. [61] performed a similar study in Sweden 
and Norway, administering the EQ-5D (which includes a 
visual analog scale) to HCV patients. All three of these stud-
ies administered some version of the SF-36 in addition to the 
preference-based measures, and all three studies stratified 
their utility estimates by severity or stage of illness. 
Consistently, the studies found that patient-reported values 
for HCV health states were worse than physician estimates. 
Still another approach for deriving preference-based esti-
mates of QOL was reported by Thein and colleagues, [62] 
who conducted a systematic review of studies using the 
SF-36; in turn, they applied three different methods for “con-
verting” the SF-36 scores into utility scores and compared 
the results. The comparison highlighted substantial variation 
in the utility estimates for the same level of illness, depend-
ing on the method used. In general, the simplest transforma-
tion by Shmueli produced the highest point estimates [63] 
relative to the other proposed methods based on the QWB 
and HUI2 [64, 65].

Quality of Life and Comorbid HIV Infection  
and Liver Disease
Although either HIV infection or liver disease can exacer-
bate QOL, it is not clear whether the combination of condi-
tions worsens QOL beyond that associated with 
monoinfection and, if so, whether the effect on QOL is addi-
tive or multiplicative. Using the SF-36, Fleming and col-
leagues [47] studied the QOL of 299 individuals with HIV 
infection, HCV infection, or HIV–HCV coinfection in the 
USA and found that each of these three groups had a poorer 
QOL than did the general US population but that the three 
groups had similar scores for the eight subscales on the 
SF-36 and for the summary physical and mental component 
scores on the SF-36. When Kanwal and colleagues [46] 
studied the QOL of individuals with HIV infection, HI–HCV 
coinfection, and HIV–hepatitis B virus (HBV) coinfection 
by using the HCSUS measure, they found that physical and 
mental health scores were similar across the three groups at 
baseline and that, although all three groups experienced 
declines over a 2-year period, the changes were not statistically 

significant. And when Henderson and colleagues [48] studied 
the QOL of individuals with HIV-infection vs. comorbid 
HIV infection and liver disease by using the MOS-HIV, they 
found significantly less impairment in the physical function-
ing of the group with HIV monoinfection.

Mrus and others [66] used multiple approaches, including 
the SF-12, other health status measures, and direct utility 
assessment methods to compare QOL values among HIV-
infected, HCV-infected, and coinfected groups. The study 
demonstrated that, as with other health states, the method of 
QOL assessment matters and is associated with wide varia-
tion in the resulting numeric values. In turn, covariates 
related to QOL values also varied according to the method of 
assessment, though symptoms and spirituality were consis-
tent across methods. Importantly, coinfected patients 
appeared similar to those with monoinfection.

In Germany, Tillman and colleagues [67] used the EQ-5D 
and compared the QOL of individuals with HIV–hepatitis B 
virus (HBV) coinfection, HIV–HCV coinfection, and HIV–
HBV–HCV coinfection. They found that HBV coinfection 
was not associated with worse QOL among HIV-infected 
patients; by contrast, HIV-infected patients who were coin-
fected with HCV exhibited worse QOL and more impair-
ment. This finding was distinct from previously reported data 
regarding the impact of coinfection on survival outcomes, in 

68] found that HBV infec-
tion was more harmful than HCV infection.

Summary

QOL is an important, patient-reported measure of well-
being. Efforts to study and measure QOL are motivated by 
the realization that clinical outcomes alone (including sur-
vival) are often insufficient to differentiate among alternative 
treatments or to convey the full impact (be it benefit or harm) 
of a particular course of treatment. As McDowell aptly states 
in summarizing the relevance of QOL, “… patients want to 
live, not merely survive” [3].

As an end point in the treatment and management of 
patients with HIV and HCV infection, QOL is relatively 
recent and reflects interest in both patient-centered outcomes 
generally and clinical advances for treating these conditions 
specifically. Early and appropriate treatment of HIV and 
HCV infection can now add years to life expectancy, sug-
gesting that attention and resources must also be devoted to 
improving and maximizing the quality associated with this 
survival benefit.

With numerous QOL measures in existence, no single 
QOL measure serves as a gold standard, suggesting that, in 
general, it is often useful to assess QOL using multiple measures 
– for example, a generic health status measure, a disease-
specific health status measure, and a utility measure. The 



20322 Quality of Life in Patients with HIV Infection and Liver Disease

measures are complementary: direct or indirect utility mea-

in general allow for QOL in HIV/liver disease to be compared 
in relation to other conditions; meanwhile, disease-specific 
measures can monitor changes in specific symptoms or con-
cerns as part of the overall management of chronic conditions 
[69]. In some settings, this multiple-measure approach may 

and CAT could someday streamline this process.
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