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Chronic hepatitis B virus (HBV) infection is common in
HIV-positive individuals, mainly among those with sexually
risky behaviors. Although HBV vaccination is mandatory in all
HIV-infected persons with negative HBV markers, lower rates
of protection due to abnormal immune responses are
achieved. HIV accelerates the course of liver disease caused
by chronic HBV infection, leading rapidly to end-stage hepatic
iliness and increasing the risk of hepatocellular carcinoma.
Treatment of HIV including nucleos(t)ide analogues active
against HBV highly improves outcomes, especially when teno-
fovir is part of the antiviral regimen. The use of lamivudine as
the only active anti-HBV agent in HIV-HBV co-infected patients
should be limited to individuals with low serum HBV-DNA lev-
els. Otherwise, selection of drug resistance may eliminate any
clinical benefit, produce cross-resistance to other antivirals,
and favor the emergence of HBV vaccine escape mutants.

Key words: Drug resistance, elastometry, hepatitis delta,
lamivudine, tenofovir

Introduction

Nearly 2 billion people have been infected with the hepatitis B
virus (HBV). Around 350 million remain chronically infected
and depict positive HBV surface antigen (HBsAg) persistently
in their blood (1,2). Progressive liver disease, including develop-
ment of liver cancer, occurs lifelong in 20% to 30% of chronic
HBsAg carriers in the absence of antiviral treatment (2-4). As
for human immunodeficiency virus (HIV), HBV is primarily
transmitted by sexual, parenteral, and perinatal exposure, which
explains why HIV-HBV co-infection is relatively common (5-8).
Current estimates of chronic hepatitis B among HIV-infected
patients range from 5% to 15%. Thus, 3 million out of 35 million
people living with HIV worldwide have chronic hepatitis B (5,9).
In some regions of Sub-Saharan Africa and Southeast Asia, per-
sistent HBsAg+ can be found in up to 15%-20% of the HIV
population (10), whereas in Western Europe fewer than 10% of
HIV-infected individuals have chronic hepatitis B, although this

o Assessment of HBV status is warranted in all HIV-
positive persons, and HBV vaccination should be given
to all susceptible individuals.

o Treatment of HIV including anti-HBV active agents
should be given to all HIV-HBV co-infected individuals,
regardless of CD4 counts. Although tenofovir is the drug
of choice, lamivudine as the only active anti-HBV agent
might be considered in certain scenarios.

e Periodic assessment of liver fibrosis using non-invasive
tools (i.e. elastometry) is warranted in all HIV-HBV
co-infected patients. Likewise, periodic screening for
hepatocellular carcinoma should be performed in
cirrhotics and persons with elevated serum HBV-DNA.

rate is more than 100-fold higher than in the general population
(5). In the United States half of HIV-positive persons have been
exposed to HBV and therefore exhibit markers of spontaneously
self-limited HBV infection (HBV core antibodies [anti-HBc]
with/without HBV surface antibodies [anti-HBs]) or have cur-
rent serum HBsAg+ (11).

The prevalence of HBsAg+ after HIV diagnosis has remained
relatively unchanged since 2000, which means that recommenda-
tions for HBV vaccination in high-risk populations need to be
refreshed and implemented. In developing countries, HBV is
mainly transmitted in the perinatal period from HBsAg+
mothers, in early childhood from infected peers, or in early youth
by heterosexual contact (10). In Western countries HBV vaccina-
tion campaigns have halted HBV infection of newborns and in-
fants, meaning that most infections currently seen are among
immigrants or adults with high-risk practices, such as men who
have sex with men (MSM) (2).

The distribution of HBV genotypes, 10 in total and named
with letters from A to J, differs in distinct geographical regions
(1). HBV genotype A predominates in Northern Europe and
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North America, whereas genotypes B and C are common in Asia,
and genotype D is mostly found around the Mediterranean basin
and in Eastern Europe. The HBV variant may influence the course
of chronic hepatitis B, HBV genotypes C and D being associated
with faster progression to cirrhosis and liver cancer, whereas HBV
genotypes A and B may be more susceptible to interferon therapy
(12). In European HIV-positive patients with chronic hepatitis B,
genotype A is overall the most prevalent, although HBV genotype
D predominates among injecting drug users (IDUs) in Southern
Europe (13).

Diagnosis

All HIV-infected persons must be tested for HBV markers of cur-
rent (HBsAg+) or past infection (anti-HBc+ and anti-HBs+). In
individuals lacking serological markers, HBV vaccination should
be recommended (6). In the absence of HBV immunity, testing
must be refreshed in subjects with unexplained liver enzymes
elevations, visits to or birth in endemic areas, household contacts
with HBsAg+ persons, IDUs, those with multiple sexual contacts,
history of sexually transmitted diseases, MSM, prison inmates,
pregnant women, and chronic hepatitis C individuals (3,8).

As fulminant viral hepatitis is more common in patients with
underlying chronic liver disease, hepatitis A virus (HAV) vaccina-
tion is recommended in all patients with chronic hepatitis B and
negative HAV-AD (4). Given overlapping transmission routes, the
presence of concomitant HCV and/or hepatitis delta virus (HDV)
infection should also be excluded in all HIV-HBV co-infected
patients (3,4,8).

In all patients with chronic hepatitis B, alanine aminotrans-
ferase (ALT) values, HBV genotype, HBV e antigen (HBeAg), and
serum HBV-DNA levels need to be assessed at baseline in order
to consider therapeutic decisions and select the best treatment
option. If treatment is started with any antiviral, liver enzymes,
HBeAg, HBsAg, and HBV-DNA should be monitored every 3 to
12 months. The extent of liver fibrosis should be checked at base-
line and ideally every 6 months using non-invasive tests, such as
transient elastometry, which is currently one of the most reliable
and feasible tools to discriminate between advanced and mini-
mal/absent liver fibrosis (8,14). Table I gives a list of parameters
that must be recorded at baseline and thereafter periodically in
HIV-infected patients with chronic hepatitis B.

In patients with advanced liver fibrosis, periodic screening of
liver cancer, including serum alpha-fetoprotein and ultrasonogra-
phy every 6 months, is warranted. HIV individuals could be at
greater risk for hepatocellular carcinoma (HCC) even in the
absence of cirrhosis. This consideration particularly applies
to African patients over 20 years of age, Asians over 40 years,

Table I. Main parameters to be assessed in HIV-infected patients with chronic
hepatitis B.

Baseline Periodic monitoring

Liver enzymes
Hemogram
Biochemistry

HBYV serological markers
Serum HBV-DNA
HBV genotype

HBYV resistance

HDV antibody

HCV antibody

HAV antibody

Liver fibrosis staging
Abdominal ultrasound
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persons with a family history of HCC, and subjects with high
HBV-DNA levels (> 2 million IU/mL). Screening for esophageal
varices should be performed periodically in cirrhotics, and
prophylaxis should be considered with propranolol or other pro-
cedures accordingly (4).

Clinical outcome

More than 95% of adults exposed to HBV for the first time
attain HBsAg seroconversion within the first 6 months and
develop anti-HBc with/without anti-HBs. These subjects have
resolved but not cured HBV infection, as integrated, episomal
HBV-DNA remains within the hepatocytes and may reactivate if
severe immune suppression occurs for any reason (i.e. adminis-
tration of chemotherapy) and/or as result of selection of envelope
HBYV escape mutants (15-17).

Patients with detectable HBsAg in serum for longer than
6 months are considered as having chronic hepatitis B. During
the first years, HBeAg is generally positive, which is associated
with elevated serum HBV-DNA levels (> 20,000 [lU/mL). HBeAg
seroconversion occurs at a rate of 8% to 12% per year, followed
by normalization in liver enzymes, and decline or even suppres-
sion in HBV-DNA levels (inactive HBsAg carrier state) (18).
This event occurs more frequently with older age, high ALT
and in HBV genotype B. However, in 10% to 30% of HBeAg-
negative patients ALT is elevated and serum HBV-DNA levels
are above 2000 IU/mL. These individuals usually harbor and
replicate HBV core or pre-core mutants (19,20). Spontaneous
HBsAg clearance is a rare event and occurs at a rate of 0.5%
per year in chronic hepatitis B (resolved hepatitis B). It is gener-
ally preceded by low/undetectable HBV-DNA and followed by
development of anti-HBs (18).

The natural history of chronic hepatitis B is often more
complex than described above. Patients can exhibit a wide
range of hepatic damage with diverse degrees of inflammation
and fibrosis (21). Final events are cirrhosis, end-stage liver dis-
ease (ESLD), and HCC. Factors associated with fatal outcomes
in chronic hepatitis B are male gender, black or Asian race,
family history of liver cancer, high HBV-DNA levels, and
HBeAg+ (22,23). As compared to HBV-monoinfected indi-
viduals, HIV-HBV co-infected patients have lower chances
for spontaneous HBeAg and HBsAg clearance, and serum
HBV-DNA levels are more elevated, which may contribute to a
faster progression to ESLD and HCC, characteristically seen in
HIV-HBV co-infected patients (6,7,23-27).

Following the advent and broader use of highly active antiret-
roviral therapy (HAART), opportunistic complications have
declined dramatically in HIV patients. However, liver-related
complications are on the rise in subjects co-infected with hepatitis
viruses, mainly B and C (28-30). Treatment of both HIV and
HBV may prevent or slow down the development of hepatic com-
plications in co-infected patients (30,31). Accordingly, most HIV
treatment guidelines recommend earlier HIV and HBV therapy
in HIV-HBV co-infection regardless of CD4 counts (8,32,33).
This goal can be easily accomplished using oral drugs with dual
antiviral activity (i.e. lamivudine [LAM], emtricitabine [FTC], or
tenofovir [TDF]) (34). The enhanced risk of liver toxicity of anti-
viral agents, particularly among cirrhotic HIV-HBV co-infected
patients (35-37), should not preclude prescription of HIV
plus HBV therapy, although antivirals with the safest liver
profile should be preferred (6). A strong warning should be issued
against stopping HAART with anti-HBV drugs for any reason,
since abrupt resumption of HBV replication may lead to serious
liver enzyme flares and even fulminant hepatic failure (6).
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Figure 1. Treatment indication for chronic hepatitis B in HIV-infected
individuals. Note: In patients with significant liver fibrosis (Metavir
F2-F3), HBV treatment may be considered even when serum HBV-DNA is
<2000 IU/mL and liver enzymes are not elevated.

Treatment

In HIV patients with chronic hepatitis B, dual antiviral therapy
is indicated without controversy in all individuals with
cirrhosis, serum HBV-DNA > 2000 IU/mL, and/or elevated liver
enzymes (Figure 1) (6,8). Most experts even recommend dual
therapy irrespectively of CD4 counts, given the accelerated
progression of liver disease in HIV patients. The best option
would be triple combination of antiretrovirals, including
two reverse transcriptase inhibitors with anti-HBV activity,
namely TDF plus LAM or FTC (6,8,32). The co-formulation of
TDE/FTC (Truvada®) makes this option the preferred one.
The third drug can be any antiretroviral agent with a safe liver
profile.

Only in very specific situations may peginterferon alpha
be considered as therapy for chronic hepatitis B in HIV-co-
infected patients. This is the case for subjects with normal
CD4 counts unwilling to start HAART, or those with HBeAg+,
low HBV-DNA, and elevated ALT (Figure 2). Interferon is con-
traindicated in patients with decompensated liver disease (4).

Other treatment options, such as adefovir (ADV) or telbivu-
dine (LdT) therapy, do not fit in the HIV setting due to their

lack and/or residual activity against HIV along with a relatively
weak activity against HBV. Treatment with entecavir (ETV) may
be considered when TDF cannot be used, generally in patients
with kidney disease or due to toxicity. As ETV displays weak
activity against HIV and may select for resistance mutations, it
should be administered only in the context of a fully suppressive
HIV treatment (38).

Oral anti-HBV drugs may select changes at the HBV poly-
merase leading to loss of susceptibility to the corresponding
drug and cross-resistance to other antivirals. As compared
with HIV or HCV, HBV selects drug-resistant mutants more
slowly, which largely depends on the longer half-life of infected
hepatocytes carrying viral cccDNA (39). Among drugs used to
treat hepatitis B, LAM exhibits the lowest resistance barrier,
with emergence of drug-resistant mutants in 25% and 65% of
patients treated for 1 and 5 years, respectively (4). LdT selects
drug-resistant mutant viruses at a rate of 20% within 2 years.
This rate is around 29% for ADV at 5 years. The greatest barrier
to resistance is exhibited by ETV and especially by TDF. ETV
resistance being very rare in naive individuals (< 2% at 5 years),
it may develop in nearly half of patients with prior LAM failure
after 5 years of ETV treatment (40).

The change M2041/V is usually responsible for LAM, FTC,
andLdTresistance,whilemorechanges(L180M+ M204V + T250)
are generally needed to produce ET'V resistance. Cross-resistance
is almost universal between LAM, FTC, and LdT, and less
so ETV. There is some cross-resistance to ADV in the presence
of A181S+ M204I in patients that have failed LAM therapy
(41,42). No mutations have been uniformly associated with
significant loss of susceptibility to TDF in vivo, although
anecdotal reports have pointed out that A194T in the context of
LAM resistance mutations might produce TDF resistance in
HBYV (43). Figure 3 records the main changes in HBV polymerase
associated with drug resistance.

Resistance to LAM in HBV is more frequent and
develops faster in HIV-HBV co-infected patients than in HBV-
monoinfected individuals, largely due to higher serum HBV-
DNA levels in the former (44-46). Selection of LAM resistance
in chronic hepatitis B is associated with poor clinical outcomes,
including liver enzyme flares that occasionally can be life-
threatening (47,48), and precluding the success of rescue antiviral
interventions due to cross-resistance with other antivirals.

HIV-HBV coinfection

!

CD4 >500 cells/ul AND
No indication for HAART

| |
HBV Rx No HBV Rx
indicated indicated
¥ ¥

a) Early HAART
including TDF +

FTC/3TC Monitor
b) Peg-IFN if closely
geno A, high

ALT, low HBV-

DNA

)
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| !
LAM LAM
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} y
Add or
substitute HAART
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Figure 2. Treatment options for chronic hepatitis B in HIV-positive individuals (adapted from European AIDS Clinical Society Guidelines (8)).



L A
LAMFTC

M
M TNV '

Telbivudine IE——— O —
|
| L T S M
Entecavir IE @ m m m
T M W

G/C G v

N
Adefovir
™ | T
A
Tenofovir
™ T

Figure 3. Hepatitis B virus drug resistance mutations.

Due to overlapping polymerase and envelope genes in the
HBV genome, LAM resistance mutations may result in HBsAg
changes, causing diminished HBs antigen-antibody binding.
This may translate into failure of diagnostic tests, vaccine escape,
or both (49-51). Finally, and to a lesser extent than in HIV, trans-
mission of drug-resistant HBV strains has already been reported
(52-54). It seems restricted to LAM, although mutations confer-
ring resistance to other anti-HBV agents have already been
reported (55,56). Transmission of LAM-resistant HBV strains
has been reported in up to 5%-8% of newly diagnosed HBV
patients in some studies (57,58). This observation constitutes
a further argument against the use of LAM as the only active
anti-HBV drug in HIV-HBV co-infected patients (45,46).

Rethinking therapeutic strategies for HBV in response to
economic constraints is always challenging, as patient safety
has to be preserved (59). The cost of LAM (US$1-2/day), now
available as a generic drug, is much cheaper than for TDF
(US$10-12/day) or ETV (US$15/day). Besides, while LAM is
usually very well tolerated (60), TDF may be associated with
kidney tubular abnormalities (61,62), which infrequently may
lead to Fanconi syndrome (63) or even more rarely to overt renal
insufficiency (64). In HIV patients on prolonged TDF therapy,
cases of bone demineralization with increased risk of osteopenia
and bone fractures have been described (65).

Besides the unaffordable cost of medications, another impor-
tant limitation for the judicious use of antiviral drugs in resource-
limited settings is the high cost of HBV-DNA testing and of
tools for liver fibrosis assessment, including liver biopsy. In this
scenario HBeAg negativity could be a good surrogate marker for

(A) add-on
HBeAg-neg, low HBV-DNA, no cirrhosis
HBV-DNA
LAM
add TDF

/

2,000 -

w24
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low HBV-DNA levels, and here LAM as the only active anti-HBV
drug could be a good first-line option (Figure 4A) (59,66,67). If
HBV-DNA testing is available, LAM could be initially prescribed
as far as HBV-DNA suppression is potent enough to
prevent selection of drug-resistant mutants. Patients with HBV-
DNA levels below 2000 IU/mL at week 24 on LAM therapy may
be expected to attain complete viral suppression under this
regimen within the following 24 months. If not, adding TDF at
that time may be necessary.

In patients with high HBV-DNA (ie. >10° IU/mL), or
with positive HBeAg, a more potent regimen containing
TDF should initially be used (59,68). Thereafter, when undetect-
able HBV-DNA has been achieved, simplification with a cheaper
regimen with LAM could be enough to maintain viral suppres-
sion (Figure 4B). Even so, LAM would never be a good option in
cirrhotic patients, as eventual virological failures may produce
potentially life-threatening liver decompensation (68). As previ-
ously mentioned, primary LAM resistance, as found in persons
who acquired HBV mutants at first infection, seems to be
very rare (52-56). Only if this phenomenon gains frequency in
certain areas should LAM use in the scenarios described above
be discouraged.

HBYV vaccination

Universal infant HBV vaccination was recommended by the
World Health Organization in 1992 (69). All HIV-infected
adults without protective HBV surface antibody (HBsAb) titers
should be vaccinated. The response rate and durability of the
vaccine protection is poorer in HIV-positive compared to HIV-
negative persons (70,71) and is influenced by both CD4 counts
and plasma HIV-RNA (72). Accordingly, in patients with low
CD4 counts (<200 cells/uL) and uncontrolled HIV replication,
the success of HBV immunization is low. In these individuals,
prior antiretroviral therapy for at least 6 months may increase
HBYV vaccine response rates.

Although most HIV guidelines still recommend a conven-
tional HBV vaccination schedule, the lack of achievement of
protective anti-HBs titers (>10 mIU/mL) frequently warrant
re-vaccination using double doses and/or additional recall injec-
tions (months 0, 1, 6, and 12) (72,73). Of note, some protection
from HBV vaccine exists even when anti-HBs titers drop below
10 mIU/mL (74).

Isolated anti-HBc are commonly seen in HIV-infected
individuals. It may reflect three circumstances, as follows:

(B) switch on
HBeAg+, high HBV-DNA
HBV-DNA
TDF or ETV
Replace
to LAM

w24
“—>

Figure 4. Strategies for safer lamivudine use in the treatment of chronic hepatitis B in resource-limited settings (adapted from Soriano and

McMahon (59)). (A) add-on strategy; and (B) switch on strategy.
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1) false-positive reactions, 2) clearance of HBsAg with inability
to mount an adequate anti-HBs response or to maintain it over
time, and 3) interference with HCV, with low HBsAg titers and
low-level HBV-DNA (72). At this time it remains uncertain
whether HIV-infected persons with isolated anti-HBc should be
vaccinated against HBV. Testing must be repeated first. A single
vaccine recall injection may distinguish the three possibilities
previously mentioned (false positivity, prior immunity with
undetectable anti-HBs, low-level HBV infection). If anti-HBs
become positive at 1 month with high titers, an anamnestic
response should be suspected, and no further vaccine injections
are necessary. On the other hand, if anti-HBs remain negative
after the single HBV vaccine dose, serum HBV-DNA should
be tested using a sensitive technique. If low-level HBV-DNA is
found, the patient should be considered as HBV-infected
and therefore does not need any HBV vaccine prophylaxis. In
contrast, a negative serum HBV-DNA along with undetectable
anti-HBs would suggest that the patient is not infected by HBV
nor has been previously exposed; and the three-shot vaccine
series should be completed (72).

Hepatitis delta

Hepatitis D virus (HDV) infection only occurs in subjects
with hepatitis B, as HDV requires HBsAg to complete its replica-
tion cycle at the hepatocyte. Approximately 5% of patients with
chronic hepatitis B worldwide have HDV co-infection, with large
geographical disparities, and peaking to 8% or above in some
areas of the Mediterranean basin, Eastern Europe, and Latin
America (75). The prevalence of hepatitis delta among HIV-HBV
co-infected patients is around 15% in Western Europe (76). It is
steadily going down as the population of IDUs has declined
dramatically and HBV vaccination is broadly ensured in the HIV
population (77).

HDV co-infection causes chronic hepatitis B to progress
faster to ESLD and HCC (78,79). The only approved treatment
for HDV infection is peginterferon, although fewer than 20%
of patients attain and sustain HDV-RNA suppression (80,81).
Improvement in liver histology has been noticed in patients
that achieve sustained viral response after HDV therapy with
interferon (82). The addition of ribavirin, LAM, or ADV to
peginterferon has not provided any further benefit to interferon
in terms of response rate (83-85). Ongoing studies are exploring
the potential benefit of adding the newest more potent oral
anti-HBV drugs such as TDF or ETV. Information on TDF is
particularly appealing since prior reports have already suggested
some efficacy of the drug in HIV patients with delta hepatitis,
particularly in those infected with HBV genotype A (26,86,87).
However, a recent study has not shown any benefit of TDF plus
peginterferon over peginterferon alone in HDV-monoinfected
patients (88).

Doses and length of peginterferon therapy in hepatitis delta are
not well established, but the drug should not be given for less than
1 year, considering extension based on initial biochemical/
virological responses and tolerance. In patients experiencing a
significant serum HDV-RNA drop after 6-12 months of treatment,
peginterferon should be maintained until the achievement of
complete HDV-RNA suppression. Since HDV relapses are com-
mon upon premature drug discontinuation, when possible treat-
ment should be extended until HBsAg loss is attained (89). This
circumstance, however, is rarely achieved. In patients with hepati-
tis delta and ESLD or HCG, liver transplantation should be strong-
ly considered, especially in the absence of active HCV co-infection,
as liver transplant may cure HBV and HDV infections (90).
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