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Hepatitis B genotype G and high frequency of lamivudine-resistance
mutations among human immunodeficiency
virus/hepatitis B virus co-infected patients in Brazil
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In this study, we evaluated the hepatitis B virus (HBV) genotype distribution and HBV genomic mutations among a
group of human immunodeficiency virus-HBV co-infected patients from an AIDS outpatient clinic in Sdo Paulo. HBV
serological markers were detected by commercially available enzyme immunoassay kits. HBV DNA was detected us-
ing in-house nested polymerase chain reaction and quantified by Cobas Amplicor. HBV genotypes and mutations in
the basal core promoter (BCP)/pre-core/core regions and surface/polymerase genes were determined by sequencing.
Among the 59 patients included in this study, 55 reported prior use of lamivudine (LAM) or tenofovir. HBV DNA was
detected in 16/22 patients, with a genotype distribution of A (n = 12,75%), G (n = 2,13%), D (n = 1,6%) and F (n = 1,6%,).
The sequence data of the two patients infected with genotype G strongly suggested co-infection with genotype A. In 10
patients with viremia, LAM-resistance mutations in the polymerase gene (rtLI8OM + rtM204V and rtVI173L + rtLISOM
+ rtM204V) were found, accompanied by changes in the envelope gene (sI195M, sW196L and sI195M/sE164D). Muta-
tions in the BCP and pre-core regions were identified in four patients. In conclusion, genotype G, which is rarely seen
in Brazil, was observed in the group of patients included in our study. A high prevalence of mutations associated with
LAM-resistance and mutations associated with anti-HBs resistance were also found among these patients.
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Chronic hepatitis B virus (HBV) infection is an im-
portant public health problem affecting around 360 mil-
lion people worldwide (Shepard et al. 2006). In Brazil,
the prevalence of HBV carriers is difficult to assess be-
cause of the size and the cultural and socio-economic
diversity of Brazil. The prevalence of the HBsAg was
estimated at less than 1% in the Northeast and Central-
West Regions (Pereira et al. 2009) and around 1% in the
municipality of Sdo Paulo (Focaccia et al. 1998). In the
Brazilian Amazon Region, a higher prevalence was es-
timated to be 3.3-20.6% in some specific populations,
such as certain indigenous groups (Braga et al. 2001,
2005, Tavares-Neto et al. 2004).

Among patients co-infected with the human immu-
nodeficiency virus (HIV), HBV prevalence in Brazil
varies from 1.6-8.5% (Mendes-Correa et al. 2000, Mon-
teiro et al. 2004, Souza et al. 2004, Tovo et al. 2006,
Zago et al. 2007, Portelinha Filho et al. 2009). HIV co-
infection modifies hepatitis B progression by decreas-
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ing the anti-HBV immune response after acute HBV in-
fection, thereby increasing the risk of chronic infection
(Benhamou 2007). Furthermore, higher HBV DNA lev-
els and severe forms of hepatic disease, such as cirrhosis
and hepatocellular carcinoma, have been observed in pa-
tients with HBV/HIV co-infection (Bonacini et al. 2004,
Soriano et al. 2008).

Lamivudine (LAM) is the most common drug uti-
lized for hepatitis B treatment in patients co-infected
with HIV, as it inhibits both HIV and HBV viral replica-
tion. LAM has a high tolerance and proven efficacy and
is part of a highly effective antiretroviral therapy. LAM
inhibits HBV replication in up to 86% of patients co-
infected with HIV/HBV. Nevertheless, its prolonged use
may result in resistance mutations in the HBV genome.
In patients infected with HBV only, resistance to LAM
progressively increases at an annual rate of 14-32% and
in patients co-infected with HIV, HBV resistance to
LAM can rapidly appear (Benhamou et al. 1999). Af-
ter four years of continuous use in co-infected patients,
HBYV resistance to LAM can be detected in up to 90% of
this population (Soriano et al. 2009).

Data on HBV genotype distribution and LAM-
resistance among HIV co-infected patients are lacking
in Brazil (Santos et al. 2004, Sucupira et al. 2006, Bot-
tecchia et al. 2008). Thus, in this study, we evaluated
the HBV genotype distribution and presence of clini-
cally relevant HBV mutations among HIV co-infected
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patients receiving treatment in the municipality of Sao
Paulo. The following mutations were studied: (i) LAM-
resistance-associated mutations in the polymerase gene,
(i1) mutations in the overlapping surface antigen gene,
(ii1) basal core promoter (BCP) mutations and (iv) pre-
core mutations. The presence of these mutations was
analyzed in conjunction with HBV genotypes and other
selected clinical and demographic variables.

PATIENTS, MATERIALS AND METHODS

Patients were selected among those regularly fol-
lowed up by the AIDS Outpatient Clinic of the Clinics
Hospital, University of Sdo Paulo School of Medicine
(HC-FMUSP), between May 2006-May 2007.

Electronic database search and analysis of medical
records - We searched for information about HBsAg-
reactive patients using an electronic database query and
performed a serological profile analysis to identify HB-
sAg-positive patients under regular treatment during the
time frame cited above.

The following clinical and demographic variables were
also considered for analysis: gender, age, HIV or HBV risk
factors, evidence of advanced hepatic disease, adherence
to treatment regimen, antiviral drug use [LAM, tenofovir
(TDF), entecavir (ETV) or interferon (IFN)], CD4" T cell
count, liver enzymes [alanine aminotransferase (ALT),
aspartate aminotransferase (AST), gamma-glutamyl
transferase (GGT) and alkaline phosphatase (ALP)] and
histological alterations in liver biopsies.

Blood collection - After informed consent was ob-
tained from patients that joined the study, a blood sample
was collected for HBV serological and molecular bio-
logical tests.

Serology - A micro-particle enzyme immunoassay
(MEIA) (AXSYM, Abbott Laboratories, Abbott Park,
IL, USA) was used to detect hepatitis B serological
markers (HBsAg, total anti-HBc, anti-HBs, HBeAg and
anti-HBe) at the central laboratory of the HC-FMUSP.

Molecular biology assays - Molecular biology assays
were performed at the Laboratory of Viral Hepatitis of the
Instituto Adolfo Lutz and at the Laboratory of Tropical He-
patology and Gastroenterology of the Tropical Medicine
Institute, Department of Gastroenterology, HC-FMUSP.

HBYV DNA detection by nested polymerase chain re-
action (PCR) - HBV DNA was detected by nested PCR
as previously described (Pinho et al. 1993). Briefly, se-
rum samples (10 pul) were denatured with 2.5 uL of
0.5 M NaOH and incubated at 37°C for 1 h. Samples were
neutralized with 2.5 uLL of 0.5 M HCI. For the first round,
1 uM of each primer (1763 and 2032R) was added to the
mixture. Amplification was carried out by 25 cycles at
94°C for 1 min, 42°C for 1 min and 72°C for 2 min, fol-
lowed by an extension step at 72°C for 5 min. In the sec-
ond round, a 1:10 dilution of the first round product was
amplified by primers 1778 and 2017 using the same condi-
tions as above. Amplified products from the second round
were electrophorezed in a 2% agarose gel, stained with
ethidium bromide and visualized under ultra-violet light.

HBV DNA quantification - HBV DNA levels in serum
were analyzed by the Cobas Amplicor HBV Monitor Test
assay (Roche Molecular Systems, Pleasanton, CA, USA)
according to the manufacturer’s instructions. Briefly, DNA
was isolated from 100 pL of serum by polyethylene glycol
precipitation, followed by virion lysis and neutralization.
A known quantity of an internal quantification standard
(QS) was introduced into each sample and used through-
out the molecular assay. A 104-bp segment of the highly
conserved pre-core region was amplified using one bioti-
nylated primer (HBV-104UB) and one non-biotinylated
primer (HBV-104D). The QS was amplified with the same
primers as target HBV, generating a 104-bp amplicon. The
Cobas Amplicor instrument automatically performed PCR
amplification, hybridization and detection. According to
the manufacturer’s package insert, the Cobas Amplicor
HBV Monitor test shows linearity from 2.0 x 10? (lower
detection limit) to 2.0 x 10°HBV DNA copies/mL.

Amplification of surface/DNA polymerase (S/P) and
BCP/pre-core/core regions - HBV DNA was extracted
from 100 pL of serum by the acid guanidinium thiocya-
nate/phenol/chloroform method (Chomezynski & Sacchi
1987). A 476-nucleotide fragment (nt 255-731) of the over-
lapping S/P genes was analyzed to determine the HBV
genotype and the presence of drug resistance mutations.
This S/P fragment was amplified by nested PCR using a
set of primers previously described (Da Silva et al. 2001,
Sitnik et al. 2004). Primers FHBS1 and L840 and primers
FHBS2 and 3’LAM?2 were used for the first and second
rounds, respectively. Amplifications were carried out for
35 cycles at 94°C for 30 s, 56°C for 30 s and 72°C for
1 min, with a final extension step of 5 min at 72°C.

A 306-nucleotide fragment (nt 1653-1959) of the BCP/
pre-core/core regions was analyzed to identify mutations
related to HBeAg expression and/or viral replication, such
as those found in the BCP (A1762T and G1764A) and pre-
core (G1896A and C1899A) regions. The set of primers de-
scribed by Takahashi et al. (1995) was used and includes
the following: primers EP1.1 and EP1.2 for the first round
and primers EP2.1 and EP 2 for the second round of PCR.
The cycling temperatures were 1 min at 94°C, 30 cycles
of 30 s at 94°C, 30 s at 56°C and 40 s at 72°C, with a final
extension step of 5 min at 72°C.

Positive and negative controls were included in each
set of reactions. The nested PCR products were electro-
phorezed in a 2% agarose gel.

Sequencing - Sequencing was performed with dide-
oxynucleotides (ddNTPs) and fluorescent markers using
the ABI Prism® BigDyeTM Terminator kit (Applied Bio-
systems, Foster City, CA, USA) with the same primers
used in the second round of PCR according to manu-
facturer’s instructions. Samples were sequenced on an
Automatic Sequencer ABI Prism 3100 (Applied Biosys-
tems, Foster City, CA, USA). Both sense and antisense
strands were analyzed.

Sequence analysis and genotyping - Nucleotide se-
quences of both regions were validated using the Phred-
Phrap software and consensus sequences were obtained
by alignment of both strands (sense and antisense) using
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the CAP3 DNA sequence assembly programme (Ewing et
al. 1998, Ewing & Green 1998, Huang & Madan 1999).

Nucleotide sequences were compared with previous-
ly reported sequences of the different HBV genotypes
(A-H) obtained from GenBank (ncbi.nlm.nih.gov/). Se-
quences were aligned using CLUSTAL X (Thompson
et al. 1997) and the alignments were visually inspected
and edited using BioEdit 7.0.5.3 (Hall 1999).

HBYV genotypes were determined by phylogenetic analy-
sis using the distance method (neighbor joining) implement-
ed in Molecular Evolutionary Genetics Analysis (MEGA)
software version 4.0 (megasoftware.net/) (Tamura et al.
2007). Robustness of the phylogenetic groups was evaluat-
ed using 1,000 bootstrap replicates. MEGA version 4.0 was
used to translate the sequences and analyze their amino acid
sequences. To identify the mutations in the S/P and BCP/
pre-core/core regions, HBV sequences from this study were
compared with a sequence from wild type HBV.

Nucleotide sequence data were deposited in the
GenBank database under the following accession:
GU968704-GU968714 (BCP/pre-core/core regions) and
GU968715-GU968715 (S/P region).

Statistical analysis - Initially, a descriptive analysis
of the study variables was performed. The co-infection
prevalence rate and the 95% confidence interval (CI
95%) were calculated using binomial distribution. To
compare the proportion presented in the association
tables, Chi-square or Fisher’s exact statistic tests were
applied (Kirkwood 2003). Regarding age and number
of CD4" T cells in peripheral blood, estimates were
made to determine the central tendency and dispersion
measurements. We verified that these variables were
not normally distributed by evaluation with the non-
parametric Kolmogorov-Smirnov test and, therefore, the
median within the minimum and maximum values was
used. To compare medians, the non-parametric Mann-
Whitney test was used (Wilcoxon sum of ranks test). A
significance level of 5% was considered for all statistical
tests. We used Excel to construct tables and figures and
Stata (version 9.0) for statistical analysis.

Ethics - The study was approved by the Research
Ethical Committee of HC-FMUSP and by the Research
Ethical Committee of Instituto Adolfo Lutz.

TABLE I

Epidemiological, clinical and laboratory results of 59 HBsAg-reactive patients
co-infected with human immunodeficiency virus

Demographic and epidemiological variables n %
Males 58 98.3
Age (mean =+ standard deviation) (years) - 448 +7.2
Men who have sex with men 42 71.1
Intravenous drug use 05 8.5

Clinical variables n %
Advanced hepatic disease 10 16.9
Non adherence to treatment 05 8.5
Previous antiretrovirals use 59 100
Previous LAM use 56 95
Previous TDF use 43 72.9
Previous ENT use 04 6.8
Previous IFN use 09 15.2
Previous LAM, TDF, ENT or IFN use 55 93.2

Laboratory variables n %
HBeAg reactivity 31 52.5 (CI95: 39.1-65.7)
Viremia (HBV DNA > 60 IU/mL)" 22 373
Mean CD4* T-cells count (range) 538 16-1200
Liver fibrosis presence at histology > 2 14 23.7
ALT > 1.5 x ULN 16 27
GGT > 1.5 x ULN 15 254
ALP>1.5x ULN 07 11.9

a: quantified by Cobas Amplicor; ALP: alkaline phosphatase ALT: alanine aminotransferase; ENT: entecavir; GGT: gamma-glu-
tamyl transferase; HBV: hepatitis B virus; IFN: interferon; LAM: lamivudine; TDF: tenofovir; ULN: upper limit of normality.
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RESULTS

Patients - A total of 2,412 patients from the AIDS
Outpatient Clinic of the HC-FMUSP with confirmed HIV
infection and serological markers for hepatitis B were ini-
tially enrolled in our study. Among the 2,412 identified
patients, 120 (4.9%; CI 95%: 4.2-5.9) were HBsAg-reac-
tive. Only 74 patients actually participated in the study.
Of these, 59 remained HBsAg-reactive and were analyzed
for HBV DNA quantification and sequencing.

Clinical and epidemiological features - Clinical and
epidemiological features of the 59 HBsAg-reactive pa-
tients are shown in Table I. Among the 59 patients, previ-
ous TDF usage ranged from 1-34 months, while for LAM
it ranged from 6-96 months.

Characteristics of HBeAg and the HBV viral load
- Among the 59 HBsAg-reactive patients, 22 (37.3%)
showed positive viremia (HBV DNA) either by in-house
nested PCR or by Cobas Amplicor. Among the 59 HB-
sAg-reactive patients, 31 were HBeAg-reactive (52.5%;
CI 95%: 39.1-65.7).

Most (86.4%) of the patients with detectable HBV
DNA were HBeAg-reactive, while only 10.8% of the
non-reactive HBeAg patients showed detectable HBV
DNA. We observed a statistically significant (p < 0.001)
association between HBeAg reactivity and positive vire-
mia (HBV DNA) (Table II).

HBYV genotypes by phylogenetic analysis of the S/P re-
gion and the BCP/pre-core/core regions - Among the 22
patients with detectable HBV DNA, we determined the
HBYV genotype in 16 patients. The phylogenetic tree analysis
(Fig. 1) showed the following genotypes: A: 12 (75%), D:
one (6.25%), F: one (6.25%) and G: two (12.50%).

Analysis of the amino acid sequences of the HBsAg
coding region from HBV genotype G from patients 6
and 14 is shown in Fig. 2. For patient 14, some polymor-
phic sites were identified, suggesting that this patient
harbored a heterogeneous population of virus.

TABLE II

Distribution of hepatitis B virus (HBV) according
to HBeAg seropositivity in patients co-infected with
human immunodeficiency virus and HBV

The sequence analysis of the BCP/pre-core/core re-
gions is shown in Table III. We observed the presence
of two BCP mutations, A1762T and G1764A, in two pa-
tients and only G1764A in another two. Only one patient
also showed a pre-core G1896A mutation. This was the
only genotype D case in our study population.

A good quality sequence for the BCP/pre-core/core re-
gions was not obtained for patient 14. These regions show
the hallmark characteristics of genotype G (translational
stop codons at amino acids 2 and 28 of the pre-core region
and a 12 amino acid insert in the amino-terminal part of
the HBcAg). The low quality sequence could be explained
by the fact that this patient harbored both A and G geno-
types due to the insertion characteristic of genotype G
present in some of the circulating viruses.

For patient 6, the S/P sequence was associated with
other genotype G sequences in the phylogenetic tree, but
the BCP/pre-core/core region sequence was character-
istic of HBV genotype A and did not show any of the
genotype G hallmarks.

HBYV mutations in the S/P region - Mutations found
in the surface and polymerase genes are also shown in
Table III. A mutation at codon 204 of the reverse tran-
scriptase of the HBV polymerase gene was observed;
nine patients had a methionine-to-valine substitution
(rtM204V) and one had a methionine-to-isoleucine sub-
stitution (rtM2041). All of these patients also had an as-
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Fig. 1: phylogenetic tree of hepatitis B virus (HBV) surface/DNA
polymerase (S/P) region. Neighbor joining analysis was carried out
with other sequences from different HBV genotypes previously de-
scribed using MEGA4 software. Sequences obtained from this study
are marked with black triangles and those obtained from the GenBank
are designated by their accession number followed by the country of
origin. Bootstrap values obtained with 1,000 replicates are shown in
the nodes (only values > 70% are shown). Genotypes are indicated at
the corresponding tree branches.
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Fig. 2: amino acid sequences from partial nucleotide sequence of HBsAg (S) gene from two hepatitis B virus (HBV) genotype G in HBV/ human im-
munodeficiency virus co-infected Brazilian patients (shown in the grey box) and from other HBV genotype G and A sequences previously reported,
retrieved from GenBank. Interrogation marks in patient 14 indicate ambiguities in nucleotide sequence representing characteristics of both genotypes
(G and A). Dashes indicate identity to the sequence AB056513 and changed amino acids are indicated by the appropriate single letter code.

sociated leucine-to-methionine substitution at position
180 (rtL180M). Along with the rtL180M and rtM204V
mutations, three patients also showed a leucine-to-valine
substitution (rtL80V) and two patients had a valine-to-
leucine substitution (rtV173L) in the polymerase gene.

Some mutations in the HBV polymerase region im-
plied changes in the following envelope HBsAg gene
codons: sI195M (7 patients), sSII95M/sE164D (2 patients)
and sW196L (1 patient).

Association between HBV genotypes and selected
variables - To analyze the association between HBV gen-
otypes and selected variables, we separated the patients
into “genotype A” and “non-genotype A” groups because
of the small number of cases and low representation of
the other genotypes. We did not observe any statistically
significant associations between HBV genotypes and the
selected clinical or epidemiological variables.

Association between mutations in the HBV poly-
merase region and selected variables - The only ob-
served association with statistical significance occurred
between the presence of HBV mutations and use of LAM
(p=0.04). However, statistically significant associations
were not observed when the presence or absence of mu-
tations in the polymerase region was compared to other
clinical or epidemiological variables.

DISCUSSION

The development of resistance to antiviral medica-
tions is a great challenge for the treatment of hepatitis B.
In our study, the presence of mutations in the HBV ge-
nome associated with LAM-resistance was observedin 10

of the 22 patients with detectable viremia. Among these,
all were using LAM and seven were also using TDF. The
duration of TDF usage varied from 1-34 months, while
the use of LAM ranged from 6-96 months.

TDF and LAM are highly effective medications for
decreasing HBV viremia in patients infected only with
HBV (Marcellin et al. 2008) and in patients co-infected
with HIV (Matthews et al. 2008). Nevertheless, in pa-
tients already using LAM, the use of TDF can eventu-
ally lead to a slower decrease in HBV viremia. In some
cases, viral DNA can still be detected for longer periods,
sometimes even after 24 months of continued therapy
with both medications (Lada et al. 2008, Tuma et al.
2008). This fact probably explains the presence of de-
tectable levels of HBV in patients using LAM and TDF
because all patients using TDF had a prolonged use of
LAM monotherapy.

Another possible explanation for the persistence of
HBYV viremia in our study population is the non-adher-
ence to the prescribed medications. For instance, we
observed that five of the 59 patients included were not
conforming to the antiviral treatment regimen as recom-
mended in their prescriptions.

Considering the mutations observed in the reverse
transcriptase region of the polymerase gene, rtM204V
was found in nine patients while rtM204I was found in
only one patient. This patient with rtM204I also showed
the rtL180M mutation and the sW196L mutation in the
HBsAg overlapping gene. There were three identified
mutation patterns in the rtM204V mutation: rtL180M +
rtM204V (1 patient), rtL180M + rtT184S/L + rtM204V
(3 patients), rtL80V + rtL180M + rtM204V (3 patients)
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and rtV173L + rtL180M + rtM204V (2 patients). The
sI195M mutation in the HBsAg surface gene reading
frame, which is associated with rtL180M, was present
in all patients. More importantly, it is known that the
mutation pattern, rtV173L + rtL180M + rtM204V (seen
in 2 patients), is associated with sE164D + sI195M in
the HBsAg gene (Torresi et al. 2002). HBV strains car-
rying these mutations have a reduced capability to bind
to HBsAg antibodies (anti-HBs) in vitro. This feature is
shared with the classical vaccine-escape strain (harbor-
ing mutation sG145R) (Torresi et al. 2002). We do not
know whether the HBV strains that showed decreased
antigenicity could escape the neutralizing action of the
anti-HBs antibodies induced by vaccination and cause
infection in previously vaccinated individuals (Torresi
et al. 2002, Matthews et al. 2006).

Various studies in HBV-HIV co-infected patient
populations have evaluated the presence and clinical im-
portance of these mutations (Matthews et al. 2006, So-
riano et al. 2008), but in Brazil few studies have evalu-
ated this matter (Santos et al. 2004, Sucupira et al. 2006,
Bottecchia et al. 2008, Mendes-Correa et al. 2008). If
these mutations are indeed associated with vaccine es-
cape, they would have an important impact on public
health. Indeed, larger and additional population studies
are needed to evaluate the presence of these mutations
and their ability to spread in the general population or
in high-risk groups, especially in immunocompromised
patients, such as HIV-positive individuals.

It is noteworthy that the four patients in our popula-
tion who showed BCP and/or pre-core mutations were
HBeAg-reactive. This mutation pattern is commonly
observed in HBeAg-non-reactive patients. This finding
could indicate that these patients probably have some
minor viral strains that are not mutated in this region
and thus maintain the HBeAg-reactive status.

In our sample population, most of the patients with
detectable HBV DNA (86.4%) were HBeAg-reactive.
Most of them were males who had sex with multiple male
partners without protection. Our data also showed associ-
ation between HBeAg reactivity and HBV viremia above
20.000 IU/mL (p <0.001). These results are in accordance
with similar results found in patients infected with HBV
only (Lok & McMahon 2009) and a few groups have
evaluated this finding among HIV co-infected patients
(Soriano et al. 2008, Matthews et al. 2009). These data
are relevant for the studied population and have practical
importance, especially in instances where the determina-
tion of the HBV viral load is not available.

We were able to determine the HBV genotypes in
16 of the patients with detectable HBV viremia. Among
them, the HBV genotype distribution was as follows: A
(n=12;75%), G (n=2; 13%), D (n =1; 6%) and F (n =
1; 6%). In relation to the identified genotypes, it is im-
portant to stress that the predominance of genotype A
in this population should be carefully analyzed. We can
only conclude that among the patients with detectable
viremia, genotype A was predominant. It is possible that
other genotypes predominate among the patients whose
genotypes we were unable to determine.

In Brazil, the presence of genotype G has been rarely
seen (Lobato et al. 2006, Bottecchia et al. 2008, Men-
des-Correa et al. 2008). Bottecchia et al. (2008) iden-
tified genotype G in a patient infected with HBV only
and in two patients co-infected with HIV. The current
study is the second to identify the genotype among HIV
co-infected patients. The presence of genotype G has
been associated by some authors with a history of homo-
sexual transmission among males (Sanchez et al. 2007).
The two patients in our study with this genotype were
homosexual males, which supports the hypothesis that
the transmission of HBV-G could somehow be associ-
ated with this sexual behavior. Additional studies with
larger sample populations that analyze HBV genotypes
in partners with different sexual behaviors are needed to
demonstrate this association.

HBYV genotype G has been associated with the pres-
ence of two stop codons in the pre-core region, which
could prevent HBeAg production (Kato et al. 2002). The
two infected patients with genotype G were positive for
HBeAg, but as genotype G does not produce this anti-
gen, a co-infection with another genotype is possible.

Our sequence data strongly suggest co-infection
with genotype A or infection with a recombinant virus
between genotypes A and G. For patient 6, the S/P se-
quence was clearly associated with other genotype G se-
quences in the phylogenetic tree. The BCP/pre-core/core
region sequence was characteristic of HBV genotype A
and did not show any of the genotype G hallmarks. For
patient 14, we found the presence of two peaks in the
chromatogram at some positions, meaning that two dif-
ferent nucleotides were found. Such ambiguities do not
indicate background in the chromatograms, as they had
good quality according to the Phred Phrap programme.
To fully resolve this question, cloning, end point dilution
PCR or specific PCR to detect HBV genotypes would
have to be performed.

The BCP mutations, A1762T and G1764A, were
found in two patients and the G1764A mutation only in
another two. Only one patient showed a pre-core G1896A
mutation. This was the only patient with genotype D in
our study group; pre-core mutations are more frequent
in this genotype. Interestingly, all of these patients were
HBeAg-reactive.

Nonetheless, our study presents some limitations.
First, it was a cross-sectional study, which did not per-
mit serial analysis of the samples or demonstration of the
evolutionary emergence of mutations. Second, it was not
possible to evaluate the presence of these mutations in
all patients, particularly before antiviral therapy usage.
Finally, the lack of association between mutations and
genotypes observed in this study may be due to the small
number of patients studied.

In conclusion, among patients co-infected with HIV
and HBV under antiviral treatment, a high prevalence
of mutations associated with LAM-resistance was ob-
served in the DNA polymerase gene of HBV. Some mu-
tations linked to vaccine escape mutations were found
in the HBsAg coding gene, which could have an impact
on public health if confirmed further. An association
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between the presence of HBeAg and a high viral load
for HBV was also observed. The genotype G, which is
rarely seen in Brazil, was also found in two patients,
with strong serological and molecular data suggesting
co-infection or recombination with genotype A.
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