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Background: Nucleoside/nucleotide analogue (NA) treat-
ment causes selection pressure for HBV strains carrying 
mutations conferring NA resistance. Drug-resistance 
mutations occur in the reverse transcriptase (RT) region of 
the HBV polymerase gene and spontaneously arise during 
viral replication. These mutations can also alter the hepa-
titis B surface (HBs) protein and in some cases reduce 
binding to HBs antibodies. The spread of NA-resistant 
HBV may impact the efficacy of antiviral treatment and 
hepatitis B immunization programmes. In this study, we 
used direct sequencing to assess the occurrence of HBV 
carrying known mutations that confer NA resistance 
in the largest cohort of treatment-naive patients with 
chronic hepatitis B (CHB) to date.
Methods: HBV DNA was sequenced in 702 patients and 
the RT region of these samples was subjected to muta-
tional analysis.

Results: There was high genetic variability among the 
HBV samples analysed: A1 (63.7%), D3 (14.5%), A2 
(3.3%), A3 (0.1%), B1 (0.1%), B2 (0.1%), C2 (0.9%), 
D1 (0.9%), D2 (4.6%), D4 (5.1%), D unclassified sub-
genotype (0.7%), E (0.6%), F2a (4.6%), F4 (0.4%) and 
G (0.4%). HBV strains harbouring mutations confer-
ring NA resistance alone or combined with compen-
satory mutations were identified in 1.6% (11/702) of 
the patients.
Conclusions: There is a low frequency of HBV NA-resistant 
strains as major population of HBV quasispecies among 
CHB treatment-naive patients in Brazil. These find-
ings suggest that the spread and natural selection of 
drug-resistant HBV is an uncommon event and/or most 
of these strains remain unstable in the absence of NA 
selective pressure.
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Introduction

Although universal hepatitis B vaccination has low-
ered the prevalence of HBV over the past 30 years, it 
still remains a serious health threat in many regions 
worldwide [1], where chronic hepatitis B (CHB) 
patients have higher risk of developing liver cirrho-
sis and hepatocellular carcinoma (HCC) [2]. Global 
prevalence of HBV infection varies considerably and 
is divided into high (≥8%), intermediate (2–7%) and 
low (<2%) endemic areas [1]. A recent Brazilian epi-
demiological study found low (0.37%) prevalence of 
HBV infection in the capital cities of Northeastern 
and Central-Western Brazilian states [3]. Neverthe-
less, prevalence of HBV is non-uniform, as infection is 
hyperendemic in some inland areas of many Brazilian 
states [1]. The Brazilian Ministry of Health estimates 
that approximately 600,000 people are chronically 
infected in Brazil [4].

Treatments have been developed and approved for 
CHB that significantly reduce morbidity and mortality, 
including two types of interferon (conventional and 
pegylated-a2a) and five nucleoside/nucleotide ana-
logues (NAs): lamivudine (LAM), telbivudine (TBV), 
entecavir (ETV), adefovir (ADV) and tenofovir (TDF) 
[2]. Until 2009, in Brazil, LAM and interferon-a were 
the only drugs provided by the Brazilian government 
for CHB treatment. In 2010, the NAs ADV, ETV and 
TDF were incorporated when the Brazilian Ministry 
of Health also released national guidelines for CHB 
treatment [5].

NAs competitively bind to the HBV polymerase to 
inhibit its activity, suppressing replication, but devel-
opment of drug resistance during long-term therapy is 
a common problem [6]. NA treatment causes selection 
pressure for HBV strains carrying mutations confer-
ring drug resistance, which is associated with treat-
ment failure [6]. Drug-resistance mutations occur 
in the reverse transcriptase (RT) region of the HBV 
polymerase gene and spontaneously arise during viral 
replication. Sequential monotherapy can select for 
multidrug-resistant HBV strains with mutations in the 
polymerase gene that can also modify the amino acid 
sequence of the hepatitis B surface antigen (HBsAg) 
[6]. Some of these mutations in HBsAg reduce bind-
ing to HBs antibodies from hepatitis B vaccination, 
bypassing the neutralizing activity of these antibod-
ies (antibody escape) and successfully infecting HBV-
vaccinated individuals. The infectivity of LAM-resist-
ant mutant rtV173L+rtL180M+rtM204V (producing 
sE164D and sI195M in HBsAg) was demonstrated 
in vaccinated chimpanzees, thus the spread of HBV-
resistant mutants with potential HBs antibody escape 
may affect antiviral treatment efficacy and hepatitis B 
immunization programmes [7].

HBV with drug-resistance mutations has been identi-
fied in different countries among cases of acute infec-
tion and CHB patients who have never undergone NA 
treatment [8–26]. In Brazil it has been reported that 
among CHB patients undergoing NA treatment with 
LAM monotherapy (66.7%) or combined with TDF, 
ADV or ETV (14.7%), 54% were infected with HBV 
strains harbouring drug-resistance mutations and most 
(55.6%) exhibited viral loads above 105 copies/ml [27]. 
The extent to which these HBV strains have spread 
and their transmission within Brazil are still unknown. 
Therefore in this study we assessed the occurrence of 
HBV with known mutations conferring NA resistance 
in a large cohort of CHB treatment-naive patients by 
direct sequencing.

Methods

Patients
This study included serum samples isolated from 779 
CHB patients who were followed at eight centres 
located in different Brazilian regions (Figure 1). The 
samples were collected between 2006 and 2011 and 
all patients were HBsAg-positive for at least 6 months 
prior to inclusion in the study, tested negative for HIV 
and had never been exposed to any anti-HBV drugs.

This study was approved by the Ethics Committee of 
Faculdade de Medicina da Universidade de São Paulo 
under protocol number 036/10.

Hepatitis B e antigen (HBeAg) and its antibodies 
(anti-HBe) were tested by enzyme-linked immunosorb-
ent assay (ELISA) using commercial kits (DiaSorin, 
Saluggia (Vercelli), Italy).

HBV DNA extraction and quantification
HBV DNA was extracted from 200 ml of serum sam-
ples using a QiaAmp DNA mini kit (QIAGEN, Hilden, 
Germany) according to the manufacturer’s instructions 
and the extracted DNA was eluted in 50 ml of elution 
buffer. HBV DNA was detected and quantified by real-
time PCR assay [28].

HBV polymerase gene (RT region) characterization
We characterized the HBV polymerase sequences in all 
of the samples with detectable HBV DNA. Initially, a 
fragment (1,306 bp) of HBV polymerase covering the 
entire RT region (344 amino acids) was amplified by 
nested PCR. Platinum Taq DNA polymerase (Life Tech-
nologies, Carlsbad, CA, USA) and the following primers 
were used in the PCR amplifications: PS3132F (5′ CCT 
CCY GCH TCY ACC AAT CG 3′; nt 3132–3151) and 
2920RM (5′ACG TCC CKC GHA GRA TCC AG 3′; nt 
1417–1398) for the first round; and PS3201F (5′ CAY 
CCH CAG GCM ATG CAG TGG 3′; nt 3201–3221) 
and P1285R (5′ CWA GGA GTT CCG CAG TAT GG 
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3′; nt 1285–1266) for the second round. There were 35 
cycles for both rounds, as follows: 94ºC for 30 s, 48ºC 
(first round) or 54ºC (second round) for 30 s and 72ºC 
for 1 min and 40 s. The amplified PCR products were 
purified using an ExoSAP-IT PCR Clean-up kit (GE 
Healthcare, Buckinghamshire, UK) and then sequenced 
using a BigDye® Terminator v3.1 Cycle Sequencing kit 
(Applied Biosystems, Foster City, CA, USA). Three inner 
and partially overlapping sequences were obtained in 
forward and reverse directions (six total) using the fol-
lowing three primer pairs: 1 – PS3201F and HBV477R 
(5′ GGA CAV ACG GGC AAC ATA CCT T 3′; nt 
477–456); 2 – L372 (5′ - TCG YTG GAT GTR TCT 
GCG GCG TTT TAT - 3′; nt 370–396) and RADE2M 
(5′ - TGR CAN ACY TTC CAR TCA ATN GG - 3′; 
nt 989–970); 3 – P781F (5′ GAR TCC CTT TWT 
RCC KCT RTT ACC 3′; nt 781–804) and P1285R. 
We sequenced the DNA using an automated ABI 3500 
DNA Sequencer (Applied Biosystems).

Genotyping and HBV polymerase sequence analysis
The quality of each electropherogram was evalu-
ated using the Phred-Phrap software, and consensus 

sequences were obtained by aligning six sequences per 
patient using the web-based CAP3 software (Electro-
pherogram quality analysis).

The sequences were aligned and edited using 
the BioEdit software (v. 7.0.8) and the integrated 
CLUSTALW program (Ibis Bioscience, Carlsbad, 
CA, USA). HBV genotypes and subgenotypes were 
determined by phylogenetic analysis using published 
sequences available in the GenBank database as refer-
ence sequences.

The analysis of mutations in the HBV polymerase 
RT region was limited to amino acids from domains 
A to E, including those located between domains B–C 
and C–D, where there are mutations associated with 
NA resistance. Each amino acid in the polymerase RT 
region was numbered following the previously stand-
ardized genotype-independent numbering system [29].

For this analysis, the nucleotide sequences were trans-
lated to amino acids and the presence of specific muta-
tions previously associated with NA resistance was inves-
tigated (mutations described in Additional file 1). These 
mutations were classified as mutations conferring total 
or partial NA resistance, compensatory mutations and 
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Figure 1. Sample contribution (%) according to Brazilian states
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mutations suggested as potentially involved in ADV or 
ETV resistance. Moreover other amino acid substitutions 
in RT sequences were identified by comparing with the 
genotype/subgenotype-matched consensus sequence that 
was created considering the most frequent amino acid (> 
70%) observed in the alignment of the HBV sequences 
obtained in this study and the reference sequences pub-
lished in GenBank (alignment available from the corre-
sponding author on request) according to viral genotype/
subgenotype. The number of sequences from GenBank 
used to create this alignment was: A1=69, A2=51, A3=6, 
B1=17, B2=29, C2=21, D1=35, D2=22, D3=48, D4=36, 
E=17, F2a=18, F4=10 and G=14.

Results

Virological characteristics of the study patients
HBV DNA was detectable in 741 (95.1%) treatment-
naive CHB patients analysed and the RT region was suc-
cessfully amplified and/or sequenced in 702 of these sam-
ples, which were subjected to mutational analysis. These 
patients were from different regions of Brazil (Figure 1).

The mean HBV DNA level among these 702 sam-
ples was 3.8 log10 IU/ml (1.7–7.9 log10 IU/ml). It was 
not possible to accurately measure the viral load in 60 
samples because the HBV DNA levels were higher than 
the linear range of the assay (>8 log10 IU/ml) and these 
samples were not considered for calculating this mean.

Among the patients with detectable HBV DNA, from 
678 we had enough serum samples to determine HBeAg/
anti-HBe serological status. HBeAg was negative and 
anti-HBe was positive in 84.1% (570/678) of the patients.

There was high genetic variability in the HBV samples 
analysed in this study; 7 genotypes and 12 subgenotypes 
were identified. HBV/A1 was the most frequent (63.7%, 
447/702), followed by HBV/D3 (14.5%, 102/702). The 
remaining genotypes and subgenotypes were identi-
fied and their frequencies were as follows: A2 (3.3%, 
23/702), A3 (0.1%, 1/702), B1 (0.1%, 1/702), B2 
(0.1%, 1/702), C2 (0.9%, 6/702), D1 (0.9%, 6/702), D2 
(4.6%, 32/702), D4 (5.1%, 36/702), D unclassified sub-
genotype (0.7%, 5/702), E (0.6%, 4/702), F2a (4.6%, 
32/702), F4 (0.4%, 3/702) and G (0.4%, 3/702).

RT sequence variability
Based on the constructed genotype/subgenotype con-
sensus sequences, 39% (276/702) of the samples had 
HBV with at least one mutation in the polymerase 
RT region. Most of these samples (66.3%, 183/276) 
had strains harbouring mutations in only one of the 
RT domains or interdomains here analysed. Mutations 
were observed in 56 of the 107 positions analysed and 
among the regions examined, the C–D interdomain 
(amino acids 211–229) was most variable with muta-
tions in 14 (73.7%) of its 19 positions

Table 1 and Additional file 2 display the mutations 
found at these positions and their frequencies among 
the HBV strains characterized in this study. Consid-
ering all of the positions containing mutations, five 
(rt194, rt207, rt221, rt238 and rt253) exhibited higher 
polymorphisms with four to six different mutations 
(Table 1 and Additional file 2). In half of the positions 
(50%; 28/56), only one type of mutation was observed; 
23.2% (13/56) exhibited two mutation types and 5.4% 
(3/56) exhibited three mutation types (Table 1 and 
Additional file 2). In 21 out of these 56 mutated posi-
tions, the mutations were associated with total (rt181, 
rt184, rt202, rt204 and rt250) or partial NA resistance 
(rt194); compensatory functions (rt80, rt173, rt180 
and rt207); potentially related to ADV resistance (rt84, 
rt85, rt214, rt215, rt217, rt218, rt233, rt237, rt238 and 
rt248) or ETV resistance (rt219; Table 1).

Nucleotide analogue-related resistance mutations
In this study, we identified HBV strains harbouring 
mutations that confer NA resistance in 1.6% (11/702) 
of the patients. Moreover, some of these strains also 
had compensatory mutations. Table 2 shows the resist-
ance mutations observed in these samples, alterations 
in the corresponding codon of the HBs, HBV DNA 
levels, subgenotype and the NA resistance profile. HBV 
DNA with compensatory mutations alone (rtL180M/
rtV173L+rtL180M/rtV207I) were found in 0.4% 
(3/702) of the patients.

Isolates harbouring mutations potentially associ-
ated with ADV resistance (rtS85A, rtL217R, rtI233V, 
rtN238T, rtN238D, rtN248H, rtV214A, rtQ215S) were 
identified in 7.7% (54/702) of the patients. Among these 
ADV-related mutations, rtQ215S was the most frequent 
(13/54), followed by rtI233V (11/54). rtL217R was not 
considered a mutation in HBV/A2 cases because argi-
nine (R) in this position is characteristic of HBV/A2 
wild-type strain.

HBV strains with the rtS219A mutation were iden-
tified in 2.6% (16/702) of the patients. This muta-
tion has been proposed as potentially related to ETV 
resistance [30].

HBV samples from 7.3% (51/702) of the patients 
contained other types of amino acid substitutions at 
positions where previously described mutations related 
or potentially related to NA resistance have been found: 
rt84, rt181, rt194, rt214, rt215, rt218, rt219, rt233, 
rt237, rt238 and rt248 (Table 1).

Discussion

Using the largest sample size to date (n=702), we inves-
tigated the occurrence of HBV with NA resistance 
mutations among CHB treatment-naive patients. To 

[AU: ok?]

AVT-14-OA-3284_Gomes_Gouvea.indd   4 07/05/2015   15:49:48

Michele
Sticky Note
ok



PROOF COPY ONLYPROOF COPY ONLY
HBV with drug-resistance mutations in treatment-naive patients

Antiviral Therapy Page numbers not for citation purposes 5

our knowledge, this is the largest published study ana-
lysing resistance mutations throughout the world.

These patients were from different geographic regions 
in Brazil. Fifteen genotypes or subgenotypes were found 
among the patients, as follows: most (63.7%) of the 
strains were characterized as HBV/A1, followed by 
HBV/D3 (14.5%) subgenotype. HBV/A2, D2, D4 and 
F2a each had approximate frequencies ranging from 
3.3 to 5.1% and the other strains identified (A3, B1, B2, 
C2, D1, D unclassified subgenotype, E, F4 and G) made 
up the remaining <5%. These results corroborate previ-
ously published data on HBV genotype distribution in 
Brazil and therefore confirm that the samples included 
in this study are representative of the HBV strains cir-
culating within this country [31,32]. We also show that 
there is high genetic variability among HBV genotypes 
circulating in Brazil.

In the present study, we used population sequencing 
(direct PCR sequencing) to characterize the polymerase 
gene of the HBV strains, which detects the major popu-
lation of HBV quasispecies [6,29]. Our results show 
that the presence of HBV strains harbouring muta-
tions in the polymerase RT region is frequent among 
treatment-naive patients, as 39% (276/702) of them 
were infected by HBV with at least one mutation. On 
the other hand, patients infected by HBV strains with 
mutations that impact NA resistance are less frequent. 
Only 1.6% (11/702) of the patients had HBV strains 
with mutations associated with NA resistance alone 
(rtS202G, rtM204V/I, rtA194T, rtM250I, rtA181T/S 
and rtT184S) or together with compensatory muta-
tions (rtL80I, rtV173L, rtL180M and rtV207I). The 
mutation patterns in the HBV strains in nine of these 
patients confer total or partial resistance to LAM, 
ADV, ETV or TDF (Table 2). We identified mutations 
(rtT184S or rtM250I) related to ETV resistance in two 
patients [33], which when combined with the presence 
of rtM204V/I has clinical effects, but this mutation 
was not observed in these cases. Whether these patients 
would develop resistance to ETV if they were treated 
with this drug remains unknown.

Recent studies using population sequencing with 
HBV treatment-naive patients from different countries 
have described frequencies of HBV strains with drug-
resistance mutations (NA resistance) ranging from 0 to 
5.1%, only considering mutations with clear clinical 
significance [8–15,17–23,26]. Just one study in South 
Africa that analysed the presence of LAM-resistance 
mutations (at the YMDD motif) in samples from 
untreated HBV monoinfected and HBV–HIV-coin-
fected patients found a higher frequency of drug-resist-
ant HBV strains: 20% in monoinfected and 50% in 
coinfected patients [34]. We may suggest that the pres-
ence of HBV drug resistance mutations is very differ-
ent in countries with high HIV prevalence compared to 

RT region and position Wild-type aa Mutationa n Frequency, %

Domain A (aa 75–91)
80 L I 1 0.1
84 V I 1 0.1
85 S A 2 0.3
Domain B (aa 163–189)
173 V L 2 0.3
180 L M 5 0.7
181 A T 1 0.1
– – S 1 0.1
184 T S 1 0.1
Interdomain B–C
(aa 190–199)
194 A T 2 0.3
– – V 1 0.1
– – S 1 0.1
– – G 1 0.1
– – M 1 0.1
Domain C (aa 200–210)
202 S G 2 0.3
204 M V 3 0.4
– – I 2 0.3
207 V/Lb M 4 0.6
– – I 2 0.3
Interdomain C–D
(aa 211–229)
214 V A 8 1.1
– – E 6 0.9
– – G 2 0.3
215 Q H 18 2.6
– – S 13 1.9
– – P 4 0.6
218 E D 4 0.6
219 S A 16 2.3
– – T 1 0.1
229 L M 7 1.0
– – V 3 0.4
– – V/D 1 0.1
Domain D (aa 230–241)
233 I V 11 1.6
– – L 1 0.1
237 P/Tb A 1 0.1
238 N/Hc/Sb T 7 1.0
– – A 1 0.1
– – E 1 0.1
– – D 1 0.1
Domain E (aa 247–257)    
248 N/Hd Q 5 0.7
250 M I 1 0.1

Table 1. Frequency of patients infected with HBV strains 
harbouring NA resistance mutations in RT region of 
polymerase among 702 treatment-naive CHB studied

aMutations are shown according to their role described in Additional file 1: 
mutations conferring total or partial nucleoside/nucleotide analogue (NA) 
resistance (bold and underlined), compensatory mutations (underlined), 
mutations suggested as potentially involved in adefovir or entecavir resistance 
(bold). The other mutations represent new mutation patterns observed at 
these positions that were not related to resistance. bWild-type aa in F2a and F4 
sequences. cWild-type aa in B1 and B2 sequences. dWild-type aa in B1, B2, F2a 
and F4 sequences. CHB, chronic hepatitis B; RT, reverse transcriptase. 
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those where this infection is less frequent. On the other 
hand, Thio et al. [35] verified that the mutation pattern 
found in most samples tested in the South African study 
was identical; suggesting that cross contamination may 
explain the high prevalence found for LAM-resistant 
strains. In this other study, analysing 115 samples from 
HIV–HBV-coinfected patients from 11 countries from 
Africa, Asia and Americas, they did not find any case 
with NA resistance mutations [35].

HBV DNA replication involves reverse transcription 
of an intermediate RNA, allowing for mismatches to 
occur because HBV polymerase lacks a proofreading 
function. NA treatment causes selection pressure for 
NA-related mutations during this process [6]. How-
ever, HBV strains harbouring resistance mutations in 
untreated CHB patients may spontaneously arise and 
become dominant via other selection pressures (for 
example, immunological pressure exerted on the over-
lapping surface antigen expressing gene) or may be 
directly acquired as the infecting strain from a patient 
under antiviral treatment. A study using pyrosequenc-
ing characterized the HBV population in NA-treated 
patients (86.4% LAM and 13.6% LAM+ADV or TDF) 
and found that the wild-type virus remained unde-
tected in 76% of the patients carrying drug-resistant 
strains  [36]. These results suggest that HBV carriers 
undergoing NA treatment can be sources of infection 
for susceptible individuals, transmitting exclusively 
HBV strains that are drug-resistant mutants. The ability 
to transmit HBV with rtV173L+rtL180M+rtM204V 
mutations that confer LAM resistance was demon-
strated in a chimpanzee model and in other studies 
reporting acute infection with drug-resistant HBV 
strains [7,16,24,25].

The selection of compensatory mutations improves 
the replication in resistant viruses and establishes 

resistance mutations in the HBV genetic archive in 
the hepatocyte nuclei as covalently closed circular 
DNA (cccDNA) [37], explaining how resistant strains 
may be maintained and transmitted to other patients. 
The higher replication levels of these resulting HBV 
strains in patients undergoing continued therapy might 
increase the viral load, favouring transmission of resist-
ant strains with higher fitness and increasing the odds 
of perpetuating them within those newly infected.

Nevertheless, in the absence of selective pressure, 
HBV strains harbouring resistance mutations seem to 
persist for a shorter time, explaining their lower fre-
quency even as a minor population in non-NA-treated 
patients. Margeridon-Thermet et al. [38] demonstrated 
that HBV LAM-resistant strains showed shorter per-
sistence after LAM withdrawal and the likelihood to 
detect an LAM-resistance mutation was inversely asso-
ciated with the time span after LAM discontinuation.

In untreated patients, drug-resistant HBV variants may 
affect the efficacy and outcome of NA treatment since its 
introduction. Despite their low frequency, it is important 
to consider that primary treatment failure may result 
from pre-existing drug-resistant HBV variants.

Monitoring the spread of these mutants is also impor-
tant because of their ability to infect hepatitis B vac-
cinated individuals. Some nucleotide mutations in the 
overlapping genes S and POL can alter the amino acids 
in polymerase and HBs proteins. These changes occur 
more frequently at the carboxy-terminus of HBsAg, 
some of them leading to altered viral secretion or infec-
tivity, and HBs antibody escape [6,39]. Among the HBV 
strains harbouring NA resistance and/or compensatory 
mutations identified in this study, we found mutations 
in the HBs protein (sE164D, sW172STOP, sI195M, 
sW196S, sW196STOP, sM198I and sW199L) that are 
related to reduced binding to HBs antibodies [40].

 Viral load,   Resistance mutation in HBsAg HBeAg/anti-HBe Resistance profile
Samples log10 IU/ml Subgenotype HBV polymerase RT region corresponding changes status LAM ADV ETV TDF

MA_8052 2.3 D3 rtL180M+rtS202G+rtM204V sI195M Neg/Pos R S R S
MA_8075 2.3 D3 rtL180M+rtS202G+rtM204V sI195M Neg/Pos R S R S
MA_8130 2.7 A1 rtA194T No change in HBsAg Neg/Pos I S S I
MG_206 4.2 F2a rtL180M+rtM204I sW196S Pos/Neg R S I S
PA_16726 3.9 F2a rtM250I After the end of HBsAg Neg/Pos S S S S
PA_16727 ND A1 rtL180M+rtM204V+rtV207I sI195M+sM198I+sW199L Neg/Pos R S I S
PA_17071 6.0 A1 rtA181T+rtD205N sW172STOP+sW196STOP Neg/Pos R R S I
RP_54 2.2 D3 rtA181S sW172F Neg/Pos R R S I
SP_125 8.3 D2 rtL80I+rtM204I sW196L Pos/Neg R S I S
SP_15 2.7 F2a rtA194T No change in HBsAg Neg/Pos I S S I
SP_81 3.3 A1 rtT184S sL176V Neg/Pos S S S S

Table 2. Virological and resistance profile of patients infected with HBV strains harbouring mutations conferring resistance to 
nucleoside/nucleotide analogue treatment

ADV, adefovir; ETV, entecavir; HBeAg, hepatitis B e antigen; HBsAg, hepatitis B surface antigen; I, intermediary; LAM, lamivudine; ND, not determined; Neg, negative; 
Pos, positive; R, resistant; RT, reverse transcriptase; S, sensitive; TDF, tenofovir. 
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ADV resistance is mainly mediated by mutations 
rtN236T or rtA181V/T [29], but several other muta-
tions (rtL80V/I, rtV84M, rtS85A, rtV214A, rtQ215S, 
rtL217R, rtE218G, rtI233V, rtP237H, rtN238T/D/R, 
rtT240Y and rtN248H) have also been suggested as 
potentially involved [41–46]. Seven (rtS85A, rtV214A, 
rtQ215S, rtL217R, rtI233V, rtN238T, rtN238D 
and rtN248H) of these 14 mutations were found in 
HBV strains isolated from treatment-naive patients 
included in this study. HBV strains harbouring any of 
these mutations were found in 7.7% (54/702) of the 
patients and among them the mutations rtQ215S and 
rtI233V occurred more frequently, 1.9% and 1.6%, 
respectively. Other studies have found these muta-
tions in treatment-naive patients and some are sug-
gested to represent natural polymorphisms common 
in some genotypes [47–49]. The rtL217R mutation 
is characteristic of HBV/A2 subgenotype and altera-
tions at rt215 and rt233 positions seem more common 
among HBV genotype D [47,50]. In our study, we also 
observed that HBV genotype D sequences exhibited 
more frequent alterations at these positions and at oth-
ers related to ADV resistance, that is, positions rt214 
and rt238. Finally, other clinical studies have dem-
onstrated that response to ADV treatment remained 
unaffected by the presence of some of these mutations 
at baseline, and in vitro tests showed that they neither 
impair viral replication efficiency nor susceptibility 
to ADV [47,48,51]. As ADV, a less potent drug, was 
commonly used in North America and Europe, where 
genotype D was very frequent, it is not surprising that 
many mutations were initially described and most 
likely only represent viral polymorphisms.

Additionally, we observed different amino acid sub-
stitutions at positions rt84, rt181, rt194, rt214, rt215, 
rt218, rt219, rt233, rt237, rt238 and rt248 than those 
usually described (Table 1): 51 (7.3%) patients were 
infected with HBV strains harbouring some uncommon 
mutations at these amino acid positions.

The role of the aforementioned mutations in NA 
treatment failure remains unclear and needs to be clari-
fied, considering the genetic background of specific 
strains. Some studies have shown that individual muta-
tions, although fundamentally crucial, are not enough 
to explain varied therapy results [52]. Similarly, the role 
of the rtS219A mutation in ETV resistance must be 
further evaluated because it was found in HBV strains 
from 2.6% of the treatment-naive patients included in 
our study.

In summary, this study showed that HBV strains har-
bouring resistance mutations can comprise the major 
population of HBV quasispecies in treatment-naive 
patients. In Brazil, there is a very low frequency of 
untreated patients who are infected with these strains. 
These findings suggest that the spread and natural 

selection of drug-resistant HBV is an uncommon event 
and/or most of these strains remain unstable in the 
absence of NA selective pressure.

This study generates important information about 
the characteristics of RT sequences of HBV strains 
circulating in some Brazilian regions among treat-
ment-naive patients. This information will be useful in 
evaluating the treatment guidelines and determining 
if the mutations identified in a specific HBV sequence 
isolated from a CHB patient are common polymor-
phisms or represent potentially new drug-resistance 
mutations.
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