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ABSTRACT

Lamivudine (LMV) is still the most commonly used nucleoside analogue in majority of the world. Its adminis-
tration rapidly leads to resistance associated with mutations in HBV polymerase. 
THE AIM of the study was to assess the prevalence, nature and the time of LMV resistant variants appearence 
during a long term therapy.  
PATIENTS AND METHODS. Study was carried out among 175 chronic hepatitis B patients treated with LMV. 
HBsAg, HBeAg as well as anti-HBe antibodies were detected by enzyme immunosorbent assay and HBV-DNA 
quantification was performed by RT-PCR. Mutations in HBV polymerase gen were detected by PCR using 
specific primers and direct sequencing. Liver biopsies were performed in 138 patients to evaluate grading and 
staging of chronic hepatitis by Scheuer’s classification. 
RESULTS. Mean pre-treatment viral load was comparable among HBeAg-positive and negative patients (4.24 x 108 
vs. 1.26 x 108 IU/ml). Mutations in HBV polymerase gen were detected in 96 patients. After 5 years of LMV 
therapy the prevalence of mutations was 51.9% in HBeAg-positive and 56.1% in HBeAg-negative. The most 
common mutations were observed at position 180, followed by 204, 202, and 169 of HBV polymerase gen. 
After average treatment period of 25 months in HBeAg-positive and 35 months in HBeAg-negative additional 
mutation 204 was observed in 81% and 77% respectively. 
CONCLUSIONS. Large majority of patients develop point mutations at positions 180 and 204 of HBV poly-
merase gene after 2 years of treatment with LMV. These mutations limit the efficacy of LMV but also yield 
cross-resistance with entecavir. 
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INTRODUCTION

Approximately two billion people in the world are 
HBV-infected and nearly 350 million are diagnosed 
with chronic hepatitis B (1). The primary goal of anti-
viral treatment in these patients is to achieve sustained 
immune control with possible HBsAg seroconversion, 
and if it is not possible acceptable according to current 
guidelines is to achieve viral control demonstrated 
trough stable suppression of viral replication. Inhibi-
tion of HBV replication seems sufficient to decrease 
likelihood of progression to liver cirrhosis and hepa-
tocellular carcinoma (HCC). Therefore application of 
any antiviral therapy decreasing HBV replication is 
beneficial for patient. Currently, either pegylated inter-

feron alpha (PegIFN-alfa) or nucleos(t)ide analogues 
(AN) are standard options in the treatment of chronic 
hepatitis B. Therapy with PegIFN-alfa provides the 
best opportunity to achieve sustained viral suppres-
sion possible even after treatment termination, but this 
therapy might be associated with adverse events and the 
optimal end-point – HBsAg clearance occurs in up to 
15% patients only, usually many years after treatment 
termination (2). AN effectively inhibit the replication 
of HBV and lamivudine (LMV) is the oldest compound 
in this group. However, relatively low antiviral activity 
and low genetic barrier result in rapid selection of LMV 
resistant HBV variants (3).  

The most common natural mutation found in the 
HBV genome is related to changes in the preC/C re-
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gion. PreC/C variants are unable to synthesize HBeAg. 
The presence of this mutation is especially common in 
HBV genotype D and B (4). Other types of mutation are 
variants in the region of preS/S HBV genome. These 
mutants present altered HBsAg structure, which may be 
clinically significant causing infection regardless of ac-
tive and passive prophylaxis against HBV infections (5). 
Additionally, these mutations cause reduction of HBeAg 
expression on the cell surface, and weakening the effec-
tiveness of immune responses. Mutations in the X region 
of HBV genome, usually affect  HBeAg and/or HBsAg 
synthesis (6). These mutations modify the structure of 
HBx protein which, than exhibit pro-proliferative and 
anti-apoptotic properties. Such modifications increase 
the likelihood of HCC development (7). 

The resistance to AN is an effect of mutations in 
different domains of the HBV polymerase gene. Among 
AN used in the therapy of chronic hepatitis B, the most 
potent are entecavir (ETV) and tenofovir (TDF), in 
contrast to less potent - LMV, telbivudine (LDT) and 
adefovir (ADV). The use of anti-HBV agents with 
lower antiviral activity contributes to the faster selec-
tion of HBV variants. Suboptimal HBV suppression 
inhibit  wild-type HBV replication, but allows arising 
of primary substitution and further replication of drug 
resistant viruses. LMV therapy which is still the most 
common AN administered for HBV chronic infection, 
often contributes to the development of such mutations 
usually in the form of changes in position 204 of the 
HBV polymerase gen. Conversion of amino acids in 
this position is sufficient to produce a partial resistance 
to LMV. Presence of mutations in positions 180, 173 
and 80 of polymerase gene is less often. Mutations in 
position 204 and / or 180 and the appearance of addi-
tional mutations at positions 202, 169, 184, 250 causes 
the resistance to both LMV and ETV (8). Although the 
resistant variants are characterized by a lower HBV 
replication as compared to a wild-type virus, the sys-
tematic increase in the number of mutants leads to a 
total replecement of wild-type resulting with possible 
more aggressive course of the disease and higher risk 
of HCC development (9, 10). 

Aim of the study was to evaluate frequency of and 
the type of mutations in HBV polymerase gen during 
LMV treatment. Moreover, the time sequence of these 
mutations and their incidence in respect to HBeAg status 
were analyzed. 

MATERIALS AND METHODS

The study was conducted in 175 patients (48 females 
and 127 males, mean age 44 years, range: 18-77 years) 
diagnosed with chronic hepatitis B (52 HBeAg (+) and 
123 HBeAg (-). All patients were treated with LMV 

until the development of LMV-resistance. Liver biopsy 
was performed prior to AN therapy in 138 patients (61 
HBeAg-positive and 77 HBeAg-negative) for hepatitis 
activity and liver fibrosis evaluation according to the 
Scheuer classification1 (11)

Serum HBsAg, HBeAg, anti-HBe were detected 
by enzyme immunosorbent (EIA, Abbott, Germany). 

DNA from blood plasma specimens was isolated us-
ing automatic magnetic extraction method. In brief, 500 
ml of blood plasma was incubated with Proteinase K for 
2 hours in 560C for protein digestion. Nucleic acids from 
deproteinated lysate were then extracted automatically 
with magnetic beads on EasyMag machine (Biomerieux, 
France) according to the producer’s protocol. The result-
ing 25 ml of DNA solutions in Buffer 3 were obtained.

Standard polymerase chain reaction was used to 
amplify a HBV DNA polymerase gene. The primers 
applied were described by Allen i in. (12) and were as 
follows: forward primer 12F 5’-aga ctc gtg gtg gac ttc 
tct-3’, and reverse primer 5RC 5’- caa aag aaa att ggt aac 
agc ggt a-3’. In the case of low amplification output, the 
nested PCR reaction was performed with the primers: 
forward primer 377 5’-gga tgt gtc tgc ggc gtt t-3’, and 
reverse primer 840 5’-acc cca tct ttt tgt ttt gtt agg-3’. 
Direct sequencing of PCR products was performed us-
ing BigDye Terminator Sequencing Kit (v.3.1) and ABI 
PRISM 3500 Sequencer (Applied Biosystems, Foster 
City, CA). Obtained sequences were compared with 
those stored in an NCBI GenBank database using an 
NCBI application BLAST (12).

Among the patients with HBV genotype was not 
evaluated because in Poland with 86.6% of patients 
present genotype A (13).

Informed consent was obtained from each patient 
and the Bioethics Committee at the Medical University 
of Białystok approved the study protocol.

Statistical analysis was performed on Statistica 
software, version 10.0, using the U Mann – Whitney and 
Chi – square tests; p value below 0.05 was considered 
statistically significant.

RESULTS

All patients were performed every 3 months ALT 
assessment and evaluation of HBV-DNA levels at every 
6 – 12 months. Among patient in an increase of ALT 
activity was determined HBV viral load and mutation. 
The largest increase in ALT levels during the occurrence 
of a mutation does not exceed three times the norm. 
No patients in the lamivudine treatment ALT flares 

1 Morphological evaluation of liver biopsy specimens was car-
ried-out by Prof. A Panasiuk in the Department of Infectious 
Diseases and Hepatology, Medical University of Bialystok 
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were observed. Mean (±SE) baseline ALT levels was 
142±62 IU/ml and after and at the time of occurrence 
of the virus 52±24 IU/ml. 

Mean HBV-DNA concentration in HBeAg-positive 
patients before treatment (4.24 ± 2.32 x108 IU/mL) was 
comparable to HBV viral load in HBeAg-negative (1.26 
± 0.66 x108 IU/mL). There was no association between 
initial viral load and the frequency or timing of HBV 
polymerase mutations (tab.I). Mean HBV-DNA con-
centration during the mutation in patients with HBeAg 
(+) was 1.21 ± 0.42 x108 IU/mL and in patients with 
HBeAg (-) 2.38 ± 1.36 x107 IU/mL.

HBV polymerase mutations were detected in 96 
patients (29 females and 67 males, 27 patients were 
HBeAg-positive and 69 HBeAg-negative). There were 

no statically significant differences in the incidence of 
mutation between HBeAg-positive and HBeAg-nega-
tive (51.9% vs. 56.1%). In both HBeAg-positive and 
negative patients the majority of mutations developed 
within initial two years of treatment. Lower frequency 
of new mutations was observed in following years of 
therapy. (fig. 1). 

Among patients confirmed as infected with resis-
tant HBV  variants, liver biopsy was performed in 24  
HBeAg-positive and in 53 HBeAg-negative patients. 
There were no significant association between HBV 
viral load and the severity of inflammation and fibrosis 
(tab.II). The selection of HBV mutants was faster among 
patients with lower fibrosis score and less severe inflam-

Table I. Association between baseline viral load and frequency of mutations occurring in consecutive years of LMV therapy.
HBeAg-positive, n=52 HBeAg-negative, n=123 p 

year of
mutation

development

mutations
prevalence

n (%)

mean (±SE)
baseline viral load 

of HBV
(IU/ml)

mutations
prevalence

n(%)

mean (±SE)
baseline viral load 

of HBV
(IU/ml)

HBeAg-positive 
versus negative

0 - 424±232 x 106 - 126±66 x 106 p=0.12
1 6 (11.5) 7.6 ±6 x 106 11 (8.9) 181 ±140x 106 p=0.82
2 10 (19.2) 950 ±498 x 106 20 (16.) 200 ±81 x 106 p=0.18
3 5 (9.6) 62 ±37 x 106 11 (8.9) 31 ±14 x 106 p=0.36
4 3 (5.8) 4.3 ±2 x 106 10 (8.1) 320 ±320 x 106 p=0.93
5 3 (5.8) 6.4 ±6 x 106 17 (13.8) 20 ±14 x 106 p=0.53

Table II. Comparison of baseline viral load in respect to degree of inflammation and fibrosis in patients who developed 
HBV mutations.

viral load (IU/ml)
degree of histological 

changes n HBeAg-positive  mean 
(±SE) n HBeAg-negative mean 

(±SE) p

inflammation
1-2 18 395 ±282 x 106 41 138 ±103 x 106 p=0.25.
3-4 6 504 ±431 x 106 12 108 ±62 x 106 p=0.50
p p=0.64 p=0.41

fibrosis
1-2 11 5.6 ±2.8 x 106 31 109 ±78 x 106 p=0.63
3-4 13 746 ±395 x 106 22 176 ±105 x 106 p=0.34
p p=0.40 p=0.40

Figure 1. Cummulative prevalence of HBV mutations in 
consecutive years of lamivudine treatment

Figure 2. The time of mutations occurence in relation to the 
severity of inflammation and fibrosis evaluated 
according to the Scheuer’s classification
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mation, although the differences were not statistically 
significant (fig.2). 

Depending on the location of nucleoside analogue 
substitution, 14 types of mutations leading to treatment 
modification were identified. The most frequent were 
mutations at positions 204, 202, 180 and 169.  The time 
at which the mutation occurred during LMV therapy 
was related to HBeAg status (tab.III). The earliest point 
mutation occurred at position 204, after mean 25 ±4.1 
months of treatment in HBeAg-positive patients (81%) 
and 35 ±3.6 months in HBeAg-negative patients (71%). 
Mutations  at position 180 usually were identified 3 
months later in HBeAg-positive and 1 month later in 
HBeAg-negative  (tab.IV).

In patients with HbeAg-positive, (n = 52), after 5 
years of treatment occurred in 15% (n=10) elimination 
of HBeAg as well as in 8% (n=4) of seroconversion to 
anti-HBe.

DISCUSSION

The primary goal of anti-HBV therapy is viral eradi-
cation, which is difficult to reach, therefore suppression 
of HBV replication and undetectable HBV DNA serve 
as an acceptable goal reducing the progression of the 
disease. During the treatment with lamivudine early 
selection of drug resistant mutants is observed in numer-

ous patients. In our study, after 3 years of therapy with 
LMV, polymerase HBV mutations were found in 31% 
HBeAg-positive and 26% HBeAg-negative patients.

After 5 years it was demonstrated in 52 and 56% pa-
tients respectively. Baseline viral load was comparable 
in both HBeAg-positive and HBeAg-negative patients, 
which probably explains a comparable incidence of mu-
tations in the studied population. Our findings indicate a 
lower incidence of HBV mutations  than demonstrated 
by other authors showing emergence of up to 80% 
LAM-resistant variants after five years of LMV treat-
ment (14). The occurrence of mutations depends on the 
HBV genotype, viral load, external factors, comorbidi-
ties, additional medication, as well as cultural behavior. 
It is difficult to determine which of these factors are 
the most important.  Akuta et al (15) showed a greater 
impact of geographic residence on frequency of muta-
tions than HBV genotypes (A, B, C). Furthermore, there 
was considerable variation in the frequency of mutation 
depending on the presence of HBeAg and anti-HBe in 
patients infected with the same genotype (C) (15). In 
our study faster selection of HBV polymerase mutants 
was observed in HBeAg-positive patients.

HBV mutations are present at a frequency of ap-
proximately 1 per 105 copied polymerase genes with 
(mean about 1011 virus replication copies/day) (14). 
Treatment with less potent AN enhances selection of 
mutants, particularly in patients with higher viral load 

Table III. Combinations of HBV mutations and their frequency (%) among HBeAg-positive versus HBeAg -negative pa-
tients.

type of 
mutation

Mutation at position of HBV polymerase gen HBeAg-positive
n(%)

HBeAg-negative
n(%)

Chi – square 
p204 202 184 181 180 173 169

A + 1 (4) 3 (4) p=0.89
B + + 13 (48) 37 (55) p=0.63
C + + 1 (1)
D + + + 5 (18) 8 (12) p=0.37
E + + + + 1 (1)
F + + + 2 (7)
G + + 4 (15) 8 (12) p=0.67
H + + 1 (4)
I + + + 1 (4) 2 (3) p=0.84
J + 2 (3)
K + + 2 (3)
L + + + + 1 (1)
M + + + 3 (4)
N + + + + 1 (1)

Table IV. Comparison of time to particular mutations development (p) and its frequency among HBeAg-positive versus 
HBeAg-negative patients on LMV treatment. 

Mutation at 
position

HBeAg-positive HBeAg-negative
time to mutations develop-
ment mean ±SE (months)

prevalence of 
mutations (%)

time to mutations develop-
ment mean ±SE (months)

prevalence of 
mutations (%)

p

204 25 ±4.1 22/27  (81) 35 ±3.6 53/69  (77) p=0.08
202 45 ±16.7 3/27  (11) 48 ±12.7 7/69  (10) p=0.21
180 28 ±3.9 25/27  (93) 36 ±3.3 63/69  (91) p=1.0
169 30 ±4.7 9/27  (33) 44 ±5.3 24/69  (35) p=0.28
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(16). However, in our study there was no correlation 
between mutations frequency and the baseline HBV-
DNA level. 

Preiss et al, (17) showed no association between 
HBV viral load  and fibrosis. We also did not demon-
strate association between viral load and inflammation 
and fibrosis score, but a trend of faster  resistant variants 
selection in patients with less advanced fibrosis and 
inflammation was observed.

We demonstrated the earliest mutations after about 
2 years  of treatment in HBeAg-positice and 3 years 
in HBeAg-negative and it was usually observed at 
position 204 by substitution of  methionine, valine 
or isoleucine. Observations of other authors confirm 
that such mutations occur early in the treatment with 
AN (18, 19). Mutation occurring at position 204 is 
sufficient to reduce the genetic barrier to LMV. This 
mutation decreases LMV activity, although the drug 
still has some antiviral activity (20). However, this 
mutation initiates the cross-resistance to ETV. This is 
especially disadvantageous because the next occurring 
point mutation during LMV therapy causes the total loss 
of antiviral activity. Cross-resistance to ETV limit the 
possible further options of anti-HBV therapy. Therefore 
Hige et al. (20) recommend strict monitoring of patients 
treated with LMV who selected mutation at position 
204, to avoid missing of mutation at position 180. Our 
findings demonstrated the appearance of a mutation at 
position 180 in 93% of HBeAg-positive patients after 28 
months of therapy (4 months after mutation at position 
204), and in 91% HBeAg-negative patients treated for 
36 months (1 month after mutations at position 204). 
According to this observation it seems advantageous to 
replace LMV immediately after identification of muta-
tion at position 204. Another important observation is 
that after just a few months of  mutations appearance at 
position 204 also mutations at position 169 and 204 may 
arrise, resulting the loss of antiviral efficacy of LMV and 
enhanced risk of cross-resistance to other AN. Selection 
of LMV for long-term treatment in patients with chronic 
hepatitis B seem to be hazardous. Therefore LMV is 
no longer recommended as a first-line drug for HBV 
treatment if other AN are available. Rapid emergence of 
mutations in the course of such a therapy also requires 
administration of higher dose of ETV (1.0 mg) instead 
of 0.5 mg which is sufficient for patients infected with 
wild-type HBV. However even such an action will not 
prevent the occurrence of further mutations, which 
can be found in 36% patients after three years of treat-
ment with ETV (21).  In contrast LMV treatment does 
not cause cross-resistance with ADV and TDF which 
are nucleotide analogues. Switching to ADV in LMV-
resistant patients is not the best choice because ADV is 
not potent enough. Combined treatment with LMV and 
ADV may provide higher efficiacy and can increase ge-

netic barrier compared to LMV alone, but unfortunately  
ADV can cause nephrotoxicity (22). Development of 
mutations at position 194 during treatment with TDF 
has been shown in HIV infected patients only. No such 
a mutations have been described in HBV monoinfection 
(23). TDF seems to be the best alternative for treatment 
of patients with LMV resistance.

It is interesting that the mutations at position 202, 
184 and 173 will probably not cause resistance to LMV. 
However, in our study revealed a mutation as unique. 
It is possible that such patients, there is not an amino 
acid substitution mutations, but the degeneracy of the 
genetic code (24).

Mutations in the HBV polymerase gene can also 
lead to resistance to currently used anti-HBV vaccines 
(antiviral drug-associated potential vaccine escape 
mutant, ADAP-VEM). The most common mutation is 
an effect of the long-term LMV monotherapy (5, 24).  
VEM emergence of mutants and their spread can reduce 
success of effective anti-HBV prophylaxis in the world. 
Furthermore, a mutation at position 204 of polymerase 
gene is common in patients with HCC. (7) 

CONCLUSION

Lamivudine treatment affects the selection of HBV 
mutants in positions 180 and 204 of the HBV poly-
merase gene in approximately 80% of HBeAg-positive 
patients after 2 years and HBeAg-negative patients after 
3 years. These mutations reduce antiviral efficacy and 
create the risk of cross-resistance to entecavir. Currently 
there are no reasonable background for long-term la-
mivudine monotherapy in patients with chronic HBV 
infection.  
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