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Abstract: 

Background/Aims. Lamivudine resistance has been described in subjects with chronic 

hepatitis B infections, associated with mutations in the viral polymerase gene. The 

objective of this study was to estimate the emergence rate of lamivudine-resistant viral 

strains and their consequences over a two-year period. 

Methods. We evaluated 283 lamivudine-naive subjects with chronic hepatitis B. Clinical 

and virological features were assessed at inclusion and every six months thereafter. Viral 

DNA was characterised using PCR-based sequencing. Potential risk factors for the 

emergence of lamivudine resistance mutations were assessed using logistic regression 

analysis. 

Results. The annualised incidence rate for viral polymerase mutations was 22%. The only 

independent risk factor identified was high viral load at inclusion. Detectable viral DNA and 

elevated transaminases were more frequent in subjects harbouring mutant viral strains, 

and these underwent a lower rate of HBe seroconversion. All subjects responded 

favourably to treatment, with no difference in symptoms between the two groups. 

Conclusions. This prospective cohort study identified lamivudine resistant mutations 

emerging in 22% of subjects yearly, which were apparently not associated with clinical 

aggravation over the study period. 
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Introduction 

Chronic hepatitis B infections remain a major public health challenge (1). The 

introduction of lamivudine represented a significant advance in the treatment of these 

infections. This drug is a nucleoside analogue that prevents viral replication by inhibiting 

the viral reverse transcriptase activity (2). Lamivudine has been demonstrated to stimulate 

viral clearance and improve clinical status in several randomised clinical trials (3-5), and to 

provide sustained benefit over periods up to four years (6,7), including in subjects infected 

with HBe-Ag negative viral strains (8). 

The efficacy of lamivudine is, however, compromised by the development of viral 

resistance (9-11), due to the selection of HBV variants containing mutations in the YMDD 

motif of the hepatitis B polymerase (12,13). The long-term clinical consequences of these 

lamivudine-resistant mutants are poorly understood. Most of the available data has come 

from analyses of subjects included in randomised clinical trials. As these are a highly 

selected population, notably in terms of comorbidities, the extent to which these findings 

can be generalised to the general population is not clear. In an analysis of data from four 

randomised clinical trials (14), viral breakthrough and flares of transaminase activity 

occurred frequently but these were less intense than pre-treatment disease activity. 

Clinically significant symptoms of re-emergent liver disease have been sometimes 

reported, involving severe complications such as hepatic decompensation (15). More 

recently, data has become available from long-term extensions of two of these trials. One 

of these, in patients with HBe-Ag negative hepatitis B, performed liver biopsies before and 

three to four years after initiation of lamivudine treatment (16). Development of resistance 

mutations was associated with histological evidence for worsening of hepatic disease in 

certain patients. The other study (17) concluded that improvement in terms of 
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seroconversion and transaminase activity after four years could be observed in spite of the 

emergence of resistant strains bearing polymerase mutations. In patients with cirrhosis or 

advanced fibrosis, a five-year randomised placebo-controlled trial of lamivudine revealed a 

mutation rate of 49% after a mean treatment duration of 32.4 months (18). The proportion 

of patients whose Child-Pugh score increased was higher (7%) in those patients 

developing mutations than in those in whom it did not (1%). 

A retrospective analysis of patients infected with HBe-Ag negative HBV strains, many 

of whom had severe liver disease at inclusion, found that viral breakthrough was 

associated with a higher probability of clinical deterioration (19). Some small observational 

studies have been performed in subjects starting lamivudine treatment (20-22), and these 

have yielded similar resistance emergence rates to analyses of clinical trials. 

To identify more precisely the extent and impact of lamivudine-resistant mutants in 

unselected subjects with chronic hepatitis B infections under standard conditions of care, 

we have carried out a large prospective pharmacoepidemiological study of HBV 

polymerase mutants in a consecutive cohort of subjects with chronic hepatitis B infections 

treated in specialist hepatology centres in France. The principal objective of the study was 

to estimate the annual incidence of these mutants following initiation of lamivudine therapy 

over a two-year follow-up period. Secondary objectives included assessment of the clinical 

course of infection following emergence of mutations and determination of clinical and 

biological factors predictive of lamivudine resistance. 
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Experimental procedures 

This prospective cohort study was performed in fifty-two hospital Hepato-

Gastroenterology or Internal Medicine departments across France. 

Subject selection 

Each participating centre included the next six subjects over the age of eighteen who 

presented with an active chronic hepatitis B infection for which the investigator decided to 

initiate lamivudine treatment. Exclusion criteria included previous lamivudine exposure, 

dialysis, HIV infection, immunosuppressant chemotherapy or receipt of an organ graft. 

Lamivudine was only provided if the conditions set out in the prescribing information for the 

drug were fulfilled, notably concerning pregnancy. 

Study design 

Subjects were followed up every six months for 24 months after starting lamivudine 

treatment. At baseline, data was recorded on sociodemographic characteristics, alcohol 

consumption, risk factors for hepatitis B infections, other viral infections, duration of 

hepatitis B infection, symptom presentation, results of previous serological tests or liver 

biopsies and previous treatments for hepatitis B. Histological abnormalities were scored in 

biopsy samples using Knodell (23) and Metavir scales (24). In addition, symptomatology 

was described, the results of any biological tests assessed and the lamivudine treatment 

schedule evaluated. A blood sample was taken at each study visit for virological 

characterisation, detection of HBe antigen and anti-HBe antibodies, and measurement of 

transaminase levels. 
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Virology 

Serum HBe antigens and antibodies were measured using routine procedures in 

each centre. Seroconversion was defined as the loss of HBe antigen concomitant with the 

appearance of HBe antibodies. 

Blood samples were analysed for viral genome centrally in a blinded fashion with 

respect to the clinical data. Viral DNA was extracted from serum using the QIAmp DNA 

Blood Mini Kit (QIAGEN, Courtaboeuf, France). Baseline HBV DNA was quantified using 

the Versant branched DNA kit version 3.0 (Bayer, France) with a lower limit of detection of 

357 IU/mL (one IU/mL represents 5.6 copies/mL). The HBV polymerase gene was 

sequenced following amplification by polymerase chain reaction (PCR) using appropriate 

oligonucleotide primers. The lower limit of detection of the PCR assay was 70 IU/mL. The 

sequencing reaction was performed using labelled nested primers (CY5.5-POL3M and 

CY5.0-P4M), CY5/CY5.5- Dye Primer Kit, Long-Read TOWER sequencer and Opengene 

System software (Visible Genetics, Evry, France). INNO-LiPA genotyping and PreCore 

mutant detection kits were used as described in more detail elsewhere (25). 

Statistical analysis 

The study population included all eligible subjects who provided an exploitable blood 

sample at baseline and at least once during the follow-up period. When follow-up analyses 

were missing, mutation status was affected to the missing time points by the principle of 

last observation carried forward. Categorical variables were compared with the 2 test or 

Fisher's exact test and quantitative variables with the Kruskal-Wallis test. Determinants of 

mutations were assessed from Odds Ratios calculated using univariate or multivariate 

logistic regression analysis.  
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Ethics 

The study was conducted in accordance with the Declaration of Helsinki and 

pertinent regulatory requirements. Written informed consent was obtained from each 

subject before inclusion. The protocol was approved by the Ethics Committee of CCPPRB 

Lyon A. 
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Results 

Patients included 

Between October 1999 and March 2001, 298 subjects were included in 52 centres. 

Fifteen (5.1%) were excluded from the analysis, principally due to the absence of follow-up 

data on mutation status. In all, 274 subjects (96.8% of the analysable population of 283 

subjects and 91.9% of the included population) completed the 24-month treatment period.  

Sociodemographic, virological and clinical features of included subjects 

Subjects were subdivided by HBe serotype into 164 HBe-negative subjects (58.0%) 

and 119 HBe-positive subjects (42.0%). The sociodemographic and clinical characteristics 

of the subjects included in the study according to HBe serotype are presented in Table 1. 

The HBe-negative subjects were on average 7.5 years older than HBe-positive subjects. A 

large proportion of subjects came from immigrant communities, notably the Mediterranean 

basin, Asia and Africa. The most frequently encountered clinical symptom was asthenia. 

Eight subjects had jaundice at inclusion, 24 hepatomegaly and six ascites. Biopsy-

confirmed cirrhosis was present in 58 subjects. 

Transaminase levels were elevated in 86% of subjects, although elevations did not 

usually exceed three times the upper limit of normal (Table 2). Elevated transaminase 

levels were more common in HBe-positive subjects. Higher Knodell and Metavir scores 

were more frequently encountered in HBe-negative subjects (Table 2). 

Viral load was significantly higher in HBe-positive subjects (Table 2). Mutations in the 

basic core promoter (BCP) region and the pre-core region were identified in the majority of 

subjects (84.6%) at inclusion. There was a slight preponderance of promoter mutations 

compared to stop codon mutations, with both mutations being observed in 35.2% of 
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subjects. BCP mutations were found in both HBeAg positive and negative patients, while 

pre-core mutations were found mainly in the HBeAg negative population. The correlation 

between the prevalence of BCP/pre-core mutations obtained from genotyping and HBe 

serotype was incomplete (Table 2): strains harbouring BCP/pre-core mutations could be 

isolated from 74.4% of HBe-positive subjects, whereas in twelve HBe-negative subjects 

(7.7%), no mutations could be detected in either the BCP or the pre-core region. 

Genotype D was the most frequent HBV genotype followed by genotype A whereas 

genotypes F and G were very rare (Table 2). Genotype D was twice as frequent in HBe-

negative subjects, whilst the opposite distribution was observed for genotypes B and C. 

At the time of inclusion, 54.4% of the population was treatment-naive; the rest had 

received predominantly interferon (data not shown). Only twenty subjects had received 

previous nucleoside analogue antiviral drugs, principally vidarabine (twelve subjects) 

and/or famciclovir (ten subjects). 

Evolution of HBV polymerase gene and BCP/pre-core region over the study duration 

Over the two-year study, mutations in the YMDD motif of the viral polymerase were 

observed in 114 subjects, corresponding to an incidence rate of 41.5% (95% confidence 

limits 35.6% and 47.3%). The time course of emergence of mutations was linear (Figure 1, 

panel A). The most frequently observed mutations were L180M, M204V and M204I (Table 

3). In the majority of subjects with mutations, more than one point mutation was identified. 

The most frequent association was L180M/M204V observed in 48 subjects (42.1% of all 

subjects with mutations) at the study end, while the M204I variant was mainly observed as 

a single mutant (Figure 1, panel B). There was no apparent difference in the rate of 

emergence of the individual mutations, nor of single versus multiple mutants (Figure 1, 

panel B). There was no relationship between emergence of polymerase mutations and 

either HBe serotype (Table 3) or BCP/pre-core mutation status (data not shown). HBV 
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strains carrying M204I or M204V mutations were respectively over- and under-represented 

in subjects carrying strains with a D genotype (Table 3). 

Determinants of emergence of lamivudine-resistant mutations 

Potential determinants of emergence of lamivudine-resistant mutations were 

assessed in terms of odds ratios. In a first step, baseline demographic, clinical and 

virological variables were evaluated independently in a univariate model. The significant 

variables identified in this analysis are presented in Table 4. Age and place of birth were 

the only demographic variables associated with the emergence of YMDD mutations, which 

were more frequent in older subjects. Mutations appeared less frequently in subjects of 

Asian origin, and interestingly genotype C (which is prevalent in Asia) was associated with 

a lower frequency of lamivudine resistance (p = 0.013, 2 test). Apart from this, there was 

no other association with viral genotype (p = 0.090, Fisher's Exact test). Moreover, the 

emergence of mutations was not dependent on the presence of BCP/pre-core mutations in 

the viral populations at inclusion (p = 0.117, 2 test) or of an HBe-negative serotype (p = 

0.318, 2 test). For clinical symptoms and risk factors, no significant associations with 

emergence of YMDD mutations were observed with the exception of Metavir score, with 

subjects with more pronounced liver pathology at baseline being associated with a higher 

risk of emergence of mutations. Alcohol consumption, high viral load at inclusion (> 5 x 106 

IU/ml) and previous drug treatment for hepatitis B infections were also all associated with 

the development of mutations in the YMDD motif. 

In a subsequent step, these variables identified in the univariate analysis were 

entered into a multivariate model. The only such variable to be retained with a significant 

association with polymerase mutations was viral load. 
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Virological and clinical outcome 

The proportion of subjects with detectable viral DNA by PCR fell to 39.9% during the 

first six months after initiation of lamivudine treatment. In subjects in whom lamivudine-

resistant strains did not develop, this proportion remained relatively stable and was 34.0% 

at study end (Figure 2). On the other hand, in subjects with lamivudine-resistant strains, 

serum HBV DNA was detectable in 72.6% of subjects at the study end. The difference in 

presence of serum HBV DNA according to polymerase mutation status was significantly 

different (p < 0.001) at 12, 18 and 24 months after initiation of lamivudine treatment. 

During the first six months of treatment, transaminases remained normal or 

normalised in 95.7% of the subjects. In subjects without lamivudine-resistant strains, the 

proportion of subjects with elevated transaminase levels remained below 7.5% throughout 

the study (Figure 2). In the subjects with lamivudine-resistant strains, the proportion with 

elevated transaminase levels was significantly higher (between 10% and 15%) at 12, 18 

and 24 months. However, these elevations in transaminase levels were not accompanied 

by liver failure assessed by prothrombin time, or by jaundice.  

HBe seroconversion between inclusion and study end was assessed in 116 of the 

119 subjects who were HBe-positive at baseline. In the 51 such subjects who developed 

lamivudine-resistant strains, ten seroconverted during the study (19.6%). On the other 

hand, 26 of the 65 HBe-positive subjects without lamivudine resistant strains had 

seroconverted after 24 months (40.0%). The difference in the rate of seroconversion 

between YMDD mutant-positive and YMDD mutant-negative subjects was statistically 

significant at 18 and 24 months (Figure 2). After 24 months, the rate of seroconversion 

was higher in subjects with a BCP mutation at baseline (22 subjects: 33.3%) than in those 

without (13 subjects: 26.5%), although this difference was not statistically significant. In all 
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but four cases (two with YMDD mutations and two without), HBe seroconversion was 

associated with normalisation of transaminase levels at twenty-four months. 

Six subjects died during the course of the study. None of the deaths were considered 

by the investigators to be related to lamivudine treatment. The causes of death were 

hepatocarcinoma in two cases, hepatocellular failure in two cases (one with previous 

hepatomegaly and ascites, resolved at the last available estimation, and the other with no 

prior symptoms reported in the study), leukaemia in one case and one non-determined 

cause of death. One case with hepatocarcinoma had developed a lamivudine-resistant 

strain while such a mutant was not detected in the other five cases. 

Following initiation of treatment, jaundice resolved in the first six months in seven 

subjects and between six and twelve months in the remaining subject. No cases of 

jaundice emerged during the study. Ascites resolved in the first six months in five subjects 

and between six and twelve months in the remaining subject. Two case of ascites 

emerged during the study, one during the first six months in a subject who subsequently 

died of hepatocellular failure and one between 12 and 18 months in a subject from whom a 

YMDD mutant strain had been isolated after six months of treatment, which subsequently 

resolved. Hepatomegaly disappeared progressively but more slowly, and was still present 

in two YMDD mutant-positive subjects and four YMDD mutant-negative subjects at study 

end. In these two groups, hepatomegaly emerged during the study in four subjects and 

one subject respectively who did not present this symptom at inclusion and recurred after 

transient resolution in an additional two and one subject respectively. In all but three 

subjects, these cases of emergent or recurrent hepatomegaly observed during lamivudine 

treatment had resolved by the next six-monthly evaluation. 
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Discussion 

This large, two-year prospective multicentre cohort study evaluated the emergence of 

lamivudine resistance mutations in 283 subjects with chronic hepatitis B infections starting 

lamivudine therapy, typical of those treated in specialist hepatology units in France. The 

subjects were predominantly male and the majority (58.8%) were born outside France, 

principally in other countries of the Mediterranean basin, Asia and Africa. Significant 

elevations of liver transaminases (> 3 x ULN) as well as clinical symptoms were only 

observed for a minority of subjects, although most presented fibrosis or cirrhosis on liver 

biopsy and had elevated Knodell and Metavir scores. This suggests that hepatitis B 

infections may often be clinically silent in spite of ongoing liver disease. Therefore, a more 

active screening of high-risk groups may be useful to identify such silent infections early to 

prevent complications of the disease. 

A large number of subjects who were actually infected with a BCP mutant strain did 

not present an HBe-Ag negative serotype. In these subjects, there was a suggestion that 

the presence of such a mutation may favour future seroconversion, and this merits 

exploration in further studies. This mismatch was already observed in the original 

description of the genotyping methodology used in this study (25) and has since been 

described in a large national survey of hepatitis B performed in the United States (26) as 

well as in East Asian populations (27). A potential explanation for this finding is that BCP 

mutations may attenuate rather than abrogate completely synthesis of RNA encoding the 

HBe antigen (28). In some cases, loss of HBe antigen following appearance of a BCP 

mutation may be delayed or incomplete. There is some evidence that the extent of HBe 

antigen production from viral genome bearing BCP mutations may vary between strains 

(28), perhaps related to HBV genotype (27). Nonetheless, the mismatch between 

genotyping and serotyping for BCP mutations suggests that classical HBe serotyping 
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underestimates the prevalence of pre-core mutations and that monitoring of the subjects 

using genotyping technology may be warranted (25-28). 

We identified an incidence rate for mutations in the YMDD motif of the HBV 

polymerase gene of 22.3% over one year and of 41.5% over two years in these subjects 

starting lamivudine therapy. These data are very similar to those obtained from the 

analysis of pooled data from four clinical trials reported by Lai et al. (14), who reported a 

one-year incidence rate of 24% and a two-year rate of 42%. In contrast with the Phase III 

trials, which imposed rigorous inclusion and exclusion criteria, our study recruited a 

random sample of subjects with hepatitis B infections fulfilling broad inclusion criteria 

presenting at specialist hepatology departments in France. The incidence for lamivudine-

resistant mutations found in our study may thus reflect the incidence rate in the general 

population in France.  

Interestingly, the study of the profile of mutations in the polymerase gene and their 

kinetics of emergence showed that the M204V mutant is most often found in association 

with the compensatory L180M mutation, while the M204I mutant is more rarely found in 

association with this mutation (Figure 1, panel B). The M204I mutant was also found 

principally in association with the HBV genotype D. These findings may have important 

clinical implications with respect to the development of new antiviral agents that may 

present some level of cross-resistance with lamivudine (29,30). 

We also attempted to determine features that could predict the emergence of 

lamivudine-resistant mutations. Initially, a univariate analysis was performed using all the 

demographic, clinical and virological parameters recorded at inclusion. This identified age 

>50 years, alcohol consumption, high viral load, high Metavir score and previous antiviral 

treatment as being associated with higher incidence of polymerase mutation, and Asian 

origin and C genotype as being associated with lower incidence. However, when entered 
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into a multivariate analysis only viral load was retained as a determinant of emergence of 

lamivudine-resistant mutations. Nevertheless, the relatively low number of subjects in 

whom strains with these mutations were found may preclude the identification of clinically 

relevant determinants with more subtle effects. Other studies such as the one reported by 

Benhamou et al. (31), did not identify baseline predictive factors for polymerase mutations 

in 66 subjects co-infected with hepatitis B and HIV treated with lamivudine for four years. 

Furthermore, our study did not replicate data from randomised clinical trials (14), in which 

high body mass index, male gender and more severe hepatic disease were found to be 

predictors of polymerase mutations in multivariate analysis. 

In small studies, it has been suggested that HBe antigen negativity may be 

associated with a lower rate of emergence of HBV polymerase mutants during lamivudine 

treatment (21,32,33). However, our study, in which more patients were enrolled, did not 

identify a relationship between either HBe serotype or the presence of BCP/pre-core 

mutations and the emergence of lamivudine resistance mutations over the two-year study 

period. Another small study has reported that HBV genotypes might be associated with a 

differential risk of development of lamivudine resistance (34). In contrast, our study found 

no obvious relationship with the emergence of lamivudine resistance mutations, in 

agreement with previous smaller scale studies from Japan and France (33, 35). 

All subjects responded to lamivudine treatment by a reduction of viral load, 

accompanied by a normalisation of transaminases in the majority of subjects. However, 

both viral load and transaminases were significantly higher in subjects in whom 

lamivudine-resistant strains had been identified, suggesting that these mutations are 

associated with some degree of viral breakthrough and hepatic impact. In our study, a 

significant difference was observed between the subjects with and without lamivudine-

resistant strains in the extent of HBe seroconversion after two years, which was observed 
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in 40.0% of subjects who did not develop mutations in the YMDD motif compared to 19.6% 

in those subjects who did not. This finding is again consistent with the clinical trial data of 

Lai et al. (14), who reported one-year seroconversion rates of 21% and 8% for subjects 

with and without lamivudine-resistant strains respectively. 

In terms of clinical outcome, a progressive decrease in symptoms of liver disease 

during the study period was observed. This desirable therapeutic response was observed 

independently of the presence of lamivudine-resistant HBV strains. There was no 

difference in the rate of disappearance of symptoms, the frequency of symptoms during 

the study or in the incidence of new symptoms between subjects with or without these 

strains. 

The extent to which emergence of lamivudine-resistant HBV strains is a risk factor for 

progression of cirrhosis or emergence of fulminant liver disease is not clear. Some studies 

have found little evidence for more liver damage in those subjects who developed 

lamivudine-resistance HBV strains (17, 36, 37), whereas many others describe ALT flares, 

hepatic decompensation, or worsening histology following emergence of lamivudine 

resistance and viral breakthrough (16, 18, 19, 32, 33, 38, 39). Part of this discrepancy may 

be related to patient characteristics, with those with severe liver disease or a pre-core 

mutant infection being more at risk for aggravation in the case of development of 

lamivudine resistance. 

In our cohort study, no systematic assessment of histological progression by liver 

biopsy was performed. However, liver function was assessed in all patients using the non-

invasive FibroTest-ActiTest (FT-AT), that has been validated as a surrogate marker for 

histologically-confirmed liver damage in patients with hepatitis B (40). These data, 

published elsewhere (41), show that lamivudine treatment led to a significant decrease in 

necroinflammatory activity and fibrosis. Both the extent of improvement and the proportion 
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of patients in whom improvement was observed were similar in patients with or without 

lamivudine-resistant HBV strains. However, deterioration was observed in two patients 

with cirrhosis when treatment was initiated, in both of whom a YMDD-mutant HBV strain 

was isolated. 

In conclusion, our cohort study provides new information on the clinical and 

virological characteristics of subjects starting lamivudine therapy in France. This study 

revealed an annualised incidence rate for lamivudine resistance mutations in HBV strains 

isolated from subjects treated with lamivudine in the general population (22%) comparable 

with previous estimates obtained from clinical trials. The emergence of mutations was 

apparently not associated with aggravation of the clinical state of the subject, at least 

during the study period. The only independent variable predictive of emergence of 

lamivudine resistance mutations was viral load at initiation of treatment.  
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Serotype 

 
TOTAL 
N = 283 

p HBe-positive 
N = 119 

HBe-negative 
N = 164 

Age (years) 
 Mean ± SD 
 Median [Range] 

 
38.6 ± 14.0 

36.0 [18.0 - 82.0] 

 
46.1 ± 12.9 

46.0 [20.0 - 83.0] 

 
42.9 ± 13.9 

42.0 [18.0 - 83.0] 

 
<0.001 

Gender 
 Male 
 Female 

 
92 (77.3%) 
27 (22.7%) 

 
129 (78.7%) 
35 (21.3%) 

 
221 (78.1%) 
62 (21.9%) 

 
0.787 

BMI 
 Mean ± SD 
 Median [Range] 

 
23.8 ± 4.0 

23.2 [16.0 - 43.0] 

 
24.7 ± 4.2 

24.1 [16.7 - 45.0] 

 
24.3 ± 4.1 

23.7 [16.0 - 45.0] 

 
0.036 

Place of birth 
 France / Northern Europe 
 Mediterranean Basin 
 Asia 
 Africa 
 North America 

 
55 (47.0%) 
11 (9.4%) 
36 (30.8%) 
13 (11.1%) 
2 (1.7%) 

 
60 (37.0%) 
42 (25.9%) 
19 (11.7%) 
37 (22.8%) 
4 (2.5%) 

 
115 (41.2%) 
53 (19.0%) 
55 (19.7%) 
50 (17.9%) 
6 (2.2%) 

 
<0.001 

Alcohol consumption 
 Subjects regularly consuming 
 Daily dose (g/day): mean ± SD 

 
8 (6.8%) 

31.3 ± 24.2 

 
21 (12.8%) 
18.9 ± 15.9 

 
29 (10.3%) 
22.6 ± 19.1 

 
0.100 
0.146 

Risk factors 
 None 
 Intravenous drug use 
 At-risk sexual habits 
 Travel to at-risk areas 
 Familial contamination 
 Perinatal contamination 

 
14 (11.8%) 
2 (1.7%) 

17 (14.3%) 
49 (41.2%) 
40 (33.6%) 
41 (34.5%) 

 
33 (20.1%) 
1 (0.6%) 
7 (4.3%) 

74 (45.1%) 
55 (33.5%) 
42 (25.6%) 

 
47 (16.6%) 
3 (1.1%) 
24 (8.5%) 

123 (43.5%) 
95 (33.6%) 
83 (29.3%) 

 
0.062 
0.574 
0.003 
0.509 
0.989 
0.107 

Disease duration (years) 
 Mean ± SD 
 Median [Range] 

 
5.8 ± 6.0 

4.3 [0.1 - 30.8] 

 
6.7 ± 7.5 

3.8 [0.1 - 41.7] 

 
6.3 ± 6.9 

4.0 [0.1 - 41.7] 

 
0.809 

Symptom presentation 
 Asthenia 
 Anorexia 
 Weight loss 
 Jaundice 
 Hepatomegaly 
 Ascites 
 Other PVHT symptom 

 
41 (34.5%) 
9 (7.6%) 
6 (5.0%) 
3 (2.5%) 
6 (5.0%) 
3 (2.5%) 
5 (4.2%) 

 
75 (45.7%) 
7 (4.3%) 
11 (6.7%) 
5 (3.0%) 

18 (11.0%) 
3 (1.8%) 
10 (6.1%) 

 
116 (41.0%) 
16 (5.7%) 
17 (6.0%) 
8 (2.8%) 
24 (8.5%) 
6 (2.1%) 
15 (5.3%) 

 
0.057 
0.236 
0.561 
1.000 
0.077 
0.699 
0.482 

Other viral liver infections 
 Hepatitis C 
 Hepatitis D 

 
0 (0.0%) 
2 (1.7%) 

 
1 (0.6%) 
1 (0.6%) 

 
1 (0.4%) 
3 (1.1%) 

 
1.000 
0.574 

Table 1. Demographic and clinical characteristics of the study population. BMI: body mass index; PVHT: 

portal vein hypertension. 
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 Serotype 

TOTAL 

p HBe-positive HBe-negative 

N = 119 N = 164 N = 283 

Transaminase levels  

 ALT normal 

 ALT 1-3 x ULN 

 ALT >3 x ULN 

 

12 (10.2%) 

57 (48.3%) 

49 (41.5%) 

 

27 (16.6%) 

91 (55.8%) 

45 (27.6%) 

 

39 (13.9%) 

148 (52.7%) 

94 (33.5%) 

 

0.010 

Prothrombin time 

 > 70% 

 50% - 70% 

 < 50% 

 

85 (84.2%) 

10 (9.9%) 

6 (5.9%) 

 

122 (84.1%) 

18 (12.4%) 

5 (3.4%) 

 

207 (84.1%) 

28 (11.4%) 

11 (4.5%) 

 

0.937 

Knodell score 

 0-4 

 5-9 

 10-14 

 15-22 

 

10 (11.1%) 

45 (50.0%) 

31 (34.4%) 

4 (4.4%) 

 

8 (6.7%) 

45 (37.5%) 

55 (45.8%) 

12 (10.0%) 

 

18 (8.6%) 

90 (42.9%) 

86 (41.0%) 

16 (7.6%) 

 

0.010 

Metavir score 

  F2 

 F3 

 F4 

 

66 (64.1%) 

21 (20.4%) 

16 (15.5%) 

 

67 (49.6%) 

40 (29.6%) 

28 (20.7%) 

 

133 (55.9%) 

61 (25.6%) 

44 (18.5%) 

 

0.038 

Viral load 

  x 10
6
 IU/ml 

 > 5 x 10
6
 IU/ml 

 

13.2 ± 7.0  

89 (74.8%) 

 

5.2 ± 7.2 

50 (30.5%) 

 

8.6 ± 8.1 

139 (49.1%) 

 

<0.001 

<0.001 

Pre-core/core mutations 

 Neither mutation 

 Codon 28 stop mutation alone 

 Promoter mutation alone 

 Both mutations 

 

30 (25.6%) 

19 (16.2%) 

47 (40.2%) 

21 (17.9%) 

 

12 (7.7%) 

36 (23.1%) 

33 (21.2%) 

75 (48.1%) 

 

42 (15.4%) 

55 (20.1%) 

80 (29.3%) 

96 (35.2%) 

 

<0.001 

LiPA genotype 

 A 

 B 

 C 

 D 

 E 

 F 

 G 

 

39 (33.9%) 

14 (12.2%) 

23 (20.0%) 

26 (22.6%) 

10 (8.7%) 

1 (0.9%) 

3 (2.6%) 

 

41 (27.3%) 

7 (4.7%) 

10 (6.7%) 

73 (48.7%) 

20 (13.3%) 

0 (0.0%) 

0 (0.0%) 

 

80 (30.2%) 

21 (7.9%) 

33 (12.5%) 

99 (37.4%) 

30 (11.3%) 

1 (0.4%) 

3 (1.1%) 

 

0.248 

0.025 

0.001 

<0.001 

0.238 

0.434 

0.081 

Table 2. Indices of hepatitis B infections in the study population. ALT: alanine aminotransferase; ULN: upper 

limit of normal. 
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All 

Serotype LiPA Genotype 

HBe-positive HBe-

negative 

A D Other  

L180M 78 (68.4%) 37 (71.2%) 41 (66.1%) 27 (71.1%) 24 (57.1%) 23 (79.3%) 

M204I 47 (41.2%) 20 (38.5%) 27 (43.6%) 12 (31.6%) 24 (57.1%) 9 (31.0%)* 

M204V 68 (59.7%) 33 (63.5%) 35 (56.5%) 27 (71.1%) 17 (40.5%) 20 (69.0%)** 

TOTAL  114 (100%) 52 62 38 42 29 

 

Table 3. Presence of mutations in the YMDD motif of the HBV polymerase gene at study end according to 

HBe serotype and LiPA genotype at inclusion. The percentages are calculated by column. One subject from 

whom strains with LiPA genotypes A and D were isolated is included in the other column. *: p = 0.029; **: p = 

0.009. 
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Parameter N (%) 
Univariate 

Odds Ratio 

Multivariate 

Odds Ratio 

Age 

 < 50 years 

  50 years 

 

193 (68.2%) 

90 (31.8%) 

 

1.00 

1.92 [1.16; 3.19] 

 

1.00 

1.38 [0.70 ; 2.73] 

Alcohol consumption 

 No 

 Yes 

 

253 (89.7%) 

29 (10.3%) 

 

1.00 

2.32 [1.06 – 5.06] 

 

 

2.18 [0.81 ; 5.88] 

Place of birth 

 France/Europe du Nord 

 Mediterranean basin 

 Asia 

 Africa 

 North America/Other 

 

115 (41.2%) 

53 (19.0%) 

53 (19.7%) 

50 (17.9%) 

6 (2.2%) 

 

1.00 

0.62 [0.32;1.20] 

0.38 [0.19; 0.77] 

0.62 [0.32; 1.23] 

0.51 [0.09; 2.89] 

 

1.00 

0.82 [0.37 ; 1.82] 

0.68 [0.24 ; 1.94] 

0.83 [0.36 ; 1.90] 

0.51 [0.05 ; 5.31] 

HBV DNA  

  5 x 10
6
 IU/ml 

 > 5 x 10
6
 IU/ml 

 

144 (50.9%) 

139 (49.1%) 

 

1.00 

1.70 [1.05 – 2.75] 

 

1.00 

1.94 [1.07 ; 3.50] 

Metavir score  

 < F3 

  F3 

 

133 (55.9%) 

105 (44.1%) 

 

1.00 

1.98 [1.17 – 3.35] 

 

1.00 

1.73 [0.94 ; 3.18] 

Previous treatment 

 No 

 Yes 

 

154 (54.4%) 

129 (45.6%) 

 

1.00 

1.61 [1.00; 2.60] 

 

1.00 

1.40 [0.78 ; 2.52] 

LiPA genotype 

 A 

 B 

 C 

 D 

 E 

 F 

 G 

 

80 (30.2%) 

21 (7.9%) 

33 (12.5%) 

99 (37.4%) 

30 (11.3%) 

1 (0.4%) 

3 (1.1%) 

 

1.56 [0.92; 2.65] 

0.87 [0.35; 2.18] 

0.34 [0.14; 0.82] 

1.16 [0.70; 1.93] 

0.95 [0.44; 2.06] 

ND 

ND 

 

 

 

0.63 [0.19 ; 2.07] 

Table 4. Emergence of lamivudine-resistant mutations as a function of baseline variables. ND: Not 

determined due to low subject numbers. 
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FIGURE LEGENDS 

 

Figure 1. 

Emergence of lamivudine-resistant viral strains over the study.  

Panel A. The lozenges represent the number of subjects at each time-point, and the 

columns those with lamivudine-resistant mutations. 

Panel B shows the number of patients with each lamivudine-resistant mutations over time. 

The M204V mutation is most often associated with the L180M mutation while the M204I 

mutation is more rarely observed with the L180M “compensatory” mutation. 

 

Figure 2. 

Evolution of virological parameters, transaminases and clinical symptomatology in subjects 

with (filled symbols) or without (open symbols) lamivudine-resistant HBV strains. The 

proportion of the total study population at each time-point with the given feature is 

presented. Panel A: subjects with viral DNA above the PCR detection threshold. Panel B: 

subjects having undergone HBe seroconversion. Panel C: subjects with alanine 

aminotransferase levels above the upper limit of normal. The asterisks indicate significant 

differences between the subjects with and without resistance-conferring mutations (*: p 

<0.05; **: p <0.01; ***: p <0.001; 2 test). 

 


