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Abstract
AIM: To analyze the association between the emer-
gence of tyrosine-methionine-asparatate-asparatate 
(YMDD) mutants (reverse transcription; rtM204I/V) and 
deterioration of liver function during long-term lamivu-
dine treatment of Japanese patients with chronic hepa-
titis B virus (HBV) infection.

METHODS: The data of 61 consecutive Japanese pa-
tients with chronic hepatitis B who underwent continu-
ous lamivudine treatment for more than 24 mo and had 
a virological response were analyzed. Analysis of YMDD 
mutants was done by real-time polymerase chain reac-
tion with LightCycler probe hybridization assay for up to 
90 mo (mean, 50.8 mo; range, 24-90 mo).

RESULTS: A mixed mutant-type (YMDD + tyrosine-iso-
leucine-asparatate-asparatate: YIDD or tyrosine-valine-
asparatate-asparatate: YVDD) or a mutant-type (YIDD 
or YVDD) were found in 57.4% of 61 patients at 1 year, 
78.7% of 61 patients at 2 years, 79.6% of 49 patients 
at 3 years, 70.5% of 34 patients at 4 years, 68.4% of 
19 patients at 5 years, 57.1% of 14 patients at 6 years, 
and 33.3% of 6 patients at 7 years. Of the 61 patients, 
56 (92%) had mixed mutant- or a mutant-type. Only 
5 (8%) had no mutants at each observation point. Vi-
rological breakthrough was found in 26 (46.4%) of 56 
patients with YMDD mutants, 20 of whom had a hepa-
titis flare-up: the remaining 30 (53.6%) had neither a 
virological breakthrough nor a flare-up. All 20 patients 
who developed a hepatitis flare-up had a biochemical 
and virological response after adefovir was added to 
the lamivudine treatment.

CONCLUSION: Our results suggest that it is pos-
sible to continue lamivudine treatment, even after the 
emergence of YMDD mutants, up to the time that the 
patients develop a hepatitis flare-up.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION
Chronic hepatitis B virus (HBV) infection affects more 
than 350 million people worldwide, with 75% living in 
the Asia-Pacific region[1,2]. Although Japan was historically 
endemic for HBV infection, our previous studies have 
shown that the prevalence of  hepatitis B surface antigen 
(HBsAg) carriage in Okinawa, Japan markedly decreased 
from 12.4% in 1970 to 4.2% in 1996[3,4]. However, chron-
ic HBV infection continues to be a major health problem 
because it leads to the development of  liver cirrhosis, 
hepatocellular carcinoma (HCC), and raises the risk of  
hepatic disease-related death. Because HBV replication 
is associated with liver injury, therapy for patients with 
chronic HBV infection aims to stop or reduce disease 
progression and to prevent the development of  hepatic 
decompensation through the sustained suppression of  
HBV replication[5]. For this purpose, interferon or oral 
antiviral nucleos(t)ide analogues, such as lamivudine, 
adefovir, entecavir, telbivudine and tenofovir have been 
approved for the treatment of  patients with chronic 
HBV infection. Previous studies have shown that HBV 
genotype influences liver disease progression[6,7], and our 
epidemiological study of  the Japanese HBV genotype 
distribution showed that most patients were infected with 
genotype C[8]. Because genotype C has been reported to 
be associated with severe liver damage and to be resistant 
to non-pegylated interferon[8-10], Japanese patients with 
chronic hepatitis B are often given nucleos(t)ide analog 
treatment. Nucleos(t)ide analogs have fast and potent 
inhibitory effects on HBV polymerase and reverse tran-
scriptase activity, are safe and easy to use, and can induce 
HBV DNA suppression, alanine aminotransferase (ALT) 
normalization and improvement of  liver histology[11-14].

Lamivudine is the first oral nucleoside analogue to 
be approved for the treatment of  chronic hepatitis B 
patients, and it has been shown to suppress HBV rep-
lication by interfering with HBV DNA polymerase and 
disease activity, to reduce the incidence of  HCC, and to 
improve survival[15,16]. A study that included a large num-
ber of  Japanese chronic hepatitis B patients showed lami-
vudine to have good virological and biochemical efficacy 
in long-term treatment[17].

Although there is much evidence supporting the 
effectiveness of  lamivudine for chronic hepatitis B pa-
tients, the clinical benefit of  lamivudine treatment has 
been eroded, in the case of  long-term treatment, by the 
emergence of  lamivudine-resistant HBV mutants with 
mutation of  the reverse transcriptase domain of  the poly-
merase gene. The emergence of  lamivudine-resistant mu-
tants is mainly based on point mutation from methionine 
to valine/isoleucine at rt204 (rt204V/I) in the tyrosine-
methionine-asparatate-asparatate (YMDD) motif[18]. The 
emergence of  lamivudine-resistant HBV has been linked 
to virological breakthrough, sometimes followed by bio-
chemical breakthrough, and to flare-ups of  hepatitis[19].

The detection of  YMDD mutants has mainly been 
done by methods such as direct DNA sequencing or 
hybridization[20,21], but these methods are labor-intensive 

and time-consuming. Fluorometric real-time polymerase 
chain reaction (PCR) with the LightCycler probe hybrid-
ization assay is reported to be an easy, rapid and accurate 
method for the detection of  YMDD mutants[22,23]. Few 
studies have sequentially assessed the emergence of  
YMDD mutants during long-term lamivudine treatment 
in Japan. The aim of  the present study was to analyze the 
association between the emergence of  YMDD mutants 
and deterioration of  liver function during long-term lami-
vudine treatment of  Japanese chronic hepatitis B patients 
by use of  the LightCycler probe hybridization assay.

MATERIALS AND METHODS
Patients
The study included 61 consecutive Japanese patients with 
chronic hepatitis B who underwent continuous lamivu-
dine treatment for more than 24 mo, and had a virologi-
cal response (defined as a decline of  more than 4.0 log 
copies/mL in HBV DNA level during treatment). The 
patients started lamivudine treatment between February 
2001 and May 2007 at the Department of  General Inter-
nal Medicine, Kyushu-University Hospital in Fukuoka, 
Japan. Before the start of  lamivudine treatment, all pa-
tients had HBsAg and detectable levels of  HBV DNA 
by PCR assay. The diagnosis of  chronic hepatitis and 
cirrhosis was based on a liver biopsy for most patients, 
but if  unavailable it was based on clinical laboratory and 
ultrasonography data. None of  the patients tested posi-
tive for antibody to hepatitis C virus or human immuno-
deficiency virus type 1, nor was there evidence of  other 
forms of  liver diseases, such as alcoholic liver disease, 
drug-induced liver disease, or autoimmune hepatitis.

All patients received lamivudine (Zeffix, Glaxo Smith 
Kline, UK) in a single oral daily dose of  100 mg. Obser-
vation was for up to 90 mo (mean, 50.8 mo; range, 24- 
90 mo) after the start of  lamivudine administration, and 
the emergence of  YMDD mutants during treatment was 
identified using the LightCycler probe hybridization assay. 
Serum ALT, hepatitis B e antigen (HBeAg), anti-HBe, 
and HBV DNA were measured every 1-2 mo. Sera were 
tested for mutation of  the HBV polymerase gene every 
6-12 mo during treatment.

Definitions of “virological breakthrough” and “flare-up” 
of hepatitis
Virological breakthrough was defined as an increase in 
serum HBV DNA of  more than 1 log copies/mL from 
the nadir of  the initial response[19]. A flare-up of  hepatitis 
was defined as an increase in ALT level to more than 3 
times the upper limit of  normal.

Routine laboratory tests and viral markers
Biochemical tests were performed using standard proce-
dures before and at least once monthly during treatment. 
HBsAg, HBeAg and anti-HBe were determined by a che-
miluminescence enzyme immunoassay (Abbott Japan Co., 
Tokyo, Japan). HBV genotype analysis was performed by 
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a previously reported method[24]. Serum HBV DNA level 
was measured by a PCR-based method (Roche Amplicor 
HBV Monitor; Roche Diagnostics, Mannheim, Germany). 
The detection range of  the assay was between 2.6 (corre-
sponding to 400 copies/mL) and 8.7 log copies/mL.

Serum samples and extraction of HBV DNA
Serum samples were obtained from all patients before 
and during lamivudine treatment and stored at -20℃ un-
til use. HBV DNA was extracted from serum using the 
QIAamp DNA mini kit (Qiagen Ltd., Crawley, United 
Kingdom) according to the manufacturer’s instructions.

Monitoring the emergence of lamivudine-resistant 
mutants by the LightCycler probe hybridization assay
Lamivudine-resistant mutation was detected by rapid 
PCR amplification across the YMDD-encoding gene 
locus and analysis of  the hybridization kinetics of  an in-
tegrated probe to infer its sequence was done using the 
LightCycler (Roche Diagnostics) according to the method 
reported by Whalley et al[22].

Briefly, HBV DNA was extracted from serum, and a 
399 bp region of  the polymerase gene was amplified by 
hemi-nested PCR assay. The amplified PCR product was 
denatured and hybridized to the Bi-probe system, which 
uses Cy5-labeled probes in conjunction with SYBR 
Green I (Bio/Gene, Kimbolton, United Kingdom). The 
LightCycler was used for amplification of  PCR clones 
and to determine the melting characteristics of  the probe-
amplification hybrid. A melting curve analysis of  the data 
was performed using the LightCycler analysis software 
v3.5 (Roche Diagnostics). Melting curves were converted 
to melting peaks by plotting the negative derivative of  
fluorescence with respect to temperature (-dF/dT). This 
analysis gave the melting temperature (Tm) at which 
50% of  the hybridizing probe was annealed to the PCR 
product. Because the presence of  a single-base mismatch 
results in a shift in the melting temperature to a tem-
perature lower than that for the probe-specific sequence, 
analysis of  the probe melting curves allows differentia-
tion of  the wild-type YMDD from the YMDD mutants 
including YIDD, YVDD, and the YMDD/YIDD and 
YMDD/YVDD mixed types. The detection limit of  this 
assay was about 10%-20% of  the total virus pool (data 
not shown).

Statistical analysis
The distribution of  continuous variables was analyzed 
by the Mann-Whitney U test. Differences in proportions 
were tested by Fisher’s exact test. A two-tailed P value 
of  less than 0.05 was considered statistically significant. 
Statistical analysis was performed with the SPSS statistical 
package (version 11.0, SPSS, Inc., Chicago, IL, USA).

RESULTS
Baseline characteristics
Of  the 61 patients, 45 were male with a median age of  

50 years (range, 28-65 years) and 16 female with a median 
age of  49 years (range, 38-69 years). All patients were 
infected with genotype C, 36 (59%) were negative for 
HBeAg, 15 (25%) were cirrhotic, and the median HBV 
DNA level was 6.5 log copies/mL (range, 2.7-8.7 log 
copies/mL).

Melting curve analysis for the detection of HBV YMDD 
mutants
YMDD mutants were analyzed by melting curve analysis. 
The melting peaks of  the wild-type and mutant HBV 
strains were typically observed at different temperatures, 
as shown in Figure 1A. The melting temperatures of  
the YIDD and YVDD mutants were approximately 9℃ 
and 2.5℃ lower than that of  the wild-type, respectively. 
Because the melting curve showed a double peak in the 
case of  YIDD or YVDD mutant mixed with the wild-
type YMDD, as shown in Figure 1B, this type of  melting 
curve was considered to be the mixed mutant-type.

Seven-year change in the wild, mixed mutant and 
mutant-types
The mixed mutant- or mutant-type was found in 57.4% 
of  61 patients at 1 year, 78.7% of  61 patients at 2 years, 
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79.6% of  49 patients at 3 years, 70.5% of  34 patients at 
4 years, 68.4% of  19 patients at 5 years, 57.1% of  14 pa-
tients at 6 years, 33.3% of  6 patients at 7 years, as shown 
in Figure 2.

Comparison of patients with and without the emergence 
of YMDD mutants during treatment 
Of  the 61 patients, 56 (92%) had the mixed mutant- or 
mutant-type: Only 5 (8%) had none of  the tested muta-
tions during the observation period. Virological break-
through or a flare-up of  hepatitis was observed in 26 
(46.4%) and 20 (35.7%), respectively, of  the 56 patients 
with YMDD mutants. None of  the 5 patients without 
YMDD mutants had virological breakthrough or a flare-
up of  hepatitis. Virological breakthrough or a flare-up 
of  hepatitis was experienced significantly more often by 
patients with than without YMDD mutants (P < 0.0001).

No significant differences in sex, age, pretreatment 
ALT level, serum albumin, platelet count, frequency of  

HBeAg positivity, pretreatment HBV DNA level, presence 
of  cirrhosis, or history of  HCC were observed between 
these groups. Of  the 56 patients with YMDD mutants, 
30 (53.6%) had no virological breakthrough. However, 
no significant differences in sex, age, pretreatment ALT 
level, serum albumin, platelet count, frequency of  HBeAg 
positivity, pretreatment HBV DNA level, presence of  cir-
rhosis, or history of  HCC were observed for the patients 
with mutants, with or without virological breakthrough 
(data not shown) (Table 1).

Of  the 61 patients, 36 (59%) were HBeAg negative. 
Although about 90% of  patients with or without HBeAg 
had YMDD mutants, HBeAg negative patients had a 
tendency to have a lower frequency of  virological break-
through and hepatitis flare-ups than HBeAg positive pa-
tients. However, no significant between group differences 
were found in sex, age, number of  patients with YMDD 
mutants, the frequency of  virological breakthrough and 
hepatitis flare-ups; only pretreatment HBV DNA level 
showed a significant difference (Table 2).

Characteristics of the patients with hepatitis flare-up 
Of  the 61 patients, a flare-up of  hepatitis was experienced 
by 20 (32.8%), 15 (75%) males, 5 (25%) females, median 
age 56 years (range, 44-65 years), 11 (55%) with cirrhosis, 
and 14 (70%) with HBeAg. All patients who developed 
flare-ups of  hepatitis following an increase in the HBV 
DNA level had YMDD mutation. The peak HBV DNA 
level (median 6.7 log copies/mL; range, 5.7-8.0 log cop-
ies/mL) at the time of  a flare-up was significantly lower 
than at pretreatment (median 7.6 log copies/mL; range, 
6.0-8.7 log copies/mL) (P < 0.05) (Table 3).

Clinical course of patients with hepatitis flare-up
All 20 patients who had a flare-up were prescribed 10 mg 
of  adefovir dipivoxil daily, in addition to lamivudine treat-
ment, and all had a biochemical and virological response.

DISCUSSION
Early detection and monitoring of  HBV genotypic resis-
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Characteristics Mutant- or 
mixed mutant-
type (n  = 56)

Not detected 
or wild-type 

(n  = 5)

P -value

No. of men (%) 42 (75.0) 3 (80.0) NS
Age (yr)    50 (28-69)  52 (34-55) NS
ALT level (U/L)        79 (15-1593)    63 (44-108) NS
Albumin (g/dL)     4.1 (2.9-5.0)   4.3 (4.0-4.3) NS
Platelet count (× 104/mL)     13.1 (3.3-43.3)     17.8 (15.2-26.0) NS
HBeAg positivity (%) 23 (41.1) 2 (40.0) NS
HBV-DNA level 
(log copies/mL)

    6.5 (2.7-8.7)   7.0 (5.4-8.7) NS

Cirrhosis (%) 22 (39.3) 1 (20.0) NS
History of HCC (%)   8 (14.3) 1 (20.0) NS
Virological breakthrough 
(%)

26 (46.4) 0 < 0.0001

Patients with hepatitis 
flare-ups (%)

20 (35.7) 0 < 0.0001

Between group comparison was done of whether or not YMDD mutant 
was detected at each observation point. ALT: Alanine aminotransferase; 
HBeAg: Hepatitis B e antigen; HBV: Hepatitis B virus; HCC: Hepatocellu-
lar carcinoma; NS: Not significant.

Table 1  Comparison of patients with and without the emer-
gence of YMDD mutants during treatment, median (range)

Table 2  Comparison of the emergence of YMDD mutants 
during treatment by hepatitis B e antigen status of patients, 
median (range)

Characteristics HBeAg negative 
(n  = 36)

HBeAg positive 
(n  = 25)

P -value

No. of men (%) 28 (78) 17 (68) NS
Age (yr)       50 (29-69)       50 (28-60) NS
HBV DNA level 
(log copies/mL)

       5.8 (2.7-7.6)        7.6 (4.1-8.7) < 0.0001

Patients with YMDD 
mutants (%)

33 (92) 23 (92) NS

Virological 
breakthrough (%)

12 (33) 14 (56) NS

Patients with flare-ups 
of hepatitis (%)

  9 (25) 11 (44) NS

HBeAg: Hepatitis B e antigen; HBV: Hepatitis B virus; NS: Not significant.
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tance in patients with chronic hepatitis B using nucleoside 
analogues allows clinicians to avoid virological break-
throughs followed by flare-ups of  hepatitis. In this retro-
spective study, we found that the LightCycler probe hy-
bridization assay was useful for monitoring the emergence 
of  YMDD mutants. Furthermore, our results provide im-
portant data on the YMDD mutation of  Japanese chronic 
hepatitis B patients undergoing long-term lamivudine 
treatment.

Continuous lamivudine treatment is associated with 
an increased percentage of  patients with YMDD mutants. 
Lamivudine-genotypic resistance was reported in 24% of  
patients after 1 year of  treatment, 41% after 2 years, 53% 
after 3 years and 70% after 4 years by PCR using a restric-
tion fragment-length polymorphism assay (PCR-RFLP)[25]. 
Similarly, the present study showed an increased percent-
age of  patients with YMDD mutants within 3 years of  
treatment, although the percentage was higher than that 
of  the previous report, probably a reflection of  different 
sensitivities of  the assay used for the detection of  YMDD 
mutants. Direct DNA sequencing, PCR-RFLP, and re-
verse hybridization line probe assay are common meth-
ods of  detecting lamivudine-genotypic resistance[20]. The 
detection limits of  these assays are about 20%, 5%, and 
down to 10% of  the total viral pool, respectively[21]. These 
methods are labor-intensive, time-consuming, and have 
the risk of  contamination because they require s separate 
set of  endonuclease reactions for each of  the mutants, or 
a specific probe for each mutant. The LightCycler probe 
hybridization assay can detect YMDD mutants within 
1 h and the risk of  carryover contamination is minimal 
because PCR is performed in a closed glass capillary. The 
detection limit of  this assay is about 10%-20% of  the to-

tal virus pool, and minor subpopulations can be detected 
(those constituting about 20% of  the total population). 
Our results may more accurately reflect the actual rates 
of  YMDD mutants than were found in previous reports. 
Because of  the quasi-species nature of  HBV, YMDD mu-
tants have been detected in patients with chronic hepatitis 
B who never received lamivudine treatment using a more 
sensitive method than our method[26-28]. Unfortunately, the 
present study could not determine if  preexisting mutants 
prevailed after the initiation of  lamivudine treatment be-
cause this assay could not detect YMDD mutants before 
treatment.

The present study showed that virological break-
through and flare-ups of  hepatitis occurred after the 
emergence of  YMDD mutants, as reported previously[29]. 
Therefore, monitoring ALT and HBV DNA levels after 
the emergence of  YMDD mutants is clinically important 
for the management of  patients treated with lamivudine. 
It has been reported that a short latency to the emergence 
of  YMDD mutants, mixed type YMDD mutant (YIDD 
+ YVDD type), and a low ALT level in patients with 
YMDD mutants were associated with virological break-
through or flare-up of  hepatitis[30]. In the present study, 20 
(35.4%) of  56 patients with YMDD mutants developed 
flare-ups after virological breakthrough during the treat-
ment. As reported in previous studies[17,31], our results 
also showed that a flare-up of  hepatitis was frequently 
observed in patients with cirrhosis, or HBeAg positive 
patients, which may be related to the more active liver 
disease of  HBeAg positive patients. However, our results 
showed no virological breakthrough by about half  of  our 
patients with YMDD mutants during long-term lamivu-
dine treatment. It is important to consider the prognosis 
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Table 3  Characteristics of the patients with flare-ups of hepatitis

Patient Age (yr) Sex Cirrhosis HBeAg Change of HBV DNA level after treatment (log copies/mL) Mutant type

Pre-treatment Nadir Virological breakthrough 
with hepatitis flare-ups  

1 54 F + + 8.7    4.7 7.6 YIDD/YVDD
2 56 M + + 8.1    4.1 7.9 Mixed
3 59 M + - 6.6 < 2.6 6.8 YIDD
4 60 M + + 7.9 < 2.6 8.0 Mixed
5 65 M + + 6.5 < 2.6 6.7 Mixed
6 49 M + + 7.9    3.9 7.0 YIDD
7 58 M - + 8.7    3.9 7.2 YVDD
8 51 M - + 7.8    3.8 7.6 YIDD/YVDD
9 58 M - + 8.7    4.3 7.9 Mixed
10 61 M + - 6.0 < 2.6 6.6 Mixed
11 51 F - + 7.2 < 2.6 5.9 YIDD
12 62 F - + 7.7 < 2.6 6.6 Mixed
13 44 M + + 6.7 < 2.6 5.9 YVDD
14 56 M - + 8.7    5.0 7.0 YVDD
15 50 F - + 7.6    5.6 6.2 YIDD
16 47 M + + 7.9    3.9 6.4 YIDD
17 59 F + - 6.9 < 2.6 6.1 YVDD
18 45 M - - 6.9 < 2.6 6.1 Mixed
19 61 M - - 6.7 < 2.6 5.9 Mixed
20 56 M + - 6.6 < 2.6 5.7 YVDD

HBV: Hepatitis B virus; HBeAg: Hepatitis B e antigen.
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of  the patients who continued lamivudine treatment after 
the emergence of  YMDD mutants. It has been reported 
that there was no benefit for patients who continued lami-
vudine treatment after the emergence of  YMDD mutants 
compared with patients who discontinued treatment, 
based on a comparison of  the rates of  flare-ups of  hepa-
titis, hepatic decompensation, and HBe seroconversion 
over a 12-mo period[32]. Another report, however, showed 
a benefit of  long-term lamivudine treatment, for 8 years, 
in Asian patients with YMDD mutants without advanced 
disease, who had a lower risk of  development of  cirrhosis 
and HCC, a greater reduction of  HBV DNA level, and a 
similar rate of  flare-ups of  hepatitis compared with un-
treated patients[33]. Our data from the present study sug-
gests that it is possible to continue lamivudine treatment 
even after the emergence of  YMDD mutants if  clinicians 
note the above risk factors associated with virological 
breakthrough or flare-ups of  hepatitis.

The present study showed that about half  of  patients 
with YMDD mutants did not encounter virological 
breakthrough during long-term lamivudine treatment. 
It has previously been shown that YMDD mutants 
(rtM204V or rtM204I) have preexisting polymorphisms 
in HBV-infected patients because of  the quasi-species 
nature of  HBV in infected individuals, and that these 
mutants appeared randomly in viral populations, which 
had a replication disadvantage to the YMDD wild-type in 
the absence of  lamivudine[34]. A previous study showed 
that HBV mutants with mutations in the YMDD motif  
in patients before treatment would not be selected by 
lamivudine or induce breakthrough hepatitis[27]. Fur-
thermore, the rtM204V mutant in domain C frequently 
accompanies rtL180M mutants in domain B[26]. In vitro 
studies showed that rtM204I alone had lower replication 
competency than rtL180M/rtM204V[35]. These data sug-
gest that the gain of  replication capacity of  YMDD mu-
tants during lamivudine treatment may be associated with 
multiple factors, including intrinsic replicative advantages 
potentially conferred by mutations accumulating outside 
domain C, the fluctuating environment in which these 
mutants replicate, and the host immune response.

In the present study, 5 (8%) of  61 patients had no 
emergence of  YMDD mutation during the treatment. 
Hashimoto et al[30] reported that factors associated with 
YMDD mutants not appearing during 5-year lamivu-
dine therapy for patients with chronic HBV infection 
are HBeAg negativity, lack of  cirrhosis, and high γ GTP 
level. We were not able to confirm their results because 
there were too few patients free of  YMDD mutants to 
draw a significant conclusion.

Adding adefovir dipivoxil, which is without cross-
resistance to lamivudine, is effective for achieving a viro-
logical and biochemical response in patients with lami-
vudine-resistance[36,37]. The American Association for the 
study of  Liver Disease guidelines on HBV recommend 
the addiction of  a second drug in the event of  lamivudine 
resistance[38,39]. It has been reported for patients with lami-
vudine resistance that the virological and biochemical re-

sponse rates were similar between a group being switched 
to adefovir monotherapy and a group for which adefovir 
was added to lamivudine treatment, but adefovir resis-
tance more frequently occurred in the patients who had 
combined adefovir and lamivudine treatment[37,40]. There-
fore, the add-on treatment is thought to be superior to 
switching treatment with regard to the prevention of  sub-
sequent multi-drug resistance. The above data supported 
our result of  a biochemical and virological response by all 
patients who had adefovir added to lamivudine treatment 
after a flare-up of  hepatitis.

In conclusion, no virological breakthrough was ob-
served in about half  of  the patients with YMDD mutants 
during long-term lamivudine treatment. Patients who de-
veloped flare-ups of  hepatitis were successful in achiev-
ing a virological and biochemical response by addition of  
adefovir to lamivudine treatment. These data suggest that 
it is possible to continue lamivudine treatment even after 
emergence of  YMDD mutants, at least until the patients 
develop a flare-up of  hepatitis.
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through, sometimes followed by a flare-up of hepatitis, is higher with prolonged 
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the detection of YMDD mutants.
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hepatitis had a biochemical and virological response after adefovir was added 
to the lamivudine treatment.
Applications
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