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Abstract

AIM: To investigate the prevalence of nature tyrosine-
methionine-aspartic acid-aspartic acid motif mutations
in chronic hepatitis B (CHB) patients and to evaluate
the efficacy of lamivudine.

METHODS: A total of 1268 CHB patients were recruited
from the outpatient and inpatient departments of six
centers. Tyrosine-methionine-aspartic acid-aspartic acid
(YMDD) mutations were analyzed using the hepatitis
B virus (HBV) drug resistance line probe assay. Forty
voluntary patients were selected from those with
positive or negative natural YMDD mutations to undergo
treatment with lamivudine.

RESULTS: YMDD mutations were detected in 288
(22.71%) of the 1268 CHB patients. Multivariate analysis
revealed that the patients’ HBV DNA level (P = 0.0282)
and hepatitis B e antigen status (P = 0.0133) were also
associated with natural YMDD mutations. The rates of
normalization of alanine aminotransferase levels and HBV
DNA nondetection at 6, 24, 36, and 48 wk were compared
between the patients with natural YMDD mutations and
those without, and the differences were not significant.
However, there was a significant difference in the
cumulative emergence rates of virological breakthrough
at 48 wk in the patients with natural YMDD mutations and
those without (32.5% vs 12.5%, P = 0.032).

CONCLUSION: Naturally occurring YMDD mutations
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are detectable in a large proportion of CHB patients;
breakthrough hepatitis tended to occur in patients with
natural YMDD mutations.

Key words: Chronic hepatitis B; Mutation; Tyrosine-
methionine-aspartic acid-aspartic acid; Lamivudine;
Virological breakthrough
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Core tip: Although tyrosine-methionine-aspartic acid-
aspartic acid (YMDD) motif mutation is considered to
occur secondary to the use of lamivudine, it has become
increasingly apparent that YMDD mutations exist in
nature. A total of 1268 chronic hepatitis B (CHB) patients
were recruited from six centers. YMDD mutations were
detected using Inno-Lipa hepatitis B virus (HBV) drug
resistance line probe assay in 288 (22.71%) of the 1268
CHB patients. Our study demonstrated that lamivudine
therapy was well tolerated by Chinese CHB patients
with natural YMDD mutations and led to reductions
in transaminase levels and HBV-DNA loss. However,
breakthrough hepatitis tended to occur in patients with
natural YMDD mutations.
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INTRODUCTION

Chronic hepatitis B is a worldwide public health problem,
and the hepatitis B virus (HBV) is one of the main causes
of acute and chronic hepatitis infections in humans.
Approximately 350 million people are chronically infected
with HBV worldwide™. Chronic infection with HBV is
linked to cirrhosis and hepatocellular carcinoma and
accounts for 0.5 to 0.75 million deaths a year'”.
Antiretroviral therapy has been proven to be the
most effective means of treating chronic hepatitis B
(CHB). Interferon and efficient, low-resistance nucleoside
analogues are the first-line choices for anti-HBV treatment.
Lamivudine is widely used to treat CHB in China; the
treatment exhibits excellent antiviral activity, is relatively
low in cost and is useful for treating chronic HBV infection.
However, prolonged treatment with lamivudine is asso-
ciated with a high rate of viral resistance. In particular,
mutations conferring resistance to lamivudine occur in
the highly conserved YMDD (Y: Tyrosine; M: Methionine;
D: Aspartic acid; D: Aspartic acid) motif of the catalytic
domain (C domain) of the polymerase. Substitutions of
methionine at codon 204 to either isoleucine (rtM2041,
YIDD variant) or valine (rtM204V, YVDD variant) are the
predominant mutations causing lamivudine resistance..
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Although YMDD motif mutations are considered
secondary to the use of lamivudine, it has become
increasingly apparent that YMDD mutations exist in
nature among hepatitis B patients who have not
received lamivudine treatment'. Recently, an increasing
number of studies have reported the incidence and
characteristics of YMDD motif mutations in lamivudine-
naive patients who are chronically infected with HBV.
However, the study areas were different; furthermore,
the results were not identical and, in some cases, were
even contradictory. The reported incidences showed a
wide range (0%-31.58%)"", Furthermore, few reports
describe the efficacy of lamivudine treatment in chronic
HBV patients with natural YMDD mutations. Therefore,
the aims of this multicenter study were to explore the
prevalence of natural YMDD motif mutations and some
other related factors among lamivudine-untreated
CHB patients and to assess the benefits of lamivudine
therapy for patients with natural YMDD mutations.

MATERIALS AND METHODS

Ethics

This study was conducted in accordance with the
Declaration of Helsinki (2000) of the World Medical
Association and received ethical approval from The Third
Hospital of Zhenjiang Affiliated Jiangsu University (No.
200903). All patients provided informed written consent.

Patients

A total of 1268 patients were recruited from the
outpatient and inpatient departments of six hospitals
from December 2008 to June 2011 (854 patients
were recruited from the Third Hospital of Zhenjiang
Affiliated to Jiangsu University, 215 from the Second
Hospital of Nanjin, 89 from the First Affiliated Hospital
of Soochow University, 56 from the Affiliated Hospital
of Yangzhou University, 29 from the People’s Hospital
of Wujiang, and 25 from the People’s Hospital of
Danyang). The patients’ demographic data and clinical
features are shown in Table 1. CHB was diagnosed
according to the diagnostic standard from the Chinese
National Program for Prevention and Treatment of Viral
Hepatitis. The patients had not received lamivudine
treatment or any other antiviral treatment within one
year before the detection of serum YMDD. Patients
with disorders such as drug-induced liver disease,
alcoholic liver disease, other types of viral hepatitis
(hepatitis A, hepatitis C, hepatitis D, or hepatitis
E), schistosomiasis, autoimmune hepatitis, primary
biliary cirrhosis, sclerosing cholangitis, ai-antitrypsin
deficiency, hemochromatosis, Wilson’s disease, and
biliary obstruction were excluded from the study.
Patients who had recently undergone gastrointestinal
surgery, were pregnant, suffered from any malignancy,
or were taking any type of medication were also
excluded. Upon each patient’s inclusion in the study,
two blood samples were taken simultaneously. One
sample was used for biochemical tests [alanine
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Table 1 Demographic data and clinical features of the study
group 71 (%)
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Table 2 Characteristics of patients at the beginning of the
lamivudine therapy

Characteristic Total YMDD Without P value
variants YMDD
variants
(n=1268) (n=288) (n=980)
Age (yr) 4212+13.24 4242+1425 431215 0.812
Sex
Male 923 (72.79) 205 (71.18) 718 (73.26) 0.485
Female 345 (27.21) 83 (28.82) 262 (26.73) 0.485
Alcohol use
Yes 143 (11.3) 36 (12.5) 107 (10.9)  0.456
No 1125 (88.7) 252 (87.5) 873 (89.1)
Family history'
Yes 613 (48.3) 118 (41) 495 (50.5)  0.004
No 655 (51.7) 170 (59) 485 (49.5)
Aspartate amino- 53 +£25 56 £ 24 54 23 0.963
transferase (IU/L)
Alanine amino- 67 +26 63 +33 69 +31 0.012
transferase (IU/L)
Alkaline phospha- 102 +45 106 + 46 112 + 54 0.064
tase (IU/L)
Gamma-glutamyl 26+4 25+3 26+3 0.852
transpeptidase
(u/L)
HBV genotype
A 5(0.4) 2(0.7) 3(0.3) 0.320
B 284 (22.4) 72 (25) 212 (21.6)
C 971 (76.6) 211 (73.3) 760 (77.6)
Others 8(0.6) 3 (1.0) 5(0.5)
HBeAg status
Positive 543 (42.8) 106 (36.8) 437 (44.6)  0.019
Negative 725 (57.2) 182 (63.2) 543 (55.4)
HBV DNA (LGE) 6.67 £2.47 727+316 637264 0.024

Data are expressed as mean * SD or as 1 (%). 'Family history of positive
hepatitis B surface antigen, including third-degree relatives. YMDD
variants (1 = 288, 22.71%), without YMDD variants (n = 980, 77.28%). LGE:
Logl0 genome equivalents; YMDD: Tyrosine-methionine-aspartic acid-
aspartic acid; HBV: Hepatitis B virus; HBeAg: Hepatitis B e antigen.

aminotransferase (ALT), aspartate aminotransferase
(AST), alkaline phosphatase (ALP), gamma-glutamyl
transpeptidase (GGT), total protein, albumin, total
bilirubin and platelet count]. The serum from the
second sample was stored at -80 C and was later
used for the HBV drug resistance line probe assay and
detection of HBV DNA by polymerase chain reaction
(PCR). All of the patients were also evaluated using
abdominal ultrasonography. Forty voluntary patients
with positive or negative natural YMDD mutations were
selected to undergo treatment with lamivudine. All of
the patients were treated with lamivudine at a dose of
100 mg/d orally. Clinical and laboratory assessments
were performed once every 3 mo. Because ALT, family
history, HBV DNA and hepatitis B e antigen (HBeAg)
status differed significantly between the YMDD group
and non-YMDD group, we selected 40 patients with
negative YMDD mutations who were matched to the
patients with positive YMDD mutations for ALT, family
history, HBV DNA level, and HBeAg status (Table
2). Virological breakthrough was defined as having
HBV DNA increase by > 1 log from the nadir level or
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Patients with  Patients without /P value
YMDD variants YMDD variants

(n = 40) (n = 40)
Age (yr) 42+14 43 +£12 NS
Sex (male/female) 23/17 23/17 Matched
Liver cirrhosis, 1 (%) 6 (15.0) 7 (17.5) NS
Family history", n (%) 21(52.5) 19 (47.5) NS
Median duration of treat- 2416 24+5 NS
ment (mo)
Aspartate aminotransfer- 81+21 61£27 NS
ase (IU/L)
Alanine aminotransferase 132+12 106 £ 16 NS
(/L)
Serum bilirubin (umol/L) 28.7+13.4 31.8+155 NS
Serum albumin (g/L) 38+12 36+13 NS
HBV-DNA (LGE/mL) 6.7+2.7 6.8+28 Matched
HBeAg positive, 1 (%) 15 (37.5) 15 (37.5) Matched
HBV genotype (A/B/C/ 1/4/33/2 0/4/32/4 NS
other)

'Family history of positive hepatitis B surface antigen, including third-
degree relatives. YMDD: Tyrosine-methionine-aspartic acid-aspartic
acid; NS: Not significant; HBV: Hepatitis B virus; LGE: Logl0 genome
equivalents; HBeAg: Hepatitis B e antigen.

a redetection of HBV DNA at levels at least 10-fold
higher than the assay’s lower limit of detection after
having an undetectable result!*®. Hepatitis recurrence
was defined as having both virological breakthrough
and ALT = 2 times the upper limit of normal. Patients
with hepatitis recurrence were switched to adefovir
plus lamivudine combination therapy.

HBV/hepatitis C virus/hepatitis D virus/hepatitis E virus
serology

Total HBVm, anti-hepatitis C virus (HCV), anti-hepatitis
D virus (HDV) and anti-hepatitis E virus (HEV) antibodies
were determined using enzyme-linked immunosorbent
assays (ELISA) (Roche, Shanghai, China).

HBYV drug resistance line probe assay (Inno-Lipa HBV DR)
The experimental method used was described in a
previous study"*. Briefly, HBV DNA was isolated from
200 pL of serum using a High Pure Viral Nucleic Acid Kit
(Roche). The Inno-Lipa HBV DR v1 assay (Inno-Lipa;
Innogenetics, Beijing, Beijing Pason Pharmaceuticals,
Inc.) was performed according to the manufacturer’
s instructions using Hot Start Tag DNA polymerase
(Invitrogen, Shanghai, China). The assay is based on
the amplification of a part of the viral polymerase gene
using predesigned primers and reverse hybridization
with the probes coated on a strip. The assay detects
wild-type HBV polymerase mutations and known drug-
induced mutations associated with lamivudine and
famciclovir resistance (codons 180, 204, and 207).

Serum HBV DNA measurement using real-time PCR
Serum HBV DNA were measured quantitatively using
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Table 3 Multivariate logistic regression analysis of factors associated with natural tyrosine-methionine-aspartic acid-aspartic acid mutations

Univariate Multivariate

OR (95%Cl) P value OR (95%ClI) P value
Age (yr) (< 60, = 60) 1.39 (0.57, 3.40) 0.4700 2.02 (0.72, 5.67) 0.1824
Gender (male, female) 1.41 (0.64, 3.12) 0.4850 1.24 (0.33, 4.59) 0.7518
Alcohol (yes, no) 1.75 (0.72, 4.24) 0.4560 1.27 (0.57, 2.85) 0.5608
Family history1 (yes, no) 2.45 (1.15, 5.25) 0.0040 1.77 (0.24, 3.84) 0.3254
Aspartate aminotransferase (IU/L; < 40, = 40) 2. 08 0.91, 4.81) 0.9630 1.22 (0.28, 5.29) 0.7876
Alanine aminotransferase (IU/L; < 40, = 40) 44 (1.45, 20.45) 0.0122 2.59 (1.24, 8.44) 0.0734
Alkaline phosphatase (IU/L; <120, = 120) 2 62 (0.67,10.23) 0.9520 3.42 (0.81, 14.54) 0.0952
Gamma-glutamyl transpeptidase (IU/L; < 40, = 40) 1.08 (0.47, 2.50) 0.8520 1.18 (0.35, 3.99) 0.7957
HBV genotype (A/B/C/other) 1.17 (0.55, 2.49) 0.3200 1.05 (0.40, 2.77) 0.5246
HBeAg state (+/-) 3.01 (1.37, 6.63) 0.0190 3.56 (1.55, 8.18) 0.0282
HBV DNA (LGE; <5, = 5) 2.45 (1.15, 5.25) 0.0240 2.70 (1.23, 5.92) 0.0133

HBV: Hepatitis B virus; HBeAg: Hepatitis B e antigen; LGE: Log10 genome equivalents.

real-time polymerase chain reaction (PCR; Model 5700,
ABI Company, United States) with a lower detection
limit of 1 x 10° HBV DNA copies/mL and 1 x 10°
copies/ug total DNA.

Detection of HBV genotypes
HBV genotypes were detected using PCR-microcosmic
nucleic acid cross-ELISA.

Statistical analysis

All data are presented as mean + SD. Demographic
data were analyzed using descriptive statistical tests.
The independent samples t-test, the ° test and Fisher’s
exact test were used for group comparisons. The factors
included were patient age, sex, ALT, AST, ALP, GGT level,
HBeAg status, HBV DNA level, alcohol consumption,
family history and HBV genotype. Initially, univariate
analysis was conducted using logistic regression. Next,
all factors that were at least marginally associated with
the prevalence of YMDD mutation (P < 0.15) were
tested by multivariate analysis using a stepwise logistic
model. A P-value < 0.05 was considered statistically
significant. SPSS software version 21.0 (SPSS Inc.,
Chicago, IL, United States) was used for statistical
analyses.

RESULTS

Prevalence of natural YMDD mutations

YMDD mutations were detected in 288 (22.71%) of
the 1268 CHB patients. The demographic data and
clinical features are summarized in Table 1. Of the 288
patients, 164 (56.94%) also had an accompanying
L180M mutation. Two of the patients had a mutation
at codon 207. The combination of wild-type and
YMDD-variant HBV was present in 251 of the 288
patients. Mixtures of YMDD + YVDD, YMDD + YIDD
and YMDD + YVDD + YIDD were found in 49, 82 and
121 patients, respectively. In 12 patients, only YIDD
and/or YVDD variants were detected, without the
presence of the wild-type YMDD motif; YIDD + YVDD,
YIDD and YVDD variants were shown in six, four and
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three patients, respectively.

Factors associated with natural YMDD mutations

Potential risk factors for the emergence of the YMDD
motif mutation that were assessed included sex,
alcohol use, family history, AST, ALT, ALP, HBV-DNA
level, HBeAg, and HBV genotype. Univariate analysis of
individual baseline factors showed that family history,
HBeAg status and HBV DNA level were predictive
factors of natural YMDD mutations. There was no
association with the other factors: patient age, sex,
alcohol consumption, AST, ALP, GGT and HBV genotype.
As Table 3 shows, multivariate analysis revealed that
the HBV DNA level (P = 0.0282) and HBeAg status (P =
0.0133) were associated with natural YMDD mutations.

Rates of normalization of the ALT levels and
nondetection of HBY DNA

The rates of normalization of the ALT levels and
nondetection of HBV DNA at 6, 24, 36, and 48 wk in
the patients matched for ALT, family history, HBeAg
status, and HBV-DNA level during lamivudine therapy
were studied. The ALT normalization rates at 6, 24, 36,
and 48 wk showed no significant differences between
the patients with natural YMDD mutations and those
without (> = 0.061, P= 0.805; 4> = 0.313, P = 0.576;
7> =1.003, P = 0.317; 4> = 0.22, P = 0.639; Figure
1A).

Figure 1B shows the cumulative HBV DNA loss
rates for both groups. At 6, 24, 36, and 48 wk in the
patients matched for ALT, family history, HBeAg status,
and HBV DNA level during lamivudine therapy, the
HBV-DNA loss rate in the patients with natural YMDD
mutations was almost stable at all time points. In
contrast, the rates among the patients without natural
YMDD mutations tended to be higher than those in the
patients with natural YMDD mutations, although the
differences were not significant. The cumulative HBV
DNA loss rates were 52.5% vs 50% at 6 wk (> = 0.05,
P = 0.823), 67.5% vs 80% at 24 wk (;* = 1.614, P =
0.204), 67.5% vs 72.5% at 36 wk (> = 0.549, P =
0.459), and 62.5% vs 77.5% at 48 wk (> = 2.143, P
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Figure 1 Rates of normalization of alanine aminotransferase levels
and the cumulative hepatitis B virus DNA loss rates in both groups. A:
The rates of normalization of alanine aminotransferase (ALT) levels; B: The
cumulative hepatitis B virus (HBV) DNA loss rates. YMDD: Tyrosine-methionine-
aspartic acid- aspartic acid.

= 0.143).

Emergence of virological breakthrough and appearance
of hepatitis

The cumulative emergence rates of virological breakthrough
in patients with and without natural YMDD mutations
were 5% (2/40) and 2.5% (1/40) at 6 wk (* = 0.346,
P = 0.556), 10% (4/40) and 5% (2/40) at 24 wk (°
= 0.721, P = 0.396), 17.5% (7/40) and 7.5% (3/40)
at 36 wk (y° = 1.829, P = 0.176), and 32.5% (13/40)
and 12.5% (5/40) at 48 wk (Figure 2A). There was a
significant difference at 48 wk (y° = 4.588, P = 0.032).
The emergence rates of virological breakthrough in the
patients with natural YMDD mutations were similar to
those in the patients without at the other three time
intervals (Figure 2A).

The cumulative breakthrough hepatitis rates in
patients with and without natural YMDD mutations
were 1 2.5% (1/40) and 0% (0/40) at 6 wk (> = 0, P
= 1), 5% (2/40) and 2.5% (1/40) at 24 wk (»* = 0.346,
P = 0.556), 7.5% (3/40) and 5% (2/40) at 36 wk (;°
= 0.213, P = 0.664), and 12.5% (5/40) and 5% (2/40)
at 48 wk (y* = 1.409, P = 0.432; Figure 2B). The rates
of breakthrough hepatitis in patients without natural
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Figure 2 Cumulative emergence rates of virological breakthrough and the
cumulative breakthrough hepatitis rates in both groups. A: The cumulative
emergence rates of virological breakthrough; B: The cumulative breakthrough
hepatitis rates. YMDD: Tyrosine-methionine-aspartic acid- aspartic acid.

YMDD mutations tended to be lower than those in
patients with natural YMDD mutations, although the
differences were not statistically significant (Figure
2B).

DISCUSSION

Although the YMDD motif mutation increased during
lamivudine treatment>'®!, many studies have reported
that this mutation can also be spontaneoust*'*7*%,
Previous reports have shown that the incidence of
YMDD mutations was 0% to 27.7% for asymptomatic
HBV carriers and 0% to 31.58% for CHB patients.
Our previous study demonstrated that the pooled
incidence of natural YMDD mutations was as high as
12.21% (95%CI: 9.69-14.95)"%), This result primarily
represented the current situation in East Asia, especially
China. In this study, our results showed that YMDD
mutations naturally existed in 22.71% of untreated
CHB patients, most of whom had wild-type HBV.
The discrepancy may have occurred because a well-
characterized commercial assay was used that can
detect mutations that make up as little as 10% of the
viral population'®™, A recent report showed that the
INNO-LiPA HBV DR assay had convincing diagnostic
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sensitivity and accuracy for monitoring HBV-infected
patients undergoing NA treatment™®', Moreover, in this
study, a large number of subjects were recruited, which
allowed us to more accurately determine the prevalence
of natural YMDD mutations in Chinese patients.

Da Silva et al*” and Ye et al™ found that anti-HBe
was positive in most patients with YMDD mutations
and considered that YMDD mutations might be more
likely to occur if mutations take place in the pre-c-
zone. In this study, our findings revealed that the
prevalence of YMDD mutations was 14.35% in patients
who were negative for HBeAg and 8.35% in patients
who were positive for HBeAg, a difference that was
significant. Moreover, multivariate analysis revealed
that the HBeAg status was associated with YMDD
mutations. These findings were in accordance with
those of Da Silva et ai** and Ye et al"®.

Some reports!??* have demonstrated a close
correlation between serum HBV DNA level and the
incidence of YMDD mutations. Our results were con-
sistent with these studies in that, in terms of the
prevalence of YMDD mutations, a significant difference
was found among patients with different serum HBV
DNA levels, suggesting that HBV DNA level might have
a positive correlation with YMDD mutations.

Lamivudine is an oral cytosine nucleoside analog
that potently inhibits HBV replication by interfering
with HBV reverse transcriptase activity!*®\. Many
studies have reported the effectiveness of lamivudine
for suppressing HBV replication and improving trans-
aminase levels and liver histology***?®, Our study
demonstrated that lamivudine therapy was well
tolerated by Chinese CHB patients with natural YMDD
mutations and led to reductions in transaminase levels
and HBV-DNA loss.

The prevalence of pre-existing natural YMDD mutants
is well known, but their clinical significance during LAM
therapy is unknown. Lee et a*” investigated whether
pre-existing YMDD mutants were selected during
LAM therapy. Their study included 14 treatment-naive
patients who were treated with LAM for at least 9 mo.
A virological response was observed at 3 mo in all
patients with pre-existing YMDD mutants. All mutations
disappeared after 3 mo of LAM therapy, and during the
follow-up period, no re-emergence was detected by any
of the three detection methods. Furthermore, the viral
load was suppressed optimally.

In our study, patients with natural YMDD mutations
showed a weekly increase in the normalization rate
of transaminases. However, compared with patients
without natural YMDD mutations, the high normalization
rate of transaminases was similar. The cumulative HBV
DNA loss rates in both groups were almost stable at all
time points during lamivudine therapy. However, the
cumulative emergence rates of virological breakthrough
in patients with natural YMDD mutations were higher than
those in patients without YMDD mutations. Moreover, the
rate of breakthrough hepatitis tended to be lower in
patients without natural YMDD mutations than in those
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with natural YMDD mutations. The low frequency of
breakthrough hepatitis in patients without natural YMDD
mutations was attributed to the cumulative emergence
rates of virological breakthrough.

In conclusion, naturally occurring YMDD mutations
are found in a large proportion of CHB patients who
have not undergone anti-viral therapy. The incidence
of YMDD mutations may be correlated with the HBeAg
status and the HBV DNA level. Our results also sug-
gest that lamivudine therapy improved the clinical
course in HBV patients with natural YMDD mutations.
Lamivudine therapy for patients with natural YMDD
mutations was well tolerated and resulted in reduced
ALT and HBV-DNA levels. The cumulative emergence
rates of virological breakthrough in patients with
natural YMDD mutations were higher than those in
patients without natural YMDD mutations. Moreover,
breakthrough hepatitis tended to occur in patients
with natural YMDD mutations more often than in
patients without. Further studies with a longer follow-
up and more patients are needed to confirm our
findings.
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