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= ~ Abstract

There are seven genotypes of hepatitis B virus (HBV). Whether superinfection of HBV
carriers with different HBV genotypes occurs remains unknown. We therefore determined the
HBV genotype and association between superinfection and acute exacerbation of disease in a
cohort of 244 patients with chronic HBV infection who had elevated serum aminotransferase
levels for at least 1 year. Within this group, 103 patients experienced acute exacerbation with
an annual incidence of 13% and 20 of the 103 patients had IgM antibody to hepatitis B core
antigen (IgM anti-HBc). These 20 patients had a higher prevalence of genotype C infection
(65%) than the remaining 83 anti-core IgM negative patients (40%) who also had acute
exacerbations (p < 0.05). Detailed analysis of HBV genotypes and sequences of the variable
pre-S gene were determined in serial samples from 20 patients with IgM anti-HBc-positive
acute exacerbations (group A); 20 patients with IgM anti-HBc-negative acute exacerbations
(group B); and 20 patients without exacerbations (group C). Two (10%) of the group A
patients had virological evidence of HBV superinfection during acute exacerbation, one
superinfected with heterotypic virus and the other with homotypic virus. The newly
introduced virus disappeared after the exacerbation and the original virus resumed thereafter.
The calculated prevalence of HBV superinfection in the hepatitis B carriers and those with
acute exacerbations was 0.8% (2/244) and 1.9% (2/103), respectively. In conclusion,
superinfection of HBV on hepatitis B carriers indeed occurs and may cause acute

exacerbations, albeit at a low frequency even in hyperendemic areas of HBV infection.



= ~ Introduction

Hepatitis B virus (HBV) infection is a global health problem. About 2 billion people in
the world have been infected by HBV, 350 million of whom are chronic carriers of the virus.'
The infectiog can cause acute and chronic hepatitis, liver cirrhosis and even hepatocellular
carcinoma (HCC)."2 The liver cell injury associated with HBV infection is predominantly
mediated through immune mechanisms,'~ and the natural history can thus be divided into
three phases based on virus-host interactions."” In the first immune tolerance phase, patients
are hepatitis B e antigen (HBeAg) positive and have high serum HBV DNA levels, but have
no symptoms, normal serum aminotransferase levels and minimal histological activities.
During the second immune clearance phase, a proportion of previously symptomless HBV
carriers start to have bouts of symptoms and signs suggestive of acute hepatitis, i.e., the
so-called “acute exacerbations”, when previous immune tolerance no longer exists. In
addition to the break of immune tolerance and subsequent seroconversion of HBeAg, acute
hepatitis superimposed on chronic HBV infection could also be attributed to the
superinfection by other hepatotropic viruses, variability of HBV genome such as point
mutations and deletion,” reactivation of chronic hepatitis B spontaneously or after cessation of
immunosuppressive therapy,®’ and hepatotoxic agents exposure. In the third low-replicative
or integration phase, serum hepatitis B surface antigen (HBsAg) persists, but HBeAg is no
longer detectable and patients are usually asymptomatic and liver disease is inactive.

By using the phylogenetic tree analysis, viral genomes can be classified into distinct
genotypes, and reinfection or mixed infection of different genotypes of the same virus has
been documented in hepatitis C or D.*'> We have previously shown that hepatitis C carriers
can be superinfected by heterotypic or homotypic HCV, and this may contribute to the
hepatitis flares in some patients with chronic hepatitis C.>'*'> A similar genetic classification
based on the comparison of complete genomes has recently defined seven genotypes of HBV

(A to G);'*"7 however, the genotype-related differences in the pathogenicity and clinical
relevance of HBV infection remain to be explored. Our recent studies indicated that
genotypes B and C are the most prevalent HBV genotypes in Taiwan, and genotype C is
associated with more severe liver disease whereas genotype B may be associated the
development of HCC in young hepatitis B carriers.'® In addition, genotype C has a poor
response to interferon therapy compared to genotype B.'” Taken together, these data suggest

the possible pathogenic and therapeutic differences among HBV genotypes. Although the



clinical significance remains unclear, se\f‘eral molecular epidemiological studies have
indicated the possible existence of mixed infection of different HBV genotypes in some
hepatitis B carriers.””*' These lines of evidence prompted us to investigate whether HBV
superinfection, heterotypic or homotypic, can occur on top of chronic hepatitis B carriers, as
is in the case, of chronic hepatitis C or hepatitis D infection, and its possible association with

the acute exacerbation of chronic hepatitis B in Taiwan where HBV infection is rampant.

g ~ Patients and Methods

Patients

A cohort of 244 patients (172 men and 72 women; age 17 ~ 69 years) with chronic HBV
infection who had elevated serum alanine aminotransferase (ALT) levels for at least 1 year
was followed at the gastroenterological clinic of National Taiwan University Hospital.
Chronic HBV infection was defined as a persistent seropositivity for hepatitis B surface
antigen (HBsAg) during the entire follow-up period. These patients received liver tests

including serum ALT activity every 3 months and more frequently, if indicated. Serial serum

samples taken from each patient were stored at —20 OC until use. During their follow-up
period, all patients were negative for antibodies to hepatitis C virus (anti-HCV) and hepatitis
D virus (anti-HDV), and had no serologic markers suggestive of autoimmune disease. None
had a history of alcohol abuse (>50 gm/day), parenteral drug use or hepatotoxin exposure. No
specific antivirals or immune modulators were given in the study period. Among them, 103
(76 men, 27 women; mean age: 33+9 years) had acute exacerbations of the chronic hepatitis
during the follow-up period. Acute exacerbation was defined as clinical symptoms along with
an abrupt increase of serum ALT level (upper limit of normal, 40 U/L) to a level greater than
5 times the upper limit of normal (200 U/L) as previously described.® Of the 103 patients with
episodes of acute exacerbation, 20 (13 men, 7 women; mean age: 34+10 years) were positive
for IgM antibody to hepatitis B core antigen (IgM anti-HBc) (group A). Another 20 sex and
age-matched patients (15 men, 5 women; mean age: 35+8 years) selected from the remaining
83 patients with acute exacerbations but negative for I[gM anti-HBc (group B) and 20 (14 men,
6 women; mean age: 34+9 years) without exacerbation (group C) served as controls.
Hepatitis virus markers

Serum HBsAg and HBeAg were tested by Ausria-II and IMx HBe 2.0 (Abbott

Laboratories, North Chicago, IL), respectively. Serum IgM anti-HBc¢ was measured using an



AxSYM assay (AxSYM CORE™-M, Abbott Laboratories). Samples with index values
greater than 1.2 are considered reactive for IgM anti-HBc. This cutoff index value allows
delineation between acute and chronic HBV infection as previously described.” Anti-HCV
and anti-HDV were tested by commercially available assays (HCV EIA II, Anti-Delta,
Abbott Lab(_)ratories), '

Genotyping‘vof HBV ‘

Sequential serum samples before, during and after acute exacerbations with serum ALT
levels above 200 U/L (groups A and B patients) or peak serum ALT levels below 200 U/L
(group C patients) were selected for genotyping of HBV by polymerase chain
reaction-restriction fragment length polymorphism (PCR-RFLP) of the surface gene of HBV
as previously described.’® Six genotypes (A to F) of HBV could be identified by the
restriction patterns of DNA fragments. To avoid false-positive results, instructions to prevent
cross contaminations were strictly followed, and results were considered valid only when
they were obtained in duplicate.

Amplification and sequencing of the pre-S gene

The entire pre-S gene (522 nucleotides, nucleotide positions 2848-154) was further
amplified, and this region was chosen because the pre-S gene is one of the most variable
regions of the HBV genome.” For the first stage PCR, a 25 pl of reaction mixture containing
2 Wl of the cDNA sample, 1x PCR buffer (10 mM tris-HCI pH 9.0, 50mM KCI, 1.5 mM
MgCi2, 0.01% gelatin and 0.1% Triton X-100), 10 mM of each dNTP, 100 ng of each outer
primer (outer sense: PSls 5°- GGGTCACCTTATTCTTGGGA -3°, positions 2814-2833;
outer antisense: PS2a 5’- CCCCGCCTGTAACACGAGCA -3, positions 208-189) and 1
unit of Taq DNA polymerase was amplified in a thermal cycler (Perkin-Elmer Cetus,

Norwalk, CT) for 30 cycles. Each cycle entailed denaturation at 95 ©C for 60 s, primer

annealing at 55 ©C for 30 s and extension at 72 OC for 60 s with a final extension step at
72°C for 7 min. After the first amplification, 1 pl of the PCR products was reamplified for
another 30 cycles with 100 ng of each inner primer (inner sense: PS3s 5'-
TTGGGAACAAGATCTACAGC -3, positions 2828-2847; inner antisense; PS4a 5'-
GTCCTGATGCGATGTTCTCC -3', positions 176-157). Nucleotide sequences of the
amplified products were directly determined by using fluorescence labelled primers with a
373A Sequencer (Applied Biosystems, Foster City, CA). Sequencing conditions were
specified in the protocol for the Taq DyeDeoxy Terminator Cycle Sequencing Kit (Applied

Biosystems, Foster City, CA). The inner primer pair PS3s and PS4a was used as sequencing



primers for both directions.
Statistical Analysis

Fisher's exact test, chi-square test with Yates' correction, and Student's ¢ test were used
where appropriate. A P value of < 0.05 was considered statistically significant.

% ~ Results

Among 103 hepatitis B carriers with acute exacerbations of chronic hepatitis during the
follow-up period, HBV genotypes B and C infection were identified in 57 (55%) and 46 (45%),
respectively. In addition, the prevalence of genotype C infection in 20 patients with IgM
anti-HBc-positive acute exacerbations was significantly higher than that of 83 patients with
IgM anti-HBc-negative acute exacerbations [13 of 20 (65%) vs. 33 of 83 (40%), P < 0.05].
The demographic, clinical and laboratory data as well as changes of sequential HBV genotype
before, during and after acute exacerbations of group A patients are shown in Table 1, and
those of groups B and C patients are shown in Tables 2 and 3, respectively. Of the three
groups of 60 patients, 33 (55%) were originally infected by genotype B virus, and 27 (45%) by
genotype C virus. Emergence of a new HBV genotype during abrupt elevation of serum ALT
levels was rarely found, in only 1 (5%) of the 20 patients with IgM anti-HBc-positive acute
exacerbations (Table 1) and in none of 40 patients with IgM anti-HBc-negative acute
exacerbations or without exacerbations (Tables 2 and 3). In the only patient (Case 20, Table 1)
with heterologous HBV infection, genotype C virus emerged and predominated over the
original genotype B virus during the acute exacerbation. However, the newly introduced
genotype C virus disappeared 6 months after the acute exacerbation and the original genotype
B virus reappeared thereafter (Table 1 and Figure 1).

The variable pre-S gene of HBV genome was amplified and directly sequenced to
determine the master sequence from sequential serum samples before, during and after acute
exacerbations of groups A and B patients who had no changes of HBV genotypes during their
follow-up period. The comparison of nucleotide sequences between HBV isolates revealed
that all but one isolates had > 99% nucleotide identity. The only patient (Case 13, Table 1)
bore a lower degree (94.7%) of genetic homology between the HBV strains isolated before and
during acute exacerbation for a period of 2 months (Figure 2A). The homologous strain found
during the acute exacerbation was not present in the original HBV populations by using a

strain-specific PCR, suggesting it was newly introduced to the host. The newly introduced



homotypic strain became undetectable 4 months after the acute exacerbation and the original
strain resumed thereafter (Figure 2B). )

Patients in groups A and B were comparable in terms of gender, mean age, positivity of
HBeAg before acute exacerbation, and mean follow-up period (Table 4). Although patients
with IgM ar_lti-HBc-positive acute exacerbations had a higher mean serum ALT level and
frequency of HBV superinfection than those with IgM anti-HBc-negative acute exgcerbations,
the difference was not statistically significant. Meticulous interview with both patients who
had virological evidence of superinfection failed to identify any discernible source of the HBV

superinfection.
75 ~ Discussion

IgM anti-HBc is present in high titer in patients with acute HBV infection and this has
been used as a specific serological marker for the diagnosis of acute hepatitis B.>* Although
low titers of IgM anti-HBc exist in chronic hepatitis B,?* all available commercial assays have
been designed to detect high titers of IgM anti-HBc that occur only during the acute phase of
HBV infection.’® Nevertheless, misclassification has been observed in up to 28% of chronic
hepatitis B patients with acute exacerbations, and thus, a higher cut-off level to differentiate
acute HBV infection from acute exacerbations of chronic HBV infection is proposed.26 Ina
cohort of 244 Taiwanese patients with chronic HBV infection in the present study, 103 (42%)
had episodes of acute exacerbation in a mean follow-up period of 4 years. Of those with acute
exacerbations, 20 (19%) were positive for [gM anti-HBc by a commercial assay. Accordingly,
the annual incidence of acute exacerbation in our study was 13%, and these data were
consistent with previous reports.?*?*

Although serological and genotypic classifications of HBV have been well
documented,'®"” the clinical significance of HBV genotypes in terms of clinical outcomes and
therapeutic response to antiviral therapy in patients with chronic HBV infection remains
largely unknown until recently. Our studies suggested that HBV genotype C is associated
with the development of cirrhosis and HCC, and genotype B may be associated the
development of HCC in young patients.'® In addition, HBV genotype C is associated with a
higher frequency of core promoter mutation and a lower response rate to interferon alfa
therapy as compared to genotype B."” Previous studies have shown that the frequency and

severity of acute exacerbation of chronic hepatitis are closely associated with the



development of liver cirrhosis in hepatitis B carriers;”’ however, little is known about the
genotype-related differences in the frequéncy of acute exacerbation. Our findings indicated
that the distribution of HBV genotypes B and C infection in patients with acute exacerbations
was comparable to that in those without exacerbation. Nevertheless, the prevalence of
genotype C virus infection in patients with IgM anti-HBc-positive acute exacerbations was
higher than that of those with IgM anti-HBc-negative acute exacerbations (65% vs. 40%, P <
0.05), implying patients with HBV genotype C infection might have more severe acute
exacerbations than those with genotype B infection. However, further large studies are needed
to confirm this preliminary finding.

In chronic hepatitis B, superinfection with other hepatitis viruses and reactivation of the
original hepatitis B virus are two major causes of clinical exacerbations.*® In hepatotropic
viruses, although superinfection with different strains of HCV or HDV on top of chronic

815 the situation in HBV is far from

HCV or HDV carriage has been demonstrated before,
clear. Mixed infection of different HBV genotypes has been observed in a small proportion of
hepatitis B carriers;"*?! however, whether superinfection of homologous or heterologous
HBYV strains occurs on top of hepatitis B carriers, as is in chronic HCV or HDV infection,
remains unknown. Although the PCR-RFLP typing method is useful for the classification of
HBV genotypes,'® it fails to differentiate viral strains of the same genotype, and for this
purpose, analysis of the variable region, like the pre-S gene of the HBV genome, remains the
method of choice.”” Thus by using the HBV genotyping with PCR-RFLP and direct
sequencing of the variable pre-S gene of HBV genome, our results showed that 2 (10%) of the
20 chronic hepatitis B patients with IgM anti-HBc-positive acute exacerbations had
virological evidence of HBV superinfection, one superinfected with heterotypic virus and the
other with homotypic virus. The calculated prevalence of HBV superinfection on top of all
hepatitis B carriers and those with acute exacerbations was 0.8% and 1.9%, respectively,
based on the total cohort of 244 patients. These findings indicated that HBV superinfections
contribute little to the clinical exacerbations of chronic hepatitis B, even in an HBV
hyperendemic area like Taiwan. The stability of HBV genotypes in chronic HBV infection
observed in the present study can also be reasoned by the concept of “replication space”
defined as the potential of the liver to accommodate replicating virus or new genotypes of
virus.”' It has been hypothesized that the replication space is severely restricted in patients
with chronic HBV infection. In addition, most of the patients with IgM anti-HBc-positive

acute exacerbations were negative for virological evidence of HBV superinfection, suggesting



the presence of high-titered IgM anti-HBc in such patients is associated with continued
replications of their original HBV strains.?

Given the high prevalence of HBV infection in the general population of Taiwan,’ it is
not surprising to speculate that multiple exposures to HBV is likely to occur and our data
documented that superinfection of a new HBV indeed exists in chronic hepatitis B carriers.
This fact also suggests that the immune system of an HBV persistently infected individual
fails to prevent the host from reinfection with homologous or heterologous strains of HBV.
Thus efforts to prevent superinfection in patients with chronic hepatitis B should not be
overlooked, especially in areas endemic for HBV infection.

Interference between different hepatitis viruses as well as different HCV subtypes has
been documented.®'*'>"*3? Taken together, it seems that the timing or sequence of infection
is a factor influencing the outcome of viral interactions. In our study, the HBV superinfection
induced viral suppression whereby only a single genotype of HBV was detected in both
patients with HBV superinfection. Of the patient with heterologous HBV superinfection
(Case 20, Table 1), genotype C virus emerged and predominated over the original genotype B
virus during the acute exacerbation of chronic hepatitis. However, the newly introduced
genotype C virus became undetectable after the acute exacerbation and the original genotype
B virus resumed thereafter (Figure 1). Of the patient with homologous HBV superinfection
(Case 13, Table 1), the newly introduced homotypic strain (Y3 isolate) became undetectable
after acute exacerbation and the original genotype C strains (Y1, Y2, Y4 to Y7 isolates)
reappeared thereafter (Figure 2B). Our findings therefore lent support to the speculation that
the newcomer virus may suppress the pre-existing virus.’> It has been well-known that
immunocompetent adults with acute HBV infection rarely evolve into persistent infection
because of their vigorous, polyclonal, and multispecific humoral as well as cellular immune
response against the intruding virus.”> And thus, the elimination of the newly introduced HBV
strains as observed in our two patients is not surprising. Our previous observation that HBsAg
carriers in Taiwan may bear antibodies heterotypic to their HBsAg also support this
hypothesis.**

Because of the limitations of amplification technology, both the PCR-RFLP genotyping
and direct sequencing methods used in the present study can only detect the dominant
genotype or strain. Accordingly, the possibility of transient appearance of heterotypic or
homotypic strains in the course of chronic HBV infection cannot be excluded.

In summary, our data suggest that patients with HBV genotype C infection might have



more severe acute exacerbations. Superinfection of a new HBV is not common in chronic
HBYV carriers and plays a minor etiologi;:al role in acute exacerbations of chronic hepatitis B,
even in those positive for IgM anti-HBc. In addition, viral interference among different HBV
genotypes does occur and the newcomer may suppress the original virus transiently.

b
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Table 1. Clinical, laboratory and sequential HBV genotype data of 20 chronic hepatitis B patients
with acute exacerbations and IgM anti-HBc positivity (Group A).

HBeAg Peak HBYV Genotype Period of

Patient Sex/Age  beforeacute  ALT pre-/on/post- follow-up

no. (years) exacerbation (U/L) acute exacerbation . (months)
1 F/31 + 209 C/C/C 132
2 M/23 + 1050 C/IC/C 32
3 M/24 + 1060 C/IC/IC 17
4 M/45 + 222 C/C/C 24
5 F/45 + 372 C/C/C 14
6 F/52 + 357 C/IC/IC 84
7 M/41 + 868 C/IC/C 39
8 F/43 + 314 C/C/C 49
9 M/45 + 292 C/IC/C 13
10 M/25 + 524 C/C/C 14
11 M/34 + 327 C/IC/IC 13
12 M/39 + 590 C/C/C 50
13* M/30 + 912 C/IC/IC 79
14 M/22 + 1049 B/B/B 103
15 M/32 + 548 B/B/B 13
16 F/25 + 349 B/B/B 15
17 F/20 + 231 B/B/B 26
18 M/33 + 1197 B/B/B 41
19 F/24 + 910 B/B/B 16
20# M/45 - 846 B/C/B 191

HBeAg, hepatitis B e antigen, ALT, serum alanine aminotransferase.
*Further illustrated in Figure 2.
# Further illustrated in Figure 1.
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Table 2. Clinical, laboratory and sequential HBV genotype data of 20 chronic hepatitis B
patients with acute exacerbations and IgM anti-HBc negativity (Group B).

HBeAg Peak HBV Genotype Period of

Patient Sex/Age  beforeacute  ALT pre-/on/post- follow-up

no. (years) exacerbation (U/L) acute exacerbation  (months)
1 M/35 + 532 C/CIC 32
2 M/54 + 685 C/C/IC 60
3 M/29 + 298 C/CIC 69
4 M/49 + 661 c/CIC 114
5 F/41 + 203 C/CIC 44
6 M/37 + 266 C/CIC 101
7 F/39 + 348 C/CIC 55
8 M/31 + 817 B/B/B 30
9 M/30 + 386 B/B/B 43
10 M/24 + 933 B/B/B 47
11 M/37 + 1070 B/B/B 72
12 M/29 + 935 B/BB 37
13 M/24 + 207 B/B/B 41
14 F/39 + 884 B/B/B 94
15 F/44 + 300 B/B/B 75
16 M/39 + 496 B/B/B 81
17 M/33 + 572 B/B/B 55
18 M/35 + 205 B/B/B 46
19 M/37 + 583 B/B/B 54
20 F/28 + 556 B/B/B 90

HBeAg, hepatitis B e antigen; ALT, serum alanine aminotransferase.
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Table 3. Clinical, laboratory and sequential HBV genotype data of 20 chronic hepatitis B

patients without acute exacerbations (Group C).

HBeAg Peak HBV Genotype Period of

Patient Sex/Age | before peak ALT pre-/on/post- follow-up

no. (years) ALT level (U/L) peak ALT level - (months)
1 F/35 + 45 C/IC/C 95
2 M/34 + 46 C/C/IC 90
3 M/40 + 95 C/IC/C 66
4 M/37 + 85 C/C/IC 69
5 M/35 + 160 C/C/IC 72
6 M/24 + 54 C/C/IC 31
7 F/34 + 46 C/C/IC 33
8 M/35 + 92 B/B/B 72
9 M/34 + 67 » B/B/B 36
10 M/33 + 143 B/B/B 22
11 M/51 + 90 B/B/B 34
12 M/29 + 129 B/B/B 25
13 M/22 + 60 B/B/B 24
14 F/39 + 63 B/B/B 36
15 F/23 + 148 B/B/B 49
16 F/20 + 71 B/B/B 48
17 F/54 - 47 B/B/B 54
18 M/38 - 49 B/B/B 64
19 M/48 + 48 B/B/B 70
20 M/24 + 79 B/B/B 142

HBeAg, hepatitis B e antigen; ALT, serum alanine aminotransferase.
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Table 4. Comparison of clinical and laboratory data in two groups of chronic hepatitis B

patients with IgM anti-HBc-positive or —negative acute exacerbations.

Features Group A Group B P Value
Number 20 20

Gender (M/F) 13/7 15/5 NS
Age (years, mean+SD) 34+10 3548 NS
Positivity of HBeAg 19 20 NS
Follow-up period 48+47 62+23 NS
(months)

Peak serum ALT (U/L) 6114329 5474273 NS
HBYV superinfection (%) 2 (10%) 0 NS

HBeAg, hepatitis B e antigen; ALT, alanine aminotransferase.
Group A: patients with [gM anti-HBc-positive acute exacerbations (serum ALT > 200 U/L,
normal <40 U/L) during follow-up period.

Group B: patients with IgM anti-HBc-negative acute exacerbations during follow-up period.
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Figure 1. The clinical course of a 45-year-old man (Case 20, Table 1) originally persistently
infected with HBV genotype B. He had seroconverted from HBeAg to anti-HBe with
subsequent normalization of serum aminotransferase activity after an episode of IgM
anti-HBc-negative acute exacerbation. During another bout of IgM anti-HBc-positive acute
exacerbation, a genotype C virus emerged and predominated over the original genotype B
virus. However, the newly introduced genotype C virus became undetectable 6 months after
the acute exacerbation and the original genotype B virus reappeared thereafter. HBeAg:
hepatitis B e antigen; anti-HBe: antibody against hepatitis B e antigen; ALT: alanine

aminotransferase; *: positive for IgM antibody against hepatitis B core antigen.
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Figure 2. (A) The clinical course of a 30-year-old man (Case 13, Table 1) originally infected
with HBV genotype C. He was persistently positive for HBeAg and had several episodes of
acute exacerbations during the follow-up period. The seven time points (Y1 to Y7) when the
amplified pre-S genes were used for direct sequencing of nucleotides are marked by arrows.
The Y3 isolate was obtained from the only IgM anti-HBc-positive acute exacerbation. HBeAg:
hepatitis B e antigen; ALT: alanine aminotransferase; *: positive for IgM antibody against
hepatitis B core antigen. (B) Comparison of the complete sequences of the variable pre-S

gene of 5 sequential isolates (Y1 to Y7) of HBV DNA from the same patient. The dashes
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indicate identical sequences compared w1th the Y1 isolate. The Y1, Y2, Y4 to Y7 isolates
show > 99.5% nucleotide identity, but the HBV strains isolated before (Y1 and Y2) and
during acute exacerbation (Y3) within a period of 2 months show a lower degree (94.7%) of
genetic homology. nt.: nucleotide.

b
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