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Abstract

Background: In this study, we aim to determine the hepatic pathological changes in HBY DNA-negative chronic
Hepatitis B (CHB) patients after 12-month antiviral therapy.

Methods: Blood routine indicators including platelet count (PLT) and white blood cell (WBC) were determined. The
coagulation function was evaluated by determining the prothrombin time (PT) and prothrombin time activity (PTA),
together with the HBV DNA quantification and alpha fetoprotein (AFP). The virology data included hepatitis B
surface antigen (HBsAg)/antibodies against hepatitis B surface antigen (anti-HBs), hepatitis B e antigen (HBeAg)/
antibodies against hepatitis B e antigen (anti-HBe) and antibodies against hepatitis B core antigen (anti-HBc) were
tested. Pathological assay was performed to the liver puncture tissues. Based on the HBV DNA data in the 12-
month follow-up of the cases that received anti-viral therapy during this time, the experimental group was divided
into group A (HBV DNA negative at the baseline level, HBY DNA negative after 12 months, N=79) and group B
(HBV DNA negative at the baseline level, HBY DNA turning to be positive after 12 months, N = 13). Statistical analysis
was performed on the each test index of the two groups.

Results: The inflammation grade of group A showed significant improvement after 12-month treatment (P < 0.05).
The pathological inflammation grade of group B was increased after one year, and the liver function indices and
the PTA (P < 0.05) levels were all increased. Pathological results indicated that the proportion of disease progression
in group A was decreased after 12-month follow-up while that proportion was increased in group B. Significant
differences were noticed in AFP levels between the patients with progression in group A and those with
progression in group B.

Conclusion: Negative HBV DNA does not mean a controlled hepatitis B. Hepatitis B patients transferred to HBY DNA
positivity during the anti-viral therapy are easily to show disease progression, and then special attention should be paid
to the HBV DNA monitoring. Meanwhile, close monitoring to the changes of liver function, PTA and AFP levels may
help to detect changes on the disease in a timely manner.
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Background

Hepatitis B virus (HBV) induced chronic hepatitis B
(CHB) is mainly characterized by liver inflammation that
causes multi-organ damages. Despite the extensive appli-
cation of hepatitis B vaccine, a large number of patients
are suffering from hepatitis B infection in China main-
land, and the cure rate is extremely low. HBV, a member
of hepadnavirus family, can trigger hepatic inflammation
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gradually, and then results in fibrosis, cirrhosis and even
accounting for at least 50% of the cases with primary
hepatocellular carcinoma worldwide [1-4]. Chronic
HBV infection is the most important risk factors for
HCC [4, 5]. It has been well acknowledged that per-
sistent HBV replication is associated with cirrhosis de-
velopment, as a consequence, it can lead to liver
decompensation and the occurrence of HCC [6]. In clin-
ical settings, nucleoside analogues (NAs) have been
commonly utilized for the treating CHB, however, only
functional cure is achieved in most cases. In China, the
subsequent hazard caused by HBV infection is still a
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severe threat to the individuals. Nowadays, a great chal-
lenge is generated in the public health program in China.
With the advances of medical technology and laboratory
test technique, extensive efforts have been given to iden-
tify indicators that are more specific and sensitive for
the diagnosis of hepatitis B.

HBV DNA, an important indicator for HBV replica-
tion, is the most direct, specific and sensitive index for
the determination of HBV infection [6]. HBV itself
causes no damages to hepatocytes directly, but the level
of HBV DNA can be utilized to evaluate the replication,
infectivity and treatment efficiency of HBV. To date,
treatment efficiency in patients with HBV infection is
mainly determined by the decline rate, magnitude or
negative conversion of HBV DNA titer no matter which
kind of antiviral drug treatment is used [7, 8]. HBV
DNA titer is an important predictor for the efficacy of
antiviral therapy, which contributes to the monitoring
and efficacy evaluation after antiviral therapy. Studies
confirmed that HBV DNA positive hepatitis B patients
showed better prognosis after active treatment [9, 10].
Nowadays, there are still some controversies about the
treatment efficiency of antiviral regimen for HBV DNA-
negative hepatitis B patients. To understand the correl-
ation between the change of HBV DNA after antiviral
therapy and liver disease prognosis in patients with HBV
DNA-negative hepatitis B, we designed such retrospect-
ive analysis involving the HBV DNA-negative hepatitis B
patients who have been receiving antiviral therapy over
6 months. We hope to provide a theoretical basis for
deep understanding for the clinical treatment of HBV
infection and the development of liver diseases.

Materials and methods

Patients

Ninety-two HBV DNA-negative hepatitis B patients
(male: 66; female: 26; mean age: 43.50 + 10.81 yrs)
received antiviral therapy for more than 6 months in
Beilun People’s Hospital (Ningbo, China) from January
2011 to December 2015 were enrolled in this study.
Upon enrollment, the patients continued to receive anti-
rival therapy. CHB diagnosis was performed based on
the consensus recommendations of the Asian Pacific
Association for the study of the liver (APASL) [11]. HBV
DNA-negativity was considered as a detection limit of <
1000 IU/ml. The exclusion criteria were as follows: (i)
those with other liver diseases, such as drug-induced
hepatitis, alcoholic hepatitis, autoimmune hepatitis, or
those with liver injuries caused by toxic substances or
other causes; (ii) those infected with other hepatitis
viruses (e.g. hepatitis A, C, D, E virus) and HIV infec-
tion; (iii) patients received medications that may affect
immune function within 6 months; (iv) those received
radiation or chemotherapy. All participants signed the
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informed consent. This study was approved by the
Ethics Committee of Beilun People’s Hospital (Ningbo,
China).

Grouping

In total, 92 CHB patients underwent antiviral therapy
using Entecavir (Zhengda Tianqging Pharmaceutical,
Jiangsu, China) or Lamivudine (Glaxosmithkline phar-
maceuticals, Jiangsu, China) via oral administration (0.5
mg or 0.1 g, once per day) every morning prior to food
and/or drinking for more than 6 months were enrolled
in this retrospective study. Persistent anti-viral therapy
was given during the 12 months follow-up. HBV DNA
quantification was performed following the manufac-
turer’s instruction (Zhijiang Biotech, Shanghai, China).
Real-Time quantitative PCR was used to determine
serum HBV DNA using an ABI-7500 system. The detec-
tion limit was 1000IU /ml. Based on the HBV DNA
concentration after 12-month antiviral therapy, the pa-
tients were classified into group A (HBV DNA negative
at the baseline level, HBV DNA negative after 12
months, N =79) and group B (HBV DNA negative at the
baseline level, HBV DNA transferred to positivity after
12 months, N = 13), respectively.

Observation indices

Venous blood samples were obtained from each patient
and were immediately stored at - 80 °C for subsequent
analysis. Liver function was evaluated by determining
the levels of aspartate aminotransferase (AST), alanine
aminotransferase (ALT), direct bilirubin (DBIL), total
bilirubin (TBIL), albumin (ALB), alkaline phosphatase
(ALP), globulin (GLB), and glutamyl transpeptidase (y-
GT), using a Hitachi automatic biochemical analyzer
(Hitachi7600-110, Japan). Coagulation function was
evaluated by determining the level of prothrombin time
(PT) and prothrombin activity (PTA). The coagulation
function was measured using an automatic coagulation
analyzer (Sysmex CS5100, Japan). The blood routine test
involved platelet (PLT) count and white blood cell
(WBC) that were tested by automatic blood cell analyzer
(Sysmex XN, Japan). The hepatic tumor marker deter-
mined was alpha-fetoprotein (AFP) and the chemolumi-
nescence microparticle immunoassay (Abbott i2000SR,
USA) was used to detect serum AFP in hepatitis B
patients. Qualitative detection of virological data in-
cluded Hepatitis B surface antigen (HBsAg), antibodies
against hepatitis B surface antigen (anti-HBs), Hepatitis
B e antigen (HBeAg), antibodies against hepatitis B e
antigen (anti-HBe), antibodies against hepatitis B core
antigen (anti-HBc) determined by Enzyme linked im-
munosorbent assay (ELISA, Xinchuang, Xiameng,
China). Twelve months after Lamivudine or Entecavir
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administration, we then obtained the serum samples
again for the determination of the same indices.

Pathological analysis

Hepatic tissues were obtained after puncture using 16
G disposable needles (C. R. Bard, NJ, USA). Subse-
quently, the hepatic biopsy specimens were fixated
with 4% paraformaldehyde immediately, and were em-
bedded by using paraffin. The sections were conven-
tionally stained with HE staining. The images were
observed under a microscope (Olympus BX51, Tokyo,
Japan) for pathological and histological analysis. All
liver biopsies in the study were interpreted by the same
pathologist. The inflammatory activity or fibrosis in
hepatic tissues of chronic hepatitis was divided into 4
grades or stages (i.e. G1-4 or S1-4) in clinical patho-
logical diagnosis, GO (no hepatic necroinflammation)
and SO (no fibrosis) according to the Scheuer scoring
system. A score of 1-4 was utilized in the statistical
analysis to indicate the corresponding grade or stage.
For the diagnostic criteria of pathological transform-
ation, a stable condition was defined in the patients
presenting stable symptoms and physical signs, stabil-
ity of various serum targets utilized for the liver
disease diagnosis, and stable pathological inflammation
or fibrosis grade after the 12-month follow-up, espe-
cially those with a similar pathological inflammation
grade and inflammatory staging. Improved condition
was defined as significant remission in the symptoms,
physical signs, improvement of various serum targets,
pathological inflammation or fibrosis grade in the 12-
month follow-up than the baseline levels, especially
those with improvement in the pathological inflamma-
tion grade and inflammatory staging. Progression was
defined as no significant improvement or even deteri-
oration of clinical symptoms, physical and signs, vari-
ous test findings, and pathological inflammation or
fibrosis grade in the 12-month follow-up than the
baseline levels, especially those with deterioration in
the pathological inflammation grade or inflammatory
staging.

Statistical analysis

SPSS 19.0 software was used for the data analysis. The
data were presented as mean + standard deviation (SD).
Differences between two groups were conducted using
paired T test or sign rank test. Analysis of variance was
carried out on the comparison of more than two groups.
Mann-Whitney U test was utilized to evaluate treatment
effects. Chi square test or Fisher’s exact test was utilized
for the rate comparison. A P value of less than 0.05 was
considered as statistical significance.
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Results

Patients characteristics

Among the 92 HBV DNA-negative hepatitis B patients,
79 (85.87%) were still HBV DNA negative 12 months
after anti-viral treatment (termed as group A; mean age:
43.57 £ 11.32 years). The resting 13 (14.13%) were HBV
DNA positive after 12-months treatment using Entecavir
or Lamivudine (termed as group B; average age: 43.08 +
7.27 years). No statistically significant differences were
observed in the age and gender between the two groups
(P>0.05, Table 1).

Comparison of serum targets before and after one year
Twelve months after anti-viral treatment, the serum tar-
gets in group A were stable at the same level as the base-
line levels. The average level of ALT and viral indices
(especially the proportion of HBeAg positive) decreased
despite the fact that no statistical difference was
observed (P>0.05). AFP, ALB, PT levels in group A
showed significant decrease compared with the baseline
levels (P <0.05). PTA showed significant increase (P <
0.05) compared with the baseline level. The serological
results of group B indicated that the indicators of liver
function were all increased about 12 months after treat-
ment, especially ALT and AST. Additionally, PTA and
AFP showed increase compared with the baseline levels.
There were significant differences in the PTA level in
the 12-month follow-up when comparing with the base-
line level (P < 0.05). The TBIL and DBIL levels between
group A were significantly different from those of group
B at the baseline levels (P <0.05). The ALT and DBIL
levels between group A and group B showed significant
differences (P < 0.05) about 12 months after treatment.
Taken together, the inflammatory activity in the liver tis-
sues of hepatitis B patients whose HBV DNA trans-
formed into positivity 12 months after antiviral therapy
was more prominent than those were HBV DNA nega-
tive (Table 2).

Pathological outcome
Pathological analysis indicated that the inflammation
in patients of group B was lower than that in group
A in the baseline. However, the grading of inflamma-
tion in group A showed decline after 12-month anti-
viral treatment. In group B, significant increase was
observed in the inflammation grading after the 12-
month follow-up compared with that of group A (P<
0.05). The fibrosis in cases of group A and group B
showed progression. Additionally, no statistical differ-
ences were observed between the two groups (P>
0.05, Table 2).

For the cases with stable conditions, there were no
significant differences in stability rate between group A
and group B (P > 0.05). Whereas, the percentage of cases
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Table 1 Patient characteristics before and 12-month after antiviral therapy

Category Number Male/female (cases) Average age

One year ago

HBV-DNA negative hepatitis B patients 92 66/26 43.50 £ 10.81
One year later

Group A

HBV-DNA negative hepatitis B patients 79 59/20 4357 £ 1132
Group B

HBV-DNA positive hepatitis B patients 13 7/6 4308 + 7.27

with improvement in disease conditions in group A was
higher than that in group B. Meanwhile, in group A, 19
(24.05%) showed improvement in the inflammation and
18 (22.78%) showed improvement in fibrosis. In group
B, 2 cases (15.39%) showed no improvement in the in-
flammation grade and the fibrosis stage. The disease
progression rate was lower in group A compared with
that of group B. The progression rate of inflammation
grade in group A was significantly lower than that of
group B (15.19% vs.38.46%, P<0.05). In contrast, the
progression rate of fibrosis stage in group A showed no
statistical differences compared with that of group B
(37.97% vs. 46.15%, P>0.05). These suggested that

patients in group A showed better response to antiviral
therapy (Table 3).

Statistical analysis of the two groups before and after one
year follow-up and the indices of the disease progression
For the comparison of progression condition indicators
of inflammation grade, significant differences were
observed in the baseline AFP levels in group A com-
pared with that of group B (15.19% vs. 38.46%, P < 0.05).
Additionally, we compared the indices of aggravation of
fibrosis stage between the two groups. The HBV DNA
between the two groups showed significant differences
(P<0.01). No significant differences were observed

Table 2 Comparison of serological indices, inflammation grade and fibrosis grade in HBV DNA negative and positive hepatitis B

patients after 12-month follow up

Test Index Group A Group B

Baseline level 12 months later Baseline level 12 months later
ALT(U/L) 3777 £41.74 3021 £32.37 40.77 £ 34.72 51.08 +47.36°
AST(U/L) 3041 £2097 31.74+35.14 3392+17.17 4392+ 3553
TBIL (umol/L) 1473 £6.09 1478 £5.98 1092 + 276" 11.55+3.65
DBIL (umol/L) 470 £4.69 453+198 290+ 1.11* 325+130°
ALB(g/L) 4771 +3.66 46.22 +3.12% 4637 +£5.10 4458 +6.14
GLB(g/L) 2749+451 2817 +4.17 2707 +4.86 28.79+4.98
ALP(U/L) 71.09 £23.62 67.75+18.85 67.54 2349 69.31+2336
y-GT (U/L) 30.68 +29.56 29.34 +23.59 24.08 +20.56 2692 +£21.25
PT(s) 11.83+£0.92 11.23+0.89* 11.29+0.82 1095+0.92
PTA(%) 9434 £10.15 107.89 + 9.58* 98.90 + 8.64 113.06 + 16.98"
WBC(10E9/L) 536+136 587+178 6.18+1.82 6.60+243
PLT(10E9/L) 15868 +55.02 159.78 £45.61 170.33 £48.66 16862 +36.71
AFP (ng/mL) 4.05+294 2.85+1.63% 360+ 1.79 3.86+3.85
Inflammation Grade 142+0.63 1.37+059 100+041% 138+051%
Fibrosis Stage 138+ 1.14 1.60 +1.05 0.85+0.69 1.31+£085

HBeAg (Positive)!

33 (41.77%)

25 (31.65%)

7 (53.85%)

3 (23.08%)

*P < 0.05 versus the value of the baseline level of group A
&p < 0.05 versus the value of the baseline level of group B
#P < 0.05 versus the value of the baseline level of group A
©P < 0.05 versus the value of 12 months later of group A
!'no. (%)
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Table 3 Degree of inflammation grading and fibrosis grading one year later

Pathological Group A (79, 85.87%) Group B (13, 14.13%)

Judgment Inflammation grade Fibrosis stage Inflammation grade Fibrosis stage
Stable condition 48, 60.76% 31, 39.24% 8, 61.54% 5, 3846%
Improved condition 19, 24.05% 18, 22.78% 0, 0% 2, 1539%
Progression condition 12, 15.19% 30, 37.97% 5, 38.46%° 6, 46.15%

2P < 0.05 versus the inflammation grade of group A; the data were presented as n, percentage

between the indicators in the group A or in the group B
in the baseline level and after the 12-month follow-up.
There was no statistically significant difference in the
statistical analysis of the differences between the indica-
tors in group A and group B in the 12-month follow-up.

Discussion

HBV DNA serves as an indicator for HBV replication.
Quantitative detection of HBV DNA is used as the main
method for the monitoring and prognosis evaluation
after antiviral efficacy. Generally, the virus activity in
HBV DNA-negative patients is usually under control,
and then their conditions are stable in a certain period.
However, there are indeed possibilities of relapse under
low immunity or stress due to the presence of cccDNA
in liver tissues [12]. Nowadays, there are also disputes
on the recommendation of antiviral therapy to HBV
DNA-negative patients. Besides, most of the HBV DNA-
negative patients are not appropriately treated, which
may lead to progression several years after treatment
[13]. Thus, special attention should be paid to monitor
the alternations of liver of HBV DNA-negative patients
by serology in clinical settings. In this study, 92 HBV
DNA-negative hepatitis B patients who have been receiv-
ing antiviral therapy over 6 months were included in our
study. In this study, we determined the effects of anti-
viral treatment on the prevention and prognosis of HBV
reactivation in these patients and how to monitor the
treatment response of patients with CHB under Chinese
conditions.

Extensive studies have confirmed that antivital therapy
contributes to prognosis of HBV DNA-positive hepato-
carcinoma (HCC) patients [9, 10]. Besides, patients with
latent HBV infection are apt to develop HCC in those
with HBV DNA rather than HBV surface antigen in
serum [14]. This suggested that there might be a certain
relationship between HBV infection and liver cancer
[15]. Thus, antiviral therapy is necessary to control the
progression of hepatitis. Meanwhile, HBV DNA examin-
ation can also provide an accurate option for therapy. In
our study, pathological analysis indicated that the
inflammation grades and fibrosis stages of group B
patients were lower than those of group A at the base-
line level. In the 12-month follow up, the inflammation
grade and fibrosis stage in cases of group B showed

improvement, especially the inflammation grade (P<
0.05). In group A, the inflammation grade and fibrosis
stage in cases of group showed improvement. These
results demonstrated that HBV DNA negative patients
with hepatitis B showed better response to antiviral ther-
apy compared with the counterpart that were HBV
DNA positive. There were really some HBV DNA-
negative hepatitis B patients with poor response after
antiviral treatment. This may be related to the fact that
HBV is in a high level of replication and the condition is
still progressing. Additionally, this may be related to the
weak response of the body to liver inflammation and
poor liver reserve.

ALT and AST were selected as liver function indica-
tors in this study as they could reflect the liver damage
specifically. A higher AST level exceeding ALT indicates
deterioration in the hepatic parenchymal damage, which
serves as a sign of chronic aggravation. Our results
showed that AST and ALT levels in group B were higher
than those in group A at the baseline level and one year
after treatment, especially the ALT levels with statistical
differences. In group A, the ALT level 12 months after
treatment was lower than the baseline level. About 12
months after treatment, the liver function indices in
group B were higher than the baseline level. These indi-
cators may have a warning effect on the disease progres-
sion. In the presence of inflammation in liver, there
might be aberrant changes in the liver synthesis and me-
tabolism [16]. Patients with hepatitis B showed impaired
liver function, and then the conversion between indirect
bilirubin and direct bilirubin was hampered, which was
manifested as elevation of indirect bilirubin and decline
of direct bilirubin. In this study, TB and DB levels in
group B were significantly lower than those in group A
in the baseline levels (P < 0.05). Meanwhile, the DBIL
level in cases of group A was significantly higher than
that of group B in the baseline level. Furthermore, there
were statistical differences in group A in terms of ALB,
PT and PTA in the 12-month follow-up compared with
the baseline level (P <0.05). The PTA level of group B
was significantly increased in the 12-month follow-up
than the baseline level (P<0.05). These findings
suggested that the liver function in cases of group A was
better than that of group B before the follow-up. In the
12-month  follow-up, the liver function showed
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improvement in group A, and liver inflammation in
group B was more obvious. AFP is a glycoprotein
belongs to the albumin family,which does not express or
underexpress on normal liver tissues, but the AFP level
was increased significantly on hepatitis or cirrhosis
tissues and the highest expression on liver cancer tissues
[17]. It is mainly utilized as a serum marker for the diag-
nosis and efficacy monitoring of primary liver cancer.
HBV infection is closely related to the high expression
of AFP [18]. Our data showed that the AFP level in
group A was significantly lower in the 12-month follow
up than the baseline level (P <0.05). The AFP level in
patients of group B was increased at month 12, however,
no statistical difference was identified. The AFP level of
group A was higher at the baseline level than that of
group B, and the AFP level of group A was lower at
month 12 than that of group B. These results indicated
that the improvement of liver inflammation in group A
was better than that of group B. On this basis, we
implied that the use of antiviral drugs and the sustained
low level of HBV DNA may contribute to the improve-
ment of hepatic function and prevention of disease pro-
gression. Taken together, the combined monitoring of
liver function, PTA and AFP may be helpful to predict
the progression of the disease. The improvement of
inflammation in group A was superior to that of group
B. This indicated the application of anti-viral agents and
persistent low level of HBV-DNA may contribute to the
improvement of liver function, which then delayed the
disease progression.

To our best knowledge, some serum indicators are not
adequate to prove the stage and extent of the liver dam-
age. For example, in cases with poor liver conditions,
hepatocyte necrosis is severe or the HBV is inactive, and
then the inflammatory response is weak. The serological
indicators suggest that the liver damage is weak. There-
fore, many hepatitis B patients are not diagnosed until
the end stage of hepatitis, especially HBV DNA negative
patients, which may miss the best therapy period. The
most direct evidence for clinical diagnosis of hepatitis is
liver biopsy [19, 20]. HBV DNA is an important factor
in the progression of HBV-associated liver disease, but
there are indeed many limitations on the study of liver
tissues, such as ethical controversy and complexity of
sample collection [21]. Therefore, few reports investi-
gated the relationship between the antiviral effects and
the pathological grade, prognosis and disease progres-
sion of liver tissue in HBV DNA-negative hepatitis B
patients. In this study, the degree of disease stability
between group A and group B showed no statistical dif-
ferences after 12-month antiviral therapy. Nevertheless,
the rate of disease improvement in group B was lower
than that in group A. The rate of disease progression in
group B was higher than that of group A. This suggested
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that HBV DNA negative can not be used as a basis for
the termination of HBV replication. High HBV DNA
level indicated that the course of chronic hepatitis B
patients may further progress to liver cirrhosis or even
liver cancer. On one hand, this may be related to the
mutations on the pre-C region of HBV, which resulted
in decrease or elimination of HBeAg, viral gene muta-
tions do not affect HBV replication, which then resulted
in persistent infection of HBV [22]. Our results showed
that the proportion of HBeAg positive in the case group
were also reduced after continued anti-viral therapy. On
the other hand, it may also be related to the continuous
antiviral therapy in hepatitis B patients, which may cause
resistance to certain drugs and subsequent recurrence of
viral replication. These confirmed that there was a close
relationship between HBV replication and disease
progression. In future, we will focus on the specific
mechanism in this process.

In summary, antiviral therapy is effective for treating
HBV DNA-negative hepatitis B patients, which can
improve anti-viral response. It contributes to the im-
provement of hepatic function and delay of disease pro-
gression. Great attention should be paid to the hepatitis
B patients with significant fluctuation in the HBV DNA
viral load after antiviral therapy as their disease condi-
tions are still progressing. Close monitoring of liver
function, PTA and AFP may help to find the change in
the disease condition timely. In addition, it is necessary
to suspect whether drug-resistant mutations occur in
these patients. Besides, attention should be paid to
determine the genotyping and drug-resistant mutations
of hepatitis B virus. This also provides a new perspective
to investigate the pathogenesis and efficacy of HBV-
related disease progression. Further studies on the rela-
tionship between HBV DNA and HBV-related liver
disease progression will be beneficial to the treatment
and prevention of HBV-related liver diseases.
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