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Abstract: Objective: The aims of this study were to analyze the clinical characteristics and treatment outcomes of
such special group, and to explore possible mechanisms. Methods: A retrospective cohort including 326 antiviral
treatment-naive CHB patients with concurrent HBeAg/Anti-HBe were studied. Clinical and laboratory data were col-
lected. An improved 5 mol/L urea elution method was used for in vitro HBeAg and anti-HBe binding experiments.
Results: Of the 326 patients, mean titers of HBeAg, anti-HBe were 1.48 + 2.85 PEIU/mL and 0.53 £ 0.29 S/CO,
respectively. The mean level of ALT was 213.91 + 398.38 U/L. At week 48, the treated group achieved higher ALT
normalization rate, undetectable HBV DNA rate, HBeAg seroconversion rate, and HBsAg seroclearance rate (84.8%
vs 23.6%; 46.1% vs 8.7%; 6.1% vs 0.6%; and 72.1% vs 19.3%, all P < 0.05). Sub-group analysis was carried out in
the treated group: 64.3% and 14.3% patients achieved HBeAg seroconversion and HBsAg seroclearance in PEG-IFN
o-2a group, both significantly higher than NAs group (P = 0.006 & P = 0.010). The mean affinity index of the concur-
rent patients was significantly lower than the HBeAg(-)/Anti-HBe(+) patients (95.42 + 36.26 vs 122.10 + 46.10, P <
0.001). Conclusions: The prevalence of concurrent HBeAg/anti-HBe detection is often accompanied by a high level
of ALT, and to effectively suppress viral replication and achieve HBeAg seroconversion, Peg-IFN is preferred. In addi-
tion, decreased affinity between HBeAg and anti-HBe is a probably explanation.
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Introduction practice, even in antiviral treatment-naive pa-
tients [6-8].

During the natural history of chronic hepatitis B
(CHB), the loss of hepatitis B e antigen (HBeAg)

and the production of antibody to HBeAg (Anti-

The prevalence of HBeAg in HBsAg carriers is
80% before 20 years old and decreases to less

HBe) (HBeAg seroconversion) is generally asso-
ciated with undetectable serum HBV DNA, nor-
malization in alanine aminotransferase (ALT)
levels with improvement in liver histology, which
is viewed as a significant milestone and end-
point for treatment of HBeAg-positive CHB
patients [1-3]. Furthermore, patients who un-
dergo HBeAg seroconversion, spontaneous or
treatment-induced, usually have a lower inci-
dence of cirrhosis and hepatocellular carcino-
ma (HCC) [4, 5]. As highly sensitive techniques
for antigen/antibody detection have been
developed, a special serological pattern in CHB
patients whereby concurrent HBeAg and anti-
HBe is sometimes possible seen in clinical

than 10% after 40 years old [9], suggesting
that HBeAg/anti-HBe seroconversion generally
occurs during the third or fourth decade of life.
Several studies have already reported a few
patients with concurrent detection of both mar-
kers [10, 11]. However, little is known about the
clinical outcomes and the possible mecha-
nisms leading to this unique serological pattern
of the e-system, especially in such group. The
aims of this cohort were to: 1. Analyze the clini-
cal characteristics of antiviral treatment-naive
patients with concurrent HBeAg/Anti-HBe de-
tection; 2. Study the clinical outcomes of these
patients according to different treatment strat-
egies; 3. Explore the possible mechanisms
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Figure 1. Patient recruit-

ciency virus, hepatitis C virus,
or hepatitis D virus; a history
of alcohol or drug abuse within
the preceding 2 years; docu-
mented or suspected hepato-
cellular carcinoma (HCC); pri-
or organ transplantation, or
prnancy/lactation. The study
was approved by the Ethics
Committee of Nanfang Hos-
pital, Southern Medical Uni-
versity. The experiments were
carried out in accodance with
the approved guidelines and
the “informed” consent was
obtained from all subjects.

Patients were divided into an-
tiviral treatment-naive group
(control group) and treated
group according to with/with-
out antiviral treatment after
enroliment. In designing more
suitable therapies, the treated
group was further divided into
PEG-IFN o-2a

two groups:

leading to this unique serological pattern of the
e-system.

Patients and methods
Patients and study design

This single-center, retrospective investigator-
initiated cohort studied 617 chronic hepatitis B
(CHB) patients with concurrent hepatitis B e
antigen and antibody detected by Abbott i2000
instrument from Nanfang Hospital, Southern
Medical University between Jun 2010 and Jan
2018. Of these, 326 patients with complete
data were included in final analysis (Figure 1).
All patients fulfilled the following criteria: (i)
HBsAg positive for more than 6 months; (ii)
Persistent or intermittent elevation of ALT
serum levels within 12 months before entry; (iii)
Aged not less than 14 years old. (iv) Antiviral
treatment-naive prior to Admission. Patients
with decompensated liver disease (ascites,
variceal bleeding or encephalopathy) or renal
impairment (serum creatinine > 1.5 mg/dl)
were excluded. Other exclusion criteria were as
follows: coinfection with human immunodefi-
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group and nucleoside ana-

logues group (NAs group). All
patients accepted no less than 24 weeks of
treatment.

Serum assays

The serum HBV DNA level was measured with
the Cobas Tagman HBV Kit (Roche Diagnostics;
lower limit of detection, 20 IU/mL). HBeAg, Anti-
HBe, anti-HBc were detected using an Architect
assay (Abbott Laboratories, Abbott Park, IL).
The HBeAg value is presented as PEIU/mL and
its titre > 0.1 PEIU/mL was regarded as posi-
tive. While anti-HBe value is presented as sam-
ple to cut-off ratios (S/CO) and its titre < 1.0 S/
CO was taken as positive. Liver function tests,
including ALT and total bilirubin, were detected
by Olympus AU5421 automatic biochemical
detector.

Efficacy endpoints and definitions

The primary endpoint of this study was that the
serum HBV DNA (< 20 IU/ml) became PCR
undetectable, and/or serum alanine amino-
transferase (ALT) normalization (< 40 1U/I). The
secondary endpoints included HBeAg loss or
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Table 1. Baseline characteristics among PEG-IFN a-2a group, NAs group and control group

PEG Iirl:l ixj;)group lZl:s:glrg;? Ccz:tiolliri))up P value p1 P2
Males (%) 30 (71.4) 98 (79.7) 120 (74.5) 0.453 0.269 0.520
Age (year) 24 +11 37+11 34 +13 <0.001 <0.001 0.816
Undetectable HBV DNA rate, n (%) 5(11.9) 14 (11.4) 20 (12.5) 0.965 0.927 0.331
HBsAg (IU/mL) 1714.32 + 1988.62 3562.83 + 13939.96 3144.64 + 11647.77 0.684 0.451 0.968
HBeAg (PEIU/mL) 1.67 £ 1.25 1.16 + 1.67 1.67 £3.73 0.296 0.071 0.191
Anti-HBe (S/CO) 0.54 +0.31 0.54 +0.28 0.52+0.29 0.823 0.929 0.533
ALT (U/L) 185.03 + 177.18 206.42 + 319.36 227.17 + 485.02 0.802 0.743 0.553

ALT, alanine aminotransferase. P value for the overall groups; P1 value for PEG-IFN a-2a group vs NAs group; P2 value for the treated group vs the

control group.

seroconversion at week 48, and/or HBsAg loss
or seroconversion at week 48.

Detection of Anti-HBe relative affinity index

To further explore the possible mechanism for
the concurrence of HBeAg and anti-HBe, an
improved 5 mol/L urea elution method was
used to measure the relative affinity of anti-
HBe with 68 HBeAg(-)/anti-HBe(+) and 82
HBeAg(+)/anti-HBe(+) serum samples. The first
step was to set Standard and testing sample
wells. Then 50 ul standard and testing sample
were added to relevant well, while nothing was
added to the blank well. The enzyme marker
was added at 50 pl and the neutralizing antigen
was also added to each well except the blank
well and covered with an adhesive strip and
incubated for 30 minutes at 37°C. The second
step was to wash each well for once, then add
200 pl 5 M urea or PBST solution respectively
and let stand for 10 minutes at room tempera-
ture later. Aspirate each well and washed 3
times. The third step was to add 100 ul of HRP-
conjugate reagent to each well, covered with an
adhesive strip and incubated for 30 minutes at
37°C. Each well as aspirated and washed,
repeating the process four times. After the last
wash, any remaining Wash Solution was
removed by aspirating or decanting and invert
the plate and blot it against clean paper towels.
Chromogen solution A was added at 50 pl and
chromogen solution B 50 ul was added to each
well. The solution was gently mixed and incu-
bated for 15 minutes at 37°C (Protect from
light). Then 50 pl of the Stop Solution was
added to each well. The last step was to read
the Optical Density (0.D.) at 450/630 nm using
a microtiter plate reader within 30 minutes.
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The Relative affinity index was defined as the
PBST contrast OD value/urea after elution OD
value * 100 in our research. Additionally, each
sample was tested twice through the above
method and the average value was taken for
further comparison.

Statistical analysis

All statistical analyses were performed by using
SPSS, version 20.0 (SPSS, Inc., Chicago, IL,
USA). Continuous variables were expressed in
mean * standard deviation or median (minimal
value, maximal value), as appropriate. A loga-
rithmic transformation was applied to HBV-DNA
loads. Qualitative differences between sub-
groups were analyzed using R x C x? tests. One
way ANOVA test, Student t-test, Kruskal-Wallis
test and Mann-Whitney U Test were adopted
appropriately. A two-sided P value < 0.05 was
considered to be statistically significant.

Results
Demographic and clinical characteristics

A total of 326 CHB patients with concurrent
hepatitis B e antigen and antibody were finally
analyzed, including 248 males (76.1%). The
mean age was 34 + 12 year. The mean titer of
HBeAg, anti-HBe and HBsAg was 1.48 + 2.85
PEIU/mL, 0.53 + 0.29 S/CO and 3118.15 +
11867.20 1U/mL, respectively. HBV DNA were
positively detected in 287 patients (88.0%),
and the mean HBV DNA level was 5.15 + 1.38
l0g10 IU/mL. The mean level of ALT was 213.91
+ 398.38 U/L. Additionally, there was no statis-
tical difference between the treated group and
control group at baseline. All demographic, clin-
ical and serological characteristics are shown
in Table 1.

Int J Clin Exp Med 2019;12(6):7569-7576
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Table 2. Treatment efficacy among PEG-IFN a-2a group, NAs group and control group [n (%)] at week

48

PEG II;rl:J gfg)group l:lnAiglrgg? CO(TS%T)UD P value Pl po
Undetectable HBV DNA rate 24 (57.1) 95 (77.2) 31(19.3) <0.001 0.012 <0.001
HBsAg seroclearance rate 6 (14.3) 4 (3.3) 1 (0.6) <0.001 0.010 0.007
HBeAg seroconversion rate 27 (64.3) 49 (39.8) 14 (8.7) <0.001 0.006 <0.001
ALT normalization rate 36 (85.7) 104 (84.6) 38 (23.6) <0.001 0.856 <0.001

ALT, alanine aminotransferase. P value for the overall groups; P1 value for PEG-IFN a-2a group vs NAs group; P2 value for the

treated group vs the control group.

Subgroup analysis was carried out on the treat-
ed group: a total of 165 patients (50.6%)
accepted antiviral treatment, among whom
128 were males and 37 were females.
Furthermore, the mean age was 34 + 11 years.
The duration of therapy ranged from 24.71 to
244.21 weeks. The patients were divided into
two groups: PEG-IFN a-2a group (n = 42, 71.4%
males) and NAs group (n = 123, 79.7% males).
There was no statistical difference between
these two groups among all investigated index-
es except age (24 + 11 vs 37 + 11;t =-6.283,
P < 0.001).

Antiviral treatment group achieved better bio-
chemical and serological responses

At week 48, the treated group achieved higher
ALT normalization rate, undetectable HBV DNA
rate, HBeAg seroconversion rate, and HBsAg
seroclearance rate (84.8% vs 23.6%; 46.1% vs
8.7%; 6.1% vs 0.6%; and 72.1% vs 19.3%, all P
< 0.05) (Table 2).

Subgroup analysis was carried out in the treat-
ed group: 27 (64.3%) and 6 (14.3%) patients
achieved HBeAg seroconversion and HBsSAg
seroclearance in PEG-IFN o-2a group, which
were significantly higher than NAs group (x? =
7.532, P=0.006 & x?> = 6.695, P = 0.010). And
the NAs group has a higher undetectable HBV
DNA rate (57.1% vs 77.2%; x> = 6.287, P =
0.012). However, there was no statistical differ-
ence of the ALT normalization rate between
these two groups (85.7% vs 84.6%; x> = 0.033,
P =0.856).

Concurrent patients have a lower HBeAg/anti-
HBe affinity index

A total of 56 samples (the mean titer of HBeAg

was 0.13 S/CO) were chosen for the prelimi-
nary experiment. When the titer of anti-HBe
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was less than 0.5 S/CO, the 5 M urea elution
method has a higher positive elution rate than
the total positive elution rate (over 60% vs
44.6%). As a result of this, it was decided to
choose the samples with the titer of anti-HBe
less than 0.5 S/CO for further experiments
(unpublished data).

Having successfully tested 59 HBeAg(-)/Anti-
HBe(+) serum samples and 79 HBeAg(+)/Anti-
HBe(+) serum samples, all were tested for at
least twice through the above method and the
average value was taken for further compari-
son. The concurrent patients were younger
than the HBeAg(-)/Anti-HBe(+) patients (30 *
10.1 year vs 35 + 12.8 year, P = 0.015), while
the concurrent patients had a higher titer of
anti-HBe (0.21 £ 0.13 S/COvs 0.12 + 0.13 S/
CO, P < 0.001). However, the mean affinity
index (Al) of the concurrent patients was 95.42
+ 36.26, which was significantly lower than the
HBeAg(-)/Anti-HBe(+) patients 122.10 + 46.10,
P < 0.001. All data are shown in Table 3 and
Figure 2.

Discussion

A previous study shown that the prevalence of
concurrent HBeAg/anti-HBe detection was
common (10.4%) compared with the HBeAg/
anti-HBe dual negative patients (< 1%), and this
phenomenon could sustain for a few months to
years [8]. However, little is known about the
clinical outcomes and the possible mecha-
nisms leading to this unique serological pattern
of the e-system, especially antiviral treatment-
naive patients. In this large sample (n = 326)
cross-sectional observation cohort, we found
that: 1. Concurrence of HBeAg and anti-HBe
was correlated with pronounced liver disease;
2. Itis suitable to treat the concurrent patients,
and PEG-IFN is preferred; 3. Decreased affinity

Int J Clin Exp Med 2019;12(6):7569-7576
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Table 3. Clinical characteristics and affinity index of the patients by HBeAg and Anti-HBe Status

HBeAg(+)/anti-HBe(+)

HBeAg(-)/anti-HBe(+)

Test statistics

(n=179) (n = 59) o
Gender (male/female) 66/13 48/11 0.113 0.737
Age (year) 30+ 10.1 35+12.8 2.455 0.015
HBeAg (S/C0) 3.94 +4.58 0.42 +0.15 -5.897 <0.001
Anti-HBe (S/CO) 0.21+£0.13 0.12 £0.13 4171 <0.001
Al (%) 95.42 + 36.26 122.10 + 46.10 3.805 < 0.001
Al: affinity index.
o HBeAg(+)Anti-HBe(+) group this study. Additionally, the mean titers of
HBeAg and anti-HBe were 1.48 PEIU/mL and
A HBeAg(-)/Anti-HBe(+ ) group 0.53 S/CO, respectively, closing to their respec-
300- P<0.001 tive cut-off values. The mutations in pre-core
and/or basal core promoter could be the rea-
' ' son for reduction or abrogation of HBeAg
1T expression at the transcriptional or translation-
32 e Aly al phases [15-20]. Additionally, this could also
f 200+ ala be the result of strong immune clearance [21].
A A
§ ,:' " “‘I“ It is worth mentioning that during the natural
£ o lo® NG ;‘A“ history of chronic HBV infection, higher serum
-g :..,o' " :A“ R ALT and TBIL are associated with a higher rate
g 1007 seed Slooee adds s of HBeAg seroconversion, after which viral rep-
< eesene AaaMhans - . . . L
.;}io .‘_ Il'cat.|c.>n and liver inflammation activity would
P L " significantly reduce [22-27]. Furthermore,
N patients with a low titer of baseline HBeAg were
0 . . also more likely to have HBeAg seroconversion
K K [28, 29]. Therefore, to quickly and effectively
x\é" l\c}° suppress viral replication and control liver
_gg?\ gfa‘”\ inflammation activity, antiviral treatment is rec-
\v“\\ \v,&‘ ommended for the concurrent patients. About
vg\"\ vq}“ 50.6% (165) of the enrolled patients were will-
& & ing to accept antiviral treatment, among whom

Figure 2. The mean affinity index (Al) of the 59 HBe-
Ag(-)/Anti-HBe(+) serum samples and 79 HBeAg(+)/
Anti-HBe(+) serum samples.

between HBeAg and anti-HBe is a probably
explanation for this concurrent pattern.

Elevated ALT, HBeAg and anti-HBe titers clos-
ing to the cutoff value are the two main clinical
characteristics of antiviral treatment-naive pat-
ients with concurrent HBeAg/anti-HBe det-
ection. In line with the previous study [8], high
ALT levels were also found in the concurrent
treatment-native patients, indicating severe
immune-mediated liver injury, which in turn
might result in a reduction in viral replication
[12-14], as a high percentage of patients with
undetectable HBV-DNA was also observed in
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42 received PEG-IFN o-2a therapy and 123
received NAs. Up to Jan 2018, the treated
group (PEG-IFN o-2a group and NAs group, n =
165) has higher HBsAg negative conversion
rate, HBeAg seroconversion rate, HBV DNA
negative conversion rate and ALT normalization
rate compared with the control group (n = 161).
For further study, sub-group analysis was car-
ried out on the treatment group. The PEG-IFN
a-2a group had significantly higher HBeAg sero-
conversion and HBsAg negative conversion
rate than NAs group, which was basically identi-
cal to previous studies. Additionally, both of
PEG-IFN a-2a group and NAs group had higher
HBeAg seroconversion rate in concurrent pati-
ents (64.3% & 39.8%) than the HBeAg(+)/Anti-
HBe(-) patients (about 40% in PEG-IFN «o-2a
group and 20% in NAs group). Loss of HBeAg
and the development of antibody to hepatitis

Int J Clin Exp Med 2019;12(6):7569-7576
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B e antigen (anti-HBe) (HBeAg seroconversion)
is associated with undetectable serum HBV
DNA, normalization in alanine aminotransfer-
ase (ALT) levels with improvement in liver his-
tology, which is viewed as a significant mile-
stone and endpoint in the treatment of HBeAg-
positive patients with CHB. Therefore, it is rec-
ommended that PEG-IFN be preferentially used
for these patients considering the above
evidence.

Decreased affinity between HBeAg and anti-
HBe is a probably explanation for this concurr-
ent pattern [30, 31]. During the nature history
of CHB, two different protein composition of
HBeAg in sera were found: the large HBeAg
polypeptides are presented as immune-com-
plexes while the small polypeptides are pre-
sented as free-state [2, 3, 21]. During progres-
sion of HBeAg seroconversion, there will be a
period that HBeAg has disappeared while anti-
HBe could not yet be detected, which is called
as window period [32-35]. It's because when
the epitopes of HBeAg was closed by anti-HBe,
HBeAg and anti-HBe would be presented as
immune-complexes. Theoretically, the antigen-
antibody reaction is a reversible chemical reac-
tion: antigen + anti-body %= antigen-antibody
complex. Therefore, the concurrent pattern of
HBeAg and anti-HBe might be due to the low
affinity of anti-HBe. To further explore the pos-
sible mechanisms, an improved 5 mol/L urea
elution method was used to measure the rela-
tive affinity of anti-HBe. Consistent with our
speculation, the mean affinity index (Al) of the
concurrent patients was significantly lower
than the HBeAg(-)/Anti-HBe(+) patients. There-
fore, special tests such as the surface plasma
resonance technology could be used to verify
this in the future.

There are three limitations of the current study.
First, the HBeAg-positive and anti-HBe-positive
group were not included for comparison, though
the clinical and virological characteristics of
these groups have been well studied before.
Second, Liver histology was not assessed as
few patients agreed with liver biopsy. Addi-
tionally, the method using to measure the rela-
tive affinity of anti-HBe is relatively rough and
not so accurate, though we have indirectly
reflected that decreased affinity between HBe-
Ag and anti-HBe is a probably explanation for
the concurrent pattern.

In conclusion, the prevalence of concurrent
HBeAg/anti-HBe detection is often accompa-
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nied by severe liver inflammation. To effectively
suppress viral replication and achieve HBeAg
seroconversion, Peg-IFN is preferred. In addi-
tion, this study has indirectly verified that
decreased affinity between HBeAg and anti-
HBe is a probably explanation for the concur-
rent of HBeAg and anti-HBe.
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