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ABSTRACT

The number of IgG subclasses for hepatitis B virus (HBV)
core antigen (anti-HBc), demonstrated for HBV-infected indi-
viduals, was measured by enzyme-linked immunosorbent
assay (ELISA). Four commercially available hepatitis B
core antigen (HBcAg) plates and one prepared plate were
tested for ELISA sensitivity by the detection of 14 serum
samples drawn from HBV chronic carriers, cured patients,
vaccinees, and non-infected individuals.

33

Copyright & 2001 by Marcel Dekker, Inc. www.dekker.com

*Corresponding author. Chi-Chang Yang, Institute of Medicine, Chung Shan
Medical & Dental College, No. 110 Sec.1, Chien-Kuo N. Road, Taichung,
Taiwan, 402.

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
3
9
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



Differences in optical density (OD) values were obtained
by comparing data gathered from the five plate types,
suggesting that different plates may have different binding
capabilities for each anti-HBc IgG subclass and, thus, contri-
bute to the different ELISA sensitivities. Of these plates, the
GB plate showed the most obvious absorbance changes
for anti-HBc subclasses in different populations. These data
also indicated different patterns for IgG-specific subclasses for
various populations. For HBsAg+ carriers, the OD for IgG1

was greater than for IgG3. By contrast, the OD for IgG3 was
higher than that for IgG1 in those subjects who were negative
for HBsAg.

INTRODUCTION

Hepatitis B virus (HBV) infection is one of the most prevailing
diseases in Taiwan.(1) During the course of infection, the surface
antigen (HBsAg) and the e antigen (HBeAg) of the virus are released into
the blood stream and circulate through the body, with both antigens
detected in the blood. Core antigen cannot be detected, however, because
it is not released from hepatic cells during HBV reproduction. Even if cells
are ruptured, the released core antigen is soon neutralized and hydrolyzed to
HBeAg.(2)

Generally, HBs and HBe antigen, and anti-HBc antibody, can be
detected in infected individuals during the acute phase. In addition to the
anti-HBc antibody, anti-HBs and/or anti-HBe antibody will be demon-
strated in cured individuals.(3) If the infection persists over six months,
the infected individual is deemed a chronic carrier. In the sera of these
chronic carriers, only anti-HBc antibody and HBsAg, produced and
secreted long term, are detected. During the course of infection, the anti-
HBc IgG will develop and the subclass profile will also change to reflect
different types of HBsAg+ liver diseases.(4-8)

Hepatitis B-virus structural proteins consist of various antigenic
epitopes which stimulate different immune responses and result in the prod-
uction of versatile immunoglobulins reflecting different classes and sub-
classes.(9) Therefore, it seems reasonable to suggest that different hepatitis
B vaccines, with different sources of HBs antigen, will generate different
subclasses of immunoglobulin.

For example, the anti-HBs IgG for vaccinees immunized with
recombinant hepatitis B vaccine consists mainly of IgG1 and IgG4,(10,11)
while that of individuals vaccinated with plasma-purified HBsAg consists
of IgG1.(12) Differences in secreted immunoglobulins, manifested in classes,
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subclasses and subclass patterns, may be the result of the conformational
binding of different antigenic structures to MHC Class I or Class II
molecules.(13) This variation in binding evokes either the Th1 or Th2

immune response and results in the production of different subclass
patterns.(14-16)

The aim of this study was to measure and evaluate the titers of anti-
HBc IgG subclasses, as detected using different ELISA plates which were
constructed with HBc antigens that were generated and applied using
different methods. This data was also used in the selection of test
plates for further large-scale analysis of anti-HBc immunoglobulin-subclass
development.

EXPERIMENTAL

Serum Samples

Blood samples were obtained from twelve outpatients attending the
Chung Shan Medical and Dental College hospital in April, 1997, and from
two employees at the Institute of Biomedical Sciences, Academia Sinica in
May, 1996. The positive and negative control sera were also included in this
study. The age, sex, sample-collection time and results of serum markers for
HBV, including HBsAg, anti-HBs, anti-HBc, HBe Ag and anti-Hbe, were
tested using both Axsym EIA (Abbott Laboratories, USA) and Dainabot
RIA (Dainabot Co., Japan) and recorded (Table 1). Sera were separated
from blood samples by centrifugation at 3,500 x g for 15 min, and aliquoted
and stored at -70C for future use.

Antigen, Antibody, and ELISA Plate

Total anti-HBc immunoglobulin (IgG total) G and all its subclasses
(IgG1, IgG2, IgG3 and IgG4) were detected using ELISA. Anti-HBc plates
used in this study included Wellcozyme (Wellcome, United Kingdom; WC),
Enzygnost (Behring, Germany; BR) and two domestically sourced plates,
EverNew (EverNew, Taiwan; EN) and Anticorase B-96 (General Biological,
Taiwan; GB). The antigens used for Wellcozyme and Enzygnost plates were
generated from recombinant.

The purpose-made test plate (SC) was prepared using core antigen
purchased from BIOTEC (U.K.). Test sera were diluted 1:100 in ELISA-
buffer diluent which was made from 0.05 % Tween-20 and 1 % bovine-
serum albumin in phosphate buffer. To the 96-well HBc plates, 100 mL of
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diluted sera was added, and plates were incubated at 37C for 90 min. After
incubation, plates were washed three times with ELISA washing solution,
then 100 L of diluted different mouse antihuman monoclonal antibody was
added. Mouse monoclonal antibodies to total IgG subclasses (Clone
MK1A6), IgG1 (clone NL16), IgG2 (clone GOM2), IgG3 (clone ZG4) and
IgG4 (clone RJ4), respectively, all of IgG1 isotypes, were obtained from
BIONOSTICS (U.K.) and used at 1/2000 dilution.

Plates were incubated at 378C for 90 min, and the wells were
washed another three times with ELISA-washing solution using an
ELISA washer (BIO-RAD, USA), and then 100 mL of enzyme-antibody
conjugate (rabbit anti-mouse conjugate 1:5000 diluted in ELISA diluent)
was added to each of the wells which were then incubated at 37C for 90
min and then washed again in the same manner. Substrate solution (ortho-
phenyldiamine, OPD) was added and plates were incubated at 37C for 15
min. Absorbance was read at 492 nm (Spectrophotometer Model 550,
Bio-Rad).
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Table 1. The Age, Sex, Collection Time, and Results for Serium HBV Markers for
Samples

Population Sample Collection HBS Anti- Anti- HBe Anti-
Groupa No. Date Sexb Age Ag HBS HBc Ag HBe

A 1 970408 M 25 + � + + �
A 2 970408 F 19 + � + � �
A 3 970408 M 60 + � + + �
A 4 870410 M 40 + � + + �
A 5 970407 M 26 + � + + �
A 6 960523 M 36 + � + + �
B 7 970409 F 22 � + + � �
B 8 970409 F 24 � + + � �
C 9 970409 F 21 � + � � �
C 10 960516 F 45 � + � � �
D 11 970409 M 40 � � � � �
D 12 970409 M 31 � � � � �
D 13 970403 F 29 � � � � �
D 14 970402 F 20 � � � � �
aPopulation group: A, HBV carriers; B, HBV cured individuals; C, vaccines; D, non-
infected individuals.
bSex: M, Male; F, Female.
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RESULTS

In this study, we utilize the ELISA technique to evaluate the total anti-

HBc IgG levels for all of the subclasses derived for 14 samples, using four

commercial and one purpose-made ELISA plates. For ELISA, HBc anti-

gens were immobilized onto the plates, then test sera were added and incu-

bated at an appropriate temperature to allow the specific binding of antigen

and antibody. Unbound antibodies were washed off and monoclonal anti-

bodies added against total and individual subclasses (mouse anti-human

IgG1, IgG2, IgG3, IgG4).

After washing, these immobilized antigen- antibody-secondary anti-

body complexes were incubated with an excess of enzyme-labeled tertiary

antibodies (rabbit anti-mouse conjugate). Finally, enzyme substrates were

added and absorptions recorded.

According to results generated for HBsAg, anti-HBs, anti-HBc,

HBeAg, and anti-HBe (Table 1), the 14 samples were divided into four

populations. Subjects 1-5, defined as HBsAg carriers (testing both HBsAg

and anti-HBc positive), made up Population A. Population B (subjects 6-8,

testing HBsAg negative and anti-HBc positive) consisted of persons who

had been infected but were clear for core antigen at time of study. Subjects 9

and 10, tested HBsAg negative but anti-HBs positive induced by vaccination

(plasma purified HBsAg), were classified as Population C. Population D

consisted of subjects 11-14, testing negative for all markers and considered

non-infected.

The ELISA techniques were performed according to the manuals and

the OD readings for total IgG, IgG1, IgG2, IgG3 and IgG4 were taken

(Table 2). The OD values for anti-HBc total IgG positive/negative control

were 0.260/0.020 for WC, 0.027/0.090 for BR, 0.365/0.037 for EN, 0.367/

0.044 for GB, and 0.206/0.047 for SC. The cutoff value for each plate was set

at three times the OD for each negative control. Using this standard, four

subjects, detected by WC, were false positives,(9, 10, 11, 13) five cases,

detected by BR, were false negatives,(4-8) and one case(11) was false posi-

tive, detected by SC. Both the sensitivity and specificity for EN and GB

plates were 100 %.

For total IgG, the mean OD detected was 0.293 using WC, but only

0.080 for BR (Table 3). The GB plates demonstrated the highest OD for

every IgG subclass compared to the other plates, moreover, the mean OD

for the total IgG also reached the highest figure, 0.779 (Table 2). Of these

different plates, GB demonstrated the most obvious absorbance changes

for anti-HBc subclasses for different populations. Hence, the GB plate

was chosen for a further large-scale epidemiological study for different
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populations (unpublished data). The mean OD values for each IgG subclass
for different populations are revealed in Table 3.

Notably, under the same assay conditions, the anti-HBc IgG-subclass
patterns were consistent for different populations, though they demon-
strated different OD values with different plates. It was found that the
samples from population A exhibited a higher concentration for IgG1 than
for IgG3, however, this pattern was reversed for population B, where IgG3
concentration was higher.

DISCUSSION

These findings demonstrate that different sources of HBc antigens
produce different results. For plate GB, the mean OD values for IgG1

and IgG2 were 0.61 and 0.346, respectively and for EN, 0.337 and 0.116,
respectively, while for the other two plates (WC and BR), both values were
below 0.13. These differences may be due to the source of antigen, different
epitopes and/or the method used for conjugation.

Interestingly, all the samples in population A revealed higher concen-
trations for IgG1 than for IgG3, a subclass pattern consistent with that
reported by Sllberg (1989) for cured individuals (IgG1>IgG3>IgG4; 17).
The results for population B in this study, however, suggested the reverse
was the case for HBV carriers (IgG3>IgG1).

The elimination of HBV depends mainly on cell-mediated immune
response, particularly the killer T cell. The helper T cell (Th) assists the
process in two ways. First, the Th1 cells stimulate macrophages, and, in
turn, these macrophages clear virus particles and virus-infected cells.
Second, the Th2 cells stimulate B cells to generate immunoglobulins
(antibodies) that act through the humoral immune response to neutralize
the virus. Different protein compositions for hepatitis B virus can evoke
different immune responses. For example, the e protein triggers a T cell-
dependent immune response while the core protein triggers both T
cell-independent and T cell-dependent immune responses.(18)

Further, it has been reported that some viral proteins may function by
modulating the immune response during viral infection. The mechanism for
antigen stimulation for different subclasses of immunoglobulin has been
reported for the mouse,(16) however, this mechanism remains unclear for
the human immune-response system, though similar studies exploring
immunoglobulin patterns for different viral infections have been pub-
lished.(19)

More recently, the study performed by Milich et al., (1998), has
suggested that the presence of serum HBe Ag ablated the expected Th1-
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mediated anti-HBc antibody response, shifting it toward a Th2 pheno-
type.(19) For acute hepatitis B infection, the number of T cells (CD4) was
higher than for chronic hepatitis (20), however, the expressed CD molecules
associated with increased T-cell numbers were not analysed. Since the
number of IgG subclasses that can be detected during the course of hepatitis
infection changes, the detection and analysis of IgG-subclass patterns may
promote understanding of the relationship between these patterns and T
cell-mediated immunity for virus clearance, and also used as a marker for
the progression of this disease.

Of all the IgG subclasses, IgG1 is predominant during HBV infection,
and for Rubella infection(21) as well.(4-7) For Varicella infection, however,
IgG3 is prevalent, as is IgG1 for Zoster.(22) While the role of IgG2 appears
less important for virus infection,(10,21) it is the most frequently induced
immunoglobulin G during bacterial infection.(23,24) It has been demon-
strated that IgG2 is induced in people immunized with recombinant hepatitis
subunit vaccine (without glycosylation),(11) despite reports that IgG2 may
indicate a specific response to carbohydrate.(25,26) For bacterial infection,
e.g., Peudomonas aeruginosa, IgG2 and IgG3 predominate.(23) In parasitic
Leishmania infatum infection in dogs, the main types of immunoglobulin G
present were IgG1 and IgG2.(27) A previous report has suggested that IgG3

can be constructed from the heavy chain of IgM.(28) The immune response
for IgG1 and IgG3 may be triggered by glycoprotein.(29) Shakib et al. (1980)
have demonstrated the presence of IgG4 for allergic reactions, and it did not
bind complement.(30)

Some studies have reported that the predominant anti-HBc antibody
for acute hepatitis B-infected patients was IgG1 followed in order of pre-
valence by IgG3 and IgG4.(17,31) During the acute phase, the subclasses
IgG1 and IgG3 appear first, while persisting IgG3 indicates the potential for
continuing reproduction of the antigen in the body of the host, resulting in
antibody production.(4,17) Sällberg et al. (1990, 1991) have suggested
that the relative strength of each IgG-subclass pattern for anti-HBc
antibody production in chronic-hepatitis infected patients is
IgG1>>IgG3>IgG4.(6,7) Of all the hepatitis patients, the primary IgG
subclass for Anti-HBc anbody in asymptomatic carrier patients was IgG1.
For liver cirrhosis patients, however, titers for IgG3 were higher than for
IgG1,(31) with IgG3 predominance also indicated by histoimmunostain
techniques.(32)

The results reported by Akbar et al., (1991) suggest that the anti-HBc
IgG1 subclass predominates initially, and as the disease progresses, anti-HBc
IgG3 subclass numbers increase.(31) This study supports the proposition of
different patterns for anti-HBc IgG subclasses in HBV carriers and cured
individuals, suggesting different epitopes present on viral antigens may con-
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dition the kinetics of production, and the release of immunoglobulins, so
that the resulting IgG-subclass profile may be modulated by T cell-mediated
immunity, to a certain extent. Moreover, it seems reasonable to suggest that
the change in anti-HBc IgG-subclass patterns reflects the transfer of disease
progression from carriers to cured individuals during infection, i.e., from
group A to B in this instance. Further studies are required to clarify these
phenomena. To this end, we have analyzed the anti-HBc IgG subclasses for
96 HBV carriers and 434 HBV-cured individuals (unpublished data), and we
hope this will help to enhance our understanding of the relationship of
immune modulation with immunoglobulin G during hepatitis B infection.
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