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Immunomodulatory effects of HBsAg vaccine and
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Background/aims: Pathogenesis of chronic hepatitis B and
hepatitis B carrier status is related to deficiencies in the immu-
ne system. Thus, treatments regulating the immune system are
under discussion. The aim of this study was to investigate the
effects of HBsAg vaccine and levamisole on lymphocyte subgro-
ups and immunoglobulins in children with chronic hepatitis B
and hepatitis B carriers. Methods: A total of 93 naive children
(43 chronic hepatitis B carriers, 50 chronic hepatitis B patients)
were treated in three groups with HBsAg vaccine, levamisole or
levamisole plus HBsAg vaccine. Levamisole (ketrax®) was deli-
vered as 2.5 mg/kg/day per os, three times per week for three
months; the vaccine (Gen HevacB®) was administered subcuta-
neously as 20, 30, 40 ug at one-month intervals. Both medicati-
ons were delivered at same dosages in the combined group. The
examinations were performed at pre-treatment and at the end of
the third month when the treatment concluded. Results: After
treatments, CD3, CD4 and CD4/CDS8 significantly increased
and CD8 significantly decreased in chronic hepatitis B patient
groups, except in the levamisole treated group. IgG and IgA we-
re significantly decreased in all groups of chronic hepatitis B
patients. Conclusions: It was found that HBsAg vaccine indu-
ced cellular immunostimulation in children with chronic hepa-
titis B; however, levamisole did not. The immune cells of hepa-
titis B carriers did not manifest a significant change in any tre-
atment group. Although there was no change in B-cell, signifi-
cant decreases were determined in immunoglobulins (IgG, IgA),
especially in chronic hepatitis B patients.
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INTRODUCTION

Hepatitis B infection is a serious threat worldwide
and becomes chronic at a rate of 5% in regions of
high risk. It is estimated that 350 million people in

Amacg: Kronik hepatit B ve hepatit B tasiyiclliginin patogenezi
itmmiin sistemdeki yetersizlikle ilgilidir. Bu nedenle immiin sis-
tem diizenleyici tedaviler tartisiimaktadir. Bu ¢alismada kro-
nik hepatit B ve asemptomatik hepatit B tasiyict ¢ocuklarda,
HBsAg asist ve levamisoliin lenfosit subgruplart ve immiinglo-
biilinler iizerine etkileri aragtirildi. Yontem: 50 kronik hepatit
B, 43 kronik hepatit B tagstyici, toplam 93 naive ¢ocuk hasta
HBsAg asgist, levamisole ve levamisole ilave ast seklinde ii¢
grupta tedavi edildi. Levamisole (ketrax®) 2.5 mg [ kg / giin, oral
olarak, haftada ii¢ kez, 3 ay siireyle, HBsAg agist (Gen Hevac
B®) 20, 30, 40 ug dozunda bir ay araliklarla uygulandi. Her iki
tedavi ayni dozlarda kombine gruba verildi. Kontroller tedavi-
den once ve tedavinin bittigi iiciincii ayin sonunda yapildi.
Bulgular: Tedavilerden sonra, levamisol haricinde kronik he-
patit B li hasta gruplarinin hepsinde CD3, CD4 ve CD4/CD8
arttt ve CDS8 diigtii. Kronik hepatit B li tiim hasta gruplarinda
IgG ve IgA énemli derecede diigtii. Sonu¢: HBsAg agisinin kro-
nik hepatit B li cocuklarda hiicresel immiinstiimiilasyon yapti-
81, buna kargin levamisolun etkili olmadigr bulundu. Hepatit B
taswyictlarinin immiin hiicreleri hi¢bir tedavi grubunda énemli
degisiklik gostermedi. Her ne kadar B hiicrelerinde énemli de-
Sisiklik olmadiysa da, ézellikle kronik hepatit B hastalarinda
immiinglobiilinlerde (IgG, IgA) onemli diismeler saptanda.

Anahtar kelimeler: Cocuk, kronik hepatit B, hepatit B
tasiyici, HBsAg asisi, levamisole, lenfosit subgruplari,
immunoglobulinler

the world suffer from hepatitis B and that 1 million
people die from cirrhosis or hepatocellular cancer re-
lated to chronic hepatitis B (CHB) every year (1, 2).
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Many studies indicate that hepatitis B virus
(HBV) is not cytopathic. The absolute eradication
of an HBV that has entered into the human body
or its continuation as a chronic disease is depen-
dent upon the condition of the immune system.
Both humoral and cellular immunity play a signi-
ficant role in the pathogenesis of hepatitis B. Alt-
hough TH1 antibody reaction against viral envelo-
pe antigens clears the virus from blood, the cytoto-
xic T-lymphocytes (CTL), stimulated by T-helper
lymphocytes, kill the hepatocytes infected with
the virus and clear the virus from the liver. More-
over, CTLs inhibit the HBV gene expression by
secreting antiviral cytokines (3, 4). Polyclonal and
multispecific cytotoxic T-cell and T-helper respon-
ses against viral antigens were observed in totally
healed acute hepatitis B patients (4, 5). Strong
multispecific T-cell responses were also observed
after treatment with interferon and lamivudine in
improving patients who showed a decrease in viral
load (6, 7).

Hepatitis B virus persistence is thought to be rela-
ted to poor HBV-specific T-cell responses. It is
known that, in CHB patients and carriers, neither
the antigen presenting to the immune system nor
the responses of the immune system to the anti-
gen are sufficient in themselves to combat the di-
sease (1). In patients with viral replication, only
one-third of the viral load decreases as a result of
interferon alpha therapy, and nucleoside analogs,
such as lamivudine and adevofir dipivoxil, inhibit
the replication of HBV and improve the liver his-
tology (8-10). Breakthroughs often occur, however,
due to relapses in short-term treatment and deve-
lopment of viral variants in long-term treatment
(11-13). These potentially useful treatments are
nonetheless only virostatic, the ultimate goal be-
ing to eradicate viral replication and eliminate re-
sidually infected hepatocytes. The aim of the tre-
atment of CHB patients is to enable the responses
of specific T-cells to HBV to attain the same level
as that seen in cured patients (4).

The immunogenicity of selected HBV envelope- or
capsid-based vaccine formulations for the inducti-
on or expansion of T-cell and B-cell responses, of
which HBV chronic carriers exhibit a deficiency, is
currently being researched in animal models and
in clinical trials (14-17). As a result of the additi-
on of dendritic cells or granulocyte-macrophage co-
lony-stimulating factor (GM-CSF) to the vaccine,
antigen presentation can be increased, producing
an improved immune response (18, 19).
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Levamisole, a phenylimidothiazole derivative, has
long been used as an anti-helmintic. It began to be
used in many diseases after 1972, when it was dis-
covered to have an immunomodulatory effect (20-
22). Levamisole stimulates macrophages and T-
lymphocytes and improves cellular immunity by
increasing the secretion, chemotaxis, and prolife-
ration of these cells (23). For this reason, in CHB
patients, levamisole was applied solely or in com-
bination with interferon (24-26).

In our study, we investigated the effects of HBsAg
vaccine and levamisole therapy on the lymphocyte
subsets and immunoglobulins of the cellular and
humoral immune system in children with chronic
hepatitis B and those who were inactive hepatitis
B carriers.

MATERIALS AND METHODS

Between April 2000 and May 2001, we studied 93
child patients in total: 50 CHB and 43 hepatitis B
carriers, aged 6-14 years, with an average age of
10.4+4.4 and with a 1.4+0.6 year disease history.
The patients, 58 of whom were male (62%) and 35
female (38%), had not been previously treated
with drugs for hepatitis. The characteristics of pa-
tient groups before therapy are shown in Table 1.
All subjects and their parents agreed to participa-
te in the study after full explanation of the nature
and purpose of the investigation was made to
them. This study was reviewed and accepted by
the academic board of the medical faculty. The pa-
tients were diagnosed as suffering from CHB or as
hepatitis B carriers using clinical, biochemical and
serologic tools. Patients who had ALT values of 1.5
times the normal and HBV-DNA positivity for mo-
re than six months were defined as suffering from
CHB. Patients who were HBsAg positive more

Tablo 1. Characteristics of patient groups before therapy

GROUPS L (N=32) V (N=28) LV (N=33)
Age (year) 10.15+4.84 10.93+4.19 10.20+4.38
Gender (M/F) 17/15 18/10 23/10
Duration of illness 1.56+0.98 1.66+1.28 1.26+1.02
(year)

CHB/HBVC 17/15 15/13 18/15
Liver biopsy 17/6 15/7 18/9
Knodell (average) 6.2+1.64 4.57+£2.44 6.70+4.8
ALT (IU/L)

<45 15 13 15

>45 17 15 18
HBV-DNA positivity 22/32 17/28 24/33
HBV-DNA (pg/ml)  621+£196.52 727+£219.21 675+194.85

L: Levamisole, V: Vaccine, LV: Levamisole plus vaccine, CHB: Chronic hepatitis B,
HBVC: Hepatitis B virus carrier
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than six months but had no clinical signs of liver
disease and no elevated ALT values were defined
as chronic HBV carriers. A liver biopsy was perfor-
med on 22 of the 50 patients with CHB. Of the 22
biopsy patients, 17 had mild hepatocellular dama-
ge, three had moderate damage, and two had ad-
vanced hepatocellular damage. The mean Knodell
score was found to be 5.77+1.23.

Other hepatitis indications -- anti-HCV, anti-Del-
ta, anti-HAV IgM and anti-HIV -- were negative in
all of the patients accepted into the study. The pa-
tients had not used any anti-hepatitis medication
or medication for any other important disease pre-
viously.

The patients were divided into three similar treat-
ment groups according to such attributes as age,
gender and disease period, as follows: I-Levamiso-
le group (L: 32 patients), II- Vaccine group (V: 28
patients), III-Levamisole + vaccine group (LV: 33
patients). Levamisole (Ketrax®) was delivered as
2.5 mg/kg/day (p.o), three times per week for three
months to the L group; HBsAg vaccine (Gen Hevac
B®) was administered three times subcutaneously
in doses of 20, 30, 40 ng at one-month intervals to
the vaccine group. Both medications were delive-
red at the same dosages to the LV group. Although
some patients reported nausea and weakness du-
ring the treatments, there were no important
complications. Examinations were performed pri-
or to treatment and at the end of the third month
after treatment had ended.
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antibodies were CD3/CD4 FITC/PE (for T-helper
lymphocytes), CD3/CD8 FITC/PE (for cytotoxic T-
lymphocytes), CD3/CD16+56 FITC/PE [for natu-
ral killer (NK) cells], CD3/CD19 (for total B- and
T-cells), CD45/CD14 leucogate and immunoflu-
orescent staining techniques were used. Serum
immunglobulins were studied by the nephelomet-
ric method using the Behring Nephelometer 100
Analyzer device with its own kits. HBV-DNA was
analyzed with microcolon DNA probe RIA (Abbot)
and Quantiplex branched DNA; Bayer Diagnos-
tics, Emeryville, California. The results are given
as pg/ml.

Statistical Methods

In order to evaluate the parameters, Wilcoxon
matched-pairs test was used for the dependent
groups 190and Mann-Whitney U test for indepen-
dent groups. Analyses were evaluated using the
Windows SPSS 6.0 program.

RESULTS

CDa3 (total T-lymphocyte) increased in all CHB pa-
tient groups at the end of the treatment. The inc-
rease in the V and LV groups was statistically sig-
nificant (p<0.01). CD3 was also increased at the
end of the treatment in inactive B carriers; the
increase in the LV group was significant (p<0.01).
CD19 (total B lymphocyte) did not manifest a
significant change in any treatment group. CD4
(T-helper) increased in every CHB patient group

Tablo 2. Lymphocyte subsets and immunoglobulins in inactive hepatitis B carrier groups before and after treatment

Before treatment

After treatment

L v LV L v LV
CD3 14499 1587.5 14713 18512 P<0.01 1752.6 P>0.05 18113 P<0.01
CD19 237.5 3433 3104 3050 P>005 3604 P>0.05 3682 P>0.05
CD4 9232 948.6 892.5 1049.2 P>0.05 978.6 P>0.05 899.0 P>0.05
CD8 727.8 692.3 1039.0 6544 P>0.05 6094 P>0.05 6619 P>0.05
CD4/CD8 1.54 L.77 1.21 1.82 P>0.05 1.65 P>0.05 143 P>0.05
CD16/56 262.5 299.6 335.1 3233 P>005 3652 P>0.05 3850 P>0.05
IgG 15774 1812.6 1493.1 13049 P<0.05 1280.2 P<0.05 12474 P<0.05
IgA 166.9 198.5 178.2 129.1 P<0.05 150.1 P>0.05 148.8 P>0.05
IgM 168.1 142.8 156.6 1143 P<0.05 114.1 P>0.05 120.1 P>0.05

Lymphocyte subsets: mm’, Immunoglobulins: mg/dl

The total lymphocyte count was analyzed by an
automatic MS 9 blood-counting device (Melet
Schloesing Laboratories). In order to determine
the lymphocyte subgroups, an FAC Sort Flowcyto-
meter device (Becton Dickinson Immunocyto-
metry Systems, USA) was used. The monoclonal

after the treatment, with the increase in the V and
LV groups showing statistical significance
(p<0.01). Although CD4 values were higher in all
of the inactive carrier groups at the end of the tre-
atment, the difference was not statistically signifi-
cant. CD8 (cytotoxic/suppressor T-lymphocytes)
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Tablo 3. Lymphocyte subsets and immunoglobulins in chronic hepatitis patient groups before and after treatment

Before treatment

After treatment

L v LV L v LV
CD3 1680.0 1440.7 1450.4 1890.0 P>0.05 1970.6 P<0.01 1995.0 P<0.01
CD19 405.0 4721 4234 436.2 P>0.05 378.6 P>0.05 4525 P>0.05
CD4 956.3 835.8 991.3 1057.9 P>0.05 10694 P<0.01 11664 P<0.01
CD8 883.1 1051.1 927.3 690.0 P>0.05 705.5 P<0.01 663.3 P<0.01
CD4/CD8 1.36 1.01 138 1.67 P>0.05 1.77 P<0.01 1.89 P<0.05
CD16/56 289.2 404.3 3319 328.8 P>0.05 398.7 P>0.05 429.6 P>0.05
1gG 1730.7 1659.8 1688.0 1403.3 P<0.05 1146.2 P<0.01 1256.4 P<0.01
IgA 176.5 160.1 178.7 132.5 P<0.05 1232 P<0.05 1210 P<0.05
IgM 173.0 131.1 184.0 132.5 P>0.05 1043 P>0.05 112.1 P<0.05

showed a decrease in all carrier and chronic hepa-
titis groups. The decrease in the V and LV groups
of CHB sufferers was significant (p<0.01). The
CD4 and CD8 ratio was found to have increased in
chronic hepatitis patients. This increase was sig-
nificant in the V and LV groups (p<0.01). Altho-
ugh there was an increase in the carrier groups, it
was not significant. Post-treatment changes in
CD16/56 (NK) were not significant in any of the
patient groups.

Before treatment, immunoglobulins were at a nor-
mal level in relation to age. After treatment, IgG
dropped significantly in all of the CHB and carri-
er groups (p<0.01, p<0.05 respectively). IgA sho-
wed a significant decrease in all chronic hepatitis
patient groups (p<0.05), but only in the L-hepati-
tis B carrier group did it manifest a significant
decrease (p<0.05). The decrease in IgM was signi-
ficant only in group L of chronic carriers (p<0.05).
In Tables 2 and 3, the pre-treatment and post-tre-
atment values are listed comparatively in CHB
and hepatitis B carrier groups.

DISCUSSION

We investigated the effects of HBsAg vaccine and
levamisole therapy on lymphocyte subsets and se-
rum immunoglobulin levels in CHB patients and
chronic HBsAg carriers.

At the end of the treatment, the number of total T-
lymphocytes (CD3) manifested an increase in both
groups (patients and carriers), and with the excep-
tion of the levamisole group of CHB and the vacci-
ne group of CHB carriers, the increase was signi-
ficant (p<0.01). The total T-lymphocyte increase in
our cases was thought to be caused by the increase
in CD4. According to some studies, the increase in
CD4 cells is reported to have been due to HBV vac-
cination in CHB patients, like in our study (27,
28). Levamisole was reported to increase the pha-
gocytic activity, activation of lymphocytes, and

lymphokine release and to increase the absolute
lymphocyte count, especially of T-lymphocytes, in
various diseases (29, 30). In our study, however,
CD4 and CD3 cells did not increase in CHB pati-
ents treated with levamisole. This may be related
to the different immunologic behavior of CHB pa-
tients.

The CD4 cells manifested a significant increase in
patients with CHB treated with vaccination and
levamisole plus vaccination (p<0.01). The core
mechanism in the treatment with a HBV vaccine,
the CD4 increase, has been demonstrated in many
studies. In a study conducted on CHB patients,
HBsAg vaccine was reported to induce and prolife-
rate CD4 T-cells (31). It was shown that as a re-
sult of the stimulation of the CD4 T-cells by means
of interferon alpha and gamma, the existing TH2
dominance shifted to TH1 in CHB (32). In our ca-
ses, however, no significant change in CD4 cells
was determined in the chronic HBsAg carriers in
all treatment groups. This finding may imply that
chronic HBsAg carriers do not respond properly at
least on cellular levels of immunity to the various
immunostimulant therapies.

In the post-treatment period, CD8 T-lymphocytes
manifested a significant reduction in CHB groups,
except in the levamisole group (p<0.01). No signi-
ficant change was observed in the carrier groups.
In one study, the HBV vaccine was reported not to
induce CD8 T-lymphocytes (28). In a study perfor-
med on mice, cytotoxic T-lymphocytes (CTL) were
reported to have accumulated in the spleen during
a hepatic infection caused by a HBV genome pro-
ducing adenovirus (Ad-HBV). After vaccination,
an accumulation in the liver and a decrease in the
CTL count in the peripheral blood were recorded
(33). The inhibition of CD8 T-lymphocytes by the
adjuvant substance (aluminium hydroxide) used
with the vaccine was also determined (34). In our
study, CD4/CD8 was significantly high in the
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chronic hepatitis groups (p<0.01), except in the le-
vamisole group, and no significant change was ob-
served in any of the carrier groups.

CD19 (total B-lymphocytes) did not manifest a sig-
nificant change in carrier or chronic hepatitis gro-
ups. Although an increase in the number of B-
lymphocytes was found after levamisole treatment
in patients suffering from chronic pneumonia and
chronic bronchitis (23), it was reported that no sig-
nificant change in the B-lymphocyte count occurred
in CHB (35, 36). This finding may imply that CHB
patients and chronic HBsAg carriers do not res-
pond properly at least on humoral cell levels of im-
munity to the various immunostimulant therapies.

The natural killer (NK-CD16/56) T-lymphocyte
did not manifest a significant change in any pati-
ent group by the end of the treatment. There is
little evidence about the role of NK cells in chronic
HBYV infection. Although an increase in NK was
determined in the early stage of acute HBV infec-
tion, normal values were reported during the he-
aling period (37). In another study, levamisole tre-
atment was reported to be ineffective on NK T-cell
and interferon production in both normal subjects
and cancer patients (38).

The eradication of the virus in hepatitis B infecti-
on can be achieved only with cellular and humoral
immunity treatments together. Although in our
study, no significant change in the B-lymphocyte
count was observed in any treatment group, the
immunoglobulin levels were found to be low after
the treatment. IgG manifested a significant decre-
ase in all of the chronic hepatitis groups and in the
carrier groups, with the exception of the levamiso-
le plus vaccine group. IgA showed a significant
decrease in all the chronic hepatitis groups and in
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