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To study the relation between general cellular immunity and the course of
hepatitis B within a group of chronic hemodialysis patients, T-lymphocyte
number and function were investigated in 13 persistently hepatitis B surface
antigen (HB,Ag)-positive patients, in 32 HB,Ag-negative patients, and in 11
patients who had recovered from hepatitis B and compared with that of 21 age-
matched controls. Phytohemagglutinin-induced lymphocyte stimulation in vitro
and the number of circulating T-cells in the HB,Ag-positive group were signifi-
cantly decreased as compared with those of the recovered group and the controls.
Lymphocyte stimulation by pokeweed mitogen and by an antigen cocktail
showed the same tendency, but no significant differences between the HB,Ag-
positive and the recovered groups. Uremic sera from the three patient groups
had similar depressive effects on phytohemagglutinin induced lymphocyte stim-
ulation of controls. Serum immunoglobulin G, (IgG), IgA, and IgM were normal
in the three patient groups. It is concluded that chronic hemodialysis patients,
who have become persistent HB,Ag carriers, have a significantly decreased T-
lymphocyte number and function as compared with hemodialysis patients who
are able to eliminate hepatitis B virus (HBV). The difference could not be
ascribed to the HBV infection itself. This indicates that T-cells play an impor-
tant role in the elimination of HBV in hemodialysis patients.

Remarkable differences in the course of hep-
atitis B between patients and the nursing or
medical staff of hemodialysis units have been
described (12). Staff members generally have
clinical hepatitis with transient hepatitis B
surface (HB,) antigenemia and develop a hu-
moral and cellular immune response against
hepatitis B surface antigen (HB,Ag) (5, 22, 25)
of which the cellular response is thought to be
of prime importance for the elimination of the
virus (7). The majority of the patients, how-
ever, have either mild or no signs of hepatitis
and become persistent carriers of HB,Ag. This
has been attributed to the impaired cellular
immune status of these patients (7), which has
been demonstrated by delayed-type skin reac-
tions (20, 24) and skin graft rejection (4). No
studies about the relation between cell-me-
diated immunity and the course of hepatitis B
within the group of hemodialysis patients have
been published, however, and factors other
than cell-mediated immunity may influence
hepatitis B infection in these patients.

In experimental uremia in rats, for example,
a decrease in liver cell replication has been
observed (3). To eliminate these generally un-
known factors and to elucidate the possible role
of humoral and cell-mediated immunity in hep-
atitis B, we studied several immunological pa-

rameters in groups of patients with a different
outcome of hepatitis B infection, i.e., with
clearance or persistence of HB,Ag.

In uremic patients, in vitro lymphocyte stim-
ulation by mitogens and by allogenic lympho-
cytes have been found to be normal or nearly
normal (11, 23). The sensitivity of these tests
can probably be increased by using smaller
numbers of cells.
We therefore investigated the response of

small numbers of cells to low phytohemaggluti-
nin (PHA) and pokeweed mitogen (PWM) con-
centrations, as well as the response to an anti-
gen cocktail in the presence of control serum.
As lymphocyte stimulation in vitro is reduced
in the presence of uremic serum (16, 23), we
also tested the influence of the patients' sera on
PHA-induced stimulation of lymphocytes of
controls.

In addition, the absolute number of circulat-
ing T-lymphocytes and serum immunoglobulin
G (IgG), IgA, and IgM levels were determined.

MATERIALS AND METHODS

Patients. A total of 56 patients on chronic inter-
mittent hemodialysis (dialyzed twice weekly; mean
age, 43 years) and 21 healthy control subjects (mean
age, 41 years) were studied.
The patients could be divided into three groups in
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relation to their response to hepatitis B virus infec-
tion. (i) The first group included patients who were
HB,Ag positive (n = 13; mean age, 48 years) for
longer than 2 years, but HB%Ag negative when they
were admitted to the dialysis unit. They had mini-
mal or no liver function disturbances. They never
showed anti-HB,.

(ii) The second group included patients who had
always been HB,Ag negative and never had shown
anti-HB, during the period of hemodialysis (more
than one year; n = 32; mean age, 41 years).

(iii) The third group included patients who had
recovered from hepatitis B infection, as indicated by
transient HB, antigenemia and/or anti-HB, antibod-
ies (n = 11; mean age, 41 years). Anti-HB, antibodies
were detected transiently (at least on two separate
occasions) in seven patients. None showed HB,Ag
and anti-HB, simultaneously at the time ofstudy.
The distribution in sex, creatinine levels of predi-

alysis serum samples, duration ofhemodialysis, and
underlying renal disease were approximately the
same in the HB,Ag-positive and recovered groups.
The duration of hemodialysis was shorter in some
patients of the HB,Ag-negative group (less than 2
years in 10 patients).
HBAg and anti-HB, antibody determinations.

HB.Ag was measured by radioimmunoassay (Ausria
125, Abbott Laboratories). Anti-HB, antibodies were
determined by passive hemagglutination. Sera from
the patients were tested twice weekly. The presence
of anti-HB, antibodies in these sera was also deter-
mined by radioimmunoassay (Ausab, Abbott Labo-
ratories).
Lymphocyte cultures. Heparinized blood (hepa-

rin without preservative) and sera were obtained
from the'patients just before the regular hemodi-
alysis. Mononuclear cells were isolated by Ficoll-
Isopaque centrifugation. Culturing was performed
by a' modified microculture technique in round:bot-
tom Cooke plates (6). Briefly, 30 x 10 lymphocytes
were cultured per well in 0.10 ml of RPMI 1640 with
HEPES (N-2-hydroxyethylpiperazine-N'-2-ethane-
sulfonic acid) buffer, supplemented with 25% pooled
human sera from male donors (inactivated for 30
min at 56°C) and 100 U of penicillin per ml and 100
gg of streptomycin per ml. Generally lymphocytes
from three patients and one control subject were
cultured at the same time.
As stimulants, low concentrations of PHA (Bur-

roughs Wellcome; 1 ,ul of the stock solution per ml of
culture medium) and PWM (Biocult, Grand Island
Biological Co.; 1 ,ug/ml) were used, as well as a
cocktail of antigens (purified protein derivative
[PPD], candida antigen, diphtheria toxoid, and teta-
nus toxoid). PHA stimulation of control lymphocytes
was also performed in the presence of predialysis
sera from the patients. The plates were incubated
for 6 days at 37°C with 5% CO2 in air. Due to the low
cell number and the low PHA concentration, the
peak response to PHA is delayed until day 6 (our
observations). Deoxyribonucleic acid (DNA) synthe-
sis was measured by radioactive thymidine incorpo-
ration (labeling with 0.5 ,yCi of [3H]-thymidine [spe-
cific activity, 400 mCi/mmol] during 16 h). Harvest-
ing was performed by an automatic cell culture har-
vester (Skatron, Oslo, Norway). Incorporated radio-

activity was expressed as disintegrations per minute
per culture. The arithmetical mean and standard
deviation by the antigen cocktail was expressed as
the stimulation index (SI) = dpm in antigen cock-
tail-stimulated cultures/dpm in control culture
without antigen. PHA-induced DNA synthesis in
the presence of sera from hemodialysis patients was
expressed as the percentage of the PHA-induced
DNA synthesis in the presence of pooled normal
sera.

Absolute lymphocyte and T-lymphocyte num-
bers. The absolute number of lymphocytes per cubic
millimeter was calculated from the leukocyte count
(Coulter count) and differential in the counting
chamber.
The percentage of T-lymphocytes was determined

by counting the percentage of lymphocytes forming
spontaneous rosettes with sheep erythrocytes (10).
The absolute T-lymphocyte number was then calcu-
lated.
Serum immunoglobulin levels. Serum IgA, IgG,

and IgM levels were determined by radial immuno-
diffusion (13).

Statistical analysis. A statistical analysis of the
results was performed by the Wilcoxon rank sum
test for the lymphocyte stimulation tests and by the
Student t test for the number of lymphocytes.

RESULTS
PHA-induced lymphocyte stimulation. As

shown in Fig. 1, PHA-induced stimulation was
markedly decreased in the HB,Ag-positive
group (median, 4,869 dpm) and decreased in the
HB,Ag-negative group (8,203 dpm) but not de-
creased in the recovered group (9,214 dpm) ver-
sus the control group (11,431 dpm). PHA-in-
duced stimulation in the recovered group was
significantly higher than it was in the HB,Ag-
positive group.
PWM-induced lymphocyte stimulation.

PWM-induced stimulation (Fig. 2) was de-
creased in the HB,Ag-positive group (median,
2,013 dpm) but not in the HB2Ag-negative
group (4,712 dpm) or in the recovered group
(4,579 dpm), as compared with the controls
(5,443 dpm). PWM-induced stimulation of the
HB,Ag-positive group did not differ signifi-
cantly from that of the recovered group.
Antigen cocktail-induced lymphocyte stim-

ulation. Thymidine incorporation in control
cultures without antigen was nearly the same
in the HB.Ag-positive group (265 ± 195 dpm),
in the HB,Ag-negative group (315 ± 163 dpm),
and in the recovered group (303 + 145 dpm) as it
was in controls (297 + 111 dpm). Antigen cock-
tail-induced stimulation, depicted as the SI on a
logarithmic scale (Fig. 3), was significantly de-
creased in the HB,Ag-positive group (median
SI, 3.5) and in the HB.Ag-negative group (me-
dian SI, 4.6), but not in the recovered group
(median SI, 6.6), as compared with that in the
controls (median SI, 28.1).
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FIG. 1. PHA-induced lymphocyte stimulation in
vitro. Bars indicate median response. PHA stimula-
tion in the HBsAg-positive group was signifcantly
lower than that in the controls and in the recovered
group. The HBsAg-negative group and the recovered
group did not differ significantly from the controls.
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FIG. 3. Antigen cocktail-induced lymphocyte
stimulation in vitro. Bars indicate median response.

Antigen cocktail (PPD, candida antigen, diphtheria
toxoid, and tetanus toxoid) stimulation expressed as

SI was significantly decreased in the HBsAg-positive
and HB,Ag-negative groups, but not in the recovered
group, as compared with that in the controls. No
significant difference was found between the HBsAg-
positive and the recovered groups.

dpm/culture The difference in antigen cocktail-induced

stimulation between the HB,Ag-positive and
14000 the recovered groups was not significant.

Effect of sera from the patients on PHA-
induced lymphocyte stimulation. PHA-in-

12,000 duced stimulation of control lymphocytes in the
presence of sera from the dialysis patients was
lower than in the presence of pooled normal
sera (average, 57%). The effect of sera from the

ooo . HBsAg-positive group (56% + 23) was not dif-
ferent from that of the HB,Ag-negative group

*,, v _ (55% ±22) or that of the recovered group

41000(62% ±18).
4.000 . Absolute lymphocyte and T-lymphocyte

tt' number. Figure 4 shows that the absolute num-
.3 . . . ber of lymphocytes was markedly decreased in

o_; the HB,Ag-positive group (mean number of
HBsAg* HBsAg- recovered controls lymphocytes per cubic millimeter, 1,472) and in

FIG. 2. PWM-induced lymphocyte stimulation in the HB,Ag-negative group (1,579), but not sig-
vitro. Bars indicate median response. PWM stimula- nificantly decreased in the recovered group
tion the HB5Ag-positive group differed significantly (1,945), as compared with that in the controls
from that in the controls but not from the recovered (2,224). The E-rosette percentages were nearly
group. the same in all groups: 66, 70, 66, and 69%,
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respectively. The absolute T-lymphocyte num-
ber consequently showed the same picture (Fig.
4, hatched areas): decreased in the HB,Ag-posi-
tive group (951) and HB.Ag-negative group
(1,102), but only slightly lowered in the re-
covered group (1,249), as compared with that in
the controls (1,552).
The values in the HBsAg-positive and re-

covered groups differed significantly.
Serum immunoglobulin levels. Table 1

shows that no differences were found in the

1oooI
ly /mm3

HBSAg+ HBSAg- recovered controls

FIG. 4. Absolute lymphocyte (O) and functional
T-lymphocyte (0) numbers Bars indicate the mean
number +1 standard deviation. Lymphocyte and
T-lymphocyte numbers in the HB5Ag-positive and
HBsAg-negative groups were significantly de-
creased, as compared with the controls (2P < 0.01).
E-rosette percentages were nearly the same in all
groups. T-lymphocyte numbers in the HBsAg-posi-
tive and in the recovered groups differed signifcantly
(2P < 0.05). Absolute lymphocyte and T-lymphocyte
numbers in the recovered group were not signifi-
cantly different from those in the controls.

serum IgG, IgA, and IgM levels of the patients
and those of the controls.

DISCUSSION
This study showed a relationship between T-

lymphocyte number and function and clearance
or persistence of HB,Ag within a group of he-
modialysis patients. Factors such as duration of
hemodialysis, underlying renal diseases, age,
or serum creatinine levels were the same in our
three patient groups. Until now the difference
in the course of hepatitis B between patients
and the staff of dialysis units has been ascribed
to an impairment of cell-mediated immunity in
dialysis patients, but other factors akin to the
chronic uremic state were neither distin-
guished nor excluded.
The great variation in the function and num-

ber of circulating lympocytes in chronic hemo-
dialysis patients is reflected in the HB,Ag-neg-
ative group. These data, showing a lymphocy-
topenia and also T-lymphocytopenia and a
slight decrease in lymphocyte function, corre-
spond to the literature (11, 23, 24).
When lymphocyte function was regarded in

relation to the course of hepatitis B, the group
of dialysis patients recovered from hepatitis B
appeared to have a normal lymphocyte func-
tion, whereas the group of patients with per-
sistent HB8Ag had a significantly decreased
lymphocyte function, as compared with the con-
trols as well as with the recovered group. The
difference in lymphocyte function between the
two patient groups was especially found in
PHA-induced lymphocyte stimulation and was
not significant in PWM-induced or antigen
cocktail-induced lymphocyte stimulation.

In PHA-induced stimulation mainly T-lym-
phocytes are stimulated, whereas in antigen-
and PWM-induced stimulation both T- and B-
lymphocytes are stimulated (8). This may indi-
cate that especially T-lymphocyte fumction was
impaired, as a lymphocytopenia is always cor-
rected in lymphocyte cultures and the percent-

TABLE 1. Serum IgG, IgA, and IgM levels in the different patient groups and controlsa

Serum level (mg/100 ml)
Group

IgG IgA IgM

HBSAg positives 1,205 + 321b 184 + 107 140 + 62
HBSAg negatives 1,274 + 329 155 + 103 144 + 67
Recovered 1,283 + 382 175 + 82 129 + 68
Control 1,276 + 321 177 + 83 128 + 47

aNo significant differences between patient groups and controls were found.
b Mean + standard deviation.
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age of T-cells was the same in all groups. An-
other point in favor of a normal B-cell function
was the normal serum immunoglobulin levels
in all patient groups. The number of circulating
T-cells was also within normal limits in the
recovered group, but decreased in the HB.Ag-
positive group.
An important point is whether the decrease

of T-lymphocyte function and number is caused
by the hepatitis B virus infection itself. In sev-
eral viral infections a depression of cell-me-
diated immunity during the acute phase has
been described (18), including acute hepatitis B
(1). In healthy carriers of HB.Ag with normal
liver function tests, no decrease in cell-me-
diated immunity was found with dinitrochloro-
benzene sensitization (2) or PHA-induced lym-
phocyte stimulation (21). In contrast to healthy
carriers, patients with HB.Ag-positive chronic
hepatitis often show an impaired cell-mediated
immunity, which may be related to the liver
disease rather than to the continuous presence
of HB5Ag in the serum.
The group of HB,Ag-positive patients in our

study is comparable with the group of healthy
carriers because they had no or only a slightly
impaired liver function. Consequently, no de-
crease in cell-mediated immunity can be ex-
pected in this group as a result of acute infec-
tion or chronic liver disease. Anti-HB, antibod-
ies were not detected in the HB,Ag-positive
group by radioimmunoassay or passive hemag-
glutination. With these methods anti-HB, can
be detected frequently in the end phase of acute
hepatitis simultaneous with HB,Ag and some-
times in chronic HBsAg-positive hepatitis. This
suggests the absence ofimmune complexes that
might depress T-lymphocyte number and func-
tion.
In addition, sera from the HB5Ag-positive

group had no stronger suppressive effect on
PHA-induced lymphocyte stimulation than did
sera from the HB.Ag-negative or recovered
groups, indicating that HB5Ag itself had no
suppressive effect on lymphocyte stimulation in
vitro. This is in agreement with previous obser-
vations on the effect of plasma of patients with
hepatitis B and purified HB,Ag on PHA-in-
duced lymphocyte stimulation (15, 21).
The suppressive effect on lymphocyte stimu-

lation, detected in sera from our patients, is
probably due to renal failure products (11, 16,
23) and not to HB,Ag or HB,Ag-anti-HB. com-
plexes. This is illustrated by our observation in
five dialysis patients, tested for cell-mediated
immunity before and after infection with hepa-
titis B, who showed no alteration in their lym-
phocyte number and function. On the basis of
these considerations, it seems unlikely that the

impairment ofT-lymphocyte function and num-
ber was caused by the hepatitis B virus infec-
tion. On the contrary, as Dudley et al. have
suggested (7), the state of cell-mediated immu-
nity seems to determine the course of hepatitis
B infection. In a recent study there was no
difference in several immunological parame-
ters between dialysis patients with HB5Ag and
patients with anti-HB8, but a negative associa-
tion was found in the human histocompatibility
antigen HL-A8 with anti-HB, (19).
Our results suggest that chronic dialysis pa-

tients with a nearly normal number and func-
tion of T-cells can eliminate the virus, as nor-
mal subjects do, whereas patients with a de-
creased T-lymphocyte number and function can
not terminate the virus infection and become
persistent HB,Ag carriers.
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