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A total of 69 persons were investigated for assessment of cell-mediated and
humoral immunity to hepatitis B surface antigen (HBsAg). Three groups, each
consisting of 20 normal persons, 20 HBsAg carriers, and 20 convalescent hepatitis
B patients, were studied for HBsAg, anti-HBs, and leukocyte migration
inhibition with purified HBsAg. Sequential sampling of an additional group of
nine acute hepatitis B patients defined the cellular and humoral immune
response to HBsAg. The antigen was eliminated rapidly by mounting of
cell-mediated immune response detectable for a limited period, followed by
antibody response in relatively few patients more than 3 months after clear-
ance of circulating HBsAg.

With the recognition of hepatitis B surface
antigen (HBsAg, originally designated Austra-
lia antigen; 2) as an immunological marker of
hepatitis B virus, a better understanding of the
natural history and the epidemiology of hepati-
tis B results from application of more sensitive
and specific serologic methods for the detection
of HBsAg and anti-HBs (1, 3, 5, 14, 17, 20, 23,
25). The immunological mechanisms in a spec-
trum of clinical manifestation of hepatitis B
virus infection could be studied by assessing the
cellular and humoral immune response to
HBsAg. Although the results of recently pub-
lished work with single patient samples have
enhanced our understanding of the immunolog-
ical mechanisms in hepatitis B, certain dispar-
ate results may in part be due to technical
differences, to the nature of the antigen used in
the assays, to limitation of the patient popula-
tion studied, to failure of obtaining serial sam-
ples, and to lack of simultaneous testing of
cellular and humoral immunity (4, 6, 7, 8, 9, 13,
16, 18, 24). In this study, cell-mediated immune
response was measured in vitro by leukocyte
migration inhibition by purified and immuno-
chemically characterized HBsAg, and humoral
immune response was measured by a sensitive
and specific hemagglutination assay for anti-
body. In the first phase of the investigation, a
point study of 20 convalescent hepatitis B
patients, 20 asymptomatic HBsAg carriers, and
20 controls was carried out. The findings led to
an investigation of sequential specimens from
nine patients giving results that appear to
define the cellular and humoral immune re-
sponse to HBsAg during the course of and after
hepatitis B virus infection.

MATERIALS AND METHODS

Selection of patients. Three groups were examined
in the first stage of our study (Table 1). Groups A and
B each consisted of 20 age- and sex-matched, healthy,
adult voluntary blood donors in an excellent state of
health. Routine examination of their sera for serum
glutamic pyruvic transaminase, Immunoglobin G
(IgG), IgA, IgM, and hemolytic complement (C'H50)
levels revealed them to be within normal limits
established for our clinical laboratory. Subjects in
group A were negative for HBsAg and anti-HEs,
whereas subjects in group B were consistently positive
for HBsAg and negative for anti-HBs over a period
of at least 3 months. Group C consisted of patients
convalescing from an acute episode of typical hepati-
tis B who had a loss of HBsAg from their serum during
a period of 2 to 12 weeks before their immunological
evaluation. A majority of the patients were attending
the hepatitis clinic at the San Francisco General
Hospital. None of the patients gave a history of
transfusion or parenteral exposure to drugs.

Purified HBsAg. Large volumes ofACD plasma of
an asymptomatic healthy carrier of subtype adw were
derived by plasmapheresis and stored at -20 C until
used for purification of HBsAg by zonal ultracentrifu-
gation. The purification was carried out by two
successive runs of isopycnic banding in cesium chlo-
ride gradients followed by a rate sedimentation sepa-
ration of the 20-nm particles from the filamentous
forms and larger Dane particles. Immunochemical
characterization of the purified HBsAg particles de-
void of human plasma proteins has been described
previously (22). The purified HBsAg not only con-
sisted of the 20-nm particles of HBsAg, but also
lacked the deoxyribonucleic acid (DNA) polymerase
activity associated with the core of the Dane particles
(11). The purified HBsAg (20-nm particles at a
concentration of 1 mg/ml in saline) was kept frozen in
small samples and used for in vitro assays throughout
the 2-year period of the investigation. Before use, the
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TABLE 1. Results of cell-mediated and humoral
immunity to HBsAg

Patients

Test A B C
(Normal (Chronic (Convalescents
controls) carriers) from hepatitis B)

No. tested 20 20 20

HBsAg-positive 0 20 2a

{C (1:4)
Anti-HBs 0 0 3 C7 (1:4)

tC8 (1:32)

(C2 (0.69)
Positive LMI 0 0 3 Cs (0.52)

CC6 (0.67)

Repeat LMI 2 C9 (0 99)

aThese two samples were negative in counter
electrophoresis and hemagglutination inhibition but
were positive in radioimmunoassay performed retro-
spectively.

antigen was diluted so that a 0.1-ml sample contained
30 ,g of HBsAg.

Leukocyte migration inhibition assays. A 40-ml
sample of blood was collected with a disposable
plastic syringe containing 0.4 ml of phenol-free hepa-
rin, and the erythrocytes were allowed to sediment at
37 C. Leukocyte-rich supernatant plasma was aspi-
rated, and the cells were used for an in vitro leukocyte
migration inhibition (LMI) test in the presence and
absence of HBsAg. The LMI assay, in duplicate, was
performed by the method of Rosenberg and David
(19). A predetermined optimal dose of 30 ,g of HBsAg
in medium 199 with Hanks salts (Grand Island
Biological Co. Grand Island, N.Y.) with 10% normal
horse serum (Microbiological Associates, Bethesda
Md.) was used. Each chamber contained only one
capillary tube. After incubation at 37 C for 24 h, the
area of migration in each test was projected with an
EPOI-LP-6 profile projector, traced on paper, and
measured by planimetry. The migration index was
derived from the average area of migration in the
presence and absence of HBsAg. A migration index of
less than 0.8 was considered significant. All positive
LMI tests were repeated at an interval of 2 to 3 weeks.

Serological methods. Presence of HBsAg was
detected by counterelectrophoresis (10) and by he-
magglut ination inhibition (21). When counterelectro-
phoresis and hemagglutination inhibition were nega-
tive, a solid-phase sandwich radioimmunoassay (15)
kit was used for confirmation (AUSRIA, Abbott
Laboratories, Chicago Ill.). Tests for antibodies to
HBs were carried out by titration of sera with inert
indicator erythrocytes coated with purified HBsAg
(21). Titers less than 1:4 were not taken into consider-
ation unless the titer showed a definite rise in a
subsequent specimen.

RESULTS
The results of cell-mediated immunity to

HBsAg assessed by LMI assay and humoral
immune response assessed by antibody titration
with HBsAg-coated cells are depicted in Table
1. Cell-mediated immunity was not demonstra-
ble in any of the 20 controls or in the 20 chronic
carriers of HBsAg. However, the LMI was
positive in subjects C2, C3, and C6, who were
convalescing from hepatitis B. Subject C2 was
not available for repeat testing, but the repeat
LMI tests in the other two subjects turned
negative within a 2- to 3-week period. It was
noteworthy that subjects C2 and C3 were nega-
tive for HBsAg when tested by hemagglutina-
tion inhibition but positive in radioimmunoas-
say at the time their LMI indexes were 0.69 and
0.52, respectively. The distribution of LMI
indexes in each group are graphically presented
in Fig. 1. Three subjects, C l, C7, and C8, showed
anti-HBsAg 11 to 12 weeks after conversion to
an HBsAg negative test. Repeat LMI tests 3
weeks later on C3 and C6 were negative. Thus,
the results in Table 1 indicate the transient
nature of LMI and late occurrence of antibodies
in a minority of patients in group C. Simultane-
ous occurrence of anti-HBs and HBsAg or
LMI was never observed in any subject.
During the second stage of our study, six

patients with hepatitis B were followed up as
closely as possible from the time of onset of
clinical disease and diagnostic detection of
HBsAg at intervals as detailed in Table 2. Three
additional patients, 7, 8, and 9, from the hepati-
tis clinic were not available for full study;
however, their results also were consistent with
the fact the LMI test becomes transiently
positive 4 to 8 weeks after onset of acute disease,
concomitant with clearing of the antigen from
the circulation. All patients recovered from the
acute epidose of hepatitis without clinical, sero-
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FIG. 1. Results of the leukocyte migration inhibi-
tion test with HBsAg. Conval pts, convalescent
patients.
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TABLE 2. Results of a study of sequential specimens of patients with hepatitis B

Patient no. Clinical onset Dates Migration HBsAg Anti- SGPTa Tbtal mg of
tested index Hsg HBs units 100ilrbn

30 Apr. '72

20 Oct. '72

10 Dec. '72

27 Nov. '72

30 Oct. '72

Feb. '73

First HBsAg (-ve)
2 July '73

First HBsAg (-ve) date
15 June '73

First HBsAg (-ve) date
16 Apr. '73

19 May
31 May
29 June
20 July
16 Feb.

23 Oct.
31 Oct.
8 Nov.
13 Nov.
28 Nov.
11 Jan.

17 Dec.
4 Jan.
17 Jan.
12 Feb.
12 Mar.
8 Aug.

14 Dec.
17 Jan.
28 Feb.
8 Aug.

29 Nov.
12 Dec.
27 Dec.
3 Oct.

16 Mar.
10 Apr.
24 Apr.
17 May
8 Oct.

9 July
2 Aug.

22 June
6 July

24 Apr.

1.10
1.03
0.05
0.81
NTC

NT
NT
NT
1.00
0.43
1.04

NT
1.03
1.20
1.07
0.64
1.03

NT
1.00
1.04
NT

1.20
0.78
1.01
NT

1.08
0.67
0.98
1.03
NT

0.52
0.99

0.67
1.13

0.69

+b+W

+W
+
+
+

+W

+T

1:32

1:4

1:16

297
745
30
18
12

910
960
192
96
37
19

1350
1280
1680
160
34
23

40
1590
45
NT

220
15
16
NT

225
62
34
23
NT

21
NT

15
NT

39

1.8
4.0
1.5
1.6
1.5

9.6
7.2
4.5
2.8
2.3
1.0

1.1
5.4

18.0
3.1
0.35
0.12

2.4
2.5
1.2
NT

4.6
1.2
1.1
NT

18
3.1
2.0
1.1
1.1

0.6
1.2

0.9
NT

0.7

a Serum glutamic pyruvic transminase.
° +,, Weak positive, i.e., negative in counterelectrophoresis and hemagglutination inhibition but positive in

radioimmunoassay.
C NT, Not Tested.

logical (HBsAg), or biochemical (serum glu-
tamic pyruvic transaminase levels) evidence
of chronic liver disease. Antibody response was

observed inconsistently and only after clearance
of the antigen. It must be mentioned that the
LMI value of 0.05 in patient 1 (Table 2) is
unusually low, but it was considered a true
positive because in duplicate tests the results

were identical and the control tests without the
antigen showed normal migration.
Based on the results in Tables 1 and 2, one

can generalize the picture of immunological
events in acute hepatitis B infection as shown in
Fig. 2. In natural infection, the immune re-

sponse to HBsAg appears to be divided into
three phases. In the first phase, the clinical
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hepatitis is observed with occurrence of HBsAg
in the serum. In the second stage, the removal of
HBsAg appears to be a cell-mediated event
heralded by detection of positive LMI which
reverts to negative status within a short span of
3 to 6 weeks. In the third stage, occurring
several weeks to months after disappearance of
HBsAg, antibody may or may not appear.

DISCUSSION

The immunological phenomena which permit
chronic asymptomatic persistence of HBsAg in
apparently healthy individuals have remained
obscure, despite the hypothetical suggestion of
immunological tolerance to HBsAg (6). Nielsen
et al. (16) have investigated chronic carriers
with and without liver disease and clearly
concluded that a general immunodeficiency
state is not a prerequisite for developing persist-
ent antigenemia. The reports of T-cell defi-
ciency in chronic carriers of HBsAg resulting in
a decreased response to phytohemagglutinin
stimulation continue to be controversial (4, 9,
16). Cell-mediated immune response has been
demonstrated in normals and patients with
previous history of hepatitis B by leukocyte
migration inhibition assay by using HBsAg-
positive human serum or liver homogenates
from HBsAg-positive liver biopsies (7, 13, 24)
and by purified antigen (8, 18). Frei et al. (8), in
comparing purified, semipurified, and nonpuri-
fied HBsAg in LMI tests, concluded that the
LMI studies should be performed with purified
antigen. Since skin tests with HBsAg cannot be
performed in man, delayed hypersensitivity and
LMI have been correlated in chimpanzee model
(12). Thus, LMI in man may be considered an

adequate in vitro correlate of studying cell-
mediated immunity to HBsAg.

IMMUNE RESPONSE TO 5BsAg

IC 20 30 40 50 4ii?3 5 6 7

DAYS MONTHS

PERIOD FOLLOWING CLINICAL ONSEI OF TYPE B HEPATITIS

FIG. 2. Immunological phenomena in patients
with acute hepatitis B. HA, Titer of anti-HBs; HAI,
inhibitory titer of HBsAg in hemagglutination test.

There is generally an agreement in all reports
that cell-mediated immunity to HBsAg can be
demonstrated by the LMI technique during the
period of convalescence. Although we could also
demonstrate positive LMI reaction, we found it
transiently in the group of eight patients fol-
lowed serially and in two of the 20 convalescing
patients. However, two groups have reported
positive LMI during a period of several months
of convalescence (8, 24). Further, the simulta-
neous occurrence of LMI and antibodies de-
tected in convalescent patients by Reed et al.
(18) differs from our findings that antibody
never appeared until several weeks after disap-
pearance of the LMI reaction. This discrepancy
may be due to the purity of antigen used and/or
to technical differences. We felt that clear
definition of immune response to HBsAg can be
best obtained by uniformly using 20-nm parti-
cles of purified HBsAg devoid of detectable
plasma protein and deoxyribonucleic acid po-
lymerase associated with the core of the Dane
particles. To exclude effects of possible alloan-
tibodies to leukocytes, we have avoided using
homolog6us human serum in the migration
inhibition test, as opposed to other investigators
(7, 13, 24). Our study is unique in using purified
HBsAg in defining the natural history of cell-
mediated and humoral immune response to
HBsAg tested by LMI test and hemagglutina-
tion test on serial specimens of patients with
nonparenterally transmitted hepatitis B virus
infection. Despite the discrepancies mentioned
above, there is no conflict with our demonstra-
tion of the disappearance of circulating HBsAg
after acute hepatitis coinciding with the ap-
pearance of LMI and not with humoral anti-
body. Consistent with the hypothesis and obser-
vations of Dudley et al. (6, 7) that the cellular
immune response plays an important role in the
clearance of the infective agent, none of the
investigators find positive LMI in chronic car-
riers of HBsAg. Hence, persistence of HBsAg in
asymptomatic carriers may be considered a
state of immunological tolerance to HBsAg. Our
finding of irregular and delayed occurrence of
anti-HBs are also consistent with the obser-
vations of Krugman and Giles (14). The absence
of detectable antibodies for several months after
disappearance of HBsAg may indicate that
removal of HBsAg may be mediated solely by
cell-mediated immunity to HBsAg and that late
occurrence of anti-HBs may be a result of a
secondary response to an additional exposure to
HBsAg.
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