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SUMMARY

Examination of the cell-mediated and the humoral immune systems was carried out
in two groups of persistent carriers of Australia antigen. Group A included
eleven blood donors with an entirely normal liver histology and without previous
history of liver disease. Group B included seven patients with an initial acute
'viral' hepatitis verified by biopsy. Subsequent biopsies revealed progression to
chronic persistent hepatitis in three cases, to chronic aggressive hepatitis in three,
and a suspicion of chronicity in one of the patients.
The patients in group B had significantly higher serum concentration of IgM

and significantly lower serum concentration of complement C4 than the healthy
carriers in group A. No differences were found between the two groups with
respect to the presence of autoantibodies or the antibody response to vaccination
with keyhole limpet haemocyanin. Delayed-type cutaneous reactions to 2,4-
dinitrochlorobenzene, haemocyanin and PPD were equal in the two groups. The
PHA-induced lymphocyte transformation was significantly lower in the group
of patients with chronic hepatitis as compared to the healthy carriers, but none
of the groups showed a statistically significant difference from a control group of
eight laboratory technicians. It is concluded that a general immunodeficiency
state is not a prerequisite for developing persistent Au-antigenaemia. The slightly
impaired T-cell response to PHA found in patients with persistent Au-anti-
genaemia and chronic liver disease may be related to the liver disease rather than
to the Au-antigen carrier state.

Correspondence: Dr J. 0. Nielsen, Immunlaboratoriet, Blegdam Hospital, DK 2200 Copenhagen N,
Denmark.
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INTRODUCTION

Persistent Au-antigenaemia is correlated with chronic liver diseases in some cases (Nielsen
et al., 1971), though a carrier state without liver disease has also been clearly demon-
strated (Reinicke et al., 1972). It has been suggested that the great variation in hepatic
involvement of Au-antigen carriers reflects individual variations in the immunological
response (Dudley, Fox & Sherlock, 1972).

Furthermore, it has been suggested that an impaired immunological response of the host
is a prerequisite for persistent Au-antigenaemia, since this state is found among patients
with diseases associated with well-known immunological abnormalities (Miller, 1965,
Wilson, Kirkpatrick & Talmadge, 1965). However, it is still uncertain whether the impaired
immune response in these patients is a presupposition for the development of persistent
Au-antigenaemia (Fouts, Byrne & Israel, 1970).
The aim of the present study was to elucidate whether there is any difference in the

immunological response of Au-antigen carriers with and without liver diseases, and to
investigate, whether the Au-antigen carrier state is associated with a non-specific immuno-
deficiency.

MATERIALS AND METHODS

The material comprised two groups of carriers of Au-antigen. Group A included eleven
normal blood donors (The Blood Bank, Bispebjerg Hospital, Copenhagen) found to be
persistent carriers of Au-antigen. The eleven carriers were selected from twenty-four
consecutive blood donors with Au-antigenaemia described previously (Reinicke et al., 1972).
They represented all the carriers with a completely normal liver histology and none had a
history of previous liver disease. Group B included seven patients with typical attacks of
acute viral hepatitis. This diagnosis was in all cases verified by liver biopsy. These patients
had persistent Au-antigenaemia associated with progression from acute to chronic liver
disease as shown previously (Nielsen et al., 1971). Repeated biopsies showed that chronic
aggressive hepatitis developed in three patients and chronic persistent hepatitis in three,
while in one patient the latest follow-up biopsy gave suspicion of progression to chronicity
(de Groote et al., 1968; Bianchi et al., 1971). None of the patients received corticosteroids
or other immunosuppressive drugs.

Qualitative determination of Au-antigen was performed by both immunoelectroosmo-
phoresis and the Ouchterlony technique (Elling, Nielsen & Dietrichson, 1970; Prince &
Burke, 1970), and identity reactions were obtained with several reference sera in all cases.
Quantitative determination of Au-antigen in arbitrary units was performed by electro-
phoresis in antibody-containing gel (Elling, Nielsen & Dietrichson, 1973). Serum concentra-
tions of IgG, IgM and IgA were determined as described by Weeke (1968) and complement
C3 and C4 as described by Laurell (1966). The serum glutamic oxalacetic transaminase
activity (SGOT) was determined by the routine method used at the Department of Clinical
Chemistry.

Antinuclear antibodies (ANA) and mitochondrial antibodies (MA) were determined by
the indirect fluorescent antibody technique, using FITC-labelled immunoglobulins against
IgG and IgM on human thyroid, liver and kidney tissue from a 0 Rhesus-negative person.
Smooth muscle antibodies (SMA) were demonstrated in serum specimens diluted 1: 20 on
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human uterine cells with the above mentioned labelled antisera (Christoffersen et al., 1972).
Immunization with keyhole limpet haemocyanin (KLH) was performed by intracutaneous

administration of 100 pg haemocyanin (Mann Research Laboratories) on day 1, 20 pg
haemocyanin on day 14, and 100 pg haemocyanin on day 28. The antibody response was
determined by the passive haemagglutination technique 2, 4, 6 and 8 weeks after the initial
immunization.
For sensitization to 2,4-dinitrochlorobenzene (DNCB), a dose of 1 mg in [ 0 ml acetone

was applied within a circular area of 1-5 cm in diameter ( = 1[7 cm2) on the volar aspect
of the left forearm. No challenge dose was employed, and the area was examined for flare-up
reaction on day 13 and 15. An erythema with induration was registered as a positive
reaction. The Mantoux reaction was performed by intracutaneous administration of 0-1 ml
tuberculin (Statens Seruminstitut, Copenhagen, 1 iu/ml). The delayed cutaneous reaction
was registered 72 hr later.
For determination of the lymphocyte blast transformation response, the lymphocytes

were isolated on a Ficoll-Isopaque gradient. 105 lymphocytes were cultured in 0'5 ml TC
199 with 20% pooled AB-serum. All cultures were set up in triplicate. The proliferative
response was assayed by addition of "4C-labelled thymidine for the last 24 hr of cultivation,
followed by liquid scintillation counting (Dupont, Nielsen & Svejgaard, 1971). The results
were expressed as counts per minute (cpm) minus background per 105 lymphocytes of the
initial inoculum.

Phytohaemagglutinin P Difco (PHA) was employed at a wide range of concentrations
(2-1600 pg/culture). Since abnormal dose-response curves have been demonstrated with
lymphocytes from patients with immune deficiencies (Hosking, Fitzgerald & Simons, 1971).
For antigenic stimulation, PPD without preservative (Statens Seruminstitut, Copenhagen)
and an extract of Candida albicans (kindly provided by Dr N. Axelsen) were used. PPD was
employed in concentrations of 0 05 and 0-02 pg/vial, and the Candida extract in final
dilutions of 1:100 and 1:1000. The PHA-stimulated cultures were terminated after 96 hr
and the antigen-stimulated cultures after 120 hr. Significance of stimulation was defined as
cpm exceeding twice the cpm of parallel unstimulated cultures and being above 400 cpm.
The statistical analysis of the results was performed with the Student's t-test for the

quantitative variables and with the x2 test for the qualitative variables. The rank correlation
test was used in the lymphocyte transformation studies.

RESULTS

As shown in Table 1, the patients in group B had significantly higher serum concentrations
of IgM and lower complement C4 concentrations as compared with the normal carriers
in group A, however, the mean values in both groups were in the normal range. The SGOT
values of group B were significantly higher than those of group A as might be expected. No
significant differences were found between the remaining variables. It can be seen from
Table 2 that no significant differences were found in any of the cutaneous reactions.
The results of lymphocyte stimulation in vitro are shown in Table 3. These are the results

obtained at optimal concentration of stimulant for each individual The PHA-induced
transformation (Fig. 1) was significantly lower in group B than in group A (P<0-05).
However, none of the groups differed significantly from a control group of eight laboratory
technicians. As shown in Table 3, the unstimulated control activity was lower in group
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TABLE 1. Biochemical and serological variables for eleven healthy carriers of Au-antigen (group A) and for

seven carriers with liver diseases (group B)

Group A (11) Group B (7)
Factor and normal range mean (range) mean (range) Difference

SGOT (<25 units) 24 (15-50) 50 (18-130) P<001
IgG g/l (7-2-15 1) 15-4 (10 5-19-0) 20 8 (12-1X1-0) n.s.
IgM g/l (0-23-1-33) 064 (042-1 01) 1-25 (0 64-2 78) P<005
IgA g/l (0 74-306) 1-50 (0 77-2 28) 1-38 (0 48-2 12) n.s.
Complement C3 g/l (0 37-0-79) 0 77 (0-52-092) 0 80 (0-54-116) n.s.
Complement C4 (40-135 U/l) 92 (65-125) 68 (48-129) P<0 05
Platelets 103/pl 201 (110-260) 177 (138-220) n.s.
White blood-cells/pl 6000 (5 200-10 600) 6 300 (4 700-8 300) n.s.
Lymphocytes/pl 2 000 (1 300 2-500) 2 000 (1-600 2-800) n.s.
Au-antigen in arbitrary units 135 (80-268) 156 (8-428) n.s.
ANA positive 1 0 n.s.
SMA positive 0 0 n.s.
MA positive 0 0 n.s.

n.s., Not significant, P> 005.
mitochondrial antibodies.

ANA, antinuclear antibodies. SMA, smooth muscle antibodies. MA

TABLE 2. Delayed type cutaneous reactions for eleven healthy carriers of Au-
antigen (group A) and for seven carriers with liver diseases (group B)

Delayed type Group A Group B Difference
cutaneous reactions (11) (7)

Mantoux positive 10 6 n.s.
Haemocyanin (KLH) positive 8 3 n.s.
Dinitrochlorobenzen (DNCB) positive 5 5 n.s.
KLH and DNCB negative 3 2 n.s.

n.s., Not significant, P < 0 05.

B after both 72-96 hr and after 96-120 hr. No differences were found in the responsiveness
of the antigen-stimulated lymphocytes.

Following immunization with haemocyanin, four out of seven patients in group B
responded with significantly raised antibody titres as compared with nine out of eleven of
the healthy carriers in group A. This difference is not statistically significant.

DISCUSSION

As shown previously (Nielsen et al., 1971), an Au-antigen carrier state can be induced by
acute viral hepatitis. In contrast, the trigger mechanism for the healthy carrier state without
any history of previous liver disease is still rather obscure. Extensive studies by Blumberg
et al. (1969) seem to support the hypothesis that susceptibility to be a carrier of Au-antigen
is controlled by an autosomal recessive gene.

Subsequent studies by Sutnick et al. (1970) showed that lymphocytes from patients with
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FIG. 1. PHA-induced lymphocyte transformation in eleven healthy carriers of Au-antigen
(group A) and in seven antigen-carriers with chronic liver diseases (group B) compared to
eight antigen-negative controls.

Down's syndrome (patients with a high incidence of Au-antigenaemia) were hyporesponsive
to PHA stimulation. However, no difference was found between patients without Au-
antigen and patients with persistent Au-antigenaemia. Recently Giustino, Dudley &
Sherlock (1972) found an impaired lymphocyte response to PHA stimulation in patients
with chronic liver disease and persistent antigenaemia as compared with normal controls
without Au-antigenaemia, and they concluded that persistence of Au-antigen is associated
with impaired T-lymphocyte function. However, the present results show clearly that the
PHA induced T-cell response in healthy carriers of Au-antigen (group A) is quite normal.
Hence, it can be concluded that persistent Au-antigenaemia per se is not associated with a
depression of the PHA induced lymphocyte response. In the patients with chronic liver
diseases (group B) we did not find a statistically significant decrease. We are inclined to
believe that the impaired T-cell response found by Giustino et al. (1972) in patients with
chronic liver disease and persistent antigenaemia is related to the liver disease rather than
to the carrier state, since immunological abnormalities have been reported previously in
patients with chronic liver disease (Smith et al., 1972) and since we found a significantly
impaired T-cell response in antigen carriers with liver diseases as compared to carriers
with no liver disease.
The absence of a T-cell immunodeficiency state in carriers of Au-antigen with or without

liver disease shown in the present paper does not exclude the existence of a more specific
'defect' or 'tolerance' of the immune system to Au-antigen as suggested by Giustino et al.
(1972), but this is still a hypothesis without experimental evidence at present.
While failure to demonstrate an immunodeficiency state in carriers of Au-antigen may

reflect the inadequacy of the test system available at present, it also stresses the importance of
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a more varied interpretation of Au-antigen and Au-antigenaemia. The immunochemical
reactive Au-antigen can at present be separated into three morphological types of particles
and into at least two antigenic subtypes. At present there is evidence of a correlation
between the particle pattern and the liver disease (Nielsen, Nielsen & Reinicke, 1972;
Nielsen, Nielsen & Elling, 1973), and evidence has been found recently that suggests a
relationship between the antigenic subtypes and the clinical and histological severity of the
liver diseases (Nielsen & Le Bouvier, 1973).
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