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Hepatitis B surface antigen (HBsAg) bound to immunoglobulin M (IgM) was
detected in sera of HBsAg carriers by a radioimmunoassay based on selective
absorption of the immunoglobulin on a solid phase coated with antiserum to
human IgM. Isopycnic banding and rate-zonal sedimentation have shown that the
reaction is related to particulate forms of the HBsAg complexed with IgM. The
binding of IgM possibly occurred because of a selective affinity of these molecules
to the surface of HBsAg particles. HBsAg/IgM was found transiently in 24 of 25
(96%) patients with acute self-limited hepatitis B and persistently in 6 of 25
patients whose acute hepatitis B progressed to chronicity. It was also found in 20
of 39 (51%) chronic HBsAg carriers with inactive and asymptomatic infection.
The HBsAg/IgM phenomenon is not dependent on replication of hepatitis B
virions; its persistence in patients with acute hepatitis B may provide complemen-

tary evidence of transition of the infection to chronicity.

The finding of antibodies of the immunoglob-
ulin M (IgM) class is of clinical relevance in the
diagnosis of hepatitis A, rubella, and other viral
diseases, because an IgM immune response oc-
curs very early during the acute phase of these
infections (4, 5, 10, 11, 14). IgM anti-hepatitis B
core (anti-HBc) and anti-hepatitis B surface
(anti-HBs) antibodies have been detected in
acute hepatitis B virus (HBV), suggesting that
synthesis of this class of antibodies occurs in
this disease also (10, 19, 20).

While studying the IgM antibody response to
HBs antigen (HBsAg), we observed that the
immunological removal of IgM from sera of
patients with acute HBV resulted in the removal
of most of the HBsAg. These observations sug-
gested the presence of circulating complexes
containing HBsAg and IgM antibodies; the anal-
ysis of this phenomenon and its occurrence and
clinical significance in individuals with HBs anti-
genemia are reported in this study.

MATERIALS AND METHODS

Reagents. Serum specimens were obtained from
humans and chimpanzees with HBV infection, as
follows. (i) Forty patients with clinical and biochemi-
cal signs of acute hepatitis were studied. Twenty-five
had hepatitis B; 10, hepatitis A; and 5, hepatitis non-A,
non-B. Serial blood samples were collected at admis-
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sion to hospital and weekly thereafter. (ii) One hun-
dred twenty chronic HBsAg carriers were subjected to
evaluation of hepatic histology. Their histological di-
agnoses were as follows: minimal histological changes
in 17, persistent hepatitis in 17, chronic active hepatitis
in 63, chronic active hepatitis with cirrhosis in 13, and
inactive cirrhosis in 10. (iii) Twelve asymptomatic
HBsAg carriers with persistently normal liver function
tests were included in the study. (iv) Two experimen-
tally infected chimpanzees (no. 33 and 36) with type B
hepatitis were studied; serum specimens and liver
biopsies were obtained before inoculation and weekly
thereafter.

Blood samples were obtained by venipuncture, al-
lowed to clot at room temperature in glass tubes for
about 2 h, and separated by centrifugation at 2,000 rpm
for S min. Samples were stored at —30°C for a period
ranging from a few months to 3 years before testing.

The following sera were used as controls: (i) 47 sera
from normal healthy blood donors; (ii) 20 sera which
contained autoantibodies, 10 with antimitochondrial
antibody from primary biliary cirrhosis, 5 with anti-
smooth muscle antibodies from alcoholic liver dis-
eases, and 2 with antinuclear antibodies from autoim-
mune hepatitis; (iii) 15 HBsAg-negative sera from
individuals positive for anti-HBs; (iv) 13 sera positive
for rheumatoid factor; (v) 3 sera containing immune
complexes obtained from patients with acute non-A,
non-B hepatitis (kindly provided by H. Alter, National
Institutes of Health).

Assay. HBsAg, anti-HBs, hepatitis B antigen
(HBeAg), anti-HBe, anti-HBc, and anti-hepatitis A
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virus IgM were measured by commercial radioimmu-
noassays (Ausria II, Ausab, kit HBe Abbott, Corab,
and Havab; Abbott Laboratories, N. Chicago, Ill.);
HBcAg, anti-HBc IgM, and anti-3 were tested by
solid-phase radioimmunoassays (20, 31, 33), and rheu-
matoid factor was measured with commercial reagents
(Behring Latex RF, RGA 15). HBsAg, HBcAg, and
HBV-associated 8 antigen were detected by immuno-
fluorescence (IFL) in the liver biopsies as previously
described (32).

Detection of HBsAg/IgM. The assay for detection of
HBsAg/IgM was based on the method first described
by Duermeyer et al. (11): polystyrene beads (0.25 in
[0.64 cm]; Spherotech AG, Zurich, Switzerland) were
coated with 30 pg of rabbit IgG anti-human IgM
specific for ‘“‘n”’ chain (code 10091; Dako, Copenha-
gen, Denmark) in 0.05 M phosphate buffer, pH 7.4.
After 24 h, the beads were washed and incubated
overnight at 4°C with 1% bovine serum albumin in
0.85% NaCl plus 0.01 M phosphate buffer, pH 7.4
(PBS).

Duplicate beads were incubated for 4 h at 37°C with
200 pl of test or control sera diluted 1/1,000 in PBS
plus 1% bovine serum albumin; after washing, 200 ul
of '?’I-labeled sheep IgG anti-HBs (Sorin, Saluggia
VC, Italy) was added, and incubation was for 2 h at
37°C. The beads were washed and counted for residual
radioactivity in an LKB gamma counter. Sheep IgG
anti-HBs was labeled by the Chloramine T procedure
(11) at a specific activity of 45 pCi/pg.

Each specimen was also tested after incubation with
purified HBsAg between the first and second steps of
the standard procedure. After incubation with the test
serum, duplicate beads were washed and incubated
overnight at room temperature with 200 ul of a solu-
tion (200 pg/ml) of purified HBsAg (ad and ay sub-
types; Centre National de Transfusion Sanguine, Par-
is, France) in 0.05 M phosphate buffer, pH 7.4,
containing 20% human serum, negative for HBV-
associated markers; radiolabeled anti-HBs was then
added.

RESULTS

Incubation of some HBsAg-positive sera with
beads coated with anti-human IgM, followed by
addition of '®I-labeled anti-HBs, resulted in a
significantly higher binding of the radiolabel
(>2.1) than that obtained with HBsAg-negative
controls, with sera containing autoantibodies
and cryoglobulins or with anti-hepatitis A virus
of IgG and IgM types and sera obtained from
patients with acute non-A, non-B hepatitis.

The addition of purified HBsAg after incuba-
tion of the positive sera did not modify the
reaction significantly; a non-reproducible in-
crease in the number of counts per minute was
sometimes observed in wells with additional
purified HBsAg. Of the anti-HBs-positive sera,
only one from a patient convalescent from acute
hepatitis was positive for free anti-HBs IgM
after addition of purified HBsAg.

To assess the specificity of the IgM binding, a
positive serum sample (100 nl) was incubated
with aliquots of 100 ul of PBS plus 1% bovine
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serum albumin containing various amounts (0.1
to 6 mg/ml) of purified human IgG, IgM (40), and
IgG anti-HBc (purified from an HBsAg, HBeAg-
positive serum) (31). Addition of IgM inhibited
the reaction progressively, starting from a con-
centration of 1 mg/ml, whereas IgG and anti-
HBc IgG did not inhibit at any concentration
(Fig. 1).

To rule out interference due to rheumatoid
factor, beads coated with anti-IgM were incubat-
ed with sera containing various titers of rheuma-
toid factor and then with '?’I-labeled anti-HBs:
no significant binding of the radiolabel was ob-
served.

Negative results were also obtained when
serial dilutions (200 pl in PBS) of cryoglobulins
with IgG and IgM components (purified from
sera of patients with primary biliary cirrhosis)
were tested as such or after overnight incubation
with purified HBsAg, with or without fresh
human serum as source of complement. No
reactivity was obtained when anti-human IgG or
IgA (anti-human IgG-Fc or anti-human IgA (11);
9477SA, 9465SA BRL; Bethesda Research Lab-
oratories, Inc., Gaithersburg, Md.) and anti-
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FIG. 1. Aliquots (200 wl) of PBS plus 1% bovine

serum albumin containing increasing amounts of IgG,

IgG anti-HBc, or IgM (0.1 to 6 mg/ml) were added to

an HBsAg/IgM-positive serum. Increasing amounts of

IgM (A—A) progressively inhibited the HBsAg/IgM

reactivity; addition of IgG (A----A) or IgG anti-HBc
(O——0) did not affect the reaction.
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FIG. 2. Equilibrium sedimentation of HBsAg/IgM in CsCl. An aliquot of P1 pellet (0.250 ml) was layered on a
11.5-ml discontinuous gradient (1.2 to 1.5 g/cm®) of CsCl in PBS and centrifuged for 24 h at 108,000 x g and 4°C.
Fractions were collected by bottom puncture and assayed for HBsAg (1/200 in PBS; @) and HBsAg/IgM (diluted
1/100; A). CsCl density was determined by refractometry (O).

HBc or anti-d (31, 33) were substituted for the
anti-human IgM coating on the solid phase.
Characterization of the HBsAg/IgM reaction. A
5-ml portion of an HBsAg/IgM-positive serum
from a patient with chronic hepatitis was pellet-
ed through a cushion of 20% (wt/wt) sucrose in
PBS and centrifuged for S h at 193,000 x g and
4°C. A total of 95% of the reactivity was recov-
ered in the pellet, which was resuspended to a
final volume of 0.5 ml in PBS and divided into
two 250-pl aliquots. An aliquot was submitted to
equilibrium sedimentation in a discontinuous
CsCl gradient (1.2 to 1.5 g/cm® for 24 h

at 108,000 X g in a Beckman SW41 rotor);
HBsAg/IgM and free HBsAg were measured in
the 22 fractions obtained from the gradient (Fig.
2). The other aliquot was mixed with 250 .l of
purified HBsAg labeled with !>°I (3) and subject-
ed to rate-zonal sedimentation in sucrose (Fig.
3). HBsAg/IgM was at equilibrium in CsCl, with
the bulk of free HBsAg, at a density between
1.20 and 1.24 g/cm®. In sucrose, the front of
HBsAg/IgM activity sedimented faster than pu-
rified 1%I-labeled HBsAg (22 nm) (Fig. 3).

A positive serum sample (100 pl; diluted
1/1,000) was incubated with 100-pl aliquots of
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FIG. 3. Rate-zonal sedimentation of HBsAg/IgM in sucrose. An aliquot of P1 pellet (0.250 mi) was mixed with
0.200 ml of purified '?°I-labeled HBsAg layered on a 11.0-ml linear (10 to 30% [wt/wt]) gradient of sucrose in PBS
with a 65% (wt/wt) sucrose cushion at the bottom and centrifuged for 2.5 h at 101,000 x g and 4°C. Fractions
were collected by top aspiration, counted for *I-labeled HBsAg (diluted 1/200; @), and assayed for HBsAg/IgM
(diluted 1/100; A). Sucrose concentration was determined by refractometry (CJ).
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FIG. 4. Aliquots (100 pl) of PBS plus 1% bovine serum albumin containing increasing amounts of poly-HSA
(0.0001 to 1 mg/ml) were added to HBsAg/IgM-positive serum. Addition of poly-HSA (@) inhibited the reaction
progressively, starting from a concentration of 0.001 mg/ml.

PBS, containing various amounts (0.0001 to 1.0
mg/ml) of human albumin cross-linked by glutar-
aldehyde (15). Addition of poly-human serum
albumin (HSA) inhibited the reaction progres-
sively, starting from a concentration of 0.001
mg/ml (Fig. 4). The HBsAg/IgM reaction was
not blocked when poly-HSA was added before
or after incubation of the positive serum on the
beads. Addition of poly-HSA to the sample did
not significantly modify the total HBsAg counts
in radioimmunoassay.

HBsAg/IgM in different subsets of HBsAg car-
riers and in chimpanzees experimentally infected
with HBV. Twenty-four of 25 patients with acute
hepatitis B (96%) were positive for HBsAg/IgM
at hospital admission; the persistence of
HBsAg/IgM during a 30-day follow-up is shown
in Table 1 in comparison with persistence of
other HBV markers. Clearance of HBsAg/IgM

TABLE 1. Relationship of interval of time after
hospital admission to prevalence of HBeAg, anti-
HBe, and HBsAg/IgM in 25 patients with acute type
B hepatitis

Days No. (%) patients with:
after
hospital HBeAG Anti-HBe HBsAg/IgM
admission
1 21 (84) 312 24 (96)
S 21 (84) 312 22 (88)
15 11 (44) 4 (16) 16 (64)
20 8(32) 8 (32) 13 (52)
30 6 (24) 11 (44) 6 (24)

from serum and seroconversion to anti-HBs
were observed within 30 days in the 18 patients
who recovered from disease. All of them were
still HBsAg positive at that time. In contrast, a
positive HBsAg/IgM reaction persisted at 30
days in six carriers who did not clear the HBsAg
and developed a form of chronic hepatitis by
histology; all of them still circulated HBsAg/IgM
and HBeAg 6 months after onset of clinical
disease.

Patterns of HBsAg/IgM in a patient with acute
self-limited hepatitis and in one whose hepatitis
progressed to chronicity are shown in Fig. SA
and B.

HBsAg/IgM was not detected in 12 asympto-
matic carriers with normal liver function tests. It
was present in 87% of patients with minimal
liver changes by histology.

A liver biopsy and the IFL analysis of intrahe-
patic HBsAg, HBcAg, and 8Ag were available in
103 HBsAg-positive patients with liver disease;
their histological diagnosis and IFL patterns are
summarized in Table 2.

All of the patients with intrahepatic HBcAg
had HBsAg/IgM in serum (Table 2); 31 (75%) of
them were HBeAg positive and 9 (22%) were
anti-HBe positive. Also positive for HBsAg/IgM
were 31 (88%) of the patients with intrahepatic
3Ag, 20 (90%) of those with intracytoplasmic
HBsAg, and 10 (38%) of those with negative
IFL. No relationship was observed between the
histological severity of liver disease and the
persistence of HBsAg/IgM in serum.

To evaluate the possible relationship between
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FIG. 5. Patterns of HBsAg/IgM in a patient with acute self-limited hepatitis (A) and in a patient with acute
hepatitis which progressed to chronicity (B). Presence (+) or absence (—) of HBeAg, anti-HBe, and elevated
aminotransferase (ALT) and aspartate aminotransferase (AST) (Illl) is shown. Symbols: Titer of serum HBsAg
(@); anti-HBs (O); HBsAg/IgM (A), expressed as the positive/negative ratio (P/N). Values of P/N higher than 2.1

were considered positive.

the concentration of HBsAg in the sample and
the HBsAg/IgM reactivity, 22 sera were titrated
by counterimmunoelectrophoresis (16) for
HBsAg and by the standard procedure for
HBsAg/IgM. HBsAg titers (range, 1/16 to 1/256)

were unrelated to the positive response for
HBsAg/IgM, as assessed by total counts per
minute.

Two chimpanzees were inoculated with the
serum (1 ml undiluted) of a human HBsAg
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TABLE 2. Relationship of type of hepatitis to prevalence of intrahepatic markers of viral infection and
serum HBsAg/IgM complexes®

No. positive for indicated antigen

i ical di i Total (%

Histological diagnosis HBcAg HB;:gg + sAg HBsAg only None otal (%)
Minimal changes

HBsAg/IgM + 6 0 0 S 4 15 (88.2)

HBsAg/IgM — 0 0 0 0 2 2 (11.8)
Persistent hepatitis

HBsAg/IgM + 6 0 2 4 1 13 (76.5)

HBsAg/IgM — 0 0 2 0 2 4(23.5)
Chronic active hepatitis

HBsAg/IgM + 20 4 22 S 4 55 (87.3)

HBsAg/IgM — 0 0 2 0 6 8 (12.7)
Chronic active hepatitis

with cirrhosis

HBsAg/IgM + 3 0 3 3 1 10 (76.9)

HBsAg/IgM — 0 0 0 1 2 3(23.1)
Inactive cirrhosis

HBsAg/IgM + 2 0 0 3 0 5(50.0)

HBsAg/IgM — 0 0 0 1 4 5 (50.0)
Total (%)

HBsAg/IgM + 37 (100) 4 (100) 27 (87.1) 20 (90.9) 10 (38.5) 98 (81.7)

HBsAg/IgM — 0 0 4 (129 2(9.1) 16 (61.5) 22 (18.3)

¢ Intracytoplasmic HBsAg was present in some liver specimens with nuclear HBsAg or 8Ag IFL (data not

shown).

carrier (subtype ay) with chronic hepatitis. Both
animals developed HBsAg antigenemia 1 week
after inoculation and intrahepatic HBcAg 3
weeks later. This was followed by a self-limited
hepatitis; HBV antigens disappeared from liver
and serum, followed by seroconversion to anti-
HBc, anti-HBe, and anti-HBs. The course of
immunological, serological, and biochemical
events in one chimpanzee is shown in Fig. 6.
Circulating HBsAg/IgM was detected during the
acute phase of infection coincident with intrahe-
patic expression of HBcAg. The clearance of the
complexes from the serum occurred at the same
time as the disappearance of HBcAg from liver
and clinical recovery from hepatitis.

DISCUSSION

Incubation of sera from patients with HBV-
associated liver disease on beads coated with
anti-human IgM resulted in adsorption of
HBsAg to the solid phase. The adsorption of the
antigen to the solid phase appeared to be specifi-
cally mediated through the reaction of IgM with
anti-p, as the reactivity was inhibited by addi-
tion of IgM from control sera and did not occur
when anti-IgG, anti-IgA, or antibodies to HBV
specificities other than HBsAg were substituted
for the anti-IgM coating the solid phase.

The buoyant density of HBsAg/IgM was simi-

lar to that of the 22-nm form of HBsAg, since the
activity banded at a density of 1.22 g/cm?® in
CsCl. The sedimentation rate of HBsAg/IgM in
sucrose was faster than that of free HBsAg,
consistent with the increased size of an
HBsAg/IgM complex. Two peaks of activity
were obtained: the first was comprised mostly of
22-nm particles and the second contained larger
complexes of HBsAg with filamentous forms.
These data indicate that in sera of patients with
HBYV part of the HBsAg may circulate com-
plexed with IgM globulins.

This phenomenon possibly may be explained
by any of the following hypotheses: (i) nonspe-
cific adsorption of HBsAg to preformed IgM
immune complexes; (ii) formation of specific
immune complexes between HBsAg and IgM
antibody to it; (iii) non-immunological affinity of
IgM molecules for the HBsAg produced under
conditions involving liver damage; and (iv) spe-
cific binding of IgM class antibodies to polymer-
ized albumin bound to HBsAg particles.

Although circulating immune complexes are
found in many viral and nonviral liver diseases
(3, 28, 30, 34), their role in the phenomenon
under study appears excluded by lack of
HBsAg/IgM reaction after incubation of purified
HBsAg with cryoglobulins or immune complex-
es from non-A, non-B hepatitis.
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FIG. 6. Course of HBV infection and HBsAg/IgM in chimpanzee no. 36 after inoculation with HBsAg-
positive serum. (Top) Presence (+) or absence (—) of HBeAg, anti-HBe, anti-HBc, elevated aminotransferase
(ALT) and aspartate aminotransferase (AST) (Hlll). (Middle) Titers of HBsAg (@), HBcAg (W), anti-HBs (O),
and HBsAg/IgM (A), expressed as the positive/negative ratio (P/N). (Bottom) Intrahepatic expression of HBcAg
(open vertical bar) by IFL.

1

The HBsAg/IgM reaction might reflect a pri-
mary IgM anti-HBs response neutralized by an
excess of circulating HBsAg (2, 3, 6-8, 12, 13,
21, 22, 25). Free anti-HBs IgM antibodies, how-
ever, were only detected in one of the patients
convalescent from acute hepatitis, elution ex-
periments were unsuccessful in dissociating IgM
antibodies with anti-HBs specificity, and the
persistence of HBsAg/IgM in patients with long-
standing infection suggests that this phenome-
non does not represent a temporary equilibrium
between HBsAg and the homologous antibody
at the phase of seroconversion. A prolonged
IgM response to continued antigenic stimulation
is a possible explanation, however.

IgM might bind to the HBsAg because of a
physicochemical affinity similar to the adsorp-
tion of other normal or altered plasma protein on
this antigen (23, 24, 27). An interaction of this
type was shown to occur between aggregated
HSA (poly-HSA) and receptors to it localized on
the surface of hepatitis B virions (Dane parti-
cles) and 22-nm forms of the HBsAg (15, 18, 26,
29, 35-38); a mechanism of selective affinity of
the HBsAg for class-specific IgM might also
explain the HBsAg/IgM phenomenon.

HBsAg/IgM might be related to the anti-Dane
antibody, described by Alberti et al. (1), which
appears to be directed against poly-HSA recep-
tors (A. Alberti, personal communication); this

1 ) 1 P | I 1
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reactivity, however, was found only in patients
convalescent from hepatitis B, whereas HBsAg/
IgM is a phenomenon associated with progres-
sion of hepatitis to chronicity.

Alternatively, the IgM component of the com-
plex might bind to poly-HSA fixed to the HBsAg
particles and possibly represent antibody to the
denatured plasma protein. Since previous ex-
periments have shown that poly-HSA does not
bind to immunoglobulin through an affinity for
the Fc receptor (15), the blocking of the HBsAg/
IgM reaction obtained with poly-HSA could be
due to steric hindrance of the HBsAg/IgM com-
plex by high-molecular-weight aggregates of
poly-HSA, HBsAg, and possibly anti-poly-HSA
antibodies. More likely, the phenomenon is ex-
plained by binding of IgM antibody to poly-HSA
on HBsAg particles.

Interestingly, patients whose HBsAg com-
bines with poly-HSA are similar to those who
exhibit the highest titers of HBsAg/IgM activity:
carriers with liver disease. In patients with hepa-
titis B the HBsAg/IgM test may provide comple-
mentary evidence of transition of the infection to
chronicity (9).
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