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Serum and Synovial Fluid IgG, IgA and IgM Antigammaglobulins

in Rheumatoid Arthritis

Richard S. Panush, Nicolas E. Bianco and Peter H. Schur

Antigammaglobulins of IgG,

IgA and IgM classes were measured in normal

individuals and in patients with osteoarthritis or rheumatoid arthritis. Serum IgG
and IgA and synovial fluid IgG antigammaglobulin levels were significantly higher
in patients with rheumatoid arthritis than in other individuals, with highest levels

occurring in patients with positive latex fixation tests.

IgM antigammaglobulins

were efevated only in patients with latex positive rheumatoid arthritis. Increased
serum levels of IgG, IgA and IgM antigammaglobulins were each associated with

clinical findings of severe rheumatoid arthritis.

Increased levels of serum and

synovial fluid IgG and IgM antigammaglobulins were each associated with

diminished serum and synovial fluid complement

Antigammaglobulins, or rheumatoid fac-
tors, can be demonstrated in the sera of the
majority of patients with rheumatoid ar-
thritis (RA) by the agglutination of sensi-
tized sheep red blood cells, bentonite, or
latex particles coated with gammaglobulin
(1-3). These tests provide only a semiquan-
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levels.

titative estimate of the amount of anti-
gammaglobulins present and do not indi-
cate the distribution of the antigamma-
globulins among the different immunoglob-
ulin classes.

Rheumatoid factors (RF) were first de-
scribed as 19S5 yM globulins (4, 5). Later
RF were recognized among lower molecu-
lar weight proteins (6-9) and as intermed;i-
ate complexes (6,7, 9). Subsequently RF
were identified among yG and vA globulins
(10-16).

The presence of RF, as measured by
agglutination tests and presumed to rep-
resent IgM antibodies, has been associated
with an unremitting disease course (17, 18),
the occurrence of subcutaneous nodules
(17-19), limited functional capacity (17,
18), radiologic evidence of joint destruction
(18, 20), and diminished serum (20, 21)
and synovial fluid (20, 22) complement
levels. I¢G and IgA antigammaglobulins,
however, have not been clearly associated
with these clinical manifestations of RA
(@5 15).

The purpose of this study was to quanti-
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fy levels of IgG, IgA and IgM antigam-
maglobulins in serum of normal individu-
als, in serum and synovial fluid from pa-
tients with osteoarthritis, and in serum and
synovial fluid from patients with rheuma-
toid arthritis having either positive or neg-
ative latex agglutination tests for RF. The
levels of these antigammaglobulins were
then tested for associations with a number
of clinical parameters of disease in patients
with rheumatoid arthritis.

MATERIALS AND METHODS

Population

Fifty normal individuals were randomly selected
from among hospital employees. Forty-nine patients
with osteoarthritis (OA) and 143 with RA were
selected on the basis of adequate clinical data and
availability of serum or synovial fluid (SF) samples.
Many patients with RA with a negative agglutina-
tion test for RF were deliberately included to
render desirable sample sizes. Hereafter, RA pa-
tients with positive serum latex agglutination tests
for RF will be designated as RF (+), and RA
patients with negative tests will be referred to as
RF ().

Clinical Studies

Hospital records were reviewed for the patient’s
age, sex, race, duration of disease, presence of
subcutaneous nodules, fever, weight loss and uvei-
tis. The total number of inflamed, painful, or
limited joints was counted. A hand, foot, elbow,
shoulder, wrist, hip, knee, ankle, spine or temporo-
mandibular joint was each considered as a single
joint. Presence of peripheral neuropathy or vasculi-
tic skin changes was noted. Radiologic findings of
erosions, joint narrowing, degenerative changes,
ankylosis, dislocation, or subluxation were record-
ed. Use of salicylates, antimalarial drugs, gold salts,
indomethacin, phenylbutazone, propoxyphene, or
corticosteroids was tabulated. The number of cri-
teria considered diagnostic for RA was counted
(23) . Patients were evaluated for functional capaci-
ty according to the criteria of Lansbury (24).
Disease course was characterized as remitting or
unremitting as described by Sharp et al 7=
Patients having systemic lupus erythematosus, Re-
iter's syndrome, juvenile rheumatoid arthritis,
ankylosing spondylitis, gout, inflammatory bowel
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disease, polymyositis, progressive systemic sclerosis,
or chronic liver disease were excluded from the
study.

Laboratory Studies

The following laboratory studies were performed:
complete blood count, blood sedimentation index
(25), serum protein electrophoresis, LE cell prepa-
ration, antinuclear antibody test (26) , serum and
synovial fluid whole hemolytic complement (CHs,)
levels (27), latex fixation test (LFT) (28), and
synovial fluid analysis for white blood cells (WBC),
protein and mucin clot formation (29).

Immunologic Studies

Antigammaglobulins in serum and SF were a.
sorbed to and eluted from insoluble human 1gG
(Fig. 1) . Human IgG was prepared by ammonium
sulfate fractionation of Cohn fraction II*, Purity of
the preparation was verified by immunoelectro-
phoresis (30) and double diffusion in agar (31)
against appropriate antisera. The IgG was insolubil-
ized with glutaraldehyde, washed and homogenized,
according to the method of Avrameas and Ternynck
(32) . Aliquots of homogenized insoluble material
were resolubilized by incubation in 1IN NaOH for
two hours at 56 C so that protein content could be
determined by the Folin method (33).

Adsorption of specimens and elution of antibodies
were performed by a modification of the techniques
described by Torrigiani et al (11,12,15) and
Avrameas and Ternynck (32) (Fig 1). Twenty-
milligram aliquots of insoluble IgG were incubated
with 0.25 ml of serum (or SF) at 87 C for one hour
and at 4 C overnight. The suspension was centri-
fuged at 4 C for 15 minutes at 1500 g, and the
supernatants were saved for further study. The
immunoadsorbent was washed four times with cold
0.01M phosphate-buffered saline, pH 7.4 (PBS) .
Final washes had optical densities of less than 0.050
at 280 my. Antigammaglobulins were then eluted by
incubating the immunoadsorbent with 0.10M gly-
cine-HCl buffer, pH 28, for 45 minutes at 4 C,
followed by centrifugation for 15 minutes at 6000 g
at 4 C. Three elutions were required to recover the
adsorbed protein. Eluates were brought to pH 7.4
by titration with 0.10N NaOH, passed through 0.45
u Millipore® filters, and concentrated back to the
original sample volume by negative pressure dialy-
sis.

*Kind gift of Lederle Laboratories, Pearl River,
NY.
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Fig 1. Method of measuring antigammaglobulins using a human IgG immunoadsorbent.

Protein content in eluates was measured by the
Folin method (33). Immunoelectrophoresis (30) of
eluates was performed with antisera to individual
proteins and to whole human serum. IgG, Ig\, IgM
and human serum albumin (HSA) in eluates were
determined by radial immunediffusion (34). As
little as 10 ng/ml of IgG and IgA, 20 ug/ml of IgM,
and 5 ug/ml of HSA could be detected. These
antigammaglobulin measurements were reproduci-
ble to within 4-89, standard error of the mean.

IgG, IgA and IgM antigammaglobulins were iso-
lated in large amounts from several hundred milli-
liters of sera from patients with RF (+) RA,
RF(-) RA, OA and from a normal individual.
IgM  was separated by chromatography with
Sephadex G200 (33). IgG and IgA were isolated by
chromatography with diethylaminoethyl cellulose
or carboxymethyl cellulose (36).

Data Analysis

Standard statistical methods were employed to
analyze the data (37). Many computations were

performed with the assistance of computer pro-
grams; ¢ tests and chi-square tests were performed,
as appropriate to the data, and P values were
calculated. P values less than 0.05 were considered
significant—that is, indicating differences unlikely to
represent mere chance occurrences. The coefficient
of correlation, r, reflecting the linear association
between two variables, was determined in certain
instances and P values ascertained.

RESULTS

Specificity of the Immunoadsorbent

The IgG which was subsequently insolu-
bilized contained IgG,, IgG,, IgG,; and
IgG, in the broportions found in normal
sera. No other serum proteins were present
in the ammonium sulfate fraction, as tested
by double diffusion in agar and immunoe-
lectrophoresis against antisera to whole hu-
man serum, IgA and IgM. When the insol-
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uble IgG immunoadsorbent was reacted
with a rabbit antiserum to whole human
serum, only antibodies to nonimmunoglob-
ulins remained in the supernatart; only
antibodies to IgG could be eluted from the
immunoadsorbent. When eluates from pa-
tients’ sera were analyzed, 989, of the pro-
tein content of the eluates (determined by
the Folin reaction) consisted of immuno-
globulins (determined by immunoelectro-
phoresis and radial immunodiffusion). Clq
protein was detected in concentrations of
less than 20 4g/ml in some eluates by radial
immunodiffusion with specific antiserum.
Not more than 5 ,g/ml of HSA could be
detected in eluates.

The supernatants from latex-positive RA
sera, which had been reacted with the
immunoadsorbent, generally became latex
negative. The eluates derived from latex-
positive sera were latex positive. Eluates
derived from sera of normal individuals,
patients with OA and patients with
RF(—) RA, when concentrated several fold,
were also latex positive. Isolated IgG,
IgA and IgM antigammaglobulins each
gave positive latex fixation tests. The IgG
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immunoadsorbent was stable under experi-
mental conditions. When samples of immu-
noadsorbent were incubated alone with
different buffers—PBS, 0.10M glycine-HC1
PH 2.8, or 0.10M sodium acetate pH 4.0—
no IgG was released.

Serum Antigammaglobulin Levels

Levels of IgM antigammaglobulins are
presented in Figure 2. Each point in the
figure represents a determination from an
individual patient’s serum. Solid lines
denote mean values and shaded areas indi-
cate the 959 confidence limit for the
means. With the exception of one normal,
one OA and two RF(-) individuals, IgM
antigammaglobulins were detected only in
RF(+) patients. Their mean level was 139
28 ug/ml (range: <20-888 ,g/ml).

Levels of IgA antigammaglobulins are
similarly shown in Figure 3. They were
detected in 769, of normal individuals with
a mean level of 52 + 11 ,g/ml (range:
<20-182 ,g/ml), in 95%, of OA patients
with a mean level of 58 = 10 #g/ml (range:
<20-146 ,g/ml), in 959 of RF(—) RA
patients with a mean level of 77 + § ng/ml

RA LATEX
-POSITIVE
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Fig 2. Serum IgM antigamma-
globulin levels in normat individuals,
patients with osteoarthritis, latex-
negative rheumatoid arthritis (RA),
and latex-positive RA. Each point
represents a determination from an
individual patient's serum. Solid
lines denote mean values for each
group, and shaded areas indicate the
95% confidence limit for the means.
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Fig 3. Serum IgA antigamma-
globulin levels in normal individuals,
patients with osteoarthritis, Ilatex-
negative rheumatoid arthritis (RA)

and latex-positive RA. Each point SERUM IgA
ndvdal atients semsotg ANT/~206
inaiviaua p : (//g /m//

lines denote mean values for each
group, and shaded areas indicate the
959% confidence limit for the means.

(range: <20-163 ,g/ml) and in 979, of
RF(+) RA patients with a mean level of
102 = 16 ug/ml (range: <20-416 pg/ml).
Despite the evident overlap of the ranges
for the four groups, significant differences
between their mean values existed. The
mean value for all RA patients (89 pg/ml)
was significantly greater than the mean
value for either the normal or OA patients

Fig 4. Serum IgG antigamma-
globulin levels in normal individuals,
patients with osteoarthritis, latex-
negative rheumatoid arthritis (RA)
and latex-positive RA. Fach point

represents a determination from an SERUMIg 6
individual patient's serum. Solid ANTI-I96
lines denote mean values for each (g /ml)

group, and shaded areas indicate the
959% confidence limit for the means.
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(P<0.05). Similarly the mean value for
RF(—) RA patients was significantly
greater than that for normal or OA pa-
tients (P<0.05). The mean value for RF(+)
RA  patients was significantly elevated
above the means for any of the other three
groups (P<0.05).

Serum IgG antigammaglobulin levels are
depicted in figure 4. They were detected in

NOR E:Wﬂmm

ARTHRITIS | NEGATIVE POSITIVE

340

300

o
L]

7 Y

4

741



all individuals studied. Mean levels were 98
% 19 pg/ml (range: 16-300 4g/ml) for nor-
mal individuals, 92 + 16 ,g/ml (range”
25-259 pg/ml) for patients with OA, 113 +
21 pg/ml (range: 16400 pg/ml) for RF(-)
RA patients, and 210 + 43 ,g/ml (range:
22-864 ug/ml) for RF(+) RA patients, The
mean value for all RA patients (157 ng/ml)
was significantly greater than for either
normal or OA groups (P<0.05). The mean
value for RF(+) RA patients was signifi-
cantly greater than the mean values for
either normal, OA, or RF(—) RA patients
(P<0.05).

An elevated serum antigammaglobulin
value in any single class of immunoglobu-
lins was usually associated with high levels
of serum antigammaglobulins in the other
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two immunoglobulin classes (P<0.0001)
(Table 1). Occasional patients were ob-
served with elevation of serum antigam-
maglobulins of only one immunoglobulin
class (IgG or IgA or IgM) and ‘“‘normal”
levels of antigammaglobulins of the other
two immunoglobulin classes. These pa-
tients tended to portray a clinical picture
similar to patients with elevation of serum
antigammaglobulins of all three classes of
immunoglobulins (Table 1).

Relative elevations of serum IgG, IgA
and IgM antigammaglobulin levels in pa-
tients with rheumatoid arthritis were each
associated with a high frequency of subcu-
taneous nodules (P<0.01), vasculitis, poor
ARA functional classification (P<0.01), high
sedimentation index (P<0.05), increased SF

Table 1. Associations of Serum Antigammaglobulins in Rheumatoid Arthritis

Antigammaglobulin levels

1gG IgA IgM
Statistical Statistical Statistical

Parameter test P test P test P
Serum IgG antigammaglobulin level —_ — r=20.642 0.01 r=0.491 0.01
Serum IgA antigammaglobulin level r=0.642 0.01 — = =045 0.01
Serum IgM antigammaglobulin level r=20.491 0.01 r=0.450 0.01 - —
Presence of subcutaneous nodules t=315 001 t=320 00N t=354 001
ARA functional classification r=0.182 001 r=0220 001 r=0.287 0.0l
Blood sedimentation index r=0302 001 r=0.369 0.00 r=20.209 0.05
Synovial fluid WBC/cu mm r=0.384 0.01 r=0.515 0.01 r=0.38 0.01
Number of inflamed joints r=20.2482 001 r=0.384 0.0 r=0.318 0.0l
Number of joints limited in motion r=0.24 001 r=0.325 001 r=0.227 0.01
Presence of radiological erosions t=2.73 0.05 t=1.20 NS t=2.45 0.05
Presence of radiological narrowing t=223 005 t=062 NS ¢t=237 0.05
Presence of radiological bone destruction t=24 005 t=1.7 NS t=2.14 0.05
Serum CH;, r=-0.207 0.05 r=-—0.108 NS r=-—0.214 0.05
Synovial fluid protein content r=0.03% NS r=0.130 NS r=-—0.33 0.05
Use of antimalarial drugs t=129 NS t=130 NS ¢t=271 0.05
Administration of gold salts t=047 NS t=050 NS =3.32 0.01
Synovial fluid IgG antigammaglobulin level r=0137 NS r=008 NS r=0.119 NS
Synovial fluid IgA antigammaglobulin level r=0.048 NS r=0.188 NS r=-0.085 NS
Synovial fluid IgM antigammaglobulin level r=2020 NS r=0.08 NS = 0.536 0.01

*P<O0.05
tP<0.01

NS = not significant
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cell courit (P<0.01) and a large number of
joints that were clinically inflamed or lim-
ited in motion (P<0.01). Comparatively
high levels of serum IgG and IgM, but not
IgA, antigammaglobulins were associated
with radiologic changes of juxta-articular
erosions, cartilaginous narrowing or bony
destruction (P<0.05). Increasing serum lev-
els of IgG (P<0.05) and IgM (P<0.05) anti-
gammaglobulins correlated with decreasing
levels of serum complement. Increased
serum IgM antigammaglobulin levels, in
addition, were associated with decreased SF
protein levels (P<0.05), frequent use of anti-
malarial drugs (P<0.05) and the adminis-
tration of gold salts (P<0.01). The remain-
ing clinical parameters assessed were unre-
lated to serum antigammaglobulin levels
(Table 1).

Although, as indicated, RF(+4) patients
with RA had higher levels of serum anti-
gammaglobulins than did RF(—) patients,
no linear relationship existed between
LFT titers and serum antigammaglobulin
levels.

Synovial Fluid Antigammagiobulins

The mean values for SF antigammaglob-
ulins of IgG, IgA and IgM classes for 18
OA patients, 24 RF(—) and 28 RF(+) RA
patients are listed in Table 2.

IgG antigammaglobulins were detected
in 95% of OA SFs with a mean level of 75
t 18 ug/ml (range: <20-144 #g/ml). They
~ere found in all RA fluids, with a mean

level of 143 = 27 ,g/ml (range: 26-450
pg/ml) for RF(—) patients, and 163 =105
pg/ml (range: 31-1260 #g/ml) for RF(+)
patients. Although the levels for RF(-)
and RF(+) RA patients were similar, the
mean level for all RA patients (157 pg/ml)
was significantly greater than that for OA
patients (P<0.05).

IgA antigammaglobulins were detected
in 61%, of OA fluids with a mean level of
58 + 31 ,g/ml (range: <20-132 pg/ml), in
809 of RF(—) RA fluids with a mean level
of 83 + 19 ,g/ml (range: <20-180 ,g/ml)
and in 909, of RF(+) fluids with a mean
level of 83 + 13 ,g/ml (range: <20-144
#g/ml). None of these mean levels was
significantly different from another.

IgM antigammaglobulins were detected
in 61%, of RF(+) individuals with a mean
value of 99 + 34 #g/ml (range: <20-288
pg/ml), but only in 8% of RF(-) RA
patients. They were not found in OA
fluids.

Levels of SF and serum IgM antigam-
maglobulins correlated with each other
(P<0.01); levels of IgG and IgA antigam-
maglobulins did not (Table 1). Although
SF IgG and IgA antigammaglobulin levels
were greater than serum IgG and- IgA
antigammaglobulin levels in patients with
RF(—) RA, the differences were not signifi-
cant.

Patients with RF(+) RA had lower syno-
vial fluid CHy, levels than did patients
with RF(—) RA. However, there was no

Table 2. Synovial Fluid Antigammaglobulin and Complement Levels

No. of
patients
Osteoarthritis 18
Rheumatoid arthritis
Latex-negative 24
Latex-positive 28 -

Antigammaglobulin (ug/mi)*

+G YA M CHay (u/ml)
75 58 <20 60

143 83 <20 95

163 83 99 45

* Mean values
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linear relationship between the CH;,, level
and LFT titer. A linear relationship did
exist between elevated serum (r = —0.342;
P<0.01) or SF (r = —0.501; P<0.01) IgM
antigammaglobulin levels and depressed SF
CHj;, values in patients with RA. There
was a similar, but slightly less striking,
relationship between elevated SF IgG anti-
gammaglobulin and lowered SF CHj,
levels (r=—0.210; P=0.09). Correction of SF
antigammaglobulin or complement meas-
urements for SF total protein content did
not affect these results.

DISCUSSION

Antigammaglobulins were isolated from
sera of normal individuals, patients with
rheumatoid arthritis or osteoarthritis, and
from the synovial fluid of patients with
rheumatoid arthritis or osteoarthritis. The
IgG, IgA, and IgM content of these anti-
gammaglobulins was determined.

The antigammaglobulins were adsorbed
to and then eluted from glutaraldehyde-
insolubilized human IgG. Avrameas and
Ternynck (32) have shown that only spe-
cific antibodies combine with glutaralde-
hyde insolubilized antigens. They incu-
bated normal rabbit sera, human or rabbit
IgG and albumin with insolubilized al-
bumin, IgG, Bence-Jones proteins and with
other insoluble derivatives. Virtually no
protein could be adsorbed to or eluted
from these preparations. Conversely, insol-
ubilized normal human serum was able to
adsorb completely most antibodies when
incubated with homologous rabbit or horse
antisera. In the present study, when an-
tiserum to whole human seruin was ad-
sorbed to insoluble human IgG, only anti-
bodies to IgG could subsequently be
eluted.

Nearly all protein eluted from the im-
munoadsorbent in the current study con-
sisted of immunoglobulins. When sera from
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normal individuals, patients with OA,
RF(—) RA and RF(+) RA were incubated
with insoluble human IgG, material with
latex agglutinating ability was eluted in
each instance. Furthermore, it was shown
that isolated preparations of IgG, IgA and
IgM  antigammaglobulins each possessed
latex agglutinating activity.

It is known that antigammaglobulins are
not unique to RA, having been detected in
other disease states and in normal individu-
als (38). IgM antigammaglobulins have
been observed in most patients with RF(+)
RA (4-6, 8-11, 39) and have also been seen
in occasional normal individuals, using a
radioimmunoassay for the detection of IgM
RF (39). IgG and IgA antigammaglobulins
have been described in the sera of patients
with RA and in normal individuals, using
bisdiazotized-benzidene aggregated IgG as
an immunoadsorbe: 15), by using sol-
id, heat-denatureu FII as immunoadsor-
bent (10), the technic of hemagglutination
inhibition (18) and by using a bromoace-
tylcellulose human IgG immunoadsorbent
in the serum of a patient with systemic
lupus erythematosus and hyperglobuline-
mic purpura (16). IgA antigammaglobulin
has also been identified in the urine of
patients with RA (14).

In this study, IgG and IgA antigam-
maglobulins could be detected at low levels
in sera from normal individuals and pa-
tients with OA. IgG, IgA and IgM anti-
gammaglobulins could all be measured at
significantly higher levels in sera from pa-
tients with RA. The antigammaglobulin
levels in this study are somewhat higher
than those reported by Torrigiani et al
(11, 15). These differences may be due to
the greater binding affinity of RF for autol-
ogous IgG, used in this study, than for the
animal gammaglobulin used by Torrigiani
et al (40-42). Levels of IgM antigam-
maglobulins reported here are comparable
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to those reported by radioimmunoassay de-
terminations with human IgG used as the
antigen (39).

Serum levels of these three antigam-
maglobulins were elevated together and
were associated with changes of severe ill-
ness in patients with RA. Although it has
been recognized that extensive disease cor-
related with the presence of RF, as meas-
ured by agglutination tests, the elevated
levels of IgG and IgA as well as IgM
antigammaglobulins in these patients’ sera
have not been appreciated. These observa-
tions suggest that serum antigammaglobu-
lins of all these immunoglobulin classes
may be elevated together as part of a
generalized host immune response in severe
rheumatoid arthritis. In the present study,
there was no apparent relationship be-
tween latex fixation titers for RF and
serum or SF levels of IgG or IgM antigam-
maglobulins. This discrepancy may be due,
in part, to the high variability in agglutina-
tion titers which will result from similar
concentrations of antibodies (43).

Synovial fluid antigammaglobulins of
IgG, IgA and IgM classes were detected
and measured in synovial fluids from pa-
tients with osteoarthritis or rheumatoid ar-
thritis. IgG and IgM antigammaglobulin
levels were increased in fluids from patients
with RA as compared to patients with OA.
Levels of both of these antigammaglobu-
lins, particularly IgM, correlated inversely
with synovial fluid complement levels.

It is known that patients with RA and a
positive test for rheumatoid factor have
more severe disease than do patients with a
negative test (17-22), and that these sero-
positive patients may have diminished
serum (20, 21, 44) and synovial fluid (20, 22,
45-47) complement levels. Sera containing
rheumatoid factor fix complement with
heat-aggregated, reduced and alkylated IgG
(48). Highly purified IgM RF can increase

the complement-fixing ability of soluble
immune complexes (49). Winchester et al
have also described an association between
low synovial fluid complement -levels and
the presence of abundant IgG-anti-IgG
complexes in joint fluids from a group of
patients with RA, predominantly seroposi-
tive (45). These studies suggest that IgG
and IgM rheumatoid factors participate in
the immunologic activation of the comple-
ment system in patients with RA, and that
activation of the complement sequence oc-
curs intra-articularly and causes the inflam-
matory changes observed pathologically
and radiologically (20, 22).

However, even though rheumatoid fac-
tors appear to fix complement with aggre-
gates of gammaglobulin, we were unable to
confirm the linear relationship between
serum or synovial fluid complement levels
and latex fixation agglutination titers
demonstrated by Hedberg (46). There was
a linear relationship, however, between ele-
vated serum or synovial fluid IgG and IgM
antigammaglobulin levels and lowered
serum or synovial fluid complement levels.
These observations lend further support to
the hypothesis that hypocomplementemia
in patients with RA is due, at least in part,
to fixation by antigammaglobulins (22, 43,
45). In addition, these studies suggest that
more biologic information might be gained
about antigammaglobulins, or other anti-
bodies, by quantitative measurements
rather than by agglutination titers.
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