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When rheumatoid factor in rheumatoid arthritis and multiple sclerosis sera was
titrated by the fluorescent antibody method on measles virus-infected cells, there
was a marked and variable drop in titer on acetone-fixed cells as compared with
unfixed cells. This was accounted for by the failure of measles virus hemolysin-
inhibiting (HLI) antibody of the immunoglobulin G class to bind to acetone-fixed
infected cells. It was shown by staining unfixed and acetone-fixed measles virus-
infected cells that rheumatoid factor in most rheumatoid arthritis sera combined
with measles virus-specific hemagglutinin-inhibiting and HLI antibodies, whereas
rheumatoid factor in multiple sclerosis sera combined only with HLI antibody.
Rheumatoid factor of similar specificity was also observed in normal sera and
occasionally in rheumatoid arthritis sera. Both rheumatoid arthritis and multiple
sclerosis sera showed almost identical increases in average titer above normal of
measles virus-specific fluorescent staining immunoglobulin G and HLI antibodies.

Sera from some multiple sclerosis patients
contain a measles virus-specific immunoglobulin
M (IgM) called MS-IgM, which binds to the
surface of unfixed measles virus-infected cells
but not to acetone-fixed preparations (8). Pre-
vious observations on acetone-fixed measles vi-
rus-infected cells showed that the presence of
rheumatoid factor (RF) in sera can result in a
secondary IgM staining (21). In view of this and
of the failure of Salmi and his colleagues (20) to
demonstrate the presence of measles virus-spe-
cific IgM in multiple sclerosis patients sera
which had been depleted of IgG, we reexamined
the properties of MS-IgM and found it to be an
antiglobulin, not a measles virus-specific anti-
body (6, 6a).
Recent observations on the differing sensitiv-

ities of measles virus hemolysin and hemagglu-
tinin to acetone fixation (7) and on the differ-
ences in titers of antihemolysin and antihemag-
glutinin in most human sera have allowed us to
design experiments to investigate secondary IgM
staining of measles virus-infected cells by RF-
like substances (antiglobulins).

In this paper we report results of secondary
IgM staining by RF of unfixed and acetone-fixed
measles virus-infected cells and cells infected
with other viruses. We also show that patients
with rheumatoid arthritis have the same in-
crease in measles virus-specific antibody as has
been reported often in patients with multiple

sclerosis (2, 3, 5), thus pointing to something in
common in the immunology of the two diseases.

MATERIALS AND METHODS

Patients. Serum samples were obtained from pa-
tients clinically diagnosed as having multiple sclerosis
according to the criteria described by Allison and
Millar (1) and elaborated by Leibowitz and Alter (15)
and from selected patients with definite rheumatoid
arthritis according to the criteria of the American
Rheumatism Association (19). The sera were collected
over a period of 2 years and stored at -20'C until
tested.

For the preliminary survey, sera from three groups
were selected: (i) patients with multiple sclerosis, (ii)
patients with rheumatoid arthritis, and (iii) normal
controls (healthy blood donors). In each group 15
subjects were included, 7 females and 8 males. The age
range was 39 to 74 years. The sera were sex matched
and age matched within a 2-year range.

Cells and media. HEp-2 cells were used for mea-
sles, herpes simplex, and respiratory syncytial viruses
and were grown at 370C in Eagle medium with 10%
fetal bovine serum and 10% tryptose phosphate broth.
Vero cells were used for Sendai virus and were grown
at 370C in M199 medium with 6% fetal bovine serum.
After infection cells were maintained in Eagle or M199
medium with 1% fetal bovine serum.

Virus preparations. The Edmonston strain of
measles virus grown in HEp-2 cells and designated
TC243 (9), herpes simplex virus (H.F.E.M. strain)
grown in HEp-2 cells, respiratory syncytial virus (Long
strain) grown in HEp-2 cells, and Sendai virus grown
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in allantoic fluid and kindly supplied by B. W. J.
Mahy, Virology Division, Cambridge University, were
used in the preparation of infected cells. Cells grown
on round glass cover slips were inoculated with each
virus preparation so as to give about 30% infected cells
after 48 h of incubation.

Serological methods. Before serological assays,
all of the sera were absorbed overnight at 40C with
acetone-treated, washed, pelleted HEp-2 cells (30%,
vol/vol). Absorbed sera were inactivated at 560C for
30 min.

Fluorescent antibody test. The indirect test de-
scribed previously (8) was applied to either unfixed or
acetone-fixed infected cells on cover slips for the titra-
tion of the virus-specific secondary IgM staining by
RF (21) and virus-specific IgG staining. Endpoint val-
ues were interpolated when the endpoint of the titra-
tion was greater or less than an arbitrary 1+ fluores-
cence (see Table 1).
HAI test. The standard micro method for the mea-

sles hemagglutination inhibition (HAI) test was used.
Serial twofold dilutions of serum were prepared in
Dulbecco phosphate-buffered saline, pH 7.4, and an
equal volume of the virus with 4 hemagglutinating
doses was added to each dilution. After incubation at
370C for 1 h, an equal volume of a 1% suspension of
monkey erythrocytes was added. The erythrocytes
were allowed to settle at 370C for 1 h. The highest
dilution of serum which gave 50% inhibition of agglu-
tination was taken as the endpoint.
HLI test. For the hemolysin inhibition (HLI) test

0.25-ml amounts of serial twofold dilutions of serum
were mixed with equal volumes of the virus prepara-
tion containing 8 hemolysing doses. After incubation
at 370C for 60 min, equal volumes of a 2% suspension
of monkey erythrocytes were added. After further
incubation at 370C for 18 h, the samples were centri-
fuged at 200 x g for 5 min, and the supernatants were
examined for lysis. The highest dilution of serum
which gave 50% reduction of hemolysis was taken as
the endpoint.

RF. The standard latex slide agglutination test (RA-
test; latex-globulin reagent; Hyland Div., Travenol
Laboratories, Costa Mesa, Calif.) was used to detect
IgM RF in sera.
Absorption with human aggregated gamma

globulin and latex-globulin reagent. Heat-aggre-
gated human gamma globulin was prepared from hu-
man normal immunoglobulin (Central Public Health
Laboratory, London, England) as described previously
(21). Aggregated gamma globulin was washed three
times and resuspended in phosphate-buffered saline.
Latex particles coated with globulin (Hyland latex-
globulin reagent) were washed five times and resus-
pended in phosphate-buffered saline.
The suspension of either aggregated gamma globu-

lin or latex-globulin reagent was pelleted by centrifu-
gation at 2,000 x g for 20 min, and a volume of serum
was added to the pelleted material to obtain the final
concentration of the absorbents indicated below. Ab-
sorptions were carried out either at room temperature
(20 to 22°C) for 30 min or overnight at 4°C. Sera were
clarified by centrifugation at 6,000 x g for 30 min
before use.

RESULTS

Secondary IgM staining of unfixed and
acetone-fixed virus-infected cells by RF. A
difference was observed between measles virus
and other viruses when IgM RF in a rheumatoid
serum was titrated by the fluorescent antibody
method on virus-infected HEp-2 cells or Vero
cells, unfixed or fixed in acetone at room tem-
perature for 10 min. The ratio of titer on unfixed
cells to titer on acetone-fixed cells infected with
herpes simplex virus, respiratory syncytial virus,
or Sendai virus was not much more than two. In
contrast, the ratio with measles virus-infected
cells ranged from less than 4 to 12. When six
more rheumatoid sera were used, the range of
ratios of titers on unfixed cells to titers on ace-
tone-fixed cells was 1.5 to 2.5 for cells infected
with herpes simplex virus, 1 to 2.5 for cells
infected with respiratory syncytial virus, and 3.5
to 12 for cells infected with measles virus. Ex-
perimental data showing the intensities of fluo-
rescence for one rheumatoid serum on herpes
simplex, respiratory syncytial, and measles vi-
ruses and one multiple sclerosis serum on mea-
sles virus (included for comparison) are given in
Table 1.
When six sera from multiple sclerosis patients

were titrated on measles virus-infected unfixed
or acetone-fixed cells, a ratio of >12 to >80 was
obtained. Since most of these sera gave no stain-
ing on acetone-fixed virus-infected cells at the 1:
3 dilution, ratios for RF in these sera are minimal
values.
Secondary IgM staining and measles vi-

rus-specific IgG. The above results suggest
that the loss of titer of secondary IgM staining
on acetone-fixed measles virus-infected cells
may be due to loss of antigen as a result of
acetone fixation. If this were so, then the varia-
tion in the ratios of the titer of measles virus-
specific IgG on unfixed cells to the titer on
acetone-fixed, infected cells would be clearly
equal to or proportional to the ratios of second-
ary IgM staining by RF on unfixed and acetone-
fixed infected cells. To test this, eight rheuma-
toid sera and two normal sera with RFs were
examined by the fluorescent antibody method
for virus-specific secondary IgM and virus-spe-
cific IgG fluorescence titers on unfixed and ace-
tone-fixed infected cells. The fluorescent anti-
body titers and the expected and observed val-
ues of secondary IgM fluorescence staining on
acetone-fixed infected cells are shown in Table
2.

It can be seen that the titers of secondary IgM
staining by RF on unfixed or acetone-fixed virus-
infected cells depends on two factors: (i) quantity
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TABLE 1. Comparison of intensities offluorescence and antibody titers of secondary IgM on unfixed and
acetone-fixed cells infected with different viruses

Reaction with the following fluorescent antibody titer: Re-
cip-

Serum Infecting virus Fixation rocal
8 16 32 64 128 256 512 of ti-

ter

Rheumatoid Herpes sim- Unfixed ++++ ++++ +++ ++ + tr' - 128
plex Acetone-fixed ++++ +++ ++ + ± - - 106

Respiratory Unfixed ++++ +++ ++ + + - - 106
syncytial Acetone-fixed +++ ++++ ++ + + - - 128

Measles Unfixed ++++ +++ ++ + + - - 128
Acetone-fixed +++ ++ - - - - - 24

Multiple scle- Measles Unfixed +++ ++ ++ ++ - - - 80
rosis Acetone-fixed
a tr, Trace.

TABLE 2. Fluorescent IgG and IgM titers of rheumatoid arthritis sera on unfixed and acetone-fixed
measles virus-infected cells

Immunofluorescence titer with: Ratio of Expected ti-
virus-spe- Epce iviu-p-ter of sec-

Ratio of Unfixed cells Acetone-fixed cells cific IgG ndrogMSerum RF titer HLI to HAI in unfixed staining on
vac-

acetone-IgM IgG IgM IgG tone-fixed fixed cells
cells

RA 1 6 16 12 768 <3 192 4 3
RA 2 192 8 192 768 48 192 4 48
RA 3 12 32 24 768 <3 48 16 1.5
RA 4 384 2 192 768 48 192 4 48
RA 5 6 12 24 3,072 3 384 8 3
RA 6 3 8 12 3,072 <3 384 8 1.5
RA 7 192 4 96 192 48 96 2 48
RA 8 24 16 96 384 12 48 8 12
Control 1 12 4 24 192 <3 48 4 6
Control 2 12 2 24 384 <3 192 2 12

. The expected IgM titer of rheumatoid (RA) sera on fixed tissue was calculated from the titer on unfixed
tissue on the assumption that IgM binding is proportional to the amount of bound virus-specific IgG. Compare
with IgM immunofluorescence titer with acetone-fixed cells.

of RF and (ii) quantity of virus-specific IgG. In
seven rheumatoid sera (Table 2, RA 2 through
8) the decrease in the titer of secondary IgM
staining after fixation compared with the titer
on unfixed infected cells seemed to bear the
same ratio as the decrease in virus-specific IgG
titers on unfixed compared with acetone-fixed
infected cells. One rheumatoid serum (RA 1)
and two normal control sera (Table 2) were
exceptions in that the secondary IgM staining
was observed only on unfixed cells and not on
acetone-fixed cells, although by calculation of
expected values of secondary IgM these sera
should have shown secondary IgM staining on
acetone-fixed cells (Table 2). These sera had low
RF titers and hence low titers of secondary IgM
staining on unfixed infected cells. It is also note-
worthy that in some rheumatoid sera with low-
titer RF, secondary IgM staining accompanied
high titers of virus-specific IgG antibodies.

Binding capacity of RF with virus-spe-
cific HLI and HAI IgG antibodies. In view of
the above results, it was necessary to compare
the binding capacity ofRF to HLI antibody with
its binding capacity to HAI antibody. In recon-
struction experiments, equal amounts of HLI or
HAI antibody were added to unfixed and ace-
tone-fixed measles virus-infected cells, followed
by the addition of a fixed dilution of rheumatoid
serum containing RF but not measles virus-spe-
cific antibodies (Fig. la and b). As most human
sera contain higher titers of HLI antibodies than
HAI antibodies, HAI antibody could only be
applied when HLI antibody was present. Appli-
cation of the serum to acetone-fixed cells en-
sured that only the HAI antibody was taken up
at the cell membrane. HLI antibody was added
to unfixed cells at a dilution of serum which was
beyond the endpoint of HAI activity. The fluo-
rescence assay was used for HLI and HAI anti-
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FIG. 1. Indirect immunofluorescence showing sec-

ondary IgM staining of measles virus-infected cells
by RF with either HLI or HAI antibody. (a) Mem-
brane staining of unfixed cells after HAI antibody
treatment. (b) Absence of staining of acetone-fixed
cells after HLI antibody treatment. (c) Membrane
staining of acetone-fixed cells after HAI antibody
treatment.

bodies and RF throughout, on the assumption
that equal intensities of fluorescence revealed by
the same conjugated globulin represented equal
amounts of bound antibody, but functional tests
were also made to exclude the presence of HAI
antibody in all dilutions of serum containing
HLI antibody.

Results (Table 3) given by three rheumatoid
sera with RF latex agglutination titers of 1,024,

512, and 256 and corresponding immunofluores-
cence titers (determined by titrating the diluted
sera in the presence of excess measles virus-
specific IgG antibodies) of 3,200, 800, and 800
agreed in that they showed similar binding
power of RF to HLI and HAI antibodies, as
judged by the intensities of the fluorescence. It
is also clear that RF caused no secondary IgM
staining when added to acetone-fixed cells to
which HLI antibody had been applied. It is
difficult to use sera from multiple sclerosis pa-
tients in such reconstruction experiments be-
cause in most sera the titer of RF is much lower
than the titers of measles virus-specific antibod-
ies and RF can only be tested for in the presence
of unequal amounts of HAI or HLI antibody.
Nevertheless, as Table 3 shows, multiple scle-
rosis serum with an RF immunofluorescence
titer of 48 combined only to HLI antibody and
failed to adhere to a great excess of HAI anti-
body.
Absorption of RF and secondary IgM

staining. Rheumatoid sera used in previous
tests had a high RF titer. In most multiple
sclerosis sera the titers of RF are low, and RF is
seldom present above a titer of 1:48. Therefore,
we wanted to determine whether absorption of
RF from a serum by increasing concentrations
of aggregated gamma globulin or by fixed
amounts of latex-globulin reagent yielded resid-
ual material which was less specific on acetone-
fixed cells than original RF, thus showing differ-
ences in its reactions with measles HLI and HAI
antibodies. Four rheumatoid sera with various
titers of RF were absorbed with increasing con-
centrations of aggregated gamma globulin. The
sera were also absorbed under various conditions
with fixed concentrations of aggregated gamma
globulin or latex reagent. Absorptions with 2, 5,
and 10% (vol/vol) aggregated gamma globulin
did not entirely remove RF from these sera,
whereas 20% aggregated gamma globulin re-
moved RF activity from three offour sera (Table
4). One serum (Table 4, RA 3) gave residual RF
which stained unfixed virus-infected cells but
not acetone-fixed infected cells, although there
was sufficient virus-specific IgG to have fixed
RF on acetone-fixed cells. The latex-globulin
reagent was a much more efficient absorbent of
RF than was aggregated gamma globulin. The
different temperatures and times of absorption
did not affect the results (Table 5).
Comparison of measles virus-specific an-

tibody titers in multiple sclerosis, rheuma-
toid arthritis, and normal control sera.
Since rheumatoid arthritis and multiple sclerosis
sera may both contain RF or similar forms of
IgM antiglobulin, we also examined measles an-
tibodies in patients having these diseases. In-
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TABLE 3. Intensity ofIgM-specific fluorescent staining after the application ofRF in rheumatoid sera to
measles virus-infected cells pretreated with measles virus-specific HLI or HAI IgG antibody'

Treatment of measles virus-infected cells Equiva- Fluorescence intensity of specific IgM
lent no. of staining with:
units in

No. of units appliedb multiple Multiple
Fixation Antibody sclerosis RA 1 RA 2 RA 3 sclerosis

RA I RA 2 RA 3 serum serum
RF 4 2 4 16

Unfixed HLI 10 12 8 320 + + + ++
Acetone-fixed HLI 10 12 8 320 0 0 0 0
Acetone-fixed HAI 12 12 8 100 + + + 0

a For comparison, specific IgM staining of infected cells by RF in a multiple sclerosis serum (MS-IgM) in the
presence of excess HLI or HAI IgG antibody is given.

b Number of units applied refers to the fluorescent antibody titer of measles HLI or HAI antibody and RF.
The endpoint of a serum was determined by fluorescent antibody titration and a dilution of approximately 10
times the final concentration of measles virus antibody was applied. The endpoint of the immunofluorescence
titer of RF in rheumatoid (RA) sera, determined by diluting the sera in the presence of excess measles virus-
specific antibodies, was taken as one RF unit. A dilution two to four times more concentrated than the endpoint
was applied.

TABLE 4. Absorption ofRF from four rheumatoid
sera with 20%o (vol/vol) human aggregated gamma
globulin and its effect on secondary IgM staining of
unfixed and acetone-fixed measles virus-infected

cells
Immunofluorescence

% Human ag- staining titer with:

Serum RF gregated Unfixed Acetone-titer gamma globu- cells fixed cells
lin (vol/vol)

IgM IgG IgM IgG

RA 1 6 Unabsorbed 24 768 <3 48
RA 2 24 96 384 12 48
RA 3 48 192 768 48 384
RA 4 192 96 384 24 96

RA 1 <3 20 <3 768 <3 48
RA 2 <3 12 384 <3 48
RA 3 <3 24 768 <3 384
RA 4 12 24 384 3 96

creased measles virus-specific antibody titers
have been reported in patients with rheumatoid
arthritis (12-14, 23), although no formal com-

parison with multiple sclerosis patients has been
reported. We therefore made a preliminary sur-

vey of sera from patients with multiple sclerosis
or rheumatoid arthritis and from normal con-

trols by the fluorescent antibody method and by
functional tests of inhibition of virus hemagglu-
tination and hemolysin.
The geometric mean titers of the antibodies

are shown in Table 6. The comparisons of mean
log titers were made by the paired t test because
subjects in three groups were age and sex

matched. The conventional level of significance
(P < 0.05) was used throughout. The results of
statistical analysis are shown in Table 7. The
individual titers of antibodies are shown in Fig.
2A and B.

TABLE 5. Comparison of the efficiency ofhuman
aggregated gamma globulin and latex-globulin

reagent on the absorption ofRF at room
temperature or 4"C from five rheumatoid sera and
effect of adsorptions on the secondary IgM staining
of unfixed and acetone-fixed measles virus-infected

cells
Immunofluores-

cence staining titer
with:

Se- Absorbent" Temp RF Ace-
rum ti- Unfixed tone-ter cells fixed

cells

1gM IgG IgM IgG

RA 1 Unabsorbed 6 24 768 <3 48
AGG (20%) Room or <3 <3 768 <3 48

4"C
L-GR (1.6%) Room or <3 <3 384 <3 48

40C
RA 2 Unabsorbed 24 96 384 12 48

AGG (20%) Room or <3 12 384 <3 48
4"C

L-GR (1.6%) Roomn or <3 12 384 <3 48
4"C

RA 3 Unabsorbed 48 192 768 48 384
AGG (20%) Room or <3 24 768 <3 384

4"C
L-GR (1.6%) Room or <3 12 768 <3 384

4"C
RA 4 Unabsorbed 192 96 384 24 96

AGG (20%) Room or 12 24 384 3 96
40C

L-GR (1.6%) Room or 12 48 384 3 96
40C

RA 5 Unabsorbed 384 192 768 48 192
AGG (20%) Room or 24 48 768 12 192

4"C
L-GR (1.6%) Room or 24 96 768 12 192

4"C
"AGG, Aggregated human gamma globulin; L-GR,

latex-globulin reagent.
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TABLE 6. Geometric mean titers of measles virus-specific antibodies by immunofluorescence, HAI, and HLI
in three groups

Titer in:
No. of

Clinical condition pa- Immunofluorescence (IgG antibody) test
tients HLI test HAI test

Unfixed cells Acetone-fixed cells

Multiple sclerosis 15 842 192 865 133
(2.9255 + 0.4237)a (2.2833 ± 0.3598) (2.9372 ± 0.4650) (2.1228 ± 0.4081)

Rheumatoid arthritis 15 804 146 826 110
(2.9054 ± 0.3109) (2.1629 ± 0.3178) (2.9172 ± 0.3554) (2.0425 ± 0.4287)

Normal controls 15 291 73 299 50
(2.4639 ± 0.2967) (1.8618 ± 0.3908) (2.4757 ± 0.3338) (1.7013 ± 0.4755)

" Numbers in parentheses are mean logarithmic titers ± standard deviations.

TABLE 7. Comparison ofmean log titers of measles virus-specific antibodies by immunofluorescence, HAI,
and HLI in three groups by the paired t test

P value

Groups compared Immunofluorescence (IgG antibody)
test HLI test HAI test

Unfixed cells Acetone-fixed cells

Multiple sclerosis vs control 0.001-0.01a 0.001-0.01a 0.01 -0.02a 0.02-0.05a
Rheumatoid arthritis vs control 0.001-0.01a 0.05 -0.02a 0.001-0.01a 0.05-0.10
Multiple sclerosis vs rheumatoid >0.9 0.3-0.4 >0.9 0.6-0.7

arthritis
a Significant at P < 0.05.

A comparison of the mean log titers of anti-
bodies in three groups showed that patients with
multiple sclerosis and patients with rheumatoid
arthritis had significantly higher titers of mea-
sles virus-specific IgG by fluorescence and HLI
antibody tests than did normal controls. The
patients with multiple sclerosis also had signifi-
cantly higher titers of HAI antibodies than nor-
mal controls (Tables 6 and 7). Although geo-
metric mean titers of HAI antibodies were
higher in patients with rheumatoid arthritis than
in normal controls (Table 6), the mean log titers
just failed to show a significant difference (Table
7). This may be due to the small number of
patients in the group. It can also be seen that
titers of HLI antibodies were higher than titers
of HAI antibodies and were similar to higher
titers of IgG antibody in immunofluorescence
tests on unfixed virus-infected cells. There were
no significant differences in the titers of measles
antibodies between multiple sclerosis and rheu-
matoid arthritis (Tables 6 and 7).

DISCUSSION
It has been reported previously that MS-IgM

in sera of patients with multiple sclerosis is an
antiglobulin, not a measles virus-specific anti-
body (6; Fraser et al., in press). The unfixed
measles virus-infected cells revealed a secondary
IgM staining which acetone-fixed infected cells
did not show. Our present findings suggest that

there are two reasons for this discrepancy.
The first is that IgG staining of measles virus

on cell surfaces is more sensitive to acetone
fixation than is IgG staining of other surface-
maturing viruses. The second is that the RF-like
substance IgM has greater affinity for measles
HLI antibody than for HAI antibody. The com-
bined results of the two factors can result in
differences of more than 80-fold in the titers of
IgM shown on unfixed compared with fixed in-
fected cells.
Measles virus antigen at the cell surface is a

complex of two antigenic determinants which
are independently accessible to their specific
antibody. Loss of combining power after acetone
fixation, as shown by immunofluorescence, is not
due to an equal reduction in affinity of both
antigens for antibody, but to the destruction of
one antigen, hemolysin, and the retention of the
other, hemagglutinin (7). Since the two antibody
levels differ widely in individual sera, the loss of
titer on acetone-fixed infected cells compared
with the titer on unfixed infected cells differs in
each serum and is greatest when the difference
between HLI and HAI antibodies is largest (Ta-
ble 2). These facts explain the greater decrease
in titer given by measles virus antibody com-
pared with the titer shown by other virus anti-
bodies which, presumably, do not react with an
acetone-sensitive antigen (Table 1). They also
explain the wide range in the ratio of titer of
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measles antibody on unfixed cells to titer on
fixed cells seen with different human sera (see
above). Differences in titer are even greater with
sera from multiple sclerosis patients, for some
contain much more antihemolysin than normal
(5).
Two serum factors interact in titrating second-

ary IgM staining. They are the amount of IgG
antibody available to combine with virus antigen
and the amount of RF available to bind to
specifically adherent IgG. For this reason RF
was first measured by a standard agglutination,
and Table 2 shows that the fluorescent antibody
method is normally more sensitive than the latex
agglutination method. It also shows that one
rheumatoid serum and two control sera showed
secondary IgM staining only on unfixed infected
cells, although the staining should have been
present on acetone-fixed cells if the ratios pre-
sented in Table 2 are applied, thus resembling
secondary IgM staining obtained with RF in
multiple sclerosis sera.
Our results show that three high-titer RF-

containing rheumatoid sera all gave similar
brightness of fluorescence, that is, bound equally
well when added to infected cells coated with
equivalent amounts ofHLI or HAI antibody. RF
in multiple sclerosis sera produced fluorescence
only in the presence of HLI antibody, not with
HAI antibody. Also, when RF as tested by latex
agglutination had been removed, fluorescent an-
tibody testing revealed secondary IgM staining
in one rheumatoid serum (Table 4) on unfixed
virus-infected cells but not on acetone-fixed
cells, although there was sufficient virus-specific
IgG to have shown staining on acetone-fixed
cells. Thus, two types of secondary IgM staining
by RF can be observed. One (shown in the
majority of rheumatoid sera) is due to standard
RF which binds to HLI and HAI antibodies on
infected cells, and the other is observed with
low-titer RF in sera from multiple sclerosis, in
control sera, and occasionally in rheumatoid sera
which binds only to HLI antibody. The reason
for these differences is not known, but it might
be due to differences in the subclass specificities
of the HLI and HAI antibodies. For instance, it
has been reported that complement may be ac-
tivated by measles antibodies by two different
pathways which are related to HLI and HAI
antibodies (4). It is known that cultured lym-
phocytes from rheumatoid arthritis patients se-
crete RF (22). It will be important to know
whether cultured lymphocytes from multiple
sclerosis patients secrete RF and also whether
in vitro-secreted RF from patients with rheu-
matoid arthritis and patients with multiple scle-
rosis show the differences in their specificities

for measles virus-specific HLI and HAI antibod-
ies.

Different temperatures have no effect on the
absorption ofRF from rheumatoid sera. Neither
absorbing material reduced the IgG staining ti-
ters, and coated latex particles were, volume for
volume, by far the most effective absorbent (Ta-
ble 5). Since the removal of RF did not affect
virus-specific IgG titer, we concluded that above
average titer of antibody in multiple sclerosis
was not a consequence of a secondary in vitro
action of RF.
We wondered whether the measles virus an-

tibody titers in multiple sclerosis and rheuma-
toid arthritis were in any way related to our
observation that sera from patients with both
diseases contain IgM antiglobulins, sometimes
of low titer. The most striking feature of the
survey of groups of patients and of normal per-
sons was the fact that the average increase in
titer of antibody to measles virus hemolysin
above normal is equally great in multiple scle-
rosis and rheumatoid arthritis sera (Table 6 and
Fig. la). This is also apparent in the mean titer
of fluorescent antibodies on unfixed tissue,
which is to be expected from the fact that most
of this is HLI antibody. The similar increase in
the two sera was unexpected despite the exist-
ence of reports that increases in the amounts of
circulating antibody against measles virus and
some other viruses have been reported in groups
of patients with a variety of rheumatic diseases
(10-14, 16-18, 23, 24). If our present result holds
widely, it will greatly alter the idea that there is
a special relationship between measles infection
and multiple sclerosis, unless the same is true
for rheumatoid arthritis. It even raises the pos-
sibility that a common cause for the altered
immune responses in both diseases could exist.
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