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suMMARY Serum samples from 40 students with suspected infectious mononucleosis were tested
for the presence of antibodies to intermediate filaments (AIFA) of the cytoskeleton. Twenty had
antibodies to the Epstein-Barr virus capsid antigen before their illness, and during it their sera
remained negative by the Paul-Bunnell test. The other 20 patients did not have antibodies to the
Epstein-Barr virus capsid antigen before their illness and seroconverted during the illness. These
patients (true infectious mononucleosis group) developed positive Paul-Bunnell tests. Sera from
normal subjects (blood donors) were also tested for AIFA.
AIFA was present in titres >1/10 in 80% of the infectious mononucleosis group (mean titre

1/40-1/80), 10% of the Paul-Bunnell negative glandular fever group, and 8-5% of the normal
blood donors.

Anti-intermediate filament antibodies (AIFA) have
been found in a variety of conditions, including
rheumatoid arthritis,' some parasitic diseases,2 and
some acute viral conditions.34 A causal relation has
been suggested between the latter and AIFA pro-
duction4 because of falling titres of AIFA in paired
acute and convalescent sera.
Although an association of AIFA with infectious

mononucleosis has been reported,5 it is not clear
whether this autoantibody is also present in clini-
cally suspected "glandular fever' due to causes
other than Epstein-Barr virus infection. We have
investigated the incidence of AIFA in the sera of
patients whose glandular fever was attributable to
acute EBV infection and in those whose disease was
due to other causes and in a group of blood donors.

Materia and methods

SERUM SAMPLES
Serum samples from 40 patients participating in a
joint investigation by university health physicians
and Public Health Laboratory Service laboratories6
were available for testing. They were kindly made
available to us by Dr TM Pollock and had been kept
at - 20°C since their collection (1970-4). The sam-
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ples were from students admitted to the University
Health Centre with suspected glandular fever.
Twenty samples came from students whose sera con-
tained antibodies to the Epstein-Barr viral capsid
antigen (VCA) before their illness, during or after
which they had consistently had negative Paul-
Bunnell tests. These 20 patients were negative for
rubella seroconversion at the time of the illness. One
patient showed a rise in anti-streptolysin 0 titre
from 1/250 to 1/690 and one showed a rise in com-
plement fixation titre to herpes simplex from 0 to
1/320. Another three showed no significant changes
in anti-streptolysin-O or anti-herpes simplex titres.
No information was available for the remaining 15
patients regarding results of screening for antiviral
antibodies. The other 20 sera came from students
who were negative for anti-VCA IgG antibody
before their illness. In these patients the Paul-
Bunneil test became positive during their illness and
EBV VCA IgM antibody was found. These findings
were reported by Blake et al.7 A further 93 sera
from healthy adult blood donors were also included
in the present study.

ANTI-INTERMEDIATE FILAMENT ANTIBODY
AIFA was detected by reacting sera with HEp2 cells
and human skin fibroblasts as substrate; the indirect
immunofluorescence technique was used as
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described previously.' Cells were seeded on multi-
spot slides and cultured in RPMI 1640 (Gibco) sup-
plemented with 10% fetal calf serum and antibiotics
at 37°C in a humidified 5% CO2 incubator until
growth was subconfluent. Twelve hours before har-
vest colchicine was added to the cultures in a final
concentration of 0 5 ug/ml.

Slides carrying colchicine treated subconfluent
HEp2 monolayers were rinsed thoroughly in warm
phosphate buffered saline (PBS) (37°C) and fixed in
methanol at -20°C for 10 min. Drops of patients'
sera at a dilution of 1/10 were applied to the cells
and the slides were kept at 37°C for 45 min, after
which they were washed in PBS and stained with
poly- or monospecific fluorescein isothiocyanate
conjugated sheep antihuman immunoglobulin
(Wellcome Research Laboratories). Sera showing
positive staining of intermediate filaments were
titrated by doubling dilution. Results were read
without knowledge of the other serological findings
or the clinical state of the serum donors.

Sera positive for AIFA of vimentin specificity
stained cytoplasmic filamentous bundles collapsed
around the nucleus in colchicine treated HEp2 and
fibroblast cells, as described previously.8 Those posi-
tive for AIFA of prekeratin specificity stained uncol-
lapsed filaments that extended to the cell periphery
in HEp2 cells only. Some sera gave both patterns of
staining.

Results

The results are shown in the Figure. At a 1/10 dilu-
tion, 18 (90%) of the 20 Paul-Bunnell positive sam-
ples, 7 (35%) of the 20 Paul-Bunnell negative sam-
ples, and 24 (25%) of the 93 blood donors' samples
gave positive AIFA staining. On titration 16 (80%)
of the 20 Paul-Bunnell positive samples were posi-
tive at dilutions greater than 1/10 (mean titre 1/40-
1/80). Of the Paul-Bunnell negative samples only
two exceeded a 1/10 in titre (1/20, 1/40). Of the 24
positive blood donor samples seven had titres of
1/20 and one of 1/40. All positive sera had IgM
antibody only, except one of the Paul-Bunnell posi-
tive patients' samples, which was also positive for
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Titres ofIgM anti-intermediate fdament antibody in serum
samples from patients with glandular fever and blood
donors. The two sets ofpatients are divided by their
Epstein-Barr viral capsid antigen (EBVCA) status before
illness, indicating their state ofsusceptibility to Epstein-Barr
virus infection. All the patients in the first column acquired
EBVCA antibody during the illness.

IgG. The Table shows the staining patterns in the
three groups of samples tested.
The possibility that prolonged storage at - 20°C

of the patients' serum samples may have affected
results seems reasonably excluded since a similarly

IgM staining pattems ofanti-intermediate fiament antibody (AIFA) positive serum samples

Serum source Total no AIFA positve Prekeratin pattern Vimentn pattern Prekeratin and vinentin
patterns together

Paul-Bunnell positive patients 20 18 7 1 10*
Paul-Bunnell negative patients 20 7 4 0 3
Blood donors 93 24 4 1 19

*One patient was positive for both IgG and IgM.
Comparisons of the incidences of AIFA in the three groups by x2 tests gave the following: Paul-Bunnell positive v negative p < 0-001t;
Paul-Bunneli positive v blood donors p < 0-001t; Paul-Bunnell negative v blood donors p > 0 05t. tsignificant; tnot significant.
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high incidence of AIFA in infectious mononucleosis
has been reported previously3 19; in the present study
there was a significant difference in the behaviour of
Paul-Bunnell positive and Paul-Bunnell negative
glandular fever samples stored for the same lengthy
period.
Of the samples from the five patients in the

Paul-Bunnell negative group who had been
screened for other viral conditions, one gave posi-
tive AIFA staining of prekeratin/vimentin type at a
titre of 1/20. This patient had a rising complement
fixation titre to herpes simplex.

Discussion

In the initial larger study of suspected infectious
mononucleosis in students,6 of which the patients
reported here formed a part, almost all (44 of 45) of
those who developed positive Paul-Bunnell tests at
the onset of their illness also acquired anti-VCA
antibodies, while no positive Paul-Bunnell test was
shown in students whose illness did not result in
acquisition of anti-EBV antibody. The availability
of 40 carefully preserved serum samples from this
study, together with information about the serologi-
cal state of the serum donors before and during their
illness, provided an opportunity to seek a possible
relation between the presence of AIFA and proof of
EBV infection as the cause of clinically suspected
"glandular fever." AIFA is one of a variety of IgM
autoantibodies which have been found in infectious
mononucleosis, which include antinuclear anti-
bodies,9 anti-immunoglobulin antibodies,9 anti-i
antibodies,'0 anti-smooth muscle antibodies," and
anti-lymphocyte antibodies.'2 In one report5 AIFA
of IgG class showed no clear cut disease associa-
tions.

In our group of 40 patients with clinically sus-
pected infectious mononucleosis we found clear evi-
dence that AIFA of IgM class occurred in
significantly higher incidence and titre in the 20
whose illness was serologically shown to be attribut-
able to EBV infection. The 20 patients whose sera
remained negative for heterophile antibody by
Paul-Bunnell testing were also negative for rubella
seroconversion. Evidence for the cause of their ill-
ness is fragmentary since results of serological tests
for other microbial agents were available for only
five: only two were positive, one for anti-
streptolysin-O and one for antibody to herpes sim-
plex.
We have previously reported'3 that IgM AIFA is

induced in lymphocyte cultures infected with EBV
and that increased IgM levels in the supernatants of
such cultures are accompanied by the appearance of
another autoantibody, rheumatoid factor.'4 It thus

appears that both in vivo and in vitro the polyclonal
activating effect of EBV on B lymphocytes results in
autoantibody production. The results reported here
suggest that EBV infection especially favours pro-
duction of IgM antibody specific for intermediate
filaments as shown by immunofluorescence. In view
of recent reports'5-'8 concerning the cross reac-
tivities of AIFA, however, further studies are
needed to define more precisely the specificities of
these antibodies found in patients' sera.
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