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SUMMARY Twenty five homosexual men from London, 14 of whom had persistent
lymphadenopathy and of whom did not, were tested for immunity to Epstein-Barr (EB) virus.
All yielded positive results to serological tests for the viral capsid antibody, and had antibodies
to the early antigen. Thirteen out of 17 were excreting virus into the saliva; culture of peripheral
blood mononuclear cells from two of these patients showed no detectable regression induced by T
cells that was specific to EB virus. No differences were found between the patients with and
without lymphadenopathy. Peripheral blood B cells from six patients with hypergammaglobulin-
aemia were double stained for cytoplasmic immunoglobulin and EB viral nuclear antigen, and in
all cases the activated B cells producing immunoglobulin did not contain EB nuclear antigen.
Similarly, lymph node biopsy specimens from five patients showed no cells with EB nuclear
antigen. These results indicate that although homosexual men have a high incidence of reactivated
infection with EB virus, this viral infection is not the cause of the polyclonal activation of B cells
seen in peripheral blood and is not implicated in the aetiology of the lymphadenopathy found in
these men.

Introduction

The acquired immune deficiency syndrome (AIDS)
was first described in 1981 with outbreaks of
Pneumocystis carinii pneumonia and aggressive
mucocutaneous Kaposi's sarcoma in young American
homosexual men.' Since then the number of cases
has grown exponentially, and patients now include
intravenous drug abusers,2 Haitians,3 and haemo-
philiacs.4 The syndrome has been extended to include
a wide variety of viral, fungal, protozoal, and some
bacterial opportunistic infections and other tumours
such as non-Hodgkin's lymphomas.5 An underlying
largely cellular immune deficiency has been des-
cribed, which includes anergy to common skin recall
antigens, impaired lymphocyte transformation, and
lymphopaenia with depletion of the T helper (Th)
subset and inversion of the ratio of T helpers to T
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suppressors (Ts).6 Similar abnormalities of cell
mediated immunity and inverted Th/Ts ratios have
been described in healthy homosexual men7 and
haemophiliacs.8 An increasing number of cases of
unexplained lymphadenopathy in homosexual men
with and without non-specific symptoms has been
reported.9 The exact relation of this lymphadeno-
pathy syndrome to AIDS has yet to be established,
but progression to AIDS has been described in
around 10%7o of cases in the United States of
America.'0
Much attention has focused on the cellular

immune deficiency, but patients with AIDS and
some healthy homosexual men with or without
lymphadenopathy also have abnormal humoral
immunity. Hypergammaglobulinaemia7 associated
with B cells that spontaneously produce immuno-
globulin in vitro" is found regularly, and auto-
immune phenomena have been described.'2 It has
been suggested that these findings might be due to
infection with Epstein-Barr (EB) virus," 13 as it is
known to infect B lymphocytes in man'4 stimulating
them to produce immunoglobulin in vivo'5 and in
vitro.16
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Primary infection with EB virus occurs in most
people subclinically during childhood. If infection is
delayed until adolescence, however, it may be clini-
cally manifest as infectious mononucleosis.'7
Primary infection results in an antibody response to
the viral capsid antigen and EB viral nuclear antigen,
which persist for life and can be found in 80-90O/o of
adults worldwide,'8 and a transient antibody
response to the EB viral early antigen.'9 EB virus is
not completely eliminated from the body after
primary infection. Thus spontaneous B cell lines
carrying EB virus can be grown in vitro from
lymphoid tissue,20 and infectious virus can be found
intermittently in saliva or throat washings from most
people with positive serological test results.2' This
low grade infection is probably controlled, at least in
part, by the cytotoxic T cells present in the
circulation which specifically lyse target cells infected
with EB virus22 in a human leucocyte antigen (HLA)
A, B, and C restricted manner.23

In certain groups of immunosuppressed people
there have been reports of increased isolation of EB
virus from saliva,24 the spontaneous establishment of
B cell lines transformed by EB virus from peripheral
blood lymphocytes,25 or both. This is probably due
to a decrease in T cell immunity specific to EB virus,
which allows increased numbers of cells infected with
the virus to survive.26 This in turn leads to raised
titres of serum antibodies to the viral capsid antigen
and to the reappearance of antibodies to the viral
early antigen.27 These groups of people also have an
increased incidence of lymphomas,28 some of which
are aetiologically associated with EB virus29 and are
probably due to uncontrolled proliferation of
infected B cells in the absence of adequate T cell
immunity.26 Lymphomas associated with EB virus
have also been reported in immunosuppressed homo-
sexual men.5

In this study we compared the status of infection
with EB virus in homosexual men with and without
lymphodenopathy and investigated the role of the
virus in the production of hypergammaglobulin-
aemia.

Patients and methods

STUDY POPULATION
We studied 14 exclusively homosexual men (average
age 30 - 5 years, range 19-43) with unexplained lymph-
adenopathy in at least two anatomical sites other
than inguinal, which had persisted for more than
three months. Table I shows their clinical features.
Eleven asymptomatic homosexual men (average age
30, range 21-42) with no history of illness or infection
in the preceeding three months were studied concur-
rently. Both groups of patients were regularly attend-

ing the department of genitourinary medicine at the
Middlesex Hospital. Ten healthy heterosexual men
were used as control subjects.

TABLE I Clinical features of 14 homosexual men with
unexplained lymphadenopathy

Case
No Age Symptoms Other illness

1 33 Night sweats
2 43
3 24 Herpes proctitis
4 19 Fatigue
5 39 Night sweats
6 37 Malaise
7 34
8 29 Fatigue and

night sweats
9 21 Fatigue
10 28 HBV and warts
11 27
12 35 Night sweats HBV
13 30 Herpes zoster
14 28 Bruising HBV and ITP

HBV = Hepatitis B virus carrier (HBe antigen positive);
ITP = Idiopathic thrombocytopenic purpura.

SEROLOGY AND CULTURE OF SALIVA
Serum samples were assayed for antibodies to EB
viral capsid antigen30 and EB viral early antigen using
established methods.'9
EB virus was isolated from saliva by diluting saliva

1/1 with RPMI 1640 medium and centrifuging at
400 x g for 10 minutes. The supernatant was filtered
through a 0 45 Mm filter (Millipore, Harrow,
Middlesex, United Kingdom) and stored in 1 ml
aliquots at - 70°C. The thawed contents of one
aliquot of each saliva specimen were added to a pellet
of 2-4 x 106 mononuclear cells, prepared from
human cord blood. The cells were resuspended,
incubated at 37°C for one hour, washed in medium,
and cultured at a concentration of 2 x 106/ml for
three months. The cultures were fed regularly and
observed for signs of transformation. All cell lines
emerging were tested for the presence of EB nuclear
antigen by the standard method.31

STUDIES OF PERIPHERAL BLOOD
MONONUCLEAR CELLS
Peripheral blood mononuclear cells were obtained
from 20-40 ml heparinised blood by centrifugation
on a Ficoll-Hypaque gradient. The cells were washed
twice in medium before use.
Numbers of total leucocytes, total T cells, T

suppressor/cytotoxic (Ts) cells, T helper/inducer
(Th) cells, and natural killer cell phenotypes were
estimated using HLe-1,32 UCHT1,33 UCHT4,34 Leu
3a (Becton Dickinson, Sunnyvale, California, United
States of America), and Leu 7 (Becton Dickinson)
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monoclonal antibodies respectively. The cells were
stained by a conventional indirect immunofluores-
cence technique and analysed on a fluorescence
activated cell sorter (FACS IV, Becton Dickinson). A
four hour chromium release assay against K562
target cells was used to measure the natural killer cell
activity of peripheral blood mononuclear cells.

INFECTION OF CELLS WITH EB VIRUS AND
CULTURE FOR REGRESSION ASSAY
Pellets of 8 x 106 peripheral blood mononuclear cells
were resuspended in 1 ml supernatant culture
medium from cell line B95-8,36 which contained EB
virus and had been filtered through a 0 45 Mm filter
and stored at - 700C. The cells were incubated at
37°C for one hour, pelleted, and resuspended in
RPMI 1640 containing 100 IU penicillin and
streptomycin, 2 mmol glutamine, and 10% fetal calf
serum. For the regression assay peripheral blood
mononuclear cells infected with EB virus were
cultured in 0 2 ml volumes in microtest plate wells at
concentrations of 2 x 106ml, 106/ml, 0 5 x 106/ml,
and 0 25 x 106/ml. Ten replicate cultures were
plated at each cell concentration. Cyclosporin A 1
mg/l was added to five cultures at each concentration
to inhibit cytotoxic T cell activity.36 Cultures were
placed in a 370C incubator in an atmosphere of 50o
carbon dioxide in air, and fed weekly by replacing
half the culture medium without disturbing the cell
layer. They were observed under an inverted
microscope for four weeks for the appearance of
proliferating foci of cells and the subsequent onset of
regression.

E ROSETTING AND REMOVAL OF T CELLS FROM
PERIPHERAL BLOOD MONONUCLEAR CELLS
E rosette positive and E rosette depleted fractions of
peripheral blood mononuclear cells were prepared
and separated by the method of Kaplan and Clark.37

CULTURE OF E ROSETTE NEGATIVE CELLS
E rosette negative cells from six patients known to
have raised serum immunoglobulin concentrations
were cultured at 106/ml for seven days. The cells were
then stained for cytoplasmic immunoglobulin, and
the supernatant medium assayed for IgM, IgG, and
IgA.

IMMUNOGLOBULIN STAINING OF E ROSETTE
NEGATIVE CELLS
Cytospin preparations of fresh and cultured E rosette
negative cells were fixed in methanol and stained for
cytoplasmic IgG, IgM, and IgA using rabbit anti-
human antibodies conjugated with fluorescein
(Dakopatts, Mercia-Brocades, Byfleet, Surrey,
United Kingdom). When this staining procedure was

doubled for EB nuclear antigen, antibodies
conjugated with rhodamine (Dakopatts, Mercia-
Brocades) were added to the cell preparation with the
second layer antibody.

IMMUNOGLOBULIN ASSAYS
Serum IgM, IgG, and IgA concentrations were
measured by radial immunodiffusion. Concentra-
tions of IgM, IgG, and IgA in culture supernatant
media were measured by an enzyme linked immuno-
assay (ELIZA) technique.

STAINING LYMPH NODE BIOPSY SAMPLES FOR
EB NUCLEAR ANTIGEN
Frozen sections cut from the snap frozen lymph node
material were air dried, fixed in a mixture of equal
volumes of acetone and methanol at - 20°C, and
stained for EB nuclear antigen.3'

Results

SEROLOGY AND CULTURE OF SALIVA
Table II shows the results of serology tests and
culture of saliva. The serum of all patients studied,
both those with lymphadenopathy and asymptomatic
homosexuals, was positive for IgG antibodies to viral
capsid antigen with titres of 1/8 to 1/4096, the
highest titres being in those with lymphadenopathy.
No IgM antibodies to viral capsid antigen were
found. Six of the 14 patients with lymphadenopathy
and five of the 11 asymptomatic homosexuals also
had detectable antibody to EB early antigen with
titres of 1/4 to 1/64.
Random specimens of saliva from six out of eight

patients with lymphadenopathy tested and from eight
out of 10 asymptomatic homosexuals tested
contained virus which transformed cord blood
mononuclear cells. All cell lines generated expressed
EB nuclear antigen.

STUDIES OF PERIPHERAL BLOOD
MONONUCLEAR CELLS
Table III shows numbers of lymphocytes and T cell
subsets and concentrations of gammaglobulins in
both groups of patients. Lymphopaenia (<1 * 5 x 109
lymphocytes/l) was present in three (Nos 1, 13, and
14) of the 14 patients with lymphadenopathy and in
two of the 11 asymptomatic homosexuals. A low
Th/Ts ratio (<0- 8) was present in nine out of 12
patients with lymphadenopathy and seven out of 10
asymptomatic homosexuals. In both groups this was
generally due to an absolute decrease in numbers of
Th cells. There were no overall differences in the
natural killer cell phenotypes and natural killer cell
killing between patients with lymphadenopathy,
asymptomatic homosexuals, and the 15 healthy
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TABLE 11 Antibody to, regression associated with, and secretion in saliva ofEB virus in patients with (1-14) and without
(15-25) lymphadenopathy

Titres of IgG antibody to:

Case Viral capsid antigen Early antigen Regression EB virus in saliva
No (normal <1/512) (normal = -) (normal = + (100%)) (normal = + (10%e))

1 1/32 - + +
2 1/256 1/16 + +
3 1/2048 1/8 NT
4 1/512 - +
5 1/8 + NT
6 1/512 - + +
7 1/2048 1/16 + +
8 1/32 - + +
9 1/128 - + +
10 1/128 1/16 NT NT
11 1/256 - NT NT
12 1/4096 1/4 + NT
13 1/256 1/16 NT NT
14 1/128 1/4 NT NT
15 1/16 1/64 + NT
16 1/32 - + +
17 1/8 NT +
18 1/246 -

19 1/128 1/8 NT +
20 1/16 - + +
21 1/128 1/4 + +
22 1/16 1/8 + +
23 1/32 - + +
24 1/256 1/8 + +
25 1/32 -

+ = positive; - = negative; NT = not tested.

heterosexual controls. Table III also shows that 10 of
the 14 patients with lymphadenopathy and two of the
11 asymptomatic homosexuals had hypergamma-
globulinaemia.

REGRESSION IN CULTURES INFECTED WITH

EB VIRUS
Peripheral blood mononuclear cells infected with EB
virus from all nine patients with lymphadenopathy
tested and seven of the nine asymptomatic homo-
sexuals tested showed normal regression. Two of the
asymptomatic homosexuals (Nos 18 and 25) showed

no evidence of regression (table II). Cell lines trans-
formed by EB virus grew from all the cultures treated
with cyclosporin A.

PRODUCTION OF IMMUNOGLOBULIN BY
E ROSETTE NEGATIVE CELLS
Table IV shows the percentage of E rosette negative
cells that stained for cytoplasmic immunoglobulins
or EB nuclear antigen before and after culture and
that secreted immunoglobulin in the culture super-
natant. Six out of 12 patients known to have raised
serum immunoglobulin concentrations, five with

TABLE i11 Total lymphocytes and T cell subsets and concentration of gammaglobulins in patients with and without
lymphadenopathy

Patients with Asymptomatic
lymphadenopathy homosexuals

No affected/ No affected/
No tested Mean (SD) No tested Mean (SD)

Lymphopaemia
(lymphocytes <1 5 x 109/l) 3/14 1 90(0-82) 2/11 1-94 (1-03)

Reduced T helpers
(<051 x 109/1)* 10/12 0-37 (0 23) 9/10 0 37 (0 24)

Increased T suppressors
(>0 98 x 109/1)* 2/12 0-75 (0 41) 3/10 0-84 (0-50)

Reduced Th/Ts ratio (<0 8) 9/12 0 59 (0 38) 7/10 0 60 (0-41)
Hypergammaglobulinaemia:

Raised serum IgG (>1700 g/l) 7/14 1678 (496) 1/11 1166 (306)
Raised serum IgA (>350 g/l) 3/14 221 (64) 1/11 187 (83)
Raised serum IgM (>210 g/l) 6/14 251 (118) 2/11 185 (53)

*Mean + SD in 15 healthy heterosexual control subjects; Th = T cell helpers; Ts = T cell suppressors.
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TABLE IV Percentage ofE rosette negative cells which stainedfor cytoplasmic IgM, IgG, IgA, or EB nuclear antigen and
secreted immunoglobulin after culture for seven days

Fresh E rosette negative cells E rosette negative cells cultured for seven days

% cytoplasmic: % EB % cytoplasmic: % EB Immunoglobulin (mg/l)
nuclear nuclear in culture supernatant

Case No IgM IgG IgA antigen IgM IgG IgA antigen IgM IgG IgA

I <1 2 1 <1 1 2 1 <1 0 16 55 0 0-35
11 <1 4 NT <1 <1 4 1 <1 0 03 4-3 0 54
12 1 2 1 <1 NT NT NT NT NT NT NT
13 3 3 NT <1 3 3 NT <1 0 04 8 5 0-1
14 2 5 2 <1 5 5 NT 2* 2-02 51-0 36-0
24 1 7 <1 <1 1 6 1 <1 0 12 53 0 8 5
Controls <t<4 <1 <1 <1 <1 <1 <n <1<a<n

NT = not tested; *4%o of cells with cytoplasmic immunoglobulin also contained EB nuclear antigen.

lymphadenopathy and one without, were found to
have increased (>1I%o) numbers of cells in fresh E
rosette negative cell preparations that contained
cytoplasmic immunoglobulin. Up to 707 of cells
stained for cytoplasmic IgG, whereas only 307
stained for cytoplasmic IgM and 207 for IgA. Using
two colour immunofluorescence these cells contain-
ing immunoglobulin were shown to be uniformly
negative for EB nuclear antigen. Repeat staining of E
rosette negative cells after seven days' culture showed
similar numbers of cells with cytoplasmic immuno-
globulin, most of which contained IgG and were
again negative for EB nuclear antigen. In one patient
(No 14) an increase from 2%7o to 5'70 of cells with
cytoplasmic IgM corresponded with finding 207o of
cells with EB nuclear antigen. Freshly prepared and
cultured E rosette negative cells from six heterosexual
control subjects had immunoglobulin in less than I No
and EB nuclear antigen in none. When these cells
were deliberately infected with EB virus and cultured
for seven days, 72-100%7o of the cells with immuno-
globulin also contained EB nuclear antigen. Im-
munoglobulin concentrations in the seven day super-
natant medium from cultured E rosette negative cells
were: IgG 4 3-53 mg/l, IgM 003-202 mg/I, and
IgA 0-01-8*5 mg/l. Those from the six control
cultures were all less than 1 mg/l for each class of
immunoglobulins.

LYMPH NODE BIOPSIES
Four of the five lymph node biopsy specimens
studied showed histological findings consistent with a
non-specific lymphadenitis. In the one remaining
lymph node there were no germinal centres, and
general depletion of lymphoid cells from the B cell
region was associated with deposits of hyaline
material. Staining these lymph node biopsies gave
uniformly negative results for EB nuclear antigen.

Discussion

We studied immunity to EB virus in 25 homosexual
men in London with and without lymphadenopathy.
All 25 patients had antibodies to viral caspid antigen.
The high titre of such antibodies found in some
patients, taken with the high incidence of detectable
antibodies to early antigen and isolation of the virus
in saliva (table II), indicate that this group of patients
has a high incidence of reactivated EB virus infection.
These findings suggest that the patients have
increased numbers of infected cells in the body, due
either to constant reinfection with the virus or to a
decrease in immunosurveillance specific to EB virus,
which allows increased numbers of infected cells to
survive. Our findings of non-specific immune
abnormality in most of the patients, as indicated by a
reversed Th/Ts ratio (table III), and no detectable
regression induced by T cells specific to EB virus in
two patients (table II) would lend support to the
latter theory. Raised titres of antibody to viral capsid
antigen and early antigen have previously been
reported in patients with AIDS.3 In other groups of
immunosuppressed people (such as recipients of
renal transplants,24 26 and patients with ataxia
telangiectasia,27 rheumatoid arthritis,38 and multiple
sclerosis39) increased incidence of salivary secretion
of the virus and the absence of regression have also
been noted. These findings do not signify a role for
EB virus in the aetiology of the disease, but reactiv-
ation of infection with EB virus due to immuno-
suppression associated with the disease process itself.
It is interesting that we could find no difference
between the two groups of patients studied with
regard to immunity to EB virus, and that even in the
apparently healthy group most men showed re-
activation of infection.
EB virus is a polyclonal activator of B lympho-

cytes,'6 and B cells expressing both EB nuclear
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antigen and cytoplasmic immunoglobulin have been
found in the circulation early in infectious mono-
nucleosis.'5 Thus it has been postulated that the
polyclonal activation of B cells seen in some homo-
sexual men and patients with AIDS is due to reacti-
vated EB virus infection." 13 We have shown that
when E rosette negative cells from normal people are
polyclonally activated by EB virus in vitro most
(72-1000o) of the cells producing immunoglobulin
also contained EB nuclear antigen, and that the pre-
dominant cytoplasmic immunoglobulin was IgM.
Conversely, when fresh E rosette negative cells from
six homosexual men with hypergammaglobulinaemia
were examined, IgG was the predominant cyto-
plasmic immunoglobulin and the cells did not
contain EB nuclear antigen (table IV). Furthermore,
after seven days' culture, E rosette negative cells
from five of the six patients maintained IgG as the
major cytoplasmic immunoglobulin and remained
negative for EB nuclear antigen. IgG was also the
predominant immunoglobulin in the culture super-
natant. These results indicate that the cells containing
immunoglobulin were not activated by EB virus. E
rosette negative cells from one patient after seven
days' culture showed 2% of cells containing EB
nuclear antigen, which indicated the emergence of a
spontaneous B cell line transformed by EB virus.
This finding was mirrored by an increase in IgM in
the culture supernatant and in cells containing
cytoplasmic IgM (table IV), and shows that EB virus
stimulates a different subpopulation of B cells from
those activated in vivo in this patient.

Finally, we have recently examined the cells con-
taining cytoplasmic immunoglobulin in the peri-
pheral blood of a homosexual man with hyper-
gammaglobulinaemia and a widespread lymphoma
consisting of cells expressing EB nuclear antigen. Even
in this case IgG was the predominant immunoglobulin
in the cells of the peripheral blood, and they did not
contain EB nuclear antigen. Thus there was no
association between the proliferating tumour cells
containing EB nuclear antigen and the activated B
cells in the peripheral blood. Lymph node biopsy
specimens from five patients with lymphodenopathy
were also negative for EB nuclear antigen.
From these findings we conclude that the in vivo

stimulation of peripheral blood B lymphocytes to
produce immunoglobulin and the aetiology of
lymphadenopathy in homosexual men are not
affected by EB virus. It follows that some other as
yet unidentified polyclonal activator(s) must be
present in these patients. In this context it has been
shown that antigenic material from the rectal lumen
is absorbed into the systemic circulation leading to
the production of antisperm and anti-HLA anti-
bodies.40 Thus it may be that some of this material, in

particular polysaccharide from the bacterial cell wall,
activates B cells. Experiments are at present under
way in our laboratory to elucidate this point.

We thank Dr R Tedder for the use of his laboratory.
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