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Comparison of the immune response to Epstein-Barr
virus and cytomegalovirus in sera and synovial fluids
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SUMMARY The immune response against two herpesviruses has been determined in sera and
matched synovial fluids of patients with rheumatoid arthritis (RA) and compared with that of a
healthy control population. The increased level of antibody to Epstein-Barr virus (EBV) induced
antigens in patients with RA resembles the antibody pattern observed against cytomegalovirus
(CMV) induced antigens, which suggests the presence of a pathological condition in patients with
RA that can reactivate latent viral infections. The antibody response against EBV and CMV
observed in synovial fluids excludes the local production of specific antibodies against EBV and
CMV antigens.

Several pieces of indirect evidence have suggested a
possible role for viruses in the pathogenesis of
rheumatoid arthritis (RA). Although it has been
argued recently that parvovirus infection may be the
initial cause of rheumatoid arthritis,' the Epstein-
Barr virus (EBV) has more frequently been pos-
tulated as a causative agent. As is known, EBV is an
ubiquitous member of the Herpesviridae family, and
its infection is often asymptomatic. In fact, by the
time of young adulthood, most people have serum
antibodies to EBV, which are markers of prior
infection. In addition, together with the other
herpesviruses, EBV shares the capacity of remain-
ing latent in infected individuals until an appropriate
stimulus or a lowering of immune barriers, or both,
causes the reactivation of the latent infection.

Several experimental observations have sup-
ported the role of EBV in RA pathogenesis. It is
known that (a) patients with RA have raised
antibody titres against EBV induced antigens,23
including the nuclear antigen EBNA I,4 encoded by
the IR-3 region of the EBV genome; (b) RA T cells
have difficulty limiting the outgrowth of EBV
infected B cells;5 and (c) there is a greater preva-
lence of EBV transformed B cells in the blood of
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patients with RA.6 Furthermore, RA synovial mem-
brane contains a 62 kilodalton protein that shares an
antigenic epitope with the EBV encoded associated
nuclear antigen.7

It is now clear, however, that if EBV has a role in
the pathogenesis of RA, it cannot be considered as
the sole aetiological agent. Indeed, several studies
have reported RA patients without antibodies to
EBV induced viral capsid antigens (VCA).8 9
Moreover, recent reports have shown a lack of
reactivity of RA synovial membrane DNA with
cloned EBV DNA probes.'0 This suggests that the
62 kilodalton antigen in RA synovial lining is
probably encoded by cellular genes which are
similar to the IR-3 region of EBV genome and so it
does not result from EBV infection of the RA
synovial membrane.

Patients with RA generally show higher titres of
antibodies to EBV induced VCA, EBNA, and early
antigens (EA) than control populations. This sero-
logical condition is similar in some respects to
the one seen in immunologically compromised
individuals," where the disturbance of the virus-
host balance is an inevitable consequence of impair-
ment of the cell mediated immune response.'2

It is known that another member of the
Herpesviridae family, cytomegalovirus, can be
reactivated in an immunocompromised host'3 and
that antibody to cytomegalovirus induced early
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antigens (EA) is present in high levels in early
rheumatoid disease. 14 Thus the aim of our study was
to determine the relevance of the immune response
against EBV induced VCA, EA, and EBNA, and
against CMV induced late antigens (LA), EA, and
immediate early antigens (IEA) in order to deter-
mine a serological pattern against both viruses.

Materials and methods

SERA AND SYNOVIAL FLUIDS
Serum samples were collected from 35 patients with
classical or definite RA, with an age range of 28-65
years.
The patients with RA met the American

Rheumatism Association criteria for diagnosis. 15

Twenty seven of them were rheumatoid factor
positive at the time of the study. All 35 patients were
taking non-steroidal anti-inflammatory agents.
Twenty RA patients received -12 mg of prednisone
daily, three patients were receiving steroidal agents
and gold, eight patients were receiving gold therapy,
two patients were receiving antimalarial agents and
steroidal agents, and two patients were receiving
only non-steroidal anti-inflammatory agents. All the
35 patients with RA were in an active inflammatory
phase of the disease. A specimen of synovial fluid
was collected from 19 of the 35 patients. As control,
serum samples were collected from 40 healthy
volunteers matched for age and sex.

DETECTION OF ANTIBODY TO EBV

Antigen preparations
To prepare EBV induced VCA the cell suspension
from one bottle of P3HR1 cells was centrifuged at
1000 rpm for 10 min, and the cell pellet was
reconstituted in 0-5 ml of phosphate buffered saline
(PBS) (0-15 M, pH 7-4). Drops of cell suspension
were applied to a slide; the cell density of each spot
was checked microscopically, and the concentration
was adjusted, if necessary, to give an almost
confluent cell smear. The slides were air dried, fixed
in acetone at 4°C for 15 min, and then stored at
-20°C. A reference serum (MLZ 78, VCA titre
1/320, EA titre negative, EBNA titre 1/80) was used
to test antigen preparation and showed 5-8% VCA
positive cells.6 To prepare EBV induced EA Raji
cells treated with 50 [ig/ml of 5-iododeoxyuridine
(Sigma Chemical Co) for 72 h17 were processed as
described above. EA preparations were tested with
a reference serum (EJ 77, EA titre 1/1280), showing
between 5 and 15% EA positive cells. To detect
antibodies to EBNA Raji cells were used as antigen
source and were processed as described above."'

IMMUNOALKALINE PHOSPHATASE ASSAY

An immunoalkaline phosphatase assay for the

detection of antibody to EBV induced VCA and EA
was performed as previously described. '9 2(1 In brief,
acetone fixed cells were treated with serial twofold
dilutions of sera and synovial fluids at 37°C for 45
min. After three washes in PBS, alkaline phospha-
tase labelled goat immunoglobulins to human im-
munoglobulin were added. Cells were then incu-
bated at 37°C for 45 min; after a further three
washes in PBS the alkaline phosphatase substrate
was added. The alkaline phosphatase label was
developed with a naphthol salt as a coupling agent
and a diazonium salt (fast blue) as a capture agent,
forming an insoluble dark blue precipitate at the site
of enzyme localisation.

IMMUNOFLUORESCENCE ASSAY
Antibodies to EBNA were titrated by an anticom-
plement immunofluorescence assay on Raji cells
fixed in acetone:methanol (2:1). As reference
serum, MLZ 78 (VCA titre 1/320, EA titre negative,
EBNA titre 1/80) was used.'8 An EBV active or
recent primary infection was indicated by the
concomitant presence of anti-VCA titres B 1/320
and anti-EA titres ¢1/20 in the absence of antibody
to EBNA. An EBV active or recently reactivated
infection was defined by the concomitant presence
of anti-VCA titres 1/320, anti-EA titres l1/20,
and EBNA titres ,1/10.2I

DETECTION OF ANTIBODY TO CMV
Antigen preparations
To prepare CMV induced IEA, human embryo
fibroblasts infected with the Towne strain of CMV
and grown on coverslips were fixed in acetone one
hour after infection.
CMV induced EA were prepared by fixing cells

infected in the presence of 75 [ig/ml of cytarabine,
72 h after infection, to accumulate all EA synthesised
before replication of viral DNA.
CMV induced LA were obtained by fixing CMV

infected cells 72 h after infection. To test antigen
preparations a reference serum was used (BE 184,
anti-LA titre 1/640, anti-EA titre 1/320, anti-lEA
titre 1/160).

Alkaline phosphatase assay
An alkaline phosphatase assay to detect antibodies
to CMV was performed in human sera and synovial
fluids as described above. Active or recent CMV
infection was diagnosed serologically by the con-
comitant presence of a titre of anti-CMV induced
LA 1/320, a titre of anti-CMV induced EA 1/20,
and a titre of anti-IEA ¢1/20.22

STATISTICS
The statistical significance of results was determined
with Student's two tailed t test.
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Fig. 1 Distribution ofantibodies
against Epstein-Barr virus (EBV)
induced viral capsid antigens
(VCA), early antigens (EA), and
Epstein-Barr nuclear antigens
(EBNA) in 35 patients with RA
(O) and 40 healthy volunteers (U).

* a a a

oUo. ..UDOD0 . urn
a.a U

anti - EBNA

Results

The distribution of antibody values against EBV
induced VCA, EA, and EBNA in the 35 patients
with RA and in the control population is shown in
Fig. 1. In the sera of the 35 patients with RA the
antibody values against EBV induced VCA, EA,
and EBNA were significantly higher (p<0-01) than
those for healthy controls.
Of the 35 patients with RA, 18 patients (51.4%)

had anti-VCA antibodies with titres B1/320, while
only six (15%) of 40 healthy controls had values
B 1/320. The geometric mean titre of anti-VCA
antibodies was 1/290 in the patients with RA and
only 1/68 in healthy controls. Antibodies against
EBV induced EA were present with titres ¢ 1/20 in
15 (42-8%) of the 35 patients with RA, in compari-
son with five (12-5%) of 40 healthy control volun-
teers.

All the antibody titres against EBNA for the
patients with RA and for the healthy controls were
positive. Of the 35 patients with RA, 19 (54.2%)

had anti-EBNA antibody titres B 1/80 compared
with only six of the 40 controls (15%). Moreover,
the geometric mean titre of antibodies against
EBNA in patients with RA was 1/46, while in
healthy controls it was 1/27.

All patients with RA and all control subjects had
detectable antibody to VCA and EBNA, indicating
that all had previously been infected with EBV. As a

consequence no primary EBV infections were

noted, either in patients with RA or in healthy
control volunteers. On the other hand, among the
patients with RA, 14 (40%) of the 35 had serological
signs of reactivated EBV infection (VCA 31/320,
EA ¢1/20, and EBNA >1/10), while in the control
population only five (12-5%) of the 40 observed had
serological signs of reactivated infections.
The distribution of antibody values against CMV

induced LA, EA, and IEA in the 35 patients with
RA and in the control population is shown in Fig. 2.
Seventeen patients with RA (48-5%) out of the 35
observed had antibody titres against CMV induced
LA B1/320, while only five control volunteers
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(12-5%) out of 40 observed had values :1/320. The
geometric mean titre against LA in patients with RA
was 1/185, while in the control population it was
1/39.
Fourteen patients with RA (40%) had titres

against CMV induced EA B1/20, while only four
control volunteers (10%) had anti-EA titres 31/20.
Antibody values against CMV induced IEA were
:1/20 in 12/35 patients with RA (34-2%) and in 5/40
healthy controls (12-5%). The antibody titres against
CMV induced antigens were significantly higher in
patients with RA than in controls (p<0-01 for
antibody to LA and EA, and p<005 for antibody to
IEA). Serological signs of CMV active or recent
infection (antibodies anti-LA B1/320, antibody to
EA B1/20, and antibody to IEA 31/20) were
present in 12 (34-2%) of the 35 patients with RA
and in three (7-5%) of the 40 healthy controls.
The serum and synovial fluid antibody titres to

EBV induced VCA and CMV induced LA in paired
samples from 19 patients with RA are shown in
Table 1. In all synovial fluids the antibody titres
against EBV induced VCA and CMV induced LA,

o
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Fig. 2 Distribution ofantibodies
against cytomegalovirus (CMV)
induced late antigens (LA), early
antigens (EA), and immediate
early antigens (IEA) in 35 patients
with RA (O) and 40 healthy
volunteers (U).
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Table 1 Serum synovial fluid antibody titres to EBV
induced VCA and CMV induced LA in paired samples
from 19 patients with rheumatoid arthritis

Patient No Serum/synovial fluid antibody titres to:

EBV induced VCA CMV induced LA

1 320/80 640/80
2 160/40 640/640
3 80/20 20/neg.
4 320/160 640/160
5 160/80 160/40
6 640/160 160/40
7 640/160 160/40
8 80/20 640/160
9 160/80 320/80
10 1280/160 320/40
11 2560/320 160/80
12 320/40 320/160
13 160/40 320/80
14 160/40 80/20
15 640/160 320/80
16 320/80 80/40
17 160/40 320/40
18 640/80 640/160
19 80/20 320/80
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although at high titres, were lower or equal (in one

sample) than those obtained from the matched sera.

Discussion

The results of the present study show that in the sera

of patients with RA there is a statistically significant
increase of antibody titres to EBV induced VCA,
EA, and EBNA, in comparison with healthy control
volunteers. In the same RA patients, however, an

increased incidence of antibodies was also noted
against CMV induced LA, EA, and IEA. Both
EBV and CMV serological patterns showed signs of
active or recent infections.

Similar enhancements of anti-EBV and anti-CMV
antibodies, compared with controls, is also shown in
some other connective tissue diseases and in a

variety of non-malignant or malignant illnesses,23-26
all having immunosuppressive effects or requiring
immunosuppressive therapy. The impaired immune
response in these conditions is thought to activate
the latent persistent viral carrier state that regularly
ensues after primary EBV or CMV infections.
Comparative titrations of paired sera and synovial
fluids from 19 patients with RA yielded antibody
titres reflecting the normal ratio of gammaglobulins
found in sera and synovial fluid. The antibody
titres, either against EBV induced VCA or against
CMV induced LA, were at lower level in synovial
fluid, i.e., about one quarter, than in matched
serum samples. This observation indicates that the
presence of antibodies to EBV and CMV in synovial
fluids merely reflects their presence in the sera,

rather than suggesting a local production of specific
immunoglobulins. The results obtained here suggest
that quantitative changes in the EBV and CMV
carrier state of patients with RA seem to be a

consequence, rather than a cause, of the persistent
inflammatory response which characterises rheuma-
toid arthritis. This does not, however, exclude the
possibility that persistent EBV or CMV infection is
important in the perpetuation of the rheumatoid
process.
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