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DETECTION OF CYTOMEGALOVIRUS, EPSTEIN-BARR VIRUS AND
HERPES VIRUS-6 IN PATIENTS WITH RHEUMATOID ARTHRITIS
WITH OR WITHOUT SJOGREN’S SYNDROME
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J. B. SHIROKY*
The Department of Medicine, Division of Rheumatology, Montreal General Hospital, McGill University,
Canada

SUMMARY

The frequency of latent viral infection by cytomegalovirus (CMV), Epstein—Barr virus (EBV) and herpes virus-6 (HHV-6)
was investigated in patients with RA with or without Sjégren’s syndrome (SS) and in normal controls. Virus presence was
determined by polymerase chain amplification of DNA isolated from peripheral blood mononuclear or
polymorphonuclear cells and/or saliva-derived mononuclear/epithelial cells. Anti-viral antibodies and autoantibodies
were also assayed. Patients with RA both with and without SS were found to have a significantly increased frequency of
latent viral infection (two-fold higher, P = 0.035 for EBV and seven-fold higher, P = 0.018 for HHV-6) compared to
normal controls but only in cells isolated from saliva. The increased frequency of virally infected cells from the saliva of
patients with RA, regardless of the SS status, when compared to normal controls may reflect the ongoing inflammatory
process, the impact of therapy and/or a less effective local immune responsiveness.
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IT is well recognized that RA is often accompanied by secondary SS and can be detected specifically in the
secondary Sjogren’s syndrome (sSS), only distinguish- pathological salivary tissue. Our objective was to deter-
able from the primary disease which lacks character- mine the presence of the three herpes family viruses in
istic manifestations of other rheumatic diseases [1]. peripheral blood and in the cells isolated from whole
The prevalence of sSS in RA has been reported to be saliva of patients with RA both with and without sSS in
up to 31% [2]. SS is a chronic, slowly progressive order to determine the frequency of infection and poss-
disease of unknown etiology. Since SS is characterized ible association with sSS status. We also characterized
by a lymphocytic invasion of the exocrine glands, the presence of autoantibodies associated with SS and
viruses that are lymphotrophic in nature and that colo- RA in the two groups of patients. Our findings indicate
nize these glands have been of prime interest as poss- that cells isolated from whole saliva from patients with
ible etiological agents or modifiers of the pathogenesis RA, regardless of their sSS status, are more frequently
of SS. latently infected by one or more of the herpes family of
Of particular interest are the viruses of the herpes viruses, than are cells isolated from the saliva of normal
family namely Epstein—Barr virus (EBV), cytomegalo- individuals.
virus (CMV) and recently, herpes virus-6 (HHV-6).
These viruses are ubiquitous in all populations, and can SUBJECTS AND METHODS
reside in their infected host cells, usually lymphocytes, Twenty randomly chosen patients with RA, fulfilling
in a latent state for many years, (possibly even the life- the ACR criteria [22] and 16 normal individuals were
time of the individual). Periodically the viruses are included in the study. Normal controls were nurses and
reactivated [3]. Since these viruses are known to colo- laboratory staff (Table I). SS status was determined
nize salivary glands and the upper respiratory tract, a using both a questionnaire for symptoms of dry eyes
number of researchers have studied the association of and dry mouth 23] as well as functional and histopath-
these viruses with primary SS [4-21]. The presence of ological measurements (Schirmer’s test, lip biopsy)
viral antigens and/or genome in tissue and circulating [24, 25]. At the time of study the sera were tested for
antibodies specific for the virus have been investigated. presence of ANA and antibodies directed against Ro/
Although the interpretation of the findings has been SS-A, La/SS-B, CMV and HHV-6. The anti-CMV and
controversial, it appears that these viruses are fre- HHV-6 antibodies were detected by ELISA or IFA

quently present in patients with primary and possibly using Vironostika and HHV-6 kits (Organon Teknika,
Submitted 19 May; revised version accepted 9 September Scarborough, Ont.; Stellar BioSystems Inc., Columbia,
1993 ¥ P P MD) respectively. Antibodies to Ro/SS-A and La/

. SS-B were detected by ELISA (Therestest, Chicago,
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H3G 1A4, Canada. methods available are less quantitative than ELISA.
*Current address: Rheumatology, Cleveland Clinic Florida, Whole stimulated saliva was collected into tubes

Fort Lauderdale, FL, USA. containing 10 ml of phosphate buffered saline (PBS),
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TABLE 1
Detection of viral genome in peripheral blood mononuclear
cells polymorphonuclear cells and/or salivary mononuclear and
epithelial cells isolated from patients with RA, with and
without SS and in normal controls

Patient/group CMV* EBV* HHV-6*
(A) RA with SS

MV - - +
AK - +++ -
IC - - +
SS + ++ +
JST - + ++
JSE + + ++
NB + +++ ++
SL + - ++
AJ - + -
% positive 44 67 78
(B) RA no SS

JK + +++ -
MM ++ + +
CG + ++ -
JH + +++ +
NN + + +
MF + + ++
CM - ++ ++
CD + - +
FG - - -
LG + + +
% positive 73 73 64
(C) Normal

1 - + -
2 +++ + +
3 + + +
4 + - -
5 + ++ -
6 + ++ ++
7 — - —
8 - + +
9 - + +
10 - ++ -
11 +++ ++ -
12 -
13 -
14 -
15 -
16 -
% positive 55 82 31

*By PCR amplification and hybridization—not detected at
any site, detected in: + one site; ++ two sites, +++ three sites.

for a 10-min period. After reduction of the mucopoly-
saccharides by 100 pl additions of 0.01m B-mercap-
toethanol until the mucus dissolved, the salivary
mononuclear and epithelial (S-ME) cells were cen-
trifuged and washed three times in PBS. To the saliva
supernatant, an equal volume of 20% polyethylene gly-
col 3350 (PEG) (Sigma Chemicals) was added and the
mixture was incubated at 4°C for 16 h. The precipitate
obtained after centrifugation at 12 000 rpm for 15 min
was redissolved in 1 ml PBS and extensively dialysed in
PBS.

Heparinized peripheral blood was separated by
Ficoll density gradient centrifugation into mono-
nuclear cells (PBMCs) and polymorphonuclear cells
(PMNCG:s). After density gradient separation, the Ficoll
was removed and the red blood cells in the pellet con-
taining the PMNCs, were lysed by the addition of 45 ml

of lysis buffer (155 mm NH,Cl, 10 mm NH,HCO,,
0.1 mm EDTA, pH 7.4). After incubation for 15 min at
4°C, the leukocytes were centrifuged and then washed
twice in HBSS.

All of the viruses studied were cultured in estab-
lished cell lines. These include B95-8 for EBV, MRC-5
(infected with the Davis strain of CMV) for CMV and
MOLT-4 (infected with HHV-6) for HHV-6. For nega-
tive controls for the viral genome studies, the RAMOS
cell lines was used for EBV, an uninfected MRC-5 line
for CMV and either B95-8 or MOLT-4 (uninfected
with HHV-6) were used for HHV-6. All cell lines and
viral stocks originated from American Type Culture
Collection (Rockville, MD).

Large molecular weight DNA was isolated from the
cell pellets of the clinical specimens and positive and
control cell lines using standard phenol/chloroform
extractions as previously described [26]. Aliquots of
1 ug of the samples were used for the viral genome
amplifications. Primers and probes for the Bam W
region of EBV, the major immediate early gene of
CMYV and positions 17627-17429 of HHV-6 (Sheldon
Biotechnology, Montreal PQ) were used for the ampli-
fication and detection of the specific virus products as
previously described [26-29]. For EBV the primers [27]
were: 5’ ccagaggtaagtggactt; 3’ gaccggtgecttcttagg; and
probe aattttttctgctaageccaacacte. For CMV the primers
[28] were: 5° ggcgectttaatatgatgggaggatgtttgeag; 3’
ggcaagttctgcagtgeegecatggectga, and probe gagcctttc-
gaggagatgaagtgtattggg. For HHV-6 the primers [29]
were: 5’ ctcgagtatgccgagacccctaatc; 3’ aagcttgcacaatge-
caaaaaacag and the probe aactgtctgactggcaaaaactttt.
Rigorous controls were included to minimize false
positives and negatives. All amplifications were done
on three separate occasions and the products were
analysed for each amplification in duplicate. All of the
amplified DNA products for each tissue and virus were
spotted onto the same sheet of nitrocellulose, to enable
comparative analysis between the normal controls and
the two groups of RA patients. After hybridization
with the **P-labelled viral specific probe [26], the blots
were exposed to X-ray film (Fig. 1). The density of the
dots on the film were quantitated by laser densitometry
(Syscan-5000, United States Biochemical Corp, Cleve-
land, OH). After subtraction of the background (area
of film not directly exposed to blot) the values were
recorded. Amplifications, where the negative control
and the no-template control were consistently negative
were used in the study. Dots from the same ampli-
fication of the positive control for each virus studied
were used to standardize the blots from experiment to
experiment. Only values above the negative cut off that
were consistently positive for the replicates were con-
sidered positive. Since the conditions used in the ampli-
fications lead only to semi-quantitative results, the data
were analysed as positive or negative for the presence
of the virus genome. Each site (PBMCs, PMNCs or
S-ME) and virus was examined separately. Since the
amount of viral DNA to host cell DNA present can be
variable, the same amount of input DNA from all
sources was used in the amplifications. Data are
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FiG. 1.—Detection of the amplified Bam W region of EBV by
dot blot analysis in the saliva (I) and peripheral blood mono-
nuclear cells (PBMCs) (II) of normal controls and patients with
RA. L. (Saliva) Dot a-2 is the positive control (P3HR-2), a-4 is the
negative control (RAMOS). Dots in row b are from normal con-
trols and rows ¢ and d from RA patients. Only dots b-6, c-3, c-5,
d-4, d-5 were consistently positive. II. (PBMCs) Dot a-7 is the
positive control (P3HR-2), a-5 is the negative control
(RAMOS), remaining dots in row a and in b and ¢ from patients
with RA, row d from normal controls. Only dots c-5, c-6 and d-2
were consistently positive. All amplifications were as specified in
Methods and were from 1 pg DNA except the positive control
0.1 pg).

expressed as the number of sites in an individual where
viral DNA was detected.

The presence of IgM or IgA RFs were determined in
serum (diluted 1:100 and 1:200) or the PEG precipitate
of the saliva (diluted to OD280 0.200 and 0.100). By
diluting the PEG precipitate to a fixed protein concen-
tration, a relative comparison of detection of RF to
total protein, given the variability in the production of
the saliva (especially important for those with sSS) was
possible. IgM RFs were detected by ELISA as pre-
viously described [30]. For the detection of the IgA RF,
two ELISA systems were used. In brief, purified Fc
fragments (5 pg/ml) from a IgGl myeloma protein
were used to coat 96-well plates. After a 16 h incu-
bation at 4°C, unbound Fc was washed off the plates
with PBS-0.05% Tween 20. Aliquots of 100 pl of the
sera or PEG precipitates, diluted as above, were added
and the plates were incubated for 4 h at room temper-
ature (RT). The plates were washed with PBS-Tween
and, either 100 ul of biotinylated F(ab’)? fragments of
goat anti-alpha chain specific antibodies (Tago, Mark-
ham, Ontario) or, HRP-conjugated anti-human alpha
(Southern Biotechnology Assoc. Inc., Birmingham
AL) was added and incubated for 2 h at RT. The plates
were washed three times with PBS-Tween. For the bio-

tinylated antibodies, HRP-conjugated avidin D (1/
5000, Vector, Dimension, Mississauga, Ontario) was
added and after incubation for 30 min at RT, the plates
were washed three times. For both systems, the sub-
strate, o-phenylene diamine was added and when suf-
ficient colour developed (~30 min), the reaction was
stopped by addition of 4 M H,SO,. The plates were
read at OD , by an ELISA plate reader (Fisher Chem-
ical, Montreal, Quebec).

The amount of total Ig in the PEG precipitates was
quantitated by ELISA. In brief, 96-well plates were
coated with F(ab’), fragments of rabbit anti-total
human Ig (Cappel, Organon Teknika) for 16 h at 4°C.
After washing three times in PBS-0.05% Tween 20,
100 pl aliquots of the PEG precipitate, neat or diluted
1/10 were added and incubated for 2 h at 37°C. Bound
Ig was detected, after washing in PBS-Tween, by incu-
bation for 2 h at 37°C with HRP-conjugated goat anti-
total Ig (Cappel). After an additional three washes,
substrate was added and the plates were processed as
above. Comparison to a standard total Ig curve,
included on each plate, enabled quantitation.

Statistical comparisons were made using Instat
(GraphPad, San Diego, CA) software programs.
Values are expressed as mean * S.E.M.

RESULTS

The demographic details of the patients with RA
revealed that the RA patients with sSS had a significant
impairment in tear flow (Schirmer’s test 9.12 =+
1.02 mm) compared to RA patients without SS (33.38
+ 9.25 mm) (P<0.0001). The patients with sSS were

slightly older, with a mean age of 67.9 *+ 2.7 yr, com-

pared to 63.3 £ 4.3 yr for those without sSS and had
disease of twofold longer duration (18 * 4.3 yr) than
the patients without sSS (9.8 + 1.8 yr). Although not
all of the RA patients lacking symptoms of sSS (ques-
tionnaire, Schirmer’s test normal) had lip biopsies,
where it was done, only normal tissue with no obvious
lymphocytic infiltrate was present. Six of nine RA
patients with sSS and four of 10 without sSS were
taking prednisone with the mean dose 6.25 mg and 3.87
(with or without sSS, respectively). ANA (five of nine
with sSS, two of 10 without sSS) and La/SS-B, (one of
nine with sSS, five of 10 without sSS) were found in
both patient populations, however, anti-Ro/SS-A anti-
bodies were restricted to the patients with sSS (2 of 9).

Analyses of RFs present in the sera indicated that
50-67% of patients had IgM and IgA RFs irregardless
of sSS states. Additionally, 14 to 30% of the saliva
samples were found to have IgA and/or IgM RFs,
whereas no normal control tested had detectable RFs
of either isotype (sera or saliva). There was a significant
association (odds ratio 17.5) between the presence of
RFs of the IgM and IgA isotypes (Fisher’s Exact test,
P = 0.009). Both IgA RF assays (standard and avidin/
biotin ELISA) gave comparable results (data not
shown).

The genome(s) of at least one of the three viruses
studied was detected in almost every individual (Table
I, Fig. 1). In fact, only two individuals, RA patient FG
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and normal control 7 did not have detectable viral gen-
omes of any of the three viruses in any compartment
tested. EBV genome was the most frequently detected
of the viruses, in both of the patient populations and in
the normal individuals. The EBV genome appeared to
be most disseminated in an individual as it was detected
in all three of the sites tested twofold more frequently,
compared to the other viruses. Only for HHV-6 was
there a twofold increased frequency of detection in the
RA patients compared to the normal controls. There
was no apparent association between either the age of
the patient, or disease duration and the number of dif-
ferent viral genomes present in the two patient
populations.

Since one of the tissues that is pathologically affected
in SS is the salivary glands, it was of interest to deter-
mine the number and type of viral genomes present at
that site. As can be seen from Table II, all three viruses
were detected at this site, predominantly in the RA
patients with SS. Only the frequency of EBV detection
in the S-ME cells was the same as in peripheral blood
for both groups of patients. In contrast, in the normal
individuals, EBV detection was much lower in S-ME
cells than in peripheral blood. Both CMV and HHV-6
were less frequently detected in S-ME cells than in per-
ipheral blood in RA patients as well as in normal con-
trols. Although there was no difference in the
frequency of EBV genome detection in the cells iso-
lated from the saliva in the two groups of RA patients,
both CMV and HHV-6 were detected at a higher fre-
quency in those with SS. Some individuals in all groups
did not have detectable viral DNA in the cells isolated
from saliva. No virus genome was detected in two of
the RA patients with SS, in two of the RA patients
without SS, and in seven of the normal controls. When
the RA patients were grouped together, there was a
significant increased frequency in detection of EBV
and HHV-6 in the patients, compared to the normal
controls.

Anti-CMYV antibodies were detected in seven of nine
RA patients with SS and five of nine without SS and 13
of 17 normal individuals. Although there was a rough
association of virus genome presence and positive
serology for antibodies to the virus in question (60%
concordance for CMV, 70% for HHV-6), both
instances where positive detection of the viral genome
in the absence of anti-viral antibodies and vice versa

TABLE II
Detection of viral genomes in salivary mononuclear and
epithelial cells isolated from patients with RA and from
normal controls

No. of patients with virus genome detected

Patient/igroup (No.) CMV (%) EBV (%) HHV-6 (%)

RA with SS 9 1 Q1) 6 (67) S  (56)
N.S.* N.S.* N.S*

RA no SS (1) 0 (© 7 (70 3 (30)

RA, all (199 1 (5) 13 (68) 8 (a2)

N.S.* P=0.035 P=0018
Control 1) 0 o 3 @ 1t 6)

*Not significant, Fisher’s exact test. {Sixteen tested.

were identified (data not shown). This was seen for
both CMV and HHV-6. There was no significant differ-
ence in the titre of anti-CMV antibodies between the
two groups of RA patients (RA + SS, OD 0.94 + 0.08;
RA, no SS, 0.76 + 0.10; cut off for positive value 0.23
OD). The frequency of anti-CMV antibodies in RA
patients was similar to the control population. Because
the control population was tested at a different time
(twofold higher cut off value for positivity) no direct
comparisons of titre differences are possible (titre 1.56
+ 0.08 OD; cut off for positive 0.404 OD). No saliva
sample was found to have detectable IgG or IgM anti-
CMYV antibodies when the cut off for serum was used to
assign positivity, even in PEG precipitates that were
not diluted. When the mean OD plus 2 s.p. for anti-
CMYV antibodies in saliva of normal controls was used
as a cut off, only one patient with RA without SS (LG)
had detectable anti-CMV antibodies (IgG/IgM) in the
saliva (data not shown). This individual did not have
detectable CMV genome in the S-ME cells.

DISCUSSION

RA and SS are complex diseases, with both genetics
and environmental factors implicated in the patho-
genic processes. These diseases have a spectrum of
symptoms, variable time of onset and rates of disease
progression. It appears from our study, where the
patients were randomly chosen, that sSS appears to
affect older individuals with longer standing RA
disease. This is in contrast to what has previously been
published [2] where there was no appreciable differ-
ence in age or disease duration. The two groups of
patients were comparable, however, in terms of fre-
quency of RFs of both the IgA and IgM isotypes (50—
60% ) as well as anti-viral antibodies in serum. Previous
studies had shown the presence of IgA RFs in primary
SS with frequencies of 21-60% in serum and saliva
depending on the study [31-33]. However, no compari-
sons were made with patients with rheumatic disease.
In our study, the frequency of RFs was fourfold lower
in saliva than in serum, even with the PEG enrichment.
There was no appreciable difference in the RF fre-
quency in the two groups of RA patients.

Investigation of the autoantibodies typical of
primary SS, revealed that those with sSS, did have a
higher frequency of ANA and in particular anti-Ro/
SS-A antibodies than those with RA without S§, but
was roughly equivalent to that of primary SS as was
previously reported [2]. Surprisingly anti-La/SS-B anti-
bodies were more frequent in the RA population with-
out sSS, but this could be due to the small sample size.

Viral etiology and primary SS has been debated
widely with in some cases, conflicting results. In our
study of sSS in the setting of RA, we determined the
presence of viral genome detection using the very sen-
sitive technique of PCR, in several cellular compart-
ments (peripheral blood and the cells from saliva) as
well as the presence of anti-viral antibodies in patients
with and without SS and in normal controls. It appears
that RA in general, carries a slightly increased overall
risk for HHV-6 viral latent infection (P = 0.08) but not
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EBYV or CMV. From other studies HHV-6 is ubiquitous
with up to 97% of populations infected as monitored by
antibody [14, 34]. Much less, however, is known about
HHV-6 latency [35].

If one focuses on the cells isolated from whole saliva,
there is, however, an apparent increased risk of colo-
nization and latent infection by all three of the herpes
viruses at that site, in patients with RA regardless of
their sSS status, when compared to normal controls.
The frequency of detection of EBV genome by PCR in
the saliva was found to be slightly lower than reported
by Mariette et al. [21] for patients with primary SS (86
vs 68% for the RA patients in our study), however, the
frequency in the saliva of the normal controls was the
same (29 vs 27% in our study). Little information has
been reported for virus detection by PCR in RA,
except in a study by Saito et al. [17] where they found
that there was a much lower frequency in RA (9%)
compared to primary SS (96%). In their study no clini-
cal information was provided about the patients with
RA. Their analysis was calculated as the number of
genome copies in 100 pl of saliva. It is possible that the
different methods of collecting saliva and our stan-
dardization at the level of DNA may account for the
differences. Detection of EBV genome by the slightly
less sensitive method of in situ hybridization in salivary
gland biopsy tissue of patients with RA and sSS
revealed significantly higher frequencies of EBV gen-
ome in the patients compared to normal controls (27%
vs 0) [20].

The herpes family viruses studied in the current
report are lymphotrophic with the HHV-6 and CMV
infecting T cells, [36-38] where B cells are the primary
lymphoid host for EBV [39] although importantly,
EBYV has been reported to infect the salivary epithelial
cells as these cells also express CD21 the receptor for
EBV [40]. CMV as well as being lymphotrophic
lytically infects cells of the fibroblast lineage. Detection
of the viral genomes in the PMNC:s is interpreted as
due to the scavenger activity of these cells. Interest-
ingly, Saltzman and co-workers detected high levels of
CMYV DNA in granulocytes in patients with AIDS [41].
CMV has been recently detected in the synovial mem-
brane in 11 of 83 patients with RA [42].

It is likely that there can be several explanations for
the increased frequency of detection of these viruses in
the cells isolated from saliva of patients with RA.
Firstly, due to the ongoing inflammatory process, the
lymphocytic infiltration characteristic of SS may carry
along with it the small percentage of lymphocytes that
are latently infected with the viruses in question.
Secondly, there may be an impaired immunity which
allows the viruses to colonize at a higher frequency in
patients with RA compared with normal individuals.
This impairment could be due to the rheumatoid
and/or the Sjégren’s disease process or due to the use of
remittive therapy. With the progression of the disease,
it is possible that the local immunity becomes further
compromised, which could allow further colonization,
due to the inability to produce neutralizing antibodies.
Thirdly, the state of activation of the viruses (latent/

lytic) in the salivary tissue of patients with RA may
vary compared to normal individuals. Further studies
are needed to determine the expression of stage speci-
fic viral proteins and their correlation with disease.

Our study demonstrates that the local environment
may affect in some way, the accumulation of latent
viruses, however, the presence of these ‘latent’ viruses
cannot be necessarily correlated with pathology at the
site. Further studies are required to determine whether
patients with RA with recent onset disease or on
NSAIDs alone would have a similarly compromised
mucosal environment.

ACKNOWLEDGEMENTS

We are indebted to Ms M. L. Ballachey and C. Neville
for aiding in the collection of the clinical material. We also
thank Ms C. Collantonio, K. Commerford and N. Racette
for technical assistance, and Ms L. Petteruti for secretarial
assistance. This work was supported by a grant from the
Arthritis Society of Canada. Dr M. Newkirk is a recipient
of a Basic Science Associateship and Dr J. Shiroky is a
Research Scholar of the Arthritis Society of Canada.

REFERENCES

1. Talal N. Sjoégren’s syndrome: historical overview and
clinical spectrum of disease. Rheum Disease Clin N
Am 1992;18:507-15.

2. Andonopoulos AP, Drosos AA, Skopouli FN, Acriti-
dis NC, Moutsopoulos HM. Secondary Sjégren’s syn-
drome in rheumatoid arthritis. / Rheumatol 1987;14:
1098-103.

3. Banks TA, Rouse BT. Herpes viruses—immune
escape artists? Clin Infect Dis 1992;14:933-41.

4. Shillitoe EJ, Daniels TE, Whitcher JP, Strand CV,
Talal N, Greenspan JS. Antibody to cytomegalovirus
in patients with Sjogren’s syndrome. Arthritis Rheumn
1982;25:260-5.

5. Burns JC. Persistent cytomegalovirus infection—the
etiology of Sjogren’s syndrome. Med Hypoth 1983;10:
451-60.

6. Whittingham S, McNeilage LJ, Mackay IR. Epstein—
Barr virus as an etiological agent in primary Sjogren’s
syndrome. Med Hypoth 1987,22:373-86.

7. Yamaoka K, Miyasaka N, Yamamoto K. Possible
involvement of Epstein-Barr virus in polyclonal B cell
activation in Sjogren’s syndrome. Arthritis Rheum
1988;31:1014-21.

8. Schuurman H-J, Schemmann MHG, de Weger RA,
Aanstoot H, Hene R. Epstein-Barr virus in the sub-
labial salivary gland in Sj6gren’s syndrome. Am J Clin
Pathol 1989;91:461-3.

9. Thorn JJ, Oxholm P, Andersen HK. High levels of
complement fixing antibodies against cytomegalovi-
rus in patients with primary Sjogren’s syndrome. Clin
Exp Rheumatol 1988,6:71-4.

10. Fox RI, Saito I, Chan EK et al. Viral genomes in lym-
phomas of patients with Sjogren’s syndrome. J Auto-
immun 1989;2:449-55.

11. Venables PJW, Baboonian C, Horsfall AC et al. The
response to Epstein—-Barr virus infection in Sjogren’s
syndrome. J Autoimmun 1989;2:439-48.

12. Keinidnen R, Konttinen YT, Segerberg-Konttinen M
et al. Contemplation of virally induced changes in sal-
ivary glands in Sjégren’s syndrome: on the use of in
situ hybridization in such studies. J Autoimmun 1989;
2:569-78.

9T0Z ‘6 A\ U0 AISIBAIUN BIIS BIURA|ASULBH e /B10'S[eulno [pJo jxo°ABo jotewnay//:dny wody papeojumoq


http://rheumatology.oxfordjournals.org/

322

BRITISH JOURNAL OF RHEUMATOLOGY VOL. 33 NO. 4

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

26.

27.

28.

Venables PJW, Teo CG, Baboonian C, Griffin BE,
Hughes RA, Maini RN. Persistence of Epstein-Barr
virus in salivary gland biopsies from healthy individ-
uals and patients with Sjogren’s syndrome. Clin Exp
Immunol 1989;75:359-64.

Baboonian C, Venables PIW, Maini RN, Kangro HO,
Osman HK. Antibodies to human herpes virus-6 in

Sjogren’s syndrome. Arthritis Rheum 1990;33:
1749-50.
Scully C. Sjogren’s syndrome: no demonstrable associ-

ation by serology of secondary Sjégren’s syndrome
with cytomegalovirus. J Oral Pathol Med 1990;19:
434,

Gaston JSH, Rowe M, Bacon P. Sjégren’s syndrome
after infection by Epstein-Barr virus. J Rheumatol
1990;17:558-61.

Saito I, Mishimura S, Kudo I, Fox RI, Moro 1. Detec-
tion of Epstein—Barr virus and human herpes virus
type 6 in saliva from patients with lymphoproliferative
diseases by the polymerase chain reaction. Archs Oral
Biol 1991;36:779-84.

Inoue N, Harada S, Miyasaka N, Oya A, Yanagi K.
Analysis of antibody titres to Epstein-Barr virus
nuclear antigens in sera of patients with Sjégren’s syn-
drome and with rheumatoid arthritis. J Infect Dis 1991,
164:22-8.

Fox RI, Luppi M, Pisa P, Kang H-1. Potential role of
Epstein—Barr virus in Sjogren’s syndrome and rheu-
matoid arthritis. / Rheumatol 1992;19:18-24.
Karameris A, Gorgoulis V, Iliopoulos A et al. Detec-
tion of the Epstein-Barr viral genome by an in situ
hybridization method in salivary gland biopsies from
patients with secondary Sjégren’s syndrome. Clin Exp
Rheumatol 1992;10:327-32.

Mariette X, Gozlan J, Clerc D, Bisson M, Morinte F.
Detection of Epstein—Barr virus DNA by in situ
hybridization and polymerase chain reaction in sal-
ivary gland biopsy specimens from patients with Sj6-
gren’s syndrome. Am J Med 1991;90:286-94.

Arnett FC, Edworthy SM, Bloch DA et al. The
American Rheumatism Association 1987 Revised cri-
teria for the classification of rheumatoid arthritis.
Arthritis Rheum 1988;31:315-24.

Workshop on diagnostic criteria for Sjogren’s syn-
drome. Clin Exp Rheumatol 1988;7:111-219.

Fox RI, Robinson CA, Curd JG, Kozin F, Howell FV.
Sjogren’s syndrome proposed criteria for classifi-
cation. Arthritis Rheum 1986;29:577-85.

. Vitali C, Bombardieri S, Moutsopoulos HM et al. Pre-

liminary criteria for the classification of Sjogren’s syn-
drome: Results of a prospective concerted action
supported by the European community. Arthritis
Rheum 1993;36:340-7.

Shiroky J, Watanabe Duffy K, Leclerc J, Haegert DG,
Newkirk MM. Pitfalls in linking the detection of viral
genomes to the pathogenesis of proliferative dis-
orders—the herpes family viruses and lymphoprolife-
rative disorders. Immunol Infect Dis 1992;2:287-91.
Saito I, Servenius B, Compton T, Fox RI. Detection of
Epstein—-Barr virus DNA by polymerase chain reac-
tion in blood and tissue biopsies from patients with
Sjogren’s syndrome. J Exp Med 1989;169:2191-8.
Cassol SA, Poon MC, Pal R et al. Primer-mediated

29.

30.

31

32.

33.

34.

35.
36.

37.

38.

39.

41.

42.

enzymatic amplification of cytomegalovirus (CMV)
DNA application to the early diagnosis of CMV infec-
tion in marrow transplant recipients. J Clin Invest
1989;83:1009-15.

Gopal MR, Thomson BJ, Fox J, Tedder RS, Honess
RW. Detection by PCR of HHV-6 and EBV DNA in
blood and oropharynx of healthy adults and HIV-
seropositives. Lancet 1990;335:1598-9.

Newkirk MM, Mageed RA, Jefferis R, Chen PP,
Capra JD. Complete amino acid sequences of variable
regions of two human IgM rheumatoid factors, BOR
and KAS of the Wa idiotypic family, reveal restricted
use of heavy and light chain variable and joining
region gene segments. J Exp Med 1987;166:550-64.
Miiller K, Oxholm P, Hoier-Madsen M, Wiik A. Circu-
lating IgA- and IgM-rheumatoid factors in patients
with primary Sjégren’s syndrome. Scand J Rhematol
1989;18:29-31.

Atkinson JC, Fox PC, Travis WD et al. IgA rheu-
matoid factor and IgA containing immune complexes
in primary Sjogren’s syndrome. J Rheumatol 1989;16:
1205-10.

Bendaoud B, Pennec YL, Lelong A er al. IgA-con-
taining immune complexes in the circulation of
patients with primary Sjogren’s syndrome. J Auto-
immun 1991;4:177-84.

Levy JA, Perro F, Greenspan D, Lennette ET. Fre-
quent isolation of HHV-6 from saliva and high sero-
prevalence in the population. Lancer 1990;335:
1047-50.

Oren H, Sobel JD. Human herpes virus type 6:
Review. Clin Infect Dis 1992;14:741-6.

Lusso P, Malnati M, De Maria A et al. Productive
infection of CD4+ and CD8+ mature human T cell
populations and clones by human herpes virus 6. Tran-
scriptional down-regulation of CD3. J Immunol 1991;
147:685-91.

Rice GPA, Schrier RD, Oldstone MBA. Cytomegalo-
virus infects human lymphocytes and monocytes: virus
expression is restricted to immediate-early products.
Proc Natl Acad Sci USA 1984;81:6134-8.

Braun R, Reiser HC. Replication of human cytomega-
lovirus in human peripheral blood T cells. J Virol 1986;
60:29-36.

Miller G, Lisco H, Kohn HL, Stitt D. Establishment of
cell lines from normal adult blood leukocytes by expo-
sure to Epstein-Barr virus and neutralization by
human sera with Epstein-Barr virus antibody. Proc
Soc Exp Biol Med 1971;37:1459-65.

. Birkenbach M, Tong X, Bradbury LE, Tedder TF,

Kieff E. Characterization of an Epstein-Barr virus
receptor on human epithelial cells. J Exp Med 1992;
176:1405-14.

Saltzman RL, Quirk MR, Jordan MC. High levels of
circulating cytomegalovirus DNA reflect visceral
organ disease in viremic immunosuppressed patients
other than marrow recipients. J Clin Invest 1992;90:
1832-8.

Einsele H, Steidle M, Miiller CA et al. Demonstration
of cytomegalovirus (CMV) DNA and anti-CMV
response in the synovial membrane and serum of
patients with rheumatoid arthritis. J Rheumnatol 1992;
19:677-81.

9102 ‘6 A2\ Uo AisIBAIUN SIS BlURA|ASUURY e /B10°s [eulno[pioxo:ABo jorewnayl//:dny wouy papeo jumoq


http://rheumatology.oxfordjournals.org/

