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Abstract

Background—EBY infection and the immune response may be involved in the pathogenesis of
rheumatoid arthritis (RA). Past studies have suggested an association between EBV and RA.

Methods—We studied the association between EBV serologies and RA risk in a nested case-
control study in the Nurses’ Health Study cohorts. We confirmed incident RA cases from 1990-
2002 by questionnaire and medical record review. Each incident case with blood collected prior to
RA symptoms was matched to a healthy participant by time of day and date of blood collection,
birth year, menopausal status and postmenopausal hormone use. Immunofluorescence assays
measured serologic EBV responses: viral capsid antigen (VCA), early-antigen-diffuse (EA-D) and
early antigen-complex (EA-restricted and diffuse), Epstein Barr nuclear antigen (EBNA)-1,
EBNA-2 and cytomegalovirus (CMV), as control. All were reported as titers, except BZLF-1 and
CMV, which were reported as positive or negative. ANA positive samples were excluded.
Elevated EBV antibody titers were defined as the upper 20% (or nearest titer) among controls.
Conditional logistic regression analyses modeled RA risk associated with elevated EBYV titers or
the presence/absence CMV, further adjusted for pack-years smoking and alcohol intake.

Results—~87 incident RA cases were identified. Mean time to RA after blood draw was 6.2
(£3.5) years in NHS and 1.9 (£0.6) years in NHSII. Antibody titers against EBV were not
significantly different between pre-RA cases and controls.

Conclusions—In this prospective study of women, we observed no association between EBV
serologies and RA risk.
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RA is an autoimmune disease characterized by chronic, destructive and debilitating arthritis,
occasionally with systemic involvement. RA is the most common inflammatory arthritis,
affecting approximately 1% of the population(1). The etiology of RA is unknown, but it is
presumed to have a genetic basis, with environmental factors contributing to its
development. A viral trigger for RA in the genetically-predisposed has been hypothesized
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for many years(2-5), and among the many environmental agents which could be involved in
RA pathogenesis, Epstein-Barr virus (EBV) has generated considerable interest. EBV, the
agent of infectious mononucleosis, is a highly prevalent DNA-containing herpes virus,
infecting > 98% of humans by age 40(6).

There are many reasons to hypothesize that EBV infection, or the immune response it
engenders, may be related to the development of RA. EBV was first implicated in RA by
Alspaugh and Tan, who reported that sera from patients with RA was reactive against an
antigen in EBV-transformed lymphocytes(4, 7). This “RA nuclear antigen” was a glycine/
alanine rich repeat in Epstein-Barr nuclear antigen-1 (EBNA-1)(8, 9). Antibodies against
this repeat cross-react with a 62kD protein in RA, but not normal, synovium(10-12).
Sequence similarities exist between other EBV and RA-specific proteins. The EBV protein
gp110 has homology with the QKRAA amino acid motif of the HLA-SE(13, 14) and the
EBNA-1 p107 peptide cross-reacts with collagen and keratin(15).

We aimed to test the hypothesis that EBV is associated with risk of developing RA by
investigating anti-EBV serologies prior to RA onset, employing a prospective cohort study
with data and blood samples collected years in advance of RA onset. Anti-cytomegalovirus
(CMV) antibody titers were chosen as a comparison because CMV is a herpes virus that,
like EBV, is ubiquitous in humans. The evidence linking CMV to RA is not as strong as that
for EBV(16-18), and elevated anti-CMV antibody titers have not been linked with other
autoimmune diseases(19, 20) or SLE(21-23).

Study Population

The NHS is a prospective cohort of 121,700 female nurses, aged 30-55 years in 1976, when
the study began. The NHSII was established in 1989, when 116,608 female nurses aged 25—
42 completed a baseline questionnaire about their medical histories and lifestyles. Ninety-
four percent of the NHS participants from 1976-2002 and 95% of NHSII participants from
1989-2003 have remained in active follow-up (5-6% no longer respond to questionnaires
and have not been confirmed as dead). All aspects of this study were approved by the
Partners’ HealthCare Institutional Review Board.

Identification of RA

As previously described(24), we employed a two-stage procedure in which all nurses who
self-reported any connective tissue disease received a screening questionnaire for connective
tissue disease symptoms(25), and, if positive, a detailed medical record review for American
College of Rheumatology (ACR) classification criteria for RA(26), in order to identify and
validate incident cases of RA. The presence or absence of rheumatoid factor and other
features of RA were based on medical record review. Subjects with four of the seven ACR
criteria documented in the medical record were considered to have definite RA.

Population for Analysis

We excluded prevalent RA cases diagnosed before the start of the cohort, non-responders,
and women who reported any connective tissue disease that was not subsequently confirmed
to be RA by medical record review. Women were censored when they failed to respond to
any subsequent biennial questionnaires. Among the women in each cohort who had provided
a sample for serologic analyses, each participant with confirmed incident RA after the blood
sample was collected and matched by year of birth, menopausal status, and postmenopausal
hormone use to a healthy woman in the same cohort without RA.
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Blood sampling

From 1989 to 1990, 32,826 (27%) NHS participants ages 43 to 70 agreed to provide blood
samples for future NHS studies. Between 1996 and 1999, 29,613 (25%) of the women
participating in NHSII cohort, ages 32-52 at that time, also agreed to have their blood drawn
for future investigations. All samples were collected in heparinized tubes and sent to us by
overnight courier in chilled containers. On receipt, the blood samples were centrifuged,
aliquoted, and stored in liquid nitrogen freezers at —70° F.

EBV and CMV Serologic Studies

Virologic assays were performed at the Swedish Institute for Infectious Disease Control (Dr.
Kerstin Falk, Director, Stockholm, Sweden), as in past NHS studies investigating their
association with risk of MS(19). We measured IgG antibodies to EBV viral capsid
antigen(VCA), early antigen- diffuse (EA-D) and early antigen complex (EA-complex) by
indirect immunofluorescence (IF). IgG antibodies against EBNA-1 and EBNA-2 were
measured by anti-complement IF(27). Unlike ELISA methods for which there are different
antigen preparations, lack of standardization and more variability, IF assays are well-
standardized and more sensitive(6, 28—-30). Samples were first inactivated for 30 minutes at
56 degrees C. Negative control cells were added to the samples at the lowest dilution to
detect non-specific staining and detection of antinuclear antibodies by IF was also reported.
Anti-CMV IgG antibody titers were performed by indirect IF as a control. Titers of
antibodies to EBV and CMYV antigens have been shown to be stable, reproducible and
informative in past studies(19, 20, 31-36).

Anti-CCP detection

Testing for anti-CCP antibodies was performed using the DIASTAT™ anti-CCP 2nd
generation test, a semi-quantitative/qualitative enzyme-linked immunosorbent assay
(ELISA) for detection of 1gG anti-CCP antibodies. Anti-CCP antibody titer >5 U/ml was
considered positive. Anti-CCP titers measured on 5 splits of each of 6 QC specimens yielded
perfect reproducibility.

Validation Substudies

Prior to the start of these investigations, we performed three pilot validation studies in the
lab of Dr. Falk in Sweden. In the first pilot, 28 plasma NHS samples were tested in blinded
splits for EBNA-1, EBNA-2, VCA, EA-D, EA-complex, and CMV. Most results were a
perfect match for all antigens and no results differed by > 1 dilution. In the second pilot, we
verified that a delay in processing blood samples (at 0, 24, or 48 hours after receipt) did not
affect titers in 49 heparinized plasma samples. Most results were a perfect match and no
results were off > 2 dilutions. In the third pilot study, we addressed the issue of potential
cross-reactivity with RF. IgM RF may cross-react in serologic tests, in particular in IgM
assays. The EBV IF assays employed here however detected 1gG, not IgM. There is
historical concern that RF may cross-react in EBV serologic assays, but such interference
has not been detected in most studies(37, 38). Four RF+ samples were run over a sepharose
column without 1gG, or over an affinity chromatography Human 1gG Sepharose 6 Fast Flow
column™ (39)(GE Healthcare Biosciences, Piscataway, NJ) to deplete RF. The samples
were sent to the Falk lab as blinded splits. We confirmed that RF was completely depleted
and observed no effect of RF, or anti-CCP antibody titers by ELISA (40),on anti-EBV titers.
Most results were a perfect match and no results were off > 2 dilutions.

HLA-DRB1 shared epitope (HLA-SE) determination

Low resolution HLA-DRB1 genotyping was performed in both cases and controls using
polymerase chain reaction with sequence specific primers (PCR-SSP) using OLERUP SSP
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kits (QIAGEN, West Chester, PA). We used primers to amplify DNA samples that
contained sequences for HLA-DRB1*04, *01,*10 and *14, along with consensus primers
and appropriate positive and negative control samples. For samples with positive signals 2-
digit HLA signals, sequence specific primers were used for high resolution 4-digit shared
epitope allele detection of DRB1*0401, *0404, *0405, *0101, *0102, *1402, and *1001.
OLERUP SSP computer software (QIAGEN, West Chester PA) was used to determine 4-
digit HLA types. Quality control split samples were included randomly interspersed with
study samples.

Covariate information

Subjects in both cohorts have completed biennial questionnaires regarding diseases,
lifestyle, and health practices. Age was updated in each cycle. Age at menarche was reported
on the baseline questionnaire in both cohorts. Data on parity, menopausal status and
postmenopausal hormone use were selected from the questionnaire cycle prior to the date of
RA diagnosis (or index date in controls). Self-reported menopausal status and age at
menopause are highly reproducible in our cohorts: in a validation study of a subsample of
NHS participants, 82% of naturally postmenopausal women reported the same age at
menopause (within one year) on two questionnaires mailed two years apart(41). Participants
in both cohorts were asked at baseline whether they were a current smoker or had ever
smoked in the past and the age at which they began to smoke. Current smokers were asked
for the number of cigarettes typically smoked per day and former smokers reported the age
at which they stopped smoking and the number of cigarettes smoked per day before quitting.
On each subsequent questionnaire, participants reported whether they currently smoked and
the number of cigarettes smoked per day. From these reports, we calculated pack years of
smoking (product of years of smoking and packs of cigarettes per day). Other potential
confounders examined included body mass index (BMI), which was computed for each two-
year time interval using the most recent weight in kilograms divided by height in meters
squared as reported at baseline. Alcohol intake was reported at least every four years and
categorized in grams/day.

Statistical Analysis

We calculated the clinical characteristics of the RA cases at diagnosis in both cohorts, as
well as the demographic characteristics of the RA cases compared to their healthy matched
controls. Separate analyses were employed for the titers of each of the antibodies (VCA,
EA-D, EA-complex, EBNA-1 and EBNA-2, and CMV). Elevated EBV antibody titers were
defined as the upper 20% (or nearest titer) among controls(42) and EBV titers were also
analyzed as geometric mean titers(GMTSs), two different approaches used in the past studies
of EBV in NHS(19). EBNA1:EBNA2 ratio was also calculated for each individual as low
ratios (<1) have been shown to correlate with severe, resolved EBV infection (42). For each
viral serology, conditional logistic regression analyses, conditioned on matching factors,
were employed to model the risk of RA associated with elevated EBV titers (defined by top
20% among the controls) or the presence/absence of CMV. We assessed for confounding by
further adjusting for pack years of cigarette smoking, parity and breastfeeding and body
mass index, assessed prior to diagnosis of RA. We also compared viral antibody geometric
mean titers (GMT) in cases and controls using paifred mean difference tests (to account for
the matching of cases and controls). Conditional logistic regression models were employed
to estimate the risk of RA in cases compared to controls associated with the anti-viral
antibody GMT, while controlling for other potential confounders. SAS version 9.1 (SAS
Institute, Cary, NC) was used for all analyses.
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Ninety-three incident RA cases were identified. Six ANA-positive RA cases and their
matched controls were excluded from analyses. The characteristics of the 87 RA cases at
diagnosis in each of the two cohorts are shown in Table 1. Women in the NHS cohort were
older at RA onset and their blood was drawn more years before the diagnosis of RA,
compared to the women in the NHS2 cohort. Correspondingly, a smaller proportion on the
NHS RA cases were anti-CCP antibody positive at the time of the blood draw, but the
proportion of HLA-DRBI shared epitope positive cases was higher in NHS than NHS2. The
cases in the NHS cohort also had a slightly higher proportion of RF positivity, more
radiographic erosions, and rheumatoid nodules present at RA diagnosis and a slightly higher
mean number of American College of Rheumatology criteria for the classification of RA,
although both cohorts had a high frequency of hand arthritis.

Table 2 shows the characteristics of the RA cases and their matched controls at the time of
RA diagnosis (or index date for the controls). The proportions of pre- and post-menopausal
women among cases and controls were similar in each of the cohorts, as were the
proportions currently receiving postmenopausal hormones. Other factors, including cigarette
smoking, age at menarche and parity, alcohol intake and BMI, were also similar in the two
groups.

The EBV and CMV serologic results for the RA cases and controls are displayed in Table 3.
The final multivariable model included only pack years of cigarette smoking and alcohol
intake. None of the serologies was statistically associated with future RA case status. Further
adjustment for age at menarche, parity, and BMI did not significantly influence results. In
analyses in which 4-fold elevations of each of the serologic titers were considered, we found
no evidence that any were associated with increased risk of developing RA (Table 4). We
did not find any evidence of effect modification by HLA-DRBI shared-epitope or by the
presence of anti-CCP antibodies.

Discussion

In these prospective analyses utilizing stored blood samples for two large cohorts of women
followed for the development of RA, we have found no relationship between EBV serologic
responses and the risk of RA years later. Several past cross-sectional studies have shown
elevated levels of EBV antibodies in patients with RA, and higher quantities of EBV DNA
have been isolated from individuals with RA than controls(37, 38, 43-45).A synergistic
effect of EBV exposure and HLA type on the risk of RA has been reported(46). RA patients
have been found to have 10-fold higher EBV DNA loads in peripheral blood mononuclear
cells compared to controls and this elevation was not influenced by RF, age, RA duration, or
use of immunosuppressive or anti-TNF therapies(45, 47). Several studies have shown that
EBV DNA and mRNA levels are much higher in RA compared to normal synovium(37, 46,
48, 49). Synovial EBV DNA loads are highest in RA patients with > 1 copy of the HLA-
SE(46). EBV-specific T cell function is also impaired in RA(50-56).A large proportion of
CD8+ T cells infiltrating rheumatoid synovium recognize EBV transactivating factors,
BZLF-1 and BMLF-1, important in control of EBV reactivation(57). It is unclear, however,
whether the elevated levels of antiviral antibodies and viral DNA found in RA patients are
present prior to RA onset, indicating viral involvement in the pathogenesis of RA, or rise
with RA onset, due to the dysregulated immunity of RA.

Elevated anti-EBV antibody titers have been associated prospectively with multiple sclerosis
(MS) and systemic lupus erythematosus (SLE), autoimmune diseases related to RA. MS,
like RA, is a T cell-dependent autoimmune disease that disproportionately affects women. In
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a nested case-control study within the Nurses’ Health Study, Ascherio and colleagues
prospectively examined anti-EBV antibody titers in women who later developed MS,
compared to those in healthy controls(19). Higher antibody titers to EBNA-1, EBNA-2 and
EA-D, but not cytomegalovirus (CMV), were found in those who developed MS. A 4-fold
increase in anti-EBNA-2 titer was associated with a 4-fold increase in MS risk(19). In a
nested case-control study, detectable plasma EBV was associated with increased MS risk,
although EBV viral load was not(58). The elevated risk of MS associated with increased
anti-EBV antibody titers was confirmed in another large prospective cohort, U.S. military
recruits at the Department of Defense(20). EBV serologic patterns suggest EBV is
reactivated up to 20 years before clinical MS. Titers of anti-EBNA-1 and anti-VCA
antibodies were significantly higher in U.S. military recruits who later developed SLE than
in normal individuals, a finding not observed with CMV. Antibody titers rose gradually
from their first detectable levels years prior to the first symptoms of SLE until the time of
SLE diagnosis, paralleling, and in some cases preceding, development of SLE-specific
antibodies(21, 22).

Despite speculation about the potential role of EBV in triggering autoimmune diseases,
including RA, as well as MS and SLE, studies to date have been limited by cross-sectional
or retrospective designs and there has only been one past prospective study examining anti-
EBYV antibodies and risk of RA(59). Jorgensen and colleagues conducted a case—control
study nested in a cohort of Norwegian blood donors. They identified 49 premorbid sera from
donors who later developed RA and matched them to controls. Anti-EBV antibodies were
reported as positive or negative using ELISA kits. This study did not detect any increased
risk of developing RA associated with anti-EBV antibodies by this method.

Our study employed anti-EBV titers by immunofluorescence assays rather than less reliable
ELISA Kits, and ruled out possible interference by ANA or RF positivity. Our study also
was larger and with much more detailed prospectively-collected covariate data than the only
other past prospective study. The single blood draw within the NHS cohort is a potentially
limiting factor. The ideal study design to assess potential associations between EBV and RA
development would be sequential blood samples on patients, but this is a limitation within
the NHS cohort that cannot be altered. The main limitation of our current study however is
the potential lack of power to detect a small effect size. With 87 cases and matched controls,
we had limited power detect a weak association between EBV serologies and future RA risk,
and our results can only exclude a large effect. We did not find an additive interaction
association between EBV serologies and risk of RA for HLA-SE positive RA and/or anti-
CCP antibody positive RA, but again this may have been due to limited statistical power. In
summary, despite a wealth of past /n vitro and cross-sectional RA population data, we did
not detect a strong association between EBV serologic responses and future risk of
developing RA in this cohort of women. Even larger population studies may be warranted to
continue to address the potential prospective association.
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Table 1
Characteristics of the Pre-RA cases in the Nurses’ Health Study (NHS) and Nurses’ Health Study 11 (NHS2)

Cohorts

NHS
N=76
Time from blood draw until RA diagnosis, years (+ SD) 6.2 (3.5)

Anti-CCP antibody positive at blood draw, (%) 21 (27.6)
HLA-DRB1 shared-epitope positive *, (%6) 54 (71.1)
Age at diagnosis, years (+SD) 62.6 (8.2)
Number of ACR criteria at diagnosis, (+SD) 4.5(0.8)
Rheumatoid factor present at RA diagnosis, (%) 42 (55.3)
Radiographic erosions present at RA diagnosis, (%) 17 (22.4)
Rheumatoid nodules present at RA diagnosis, (%) 10 (13.2)
Hand arthritis at diagnosis, (%) 75 (99)

NHSII
N=11
1.9(0.6)
4(36.4)
6 (54.5)

46.0 (5.5)
4.2 (0.6)
5 (45.5)
2(18.2)

0(0)
11 (100)

*
one or more shared-epitope copies
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Characteristics of Pre-RA Cases and Matched Healthy Women within a Nested Case-Control Study in the

Nurses’ Health Study Cohorts

Pre-RA Cases (n=87)

Controls (n=87)

Matching factors at blood draw

Age, mean (+SD) 54.9 (8.3) 54.8 (£8.2)
Postmenopausal, (%) 55 (63) 55 (63)
Postmenopausal hormone use at blood draw, (%) 33 (60) 33 (60)

Other Characteristics p *
Caucasian, (%) 87 (100.0) 85 (97.7) 0.50
Ever cigarette smokers, (%) 48 (55.2) 50 (57.5) 0.87
Pack-years among smokers, mean (+SD) 19.9 (14.6) 23.3(21.1) 0.84
Age at menarche < 12 years, (%) 16 (18.6) 16 (18.4) 1.0
Parous, (%) 83 (95.4) 82 (95.4) 0.75
Alcohol intake in gms/day, mean (+SD) 3.6(3.4) 5.0 (5.6) 0.94
Body mass index in kg/m2, mean (xSD) 26.2 (4.8) 26.1(5.1) 0.62

*
p value from Fisher’s exact tests for categorical variables and t-tests for continuous variables.
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Table 3

Association of EBV Serologies by Titer Cut-offs with Risk of RA
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Anti-EBV Titer

Pre-RA Cases

Matched Controls

Univariable Odds Ratiol
(95% CI)

Multivariable Odds Ratio?
(95% CI)

Anti-EBNA1

<1:80 56 61 1.0 ref. 1.0 ref.

>=1: 80 31 26 1. 29 (0.69, 2.44) 1.29 (0.66, 2.47)
Anti-EBNA2

<1:80 66 68 1.0 ref. 1.0 ref.

>=1: 80 21 19 1.13 (0.57, 2.27) 1.28 (0.62, 2.64)
Anti-EBNA1: Anti-EBNAZ2 ratio

<10 19 18 1.0 (ref) 1.0 (ref)

>1.0 68 69 0.92 (0.41, 2.08) 0.86 (0.37, 1.97)
Anti-VCA

<1:5120 72 70 1.0 ref. 1.0 ref.
>=1:5120 15 17 0.82 (0.34, 1.97) 0.60 (0.23, 1.57)
Anti-EA Diffuse

<1:20 80 84 1.0 ref. 1.0 ref.

>=1:20 7 3 3.00 (0.61,14.86) 3.25 (0.64, 16.51)
Anti-EA Complex

<1:20 71 68 1.0 ref. 1.0 ref.

>=1: 20 16 19 0.80 (0.37, 1.71) 0.88 (0.39, 1.99)
Anti-CMV

Negative 22 34 1.0 ref. 1.0 ref.

Positive 65 53 1.86 (0.97, 3.56) 1.77 (0.89, 3.54)

EBNA: Epstein Barr nuclear antigen, VCA: viral capsid antigen, EA: early antigen, CMV: cytomegalovirus; Cl: confidence interval

Univariable conditional logistic regression, conditioned on matching factors

Multivariable conditional logistic regression, conditioned on matching factors, and adjusting for packyears of smoking and alcohol intake.
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The Odds of Developing RA associated with a 4-fold elevation in each EBV serology

Table 4

Serology Conditional Logistic Regression Model OR (95%Cl)
Anti-EBNA-1 Unadjusted 1.04 (0.76,1.44)
Adjusted for smoking and alcohol 1.06 (0.75, 1.48)
Anti-EBNA-2 Unadjusted 1.06 (0.79, 1.41)
Adjusted for smoking and alcohol 1.08 (0.79, 1.47)
Anti-VCA Unadjusted 1.03 (0.76, 1.39)

Adjusted for smoking and alcohol

1.01(0.74, 1.37)

Anti-EA-Diffuse

Unadjusted

7.16 (0.53, 96.19)

Adjusted for smoking and alcohol

8.23 (0.58, 117.72)

Anti-EA-Complex

Unadjusted

0.95 (0.67, 1.36)

Adjusted for smoking and alcohol

1.03 (0.70,1.51)

EBNA: Epstein Barr nuclear antigen, VCA: viral capsid antigen, EA: early antigen; Cl: confidence interval

Univariable conditional logistic regression, conditioned on matching factors

Multivariable conditional logistic regression, conditioned on matching factors, and adjusting for packyears of smoking and alcohol intake.
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