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Objectives: We investigated the antibody levels against early antigens of Epstein–Barr virus (EBV), cytomegalovirus
(CMV), and human herpesvirus 6 (HHV6) in systemic lupus erythematosus (SLE) patients and healthy controls, and
further correlated these antibodies to haematology/biochemistry, serology, and disease activity measures.
Method: Immunoglobulin (Ig)M, IgG, and IgA levels against the DNA polymerase processivity factors of EBV, CMV,
and HHV6, termed early antigen diffuse (EA/D), pp52, and p41, respectively, were determined in plasma samples from
77 SLE patients and 29 healthy controls by using enzyme-linked immunosorbent assays (ELISAs).
Results: IgM, IgG, and IgA levels against EBV EA/D, and IgG and IgA levels against CMV pp52, were significantly
higher in SLE patients compared with healthy controls. Furthermore, EBV EA/D- and CMV pp52-directed IgG levels
were inversely and positively associated, respectively, with lymphocyte counts in SLE patients. None of the findings
seemed to be associated with use of immunosuppressive medication.
Conclusions: Our results suggest strong, but opposite, associations of lytic EBV and CMV infections with SLE. The
amplified humoral responses to EBV EA/D and CMV pp52 in our SLE patient cohort probably reflect aberrant control of
EBV and CMV reactivation. However, reactivation of EBV appeared to correlate with lymphopenic manifestations in
SLE patients whereas CMV reactivation seemed to correlate with increments in lymphocyte levels.

Systemic lupus erythematosus (SLE) is an autoimmune
disease of unknown aetiology that mainly occurs in
women (90% of cases) of childbearing age. SLE is
characterized by periodic flares (active disease) with pro-
duction of autoantibodies against nuclear antigens,
including ribonucleoproteins (RNPs), Ro, and double-
stranded (ds)DNA (1). Studies have suggested that seve-
ral environmental factors, including viral infections, may
trigger the disease in genetically predisposed individuals
(1–4). Of interest in this regard is the alternating nature of
active and inactive disease intervals, which strongly
resembles the lytic and latent infectious properties of
human herpesviruses (HHVs) (4).
To date, eight viruses have been ascribed to the HHV

family. These include Epstein–Barr virus (EBV), cyto-
megalovirus (CMV), and human herpesvirus 6 (HHV6),
all of which are ubiquitous dsDNA viruses infecting the
majority of adults worldwide (5). The ability to shift
between lytic (active/productive) and latent (non-
productive) stages is the hallmark of all HHVs and
enables the viruses to persist permanently in the host (6).

Lytic genes are divided into three groups, termed
immediate-early, early, and late genes, according to
their temporal order of expression. The early genes
encode proteins essential for lytic replication, including
DNA polymerase processivity factors, termed early anti-
gen diffuse (EA/D), pp52, and p41, regarding EBV,
CMV, and HHV6, respectively (7–10). Histories and
current states of individual HHV infections are reflected
in the humoral response patterns to various HHV anti-
gens. The presence of antibodies to early antigens (EAs)
is usually indicative of ongoing or recent lytic infections
whereas class-switched antibodies to late or latency-
associated antigens often suggest past exposure (11–14).

In previous serological studies, significantly elevated
immunoglobulin (Ig)M, IgG, and IgA levels and/or posi-
tivity rates against EBV EA/D, and significantly ele-
vated IgM levels against CMV antigens of unspecified
classifications, were found in SLE patients relative to
healthy controls or disease controls (15–22). These find-
ings suggest higher rates of lytic EBV and CMV infec-
tions in subjects with SLE. The humoral responses to
CMV pp52 and HHV6 p41 have not previously been
elucidated in SLE patients. Moreover, HHV6 has been
less explored in the context of SLE. However, signifi-
cantly higher proportions of cell-free HHV6 serum
viraemia were previously suggested in a group of patients
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with autoimmune connective tissue diseases (including
SLE) compared with control subjects (21). The lytic mar-
kers of EBV, CMV, and HHV6 have been shown to
correlate with higher disease activities (regarding CMV
and HHV6) (21, 22) and the presence of certain autoanti-
bodies and specific disease manifestations (regarding
EBV) (18). However, direct evidence for causative roles
of the viruses in the development and/or exacerbation of
SLE remains to be established.
Using enzyme-linked immunosorbent assays (ELISAs),

the aims of this study were to compare plasma from SLE
patients and healthy controls with respect to IgM, IgG, and
IgA levels against EBV EA/D, CMV pp52, and HHV6
p41, and to further correlate these antibodies to haemato-
logy/biochemistry, serology, and disease activitymeasures,
that is SLE Disease Activity Index (SLEDAI) scores. The
findings from this study could assist in further substantiating
the significance of lytic HHV infections in SLE.

Method

Samples

SLE patient plasma samples were obtained from 77 unre-
lated Danish SLE patients attending the Department of
Rheumatology, Rigshospitalet, Copenhagen University
Hospital, Denmark. Plasma samples from 29 healthy
controls were obtained from volunteers at Statens Serum
Institut, Copenhagen, Denmark. All SLE patients fulfilled
the American College of Rheumatology (ACR) classifi-
cation criteria for SLE (23). Informed consent for the
studies was obtained from all participants in accordance
with the protocol as approved by the Scientific-Ethical
Committee of the Capital Region of Denmark.

Laboratory analysis of SLE patient variables. The SLE
patient plasma samples were screened for antinuclear
antibodies (ANAs) by indirect immunofluorescence
assays on HEp-2 cells. C3 and C4 levels were determined
by ELISA whereas dsDNA-directed antibody levels were
determined by the Crithidia luciliae immunofluorescence
test (CLIFT) and ELISA. Haematology and C-reactive
protein were obtained by routine biochemistry.

ELISA for EBV EA/D-, CMV pp52-, and HHV6 p41-directed
antibodies

TTN buffer (0.05 M Tris, 1% Tween 20, 0.3 M NaCl, pH
7.5) was used for washing, blocking, and dilution of
samples and secondary antibodies. Carbonate buffer
(50 mM sodium carbonate, pH 9.6) was used for coating
Nunc PolySorp microtitre plates (Thermo Fisher
Scientific, Denmark) with recombinant CMV pp52
(Prospec, Ness-Ziona, Israel), recombinant EBV EA/D
(Prospec), and recombinant HHV6 p41 (MyBioSource,
San Diego, CA, USA) at a concentration of 1 μg/mL.
A volume of 250 μL was used in each well for washing

and blocking whereas 100 μL was used for incubation
with diluted samples, secondary antibodies, and enzyme
substrates. Both coated and non-coated wells were
included; carbonate buffer with or without antigen was
applied for coated and non-coated wells, respectively.
The plates were subsequently incubated overnight at
4˚C. After incubation, the wells were washed for 3 � 1
min followed by blocking for 30 min. The samples were
diluted 1:50/1:100/1:50 for detection of EBV EA/D-
directed IgM/IgG/IgA. Dilutions of 1:100/1:100/1:50
and 1:20/1: 100/1:20, respectively, were used for detec-
tion of CMV pp52- and HHV6 p41-directed IgM/IgG/
IgA. All diluted samples were added to coated and non-
coated wells in duplicate. The plates were subsequently
incubated for 1 h at room temperature (RT), and wells
were washed as described previously, followed by incu-
bation with alkaline phosphatase (AP)-conjugated goat
anti-human IgM, IgG, or IgA (Sigma-Aldrich, St Louis,
MO, USA) (1:2000) for 1 h at RT. After three further
washes, the plates were developed by adding AP substrate
[p-nitrophenyl phosphate (p-NPP); Sigma-Aldrich] dis-
solved in AP substrate buffer (1 M diethanolamine,
0.5 mM MgCl2, pH 9.8) (1 mg/mL). A Versamax micro-
plate reader (Molecular Devices, Sunnyvale, CA, USA)
was used for reading the plates with a wavelength of 405
nm and a reference wavelength of 650 nm. The sample
absorbance values of non-coated wells were subtracted
from coated wells after averaging the duplicates. To
enable intercomparison, all net absorbance values were
normalized to standard curves derived from twofold serial
dilutions of serum samples (CMV pp52-directed IgM,
IgG, and IgA assays and HHV6 p41-directed IgM, and
IgA assays) or serum pools (EBV EA/D-directed IgM,
IgG, and IgA assays and HHV6 p41-directed IgG assays).
The values were log10 transformed prior to normaliza-
tion, and were back-transformed for statistical analyses.

Statistical analysis

Parametric statistics were inappropriate. The Mann–
Whitney U test and Fisher’s exact test (two-tailed) were
applied for two-group comparisons of continuous data
and categorical data, respectively. The Kruskal–Wallis
test (two-tailed) was used for comparison of continuous
data among three or more groups (note that adjustment for
multiplicity was not performed). Multiple linear regres-
sion models were included with both continuous and
categorical patient variables as predictors. The validity
of models was assessed from normal Q–Q plots of stan-
dardized residuals, histograms, residuals vs. fitted plots,
and Cook’s distance. Furthermore, potential multicolli-
nearity was evaluated with variance inflation factors.
Cliff’s δ and odds ratios were applied as effect sizes
for pairwise/two-group comparisons of continuous data
and categorical data, respectively. Cliff’s δ of �0.1, (�)
� 0.35, and (�)� 0.5 represent small, medium, and large
effects, respectively. A p-value < 0.05 was considered
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statistically significant. The statistical analysis was per-
formed in GraphPad Prism software 5 (GraphPad
Software Inc, San Diego, CA, USA) and R software
3.0.3 (The R Foundation for Statistical Computing,
Vienna, Austria). The data are presented as medians and
interquartile ranges unless stated otherwise.

Results

Characteristics of SLE patients and healthy controls

The median age of patients (Table 1) and healthy controls
(Table 2) was 38 (range 20–76) and 42 (range 23–63)
years, respectively. Females comprised 92.2% of the
patient group and 75.9% of the control group. The median
SLEDAI score was 4 (range 0–21), indicating a low
disease activity SLE cohort.

Prevalence of IgM, IgG, and IgA isotypes against EBV EA/D,
CMV pp52, and HHV6 p41

Significantly higher antibody levels against EBV EA/D
and CMV pp52 in SLE patients relative to healthy
controls. The SLE patients had significantly higher IgM,
IgG, and IgA levels against EBV EA/D compared with
healthy controls (p ¼ 0.02, < 0.001, and < 0.001,
respectively; Figure 1Ai–iii) (Cliff’s δ ¼ 0.29, 0.72, and
0.49, respectively; Supplementary Table S1), and
significantly higher IgG and IgA levels against CMV
pp52 compared with healthy controls (p ¼ 0.009 and
0.004, respectively; Figure 1Bii, iii) (Cliff’s δ ¼ 0.33
and 0.37, respectively). By contrast, no significant
differences were detected in IgM, IgG, and IgA levels
against HHV6 p41 (Figure 1Ci–iii) or in IgM levels
against CMV pp52 between the two groups (Figure 1Bi).

Antibody levels against EBV EA/D, CMV pp52, and
HHV6 p41 in SLE patients with regard to intake of
immunosuppressive medication. To ensure that the
amplified humoral responses in SLE patients of this
study were not resulting from treatment measures, the
IgM, IgG, and IgA levels against EBV EA/D, CMV
pp52, and HHV6 p41 were correlated to intake of
immunosuppressive medication. Importantly, no signifi-
cant differences were detected in these levels between
patients receiving and patients not receiving immuno-
suppressive medication (data not shown). The results are
therefore unlikely to be explained by deliberate immune
suppression.

Comparison of antibody patterns against EBV EA/D and
CMV pp52 with regard to SLE patient characteristics. To
select for various indications of EBV and CMV infection
status, the SLE patients were divided into four groups
depending on their pattern of EBV EA/D- and CMV
pp52-directed IgG levels (Table 3). SLE patients in
group 1 (n ¼ 20) and group 4 (n ¼ 21) had lower IgG
levels [i.e. <median arbitrary units (AU)] and higher IgG
levels (i.e.�median AU), respectively, against both EBV
EA/D and CMV pp52 whereas SLE patients in group
2 (n ¼ 18) and group 3 (n ¼ 18) had higher/lower IgG
levels and lower/higher IgG levels, respectively,
against EBV EA/D/CMV pp52. For clarity, the IgG
patterns in groups 1, 2, 3, and 4 are indicative of:
no lytic activity, ‘isolated’ lytic EBV activity,
‘isolated’ lytic CMV activity, and concurrent lytic
EBV/CMV activity, respectively.

The IgG subclasses are regarded as the most consistent
markers of lytic infections. Hence, to avoid abundant
comparisons, the IgM and IgA levels were not conside-
red. Moreover, because of the limited sample size, selec-
tion for HHV6 p41-directed IgG levels was not
performed. The four groups were compared with regard
to several characteristics.

The lymphocyte count and positivity rates for dsDNA-
directed antibodies varied significantly among the groups

Table 1. Characteristics of SLE patients.

No. of individuals 77
Gender (female), % (n) 92.2 (71)
Age (years), median (IQR) 38 (31–44)
On immunosuppressive medication, % (n) 72.7 (56)
C-reactive protein (mg/L), median (IQR) 2 (0–7)
Low C3 (< 0.79 g/L), % (n) 46.8 (36)
Low C4 (< 0.16 g/L), % (n) 66.2 (51)
Thrombocyte count (109/L), median (IQR) 237 (181–296)
Leucocyte count (109/L), median (IQR) 5.8 (4.4–8.7)
Lymphocyte count (109/L), median (IQR) 1.11 (0.78–1.6)
Disease manifestations*, % (n)
Arthritis 15.6 (12)
Vasculitis 5.2 (4)
Rash 6.5 (5)
Thrombocytopenia (< 50 � 109/L) 13 (10)
Leucopenia (< 4 � 109/L) 19.5 (15)
Lymphopenia (< 1.5 � 109/L) 68.8 (53)

Positivity for autoantibodies†
ANA, % (n) 81.8 (63)
dsDNA-directed antibodies, % (n) 45.5 (35)

SLEDAI score, median (IQR) 4 (2–8)

SLE, Systemic lupus erythematosus; ANA, antinuclear antibo-
dies; ds, double-stranded; IQR, interquartile range; SLEDAI, SLE
Disease Activity Index.
*Information regarding nephritis was not available for all SLE
patients.
†Information regarding extractable nuclear antigen (ENA)-
directed antibodies was not available for all SLE patients.
The continuous and categorical variables are presented as
medians and percentages, respectively.

Table 2. Characteristics of healthy controls.

No. of individuals 29
Gender (females), % (n) 75.9 (22)
Age (years), median (IQR) 42 (32–52)

IQR, Interquartile range.
The continuous and categorical variables are presented as
medians and percentages, respectively.
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Figure 1. Two-group comparisons of (A) EBV EA/D-, (B) CMV pp52-, and (C) HHV6 p41-directed (i) IgM, (ii) IgG, and (iii) IgA levels between SLE
patients (n ¼ 77) and healthy controls (n ¼ 29). The antibody levels are presented in arbitrary units (AU). The horizontal bars represent medians and
interquartile ranges. *p < 0.05, **p < 0.01, ***p < 0.001.

Table 3. Patterns of EBV EA/D- and CMV pp52-directed IgG levels in SLE patients.

Variable
Group 1
(n ¼ 20)

Group 2
(n ¼ 18)

Group 3
(n ¼ 18)

Group 4
(n ¼ 21) p-value

Gender (female) 85 (17) 88.9 (16) 94.4 (17) 100 (21) 0.274
Age (years) 33 (29–39) 38 (33–41) 41 (30–46) 41 (37–46) 0.144
On immunosuppressive medication 80 (16) 66.7 (12) 66.7 (12) 76.2 (16) 0.748
SLEDAI score 4.5 (2–9) 5.5 (2–9.5) 4 (2–9.8) 2 (0–5) 0.227
ANA positivity 85 (17) 88.9 (16) 83.3 (15) 71.4 (15) 0.557
dsDNA-directed antibody positivity 60 (12) 55.6 (10) 50 (9) 19.1 (4) 0.034
Low C3 45 (9) 50 (9) 61.1 (11) 33.3 (7) 0.391
Low C4 60 (12) 77.8 (14) 72.2 (13) 57.1 (12) 0.505
Leucocyte count (109/L) 6.3 (4.4–9.2) 4.9 (3.7–6.0) 7.7 (5.0–9.0) 5.8 (4.2–8.1) 0.170
Lymphocyte count (109/L) 1.11 (0.84–1.43) 0.65 (0.51–0.90) 1.45 (0.90–2.00) 1.40 (1.00–1.80) 0.004
HHV6 p41-directed IgG (AU) 0.36 (0.25–0.52) 0.35 (0.28–0.38) 0.38 (0.28–0.47) 0.38 (0.26–0.56) 0.872
EBV EA/D-directed IgG (AU) 0.09 (0.05–0.29) 0.97 (0.72–1.10) 0.04 (0.02–0.17) 1.02 (0.94–1.11) < 0.001
CMV pp52-directed IgG (AU) 0.32 (0.22–0.39) 0.32 (0.20–0.34) 1.04 (0.95–1.15) 1.25 (1.16–1.31) < 0.001

SLE, Systemic lupus erythematosus; SLEDAI, SLE Disease Activity Index; ANA, antinuclear antibodies; ds, double-stranded; AU,
arbitrary units; Group 1, SLE patients with lower IgG levels against both EBV EA/D and CMV pp52; Group 2, SLE patients with higher/
lower IgG levels against EBV EA/D/CMV pp52; Group 3; SLE patients with lower/higher IgG levels against EBV EA/D/CMV pp52; Group 4,
SLE patients with higher IgG levels against both EBV EA/D and CMV pp52 (the lower IgG levels were defined as < median AU, and
higher IgG levels as � median AU).
Continuous and categorical variables are presented as medians (interquartile range) and percentage (number), respectively.
Significant p-values are in bold.
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(p ¼ 0.004 and 0.034, respectively), with groups 2 and 3
having the lowest and highest median lymphocyte
counts (0.65 and 1.45, respectively; Cliff’s δ ¼ –0.57;
Supplementary Table S2), whereas groups 1 and 4 had the
highest and lowest positivity rates for dsDNA-directed anti-
bodies (60% and 19.1%, respectively; odds ratio ¼ 6.06).

Association of EBV EA/D- and CMV pp52-directed
antibody levels with lymphocyte counts in SLE
patients. The potential correlations of EBV EA/D- and
CMV pp52-directed IgG levels with lymphocyte counts
in SLE patients were further evaluated. To adjust for
characteristics such as age, intake of immunosuppressive
medication, and disease activity (based on SLEDAI
scores), a multiple linear regression analysis was
performed, with lymphocyte counts as the dependent
variable. All 77 SLE patients were enrolled. Furthermore,
HHV6 p41-directed IgG levels were additionally included
as independent variables (note that IgG levels were
included, exclusively, to avoid unreliable estimations
due to potential multicollinearity between IgM, IgG, and
IgA levels against each respective antigen). The regression
output confirmed an inverse correlation between EBV EA/
D-directed IgG levels and lymphocyte counts (B ¼ –0.54
per AU increment, p ¼ 0.009; Supplementary Table S3),
and a positive correlation between CMV pp52-directed
IgG levels and lymphocyte counts (B ¼ 0.46 per AU
increment, p ¼ 0.031). Moreover, intake of immuno-
suppressive medication tended to correlate inversely with
lymphocyte counts (B¼ –0.34, p¼ 0.095). No significant
correlations were found between HHV6 p41-directed
IgG levels and lymphocyte counts (B ¼ –0.27 per AU
increment, p ¼ 0.401).

Discussion

To the best of our knowledge, this is the first study to
investigate humoral responses to CMV pp52 and HHV6
p41 in subjects with SLE relative to healthy subjects. The
results were generated using ELISAs, and revealed sig-
nificantly higher IgM, IgG, and IgA levels against EBV
EA/D, and higher IgG and IgA levels against CMV pp52,
in SLE patients compared with healthy controls. By con-
trast, no significant differences were detected in antibody
levels against HHV6 p41 between the two groups.
Furthermore, lymphocyte counts were found to correlate
negatively and positively, respectively, with EBV EA/D-
and CMV pp52-directed IgG levels in SLE patients. None
of the findings seemed to be associated with intake of
immunosuppressive medication and are thus unlikely to
be explained by deliberate immune suppression.
The significantly elevated EBV EA/D- and CMV

pp52-directed antibody levels in SLE patients in this
study suggest at least three scenarios. Subjects with SLE
might exhibit increased susceptibility to EBV and/or
CMV reactivation (i) with or (ii) without implication
in disease exacerbation. Alternatively, (iii) increased
susceptibility to EBV and/or CMV reactivation could

precede SLE as a cause of disease development. Limited
or impaired EBV-specific CD8þ T-cell responses were
previously detected in subjects with SLE, whereas CD8þ
T-cell responses against CMV seem to be normal (24).
Similar dysfunctions could explain the apparently higher
susceptibility to lytic EBV infections in SLE patients in
the present study.

Our findings for EBV EA/D-directed antibody levels in
SLE patients relative to healthy controls substantiate
several earlier findings (15–21), whereas all previous
studies regarding antibodies to CMV addressed antigens
with unspecified classifications (16, 17, 20, 22). Moreover,
only two of these studies revealed significantly higher IgM
levels against CMV, suggesting higher rates of active
CMV infections in SLE patients relative to healthy controls
(20) or disease controls (22).

The absence of significant differences in HHV6 p41-
directed antibody levels in our study indicates that HHV6
reactivation is equally prominent among the two groups.
This lends support to the notion that the amplified
humoral responses to EBV EA/D and CMV pp52 are
specific to the activity of EBV and CMV, respectively,
rather than a result of polyclonal B-cell hyperactivity. The
finding, however, is inconsistent with a recent study that
showed strong associations between SLE and lytic HHV6
infections, as judged from significantly higher propor-
tions of cell-free HHV6 serum viraemia in SLE patients
relative to control subjects (21). However, in our study,
potential cell-free EBV, CMV, and HHV6 serum DNA
was not assessed.

With regard to the possible involvement of the viruses
in the pathogenesis of SLE, it is pertinent to assess
whether the EA-directed antibody levels are correlated
with disease exacerbation or remission, or lack any asso-
ciative pattern with these conditions.

In a previous study, elevated EBV EA/D-directed IgG
levels correlated with the presence of antibodies against
Ro and cutaneous symptoms in subjects with SLE (18).
The authors concluded that exposure to EBV infection is
associated with mild SLE disease phenotypes. In our
study, negative correlations were revealed between EBV
EA/D-directed IgG levels and lymphocyte counts in SLE
patients. Lower lymphocyte levels have been shown to
correlate with higher disease activities and to be predic-
tive of future flares (25–27). The SLEDAI scores were
highest among subjects with ‘isolated’ EBV patterns but
did not vary significantly. Nevertheless, our finding
could provide a linkage between EBV reactivation and
lymphopenic manifestations in SLE patients, with possi-
ble connection to present and/or forthcoming disease
exacerbation.

There are several potential mechanisms, related to
EBV, with explanatory power to this inverse axis.
Previous in vitro studies found EBV to drive strong and
persistent interferon (IFN)-α responses in plasmacytoid
dendritic cells (pDCs) from healthy individuals (28, 29).
This is relevant, as IFN-α has been shown to correlate
positively with SLEDAI scores and dsDNA-directed
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antibodies but inversely with lymphocyte levels in SLE
patients, and is suspected of being a direct cause of
lymphopenia in subjects with SLE (30–32). However,
IFN-α levels were not measured in samples in this
study, and thus there is no clear-cut evidence to support
any viral modulation of this cytokine in our SLE patient
cohort. Furthermore, as T cells are susceptible to EBV
infection, it is possible that uncontrolled and chronic
infections of this lymphocyte subset, with cell-destructive
consequences, could serve as another explanation to our
finding (33). It is also possible that lower lymphocyte
levels promote EBV reactivation and not vice versa.
However, in this context, it would not explain why
inverse correlations were not detected between lympho-
cyte counts and CMV pp52- and/or HHV6 p41-directed
IgG levels.
In fact, as CMV pp52-directed IgG levels correlated

positively with lymphocyte counts in our study, the
potential influence(s) of active CMV in SLE patients
seems opposite to that of active EBV. Of note, CMV
has been shown to inhibit the production of IFN-α in
pDCs from healthy individuals in vitro (34, 35), opposite
to the effect found for EBV.
It was surprising to discover that markedly fewer indi-

viduals with concurrent EBV/CMV patterns were posi-
tive for dsDNA-directed antibodies relative to subjects in
the other groups. Moreover, SLEDAI scores were lowest
among these individuals but were not significantly differ-
ent from individuals with other antibody patterns. The
reason for this finding is unclear. However, it seems
unlikely that concurrent lytic activities of the viruses are
implicated directly. As our study is non-longitudinal, the
present picture could be ascribed to temporal variations in
EBV and/or CMV reactivation starting points. Thus, the
viruses might have been active for longer or shorter
periods in a larger fraction of subjects with ‘isolated’
EBV and/or ‘isolated’ CMV patterns relative to indivi-
duals with concurrent EBV/CMV patterns.
In addition, the lymphocyte counts were markedly

lower among individuals with ‘isolated’ EBV patterns
relative to individuals with concurrent EBV/CMV and
‘isolated’ CMV patterns. The median lymphocyte count
in this group corresponded to moderate to near-marked
lymphopenia whereas median lymphocyte counts in the
other two groups were near-normal values. This is of
interest when considering the negative and positive cor-
relations, respectively, of EBV EA/D- and CMV pp52-
directed IgG levels with lymphocyte counts. Potentially,
it suggests some sort of interplay between the viruses that
may modulate the outcome of lymphocyte levels in
SLE. For instance, if EBV is assumed to be involved in
these lymphopenic manifestations, lytic collisions with
CMV could perhaps disturb or counteract the underlying
mechanism(s).
The potential influence(s) of EBV and CMV on the

course of SLE disease and their possible interactions with
each other should be further explored in future studies
with longitudinal designs and larger SLE cohorts.

Our study has several limitations. First, quantitative
assessment of cell-free viral DNA in our samples was
not performed and hence lytic activity was only deter-
mined from indirect measures. Second, as samples
were not screened for antibodies that indicate previous
exposure, it is possible that lower fractions of EBV-
and CMV-infected individuals in the control group
could explain the weaker antibody reactivity among
these subjects.

In conclusion, our results suggest strong, but oppo-
site, associations of lytic EBV and CMV infections
with SLE whereas lytic HHV6 infections do not seem
to be associated with the disease. The amplified
humoral responses to EBV EA/D and CMV pp52 in
our SLE patient cohort probably reflect aberrant control
of EBV and CMV reactivation. However, reactivation
of EBV seems to be associated with lymphopenic
manifestations in SLE patients whereas CMV reactiva-
tion seems to be associated with increments in lym-
phocyte levels.
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