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Abstract We try to Wnd the association of cytomega-
lovirus (CMV) infection and anti-�2 glycoprotein 1
autoantibodies (anti-�2 GP1), a key antibody in anti-
phospholipid syndrome (APS), among systemic lupus
erythematosus (SLE) and cerebral vascular accident
(CVA) patients. This retrospective study enrolled
serum samples obtained from 87 SLE and 97 CVA
patients who have been checked for the existence of
anti-�2 GP1. First, the prevalence rate of anti-CMV
IgG and IgM in patients with and without anti-�2 GP1
were compared. Second, the prevalence of anti-CMV
IgG and IgM were compared between SLE and CVA
patients. Last, this study analyzed the clinical charac-
teristics and disease activity in SLE patients with posi-
tive anti-CMV IgM and IgG. No diVerence existed in
the prevalence rate of anti-CMV IgG and IgM between
positive or negative anti-�2 GP1 serum samples in both
SLE and CVA patients. However, the prevalence of
anti-CMV IgM was signiWcantly higher in the SLE
group than in the CVA group. Severity of clinical

features and SLEDAI scores were considerably higher
in patients with positive anti-CMV IgM than in SLE
patients with negative anti-CMV IgM. Very impres-
sively, all IgM-positive SLE samples (9/9) carrying
highest levels of anti-CMV IgG, indicated reactivation
of the latent CMV infection. Hence, it suggests that
CMV reactivation might contribute toward the disease
Xare in some SLE patients. In future, a prospective and
longitudinal study is stongly indicated.
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Introduction

Antiphospholipid syndrome (APS) has been recog-
nized as a major catastrophic manifestation of systemic
lupus erythematosus (SLE) [1]. APS is characterized
by antibodies directed against either phospholipids or
plasma proteins bound to anionic phospholipids, com-
bined with various clinical manifestations including
venous and arterial thrombosis, recurrent fetal loss,
and neurological events. This disorder is considered
primary APS when it occurs alone, such as cerebral
vascular accident (CVA), and secondary APS when
in association with SLE or other rheumatic or auto-
immune disorders.

One autoantibody contributing to APS is anti-�2
glycoprotein 1 autoantibodies (anti-�2 GP1) [2]. The
factors causing production of anti-�2 GP1 remain
unclear, however, an association with infectious agents,
such as cytomegalovirus (CMV) and EBV infection,
has been described in sporadic cases [3–7].
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This study attempted to determine whether CMV
infection is associated with anti-�2 GP1, one of the
principal antibodies in APS, and whether CMV infec-
tion or reactivation aVect clinical severity and disease
activity in SLE patients.

Materials and methods

Patients and controls

All 184 serum samples from SLE and CVA patients
were collected between June 1, 2005, and March 31,
2006. These samples were assigned to a SLE group or a
CVA group based on patient diagnosis (Table 1). Clin-
ical diagnosis and disease severity were accessed via a
review of medical records.

SLE group

Twenty-four serum samples from 24 adult SLE
patients positive for anti-�2 GP1 were enrolled. All 24
patients were diagnosed with SLE and fulWlled the
1997 revised classiWcation criteria of the American Col-
lege of Rheumatology [8]. Of these 24 patients, 22 were
female and 2 were male. Sixty-three serum samples
from 63 SLE patients negative for anti-�2 GP1 were
enrolled as controls. Of these control patients, 56 were
female and 8 were male. Mean ages of the SLE and
control groups were 33.3 § 11.67 years and
30.8 § 11.95 years, respectively (P = 0.47) (Table 1).

CVA group

In the CVA group, all patients, including those who
were positive and negative for anti-�2 GP1, were diag-
nosed by a neurologist as cases of recent cerebral vas-

cular infarction in the last 1 year. Eighteen serum
samples from 18 patients positive for anti-�2 GP1,
including 9 serum samples from male patients and 9
serum samples from female patients were analyzed.
Seventy-nine serum samples from 79 patients negative
for anti-�2 GP1 were enrolled as controls. The mean
age in the SLE and CVA groups were
31.3 § 11.49 years and 52.5 § 18.03 years, respectively
(P = 0.001) (Table 1). All patients were Chinese.

Serum anti-�2 glycoprotein 1 antibodies

Presence of anti-�2 GP1 was determined using a Varel-
isa enzyme immunoassay commercial kit. The positive
and negative controls tests were included following the
manufacturer’s instructions (Pharmacia Diagnostics,
Denville, NJ, USA). The titer of anti-�2 GP1 at ¸15
U/ml was considered positive, ·10 U/ml was consid-
ered as negative result. The titer of anti-�2 GP1
between 10 and 15 U/ml was regarded as an equivocal
result and considered as negative results in our study.

Serum anti-CMV antibodies

The presence of immunoglobulin G (IgG) and immu-
noglobulin M (IgM) antibodies against CMV were
determined using a microparticle enzyme immunoas-
say (MEIA) approach. Positive and negative control
tests were included following the manufacturer’s
instructions (Abbott Laboratories, Abbott Park, IL,
USA). The titer of IgG antibody against CMV at
¸15 U/ml was considered positive, indicating exposure
to CMV infection, including past or current CMV
infections. The titer of anti-CMV IgG antibody at
·10 U/ml was considered negative. The titer of anti-
CMV IgG between 10 and 15 U/ml was regarded as an
equivocal result and considered negative in our study.

Table 1 Demographics of serum samples, from SLE and CVA groups

SLE group anti-�2 
GP1(+) (N = 24)

SLE control anti-�2 
GP1(¡) (N = 63)

CVA group anti-�2 
GP1(+) (N = 18)

CVA control anti-�2 
GP1(¡) (N = 79)

Age
10–20 2 (8.3%) 6 (7.9%) 0 0
20–30 2 (8.3%) 11 (17.5%) 2 (11.1%) 11 (13.9%)
30–40 10 (41.7%) 27 (42.9%) 0 5 (6.3%)
40–50 8 (33.3%) 15 (23.8%) 2 (11.1%) 8 (10.1%)
50–60 2 (8.3%) 2 (3.2%) 5 (27.8%) 20 (25.3%)
60–70 0 1 (1.6%) 2 (11.1%) 8 (10.1%)
70–80 0 0 6 (33.3%) 23 (29.1%)
>80 0 1 (1.6%) 1 (5.6%) 4 (5.1%)
Mean age 33.3 § 11.67 30.8 § 11.95 55 § 17.24 51.9 § 18.26

Gender
Male 2 (8.3%) 8 (12.7%) 9 (50%) 63 (79.75%)
Female 22 (91.7%) 55 (87.3%) 9 (50%) 16 (20.25%)
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The titer of serum CMV IgM indexes at 0.5 or
greater was regarded as positive. All serum samples
giving CMV IgM indexes ¸0.5 were treated with the
rheumatoid factor (RF) neutralization reagent and
retested according to the manufacturer’s instructions
(Abbott Laboratories, Abbott Park, IL, USA). Equiv-
ocal results (anti-CMV IgM index of 0.500–0.599) were
regarded as negative. Positive anti-CMV IgM indicates
a recent infection, including primary infection, reacti-
vation or re-infection of CMV.

Rheumatoid factor neutralization

The RF neutralization method was applied to avoid
false-positive results for anti-CMV IgM following the
manufacturer’s instructions (Abbott Laboratories,
Abbott Park, IL, USA). All serum samples with posi-
tive for anti-CMV IgM were tested. Following neutral-
ization, anti-CMV IgM index of ¸0.6 was considered
positive. Equivocal results (after RF neutralization
anti-CMV IgM index of 0.500–0.599) were considered
negative or a false-positive result for anti-CMV IgM.

Viral replication

In patients who showed IgM reactivity to CMV, viral
DNA was detected by real-time polymerase chain
reaction (real-time PCR, Roche LightCycler System)
in order to establish the presence or absence of sys-
temic viral replication. Real-time PCR for CMV-DNA
was carried out in serum samples with primers located
within the glycoprotein B genome region.

SLE Disease Activity Index

SLE Disease Activity Index (SLEDAI) scoring: dis-
ease activity was scored according to SLEDAI-2K [9].

Statistical analysis

The Student’s t test was applied to examine the mean
diVerence of SLEDAI scores among diVerent SLE sub-
groups. The Chi-square test was utilized to test for sig-
niWcant diVerences between categorical variables.
Fisher’s exact test was applied to assess the diVerence
in frequency for categorical variables with a limited
numbers of samples. A value of P · 0.05 was regarded
as a statistically signiWcant diVerence.

The Wrst study compared the prevalence rate of anti-
CMV IgG and IgM between patients with positive and
negative anti-�2 GP1. The second study compared the
prevalence rate of anti-CMV IgG and IgM between

patients with SLE and CVA. Finally, this study com-
pared clinical characteristics and disease activity
(determined by SLEDAI score) in cases of positive
anti-CMV IgM and IgG patients in SLE patients.

Results

Before and after RF neutralization for anti-CMV IgM

Before RF neutralization, 16 serum samples were posi-
tive for anti-CMV IgM. Among these 16 samples, 12
samples were from the SLE group and 4 were from the
CVA group. After RF neutralization, 3 samples in each
group were false-positive for anti-CMV IgM, leaving 9
true-positive anti-CMV IgM samples in the SLE group
and 1 true-positive anti-CMV IgM sample in the CVA
group.

CMV infection and anti-�2 GP1

Anti-�2 GP1 and CMV infection in SLE group

The prevalence of positive anti-CMV IgG in SLE
group was 97.7% (85/87). The prevalence of positive
anti-CMV IgM in SLE group was 10.34% (9/87). No
statistic diVerence existed for presence of anti-CMV
IgG (P = 0.119) or IgM (P = 0.243) between the posi-
tive anti-�2 GP1 and negative anti-�2 GP1 in SLE
groups (Figs. 1, 2).

Fig. 1 The anti-CMV IgG titer distributions of four subgroups
are shown. Similar distribution patterns between positive and
negative anti-�2 glycoprotein 1 (anti-�2 GP1) groups. The anti-
CMV IgG titer distributions of SLE group and CVA group are
shown separately; comparing left two columns to right two col-
umns. All except three patients in the SLE group were positive
for anti-CMV IgG
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Anti-�2 GP1 and CMV infection in CVA group

The prevalence of positive anti-CMV IgG in the CVA
group was 100% (97/97). The prevalence of positive
anti-CMV IgM was 1.03% (1/97). All patients includ-
ing those positive and negative for anti-�2 GP1 were
positive for anti-CMV IgG (Fig. 1). No statistical diVer-
ence existed for positive anti-CMV IgM between the
positive anti-�2 GP1 and negative anti-�2 GP1 in the
CVA group (Fisher’s exact test, P = 0.186) (Fig. 2).

Comparison of CMV infection between CVA and SLE 
groups

The prevalence of positive anti-CMV IgM in SLE
group is signiWcantly higher than in the CVA group
(10.34 vs. 1.03%, P < 0.001) (Fig. 2). The prevalence of
anti-CMV IgG was not statistically diVerent between
the CVA and SLE groups (100 vs. 96.55%, P = 0.067)
(Fig. 1).

In anti-CMV IgM(+) patients (n = 10, 9 SLE
patients and 1 CVA patient), testing for viral replica-
tion in serum samples showed negative.

Clinical characteristics of SLE patients with positive 
anti-CMV IgM and IgG

The clinical manifestation of all SLE patients was
reviewed. Additionally, we compared SLEDAI scores
for anti-CMV IgM(+)/IgG(+) patients, and anti-CMV

IgM(-)/IgG(+) patients. The disease activity indicated
by SLEDAI score is signiWcantly higher in patients
positive for both anti-CMV IgM and IgG than in
patients negative for anti-CMV IgM but positive anti-
CMV IgG (Fig. 3). The clinical symptoms of nine anti-
CMV IgM(+)/IgG(+) SLE patients are shown in
Table 2.

Discussion

Initially, we tried to study whether CMV infection was
related to anti-�2 GP1 formation or not. However,
there was no association found in neither SLE group
nor CVA group. Although, it looks that both SLE and
CVA patients without anti-�2 GP1 autoantibodies
showed higher anti-CMV IgG and IgM values than
those with anti-�2 GP1 autoantibodies, there was no
statistic signiWcance (P > 0.1). To our surprise, we
found the association between CMV and SLE.

The role of CMV upon SLE has been discussed
before. Previously, several sporadic cases of CMV coli-
tis, retinitis or hemophagocytosis syndrome have been
described in SLE patients. Moreover, it has been
reported that CMV infection might trigger the onset of
SLE, a systemic autoimmune disease [10, 11]. There-
fore, it suggested that CMV-related autoimmune
response is an important issue to be studied. However,
whether CMV reactivation can cause disease Xare of
SLE has not been studied thoroughly.

In this study, incidentally, a higher prevalence of
anti-CMV IgM in the SLE group compared to the
CVA group was noted (10.34 vs. 1.03%, P < 0.001). To
our surprise, the disease activity deWned by SLEDAI

Fig. 2 The anti-CMV IgM titer distributions (post rheumatoid
factor neutralization) of four subgroups are shown. False-positive
of anti-CMV IgM was conWrmed by rheumatoid factor neutraliza-
tion. SLE patients with negative anti-�2 glycoprotein 1 (anti-�2
GP1) have higher positive anti-CMV. IgM titers indicates no cor-
relation between CMV infection/activation and anti-�2 GP1 for-
mation. The anti-CMV IgM titer distributions (post rheumatoid
factor neutralization) of SLE group and CVA group are shown;
comparing left two columns to right two columns

Fig. 3 SLEDAI scores of SLE subgroups are shown
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scores diVered signiWcantly between those SLE
patients with and without anti-CMV IgM (11.44 § 6.77
vs. 3.87 § 3.36, P = 0.012) (Fig. 3).

Very impressively, all IgM-positive SLE samples (9/
9) were carrying highest levels of anti-CMV IgG (all =
250 U/ml). High CMV IgG values in those cases pre-
senting positive IgM test results and the absence of posi-
tive CMV PCRs might support reactivation and are
more inconsistent with primary CMV infection. As
CMV is an intracellular pathogen and it may establish
latency in humans, it can reactivate in patients with sup-
pressed immune system [12]. All nine cases with CMV
reactivation are under treatment with steroid or other
immunosuppressives, which may contribute toward the
reactivation of CMV as described by Yoda et al. [13].

Previously, it has been described that CMV infection
might trigger the onset of SLE or exacerbation of pre-
existing SLE [10, 11]; however the evidence is not strong
enough. In 2002, Stratta and Colla have described a SLE
patient with frequent disease Xare, with unknown trig-
ger factors. This patient developed lupus nephritis,
hemolytic uremic syndrome with thrombotic microangi-
opathy and life threatening infections for 3 years until
CMV replication was conWrmed and treated with ganci-
clovir. Thereafter, the clinical and biochemical condi-
tions of the patient improved and remained stable after
the two prolonged courses of ganciclovir [14]. It sup-
ports that CMV reactivation might play a role in some
SLE patients with disease Xare.

Although the timely association between CMV
reactivation and SLE Xare-up is still unclear, several
possibilities have been proposed. The Wrst possibility is
that SLE itself can result in CMV reactivation. How-
ever, there is no evidence to support this to date. The
second possibility is that there may be some other
unknown etiologies that trigger both CMV reactivation
and SLE disease Xare simultaneously. A few articles
discussed the immune pathogenesis of reactivation of
CMV in immunocompromised patients [15, 16]; gender
seems not to aVect the prevalence of seropositivity,

rather an older age was associated with CMV seroposi-
tivity in one study [17]. The evidence of the second
possibility is still not clear. The third possibility is that
CMV reactivation may cause increased production of
autoantibodies with subsequent disease Xare up. The
last hypothesis seems to be the most promising,
because CMV infection has an association with SLE
[18], exacerbates SLE [19], and also has been found to
be able to induce the expression of autoantigen, Ro/
SS-A on keratinocyte and calreticulin in Wbroblast [20,
21]. Furthermore, it is considered that the immunosu-
pression due to the use of steroid or cytotoxics in SLE
patients might contribute toward the reactivation of
CMV in some cases with particular susceptibility [22–
25] and vice-versa [26], which might result in a vicious
cycle to worsen SLE. To block the vicious cycle, identi-
fying high risk patients, screening CMV seropositivity,
and doing baseline CMV PCR/antigen assay were rec-
ommended by Yoon et al. [25].

Limitation of this preliminary study is that this is a
retrospective case-controlled study with a limited num-
ber of samples. However, a strong association between
anti-CMV IgM and SLE disease activity implies that
seroconversion of anti-CMV IgM might not be a mere
non-speciWc reaction [27], but could be a sign of disease
Xare in some SLE patients. Seropositivity of anti-CMV
IgM could be an additional marker of SLE progress
and this is worth further investigation.
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