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ABSTRACT
C y t o m ega l ov i rus (CMV) infection is
known to induce several autoimmune
ab n o rmalities in mice that re s e m bl e
those found in systemic lupus erythe -
matosus (SLE). In addition, a potential
role for CMV in the development and/
or progression of SLE has been sug -
gested. In order to further clarify this
issue, we reviewed the relationship be -
tween SLE and CMV infection on the
basis of the clinical and immunological
features of cases reported in the litera -
ture and our own patients.  

Introduction
An etiologic role of several viruses in
the onset of SLE has been proposed
over the last few decades. SLE patients
show an increased risk of viral infec-
tion and this is a leading cause of mor-
bidity and mortality (1-3). Recent evi-
dence has suggested an important role
of retroviruses, especially human endo-
genous retroviruses (HERV), as a cau-
sative agent of SLE and HERV appear
to be involved in a genetic predisposi-
tion to the development of SLE (3, 4).
On the other hand, v i ruses such as
cytomegalovirus (CMV), Epstein-Barr
virus (EBV), and parvovirus B19 seem
to play a role as environmental factors
t h at may tri gger the development of
SLE (2, 5-7). 
There have been reports of CMV infec-
tion in SLE patients causing va ri o u s
conditions, including interstitial pneu-
m o n i a , t h ro m b o cy t o p e n i a , h ep at i t i s ,
and vasculitis (8-16). In these patients,
it is sometimes difficult to decide
whether the clinical manifestations are
due to CMV infection or the exacerba-
tion of SLE because similar features
are shared by both diseases (10). Fur-
thermore, CMV infection may be a fac-
tor triggering the onset of SLE in cer-
tain patients (15, 16). This article dis-
cusses the potential role of CMV infec-

tion in the onset and progression of
SLE, based on the relevant literature
and our own cases. 

Profile and classification of SLE
patients with CMV infection
Representative cases from the literature
and our own SLE patients with CMV
i n fection are summari zed in Table I.
Fever (temperat u re > 38°C) was ob-
served in all of our patients, but was not
described in some of the other patients
(cases 1 and 4). Case 1 developed alve-
olar hemorr h age re l ated to CMV-
induced pneumonia during treatment of
p ro t e i nu ria with prednisolone (PSL)
and azat h i o p rine (AZP). Case 2 wa s
being tre ated with PSL, cy cl o p h o s-
phamide (CPA ) , and AZP for malar
rash, sudden blindness (retinal vasculi-
t i s ) , and an acute confusional stat e
(lupus cerebritis). Skin ulceration and
subcutaneous nodules mimicking the
cutaneous manifestations of SLE dev-
eloped, but a skin biopsy revealed a
diagnosis of CMV-mediated vasculitis.
Case 3 had been treated with various
doses of steroids for 20 years. After a
high anti-CMV IgM antibody titer and
atypical peripheral lymphocytes were
detected, CMV-induced severe pancy-
topenia was diag n o s e d. Case 4 wa s
being treated with prednisone and CPA
for idiopathic thro m b o cytopenic pur-
pura (ITP) and/or SLE-related symp-
toms including proteinuria when CMV-
re l ated interstitial pneumonia deve l-
oped. Cases 5 and 6 respectively devel-
oped fatal interstitial pneumonia and
acute hepatitis due to CMV infection
during treatment of SLE with hydroxy-
chloroquine in case 5 and with PSL and
AZP in case 6. 
In case 7 (our patient), thrombocytope-
nia was induced by CMV infection dur-
ing maintenance therapy (PSL at 5
mg/day) for symptoms of SLE (a malar
rash and proteinuria). Cases 8, 9, and
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10 were also our patients and their clin-
ical courses are outlined in Figure 1.
Case 8 had some underlying autoim-
mune ab n o rm a l i t i e s , s u ch as antinu-
clear antibody (ANA) positivity, when
examined three months befo re the
onset of CMV infection, but these ab-
normalities did not fit the criteria for a
d i agnosis of SLE. After meningi t i s
developed due to CMV infection, anti-
DNA antibodies and proteinuria were
detected and then the patient fulfilled
the criteria for SLE. Cases 9 and 10
showed high titers of IgM antibodies
for CMV and similar symptoms to
CMV infection including fever, lymph-
adenopathy, and thrombocytopenia at
the onset of SLE, which presented with
p ro t e i nu ria in the fo rmer and malar
rash/alopecia in the latter. CMV anti-
gen was also detected in the serum of
case 9, but not case 10. 
Based on the findings in these previ-
ously reported cases and our patients,

the re l ationship between SLE and
CMV infection seems to fit one of three
patterns. CMV infection can occur dur-
ing the treatment of SLE with steroid
t h e rapy and/or immu n o s u p p re s s a n t s
and there are two types in these pa-
tients. In type 1 patients, CMV infec-
tion induces the exacerbation of under-
lying SLE. In type 2 patients, exacerba-
tion of SLE is not induced by CMV
infection and symptoms (such as fever,
lymphadenopathy, and thrombocytope-
nia) appear to be due to the virus itself.
In the former type, the exacerbation of
several SLE-related immunologic para-
meters (e.g., an increase of ANA and
anti-DNA antibodies or a decrease of
complement) as well as SLE-re l at e d
symptoms occur with the onset of
CMV infection. In the latter type,
changes of SLE-related immunological
parameters do not occur with the onset
of CMV infection. In certain patients
(type 3), CMV infection may actually

trigger the onset of SLE. In this type of
patient, the diagnosis of SLE has not
been established and treatment has not
been instituted befo re the onset of
CMV infection. This mode of onset of
SLE may be especially important in
young patients such as our cases. A
p redisposition to certain autoimmu n e
abnormalities may be required before
CMV infection can induce the SLE, as
indicated by cases 8. Interestingly, the
father of case 10 showed ANA positivi-
ty although he did not have any autoim-
mune disease.  
Among the patients listed in Table I,
cases 1, 2, 3 and 5 represent type 1,
cases 4, 6 and 7 correspond to type 2,
and cases 8, 9 and 10 represent type 3.  

Diagnosis of CMV infection
The diagnosis of CMV infection in
these patients was made by widely ac-
cepted methods, such as the detection
of anti-CMV IgM antibodies (wh i ch

Table I. Cases of SLE associated with CMV infection.

Case no. Underlying Main Prior Treatment Diagnosis of  SLE Outcome Ref. 
sex disease  (yrs. symptoms therapies for CMV CMV Exacer- On-

(age) since onset) STR IMS Ab Ag Path bation set

1. M (37) SLE pneumonia + AZP - + / + + - improvement 8
(?) alveolar hemorrhage

2. F (45) SLE skin ulcers/nodules + CPA - + - + + - death 9   
(4) AZP

3. F (45) SLE pancytopenia + - I + / ND + - improvement 10
(20) (IgM)

4. M (72) ITP intestinal pneumonia + CPA G + + + - - death 11
SLE proteinuria (IgG)
(1) thrombocytopenia

5. F (25) SLE pneumonia - - G, I + + + + - death 12
(3) thrombocytopenia (IgG) 

6. F (35) SLE hepatitis + AZP G + - + - - improvement 13 
(8) pancytopenia (IgM)

7. F (33) SLE thrombocytopenia + - I + + ND - - improvement 14
(4) (IgG,M) our pt.

8. M (21) - meningitis - - G, I + + ND - + improvement 15
proteinuria (IgG, M) our pt.

9. F (16) - thrombocytopenia - - - + + ND - + improvement   16
proteinuria (IgG, M) our pt.

10. M (12) - malar rash, alopecia - - - + - - - + improvement our 
proteinuria (IgG, M) pt.

STR:steroid; IMS:immunosuppressant; AZP:azathioprine; CPA: cyclophosphamide; Ab: detection of antibody; Ag:detection of antigen in serum or urine;
Path:pathological findings (inclusion bodies); ITP:idiopathic thrombocytopenic purpura; G: ganciclovir; I:immunoglobulin; ND:not done; /:not described.
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u s u a l ly indicate current CMV infe c-
tion) and IgG antibodies in the serum,
and/or the detection of CMV antigen
by the poly m e rase chain re a c t i o n
(PCR) or an enzyme immunoassay us-
ing monoclonal anti-CMV antibodies
(17). In certain patients (cases 1, 2, 4,
5, 6), pathological findings characteris-
tic for CMV infection such as inclusion
bodies were observed in lesions of the

lung, skin, and liver. Case 3 and 10 had
similar features to those of CMV infec-
t i o n , i n cluding feve r, ly m p h a d e n o p a-
thy, atypical lymphocytosis, and throm-
b o cytopenia. Howeve r, both pat i e n t s
showed high titers only of anti-CMV
IgM antibodies, and no CMV antigen
or CMV-related pathological findings.
CMV antigen generally becomes nega-
tive in the serum after the early stage of

i n fe c t i o n , while anti-CMV IgM anti-
bodies show pro l o n ged positiv i t y, a s
observed in case 9 (Fig. 1B). Therefore,
these patients we re thought to have
CMV infection. In cases 2 and 6, the
pathological findings of the lesions in
the skin and liver were consistent with
CMV infection, although serum and/or
urine CMV antigens were negative. On
the other hand, cases 4 and 5 had de-
t e c t able serum CMV antigens and
compatible pathological findings in the
lungs despite being negative for serum
anti-IgM (but not IgG) CMV antibod-
ies. 
Th u s , the re l ationship among CMV
antibodies, antigens, and pathological
findings is pro b ably more complex
than is generally appreciated, especial-
ly in patients with autoimmune abnor-
malities including those due to SLE. In
order to investigate the association be-
tween SLE and CMV infection, cross-
sectional and longitudinal studies of
SLE patients have been performed by
the measurement of viral antibodies
and antigens using the enzyme-linked
immunosorbent assay (ELISA) and the
P C R , re s p e c t ive ly (7, 18-20). Some
investigations have suggested the pos-
sibility that virus-related antibodies are
produced in SLE as a consequence of
p o ly clonal B cell activation (21, 2 2 ) .
Another study found no evidence of
a c t ive CMV infe c t i o n , as judged by
anti-CMV IgG and IgM antibodies,and
no corre l ation between SLE disease
a c t ivity and CMV sero l ogy / v i re m i a
d u ring observation of their pat i e n t s
(20). In contrast, it has been reported
that a very high proportion of SLE pa-
tients or conditions with related symp-
toms (Ray n a u d ’s phenomenon) show
positivity for anti-CMV antibodies (18,
19) and it has been suggested that this
represents genuine CMV infection be-
cause there is no correlation between
the antibodies and serum immunoglob-
ulin levels and no similar selective
increase in seropositivity for other viral
antibodies such as herpes simplex virus
in SLE patients when compared with
controls (18). Thus, the results of these
studies have been inconsistent and this
may depend on the complexities of the
relationship between CMV antibodies
and antigens, as described above. 

Fig. 1. Clinical course of cases 8 (A), 9 (B), and 10 (C). CMV-DNA and CMV-antigenemia were
detected by the PCR and enzyme immu n o a s s ay, re s p e c t ive ly. WBC; white blood cell count (x
104/mm3), PL; platelet count (x 10 3/mm3),ANA; antinuclear antibody (normal range; n, < x 40),Anti-
DNA; anti-DNA antibody (n < 6.0 IU/ml), CH50; hemolytic complement activity (n = 30-40 U/ml),
CMV-IgM; anti-CMV IgM antibody (n < 1.0), CMV-IgG; anti-CMV IgG antibody (n < 1.0), PSL;
prednisolone, mPSL; methyl-prednisolone pulse therapy (500 mg/day x 3 days). 
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Treatment of CMV infection in 
SLE patients
Antiviral agents such as ganciclovir are
ge n e ra l ly used to tre at SLE pat i e n t s
with severe CMV-mediated organ dam-
age such as pneumonia or meningitis
(cases 4-6 and 8). In cases 3 and 7, who
had pancytopenia or thro m b o cy t o p e-
nia, immunoglobulin therapy (without
ganciclovir) was given in addition to
steroid. Steroid therapy was given for
S L E - re l ated clinical and lab o rat o ry
findings (pro t e i nu ri a , malar ra s h , t h ro m-
b o cy t o p e n i a , and autoimmune ab n o r-
malities such as high anti-DNA anti-
body titers and low serum complement
levels) were performed in the type 3
patients shown in Table I (cases 8-10).
Case 8 received ganciclovir and immu-
noglobulin in addition to steroid thera-
py because these agents were thought
to be necessary for CMV meningitis
(Fig. 1A). 
Cases 9 and 10 did not show any severe
CMV-mediated visceral damage (such
as pneumonia or meningitis) despite
having positive of viral tests for CMV
i n fe c t i o n , and steroids alone without
antiviral therapy were effective in con-
trolling their symptoms and laboratory
changes. With treatment, a decrease of
anti-CMV IgM and IgG levels and dis-
ap p e a rance of CMV antigens we re
observed in the early stage of the dis-
e a s e, p ro b ably due to host defe n s e s
against viral infection (Fig. 1B and C).
Both patients are now being followed
as outpatients and have not shown fur-
ther exacerbation of their SLE. Howev-
er, we cannot rule out the possibility
that more aggressive treatment (includ-
ing ga n c i cl ovir) should be used fo r
such patients because of a strong ten-
dency for CMV infection to show chro-
nic latency, as described later. 
Regarding immunoglobulins (especial-
ly with a high anti-CMV titer), it must
be kept in mind that such immunoglob-
ulins can have antiplatelet activity due
to cross-antigenicity between the CMV
envelope and platelet surface-glycopro-
t e i n , leading to the ex a c e r b ation of
C M V- m e d i ated thro m b o cy t o p e n i a , a s
indicated previously (15, 23). Thus, it
seems that the use of antiviral therapy
is still controve rsial in SLE pat i e n t s
with CMV infection, especially type 3

patients, and investigation of more such
cases is required to establish suitable
treatments.    

Onset of CMV infection in SLE
patients
The importance of steroids and/or
i m mu n o s u p p ressants has been noted
with regard to the onset of opportunis-
tic infections in SLE, including CMV
i n fection (1). In fa c t , six patients in
Table I were treated with steroids and
four of them also received immunosup-
pressants such as AZP and CPA, al-
though the doses and treatment period
were variable. Case 5 had inactive SLE
(nephropathy) and was only receiving
hy d rox y ch l o roquine as maintenance
t h e rapy (no steroids or immu n o s u p-
pressants), but showed several CMV-
related symptoms including pneumonia
and thro m b o cytopenia. Similarly, t h e
onset of CMV infection was observed
in case 7 when SLE was stable and the
steroid dose was low (5 mg/day). This
i n d i c ates the possibility that oppor-
tunistic infection in SLE may be attrib-
utable to the derangement of T cells in
certain patients. Recent evidence about
the relationship between opportunistic
infections and human immunodeficien-
cy virus (HIV) infection is of interest
with respect to this issue. 
Several reports have indicated that an
i n c rease of CD4+ T cells fo l l ow i n g
active antiretroviral therapy (HAART)
can induce the development of symp-
toms related to opportunistic infections
such as CMV-related retinitis in certain
HIV-infected patients (immune restora-
tion disease: IRD) and that steroids are
e ffe c t ive for suppressing such symp-
toms (24, 25). This is thought to result
f rom norm a l i z ation of the immu n e
response by a re c ove ry of memory
CD4+ T cell nu m b e rs and activ i t y
against opportunistic pathogens. A sim-
ilar mechanism to IRD may apply to
the onset of opportunistic infection in
SLE. The CD4+/CD8+ T cell rat i o
(CD4/CD8 ratio) is generally lower in
SLE patients as compared to normal
i n d ividuals (the ave rage ratio for 30
SLE patients was 0.587 ± 0.3 and that
for 33 normal controls was 1.608 ± 0.5
in our laboratory, P < 0.001) and the
ratio increases with improvement of the

disease (26). Normalization of immuni-
ty in patients who have inactive SLE
and are receiving relatively low doses
of immu n o s u p p re s s ive therapy may
c o n t ri bute to the manife s t ation of
o p p o rtunistic infe c t i o n s , since the
immune system of SLE patients may
o ri gi n a l ly show hy p e r- re s p o n s ive n e s s
to non-self as well as self-antige n s
(27). This mechanism may be signifi-
cant for the development of opportunis-
tic infections in SLE patients, in addi-
tion to the important role of immuno-
suppressive agents.  

Possible mechanisms of 
CMV-induced autoimmunity
There have been a number of investiga-
tions into the mechanisms of CMV-
re l ated autoimmunity using mu ri n e
models of CMV infection. In these
m o d e l s , multiple autoantibodies are
found in the serum, probably due to
molecular mimicry of self determinants
by viral antigens, as well as polyclonal
B cell activation and the re s u l t a n t
hypergammaglobulinemia (28-31). 
Healthy individuals with CMV infec-
tion are known to have an increased
frequency and quantity of autoantibod-
ies to ribonucleoprotein (U1 snRNP),
and a significant association between
the presence of antibodies to CMV and
antibodies to Sm/RNP autoantigens has
been rep o rted in patients with SLE,
probably as a result of cross reactivities
(32). Furthermore, epitopes of La (SS-
B) antigens in humans with autoim-
mune disease show sequence similari-
ties to proteins from the herpes group
of viruses, including CMV (33). Also,
the expression of La antigens together
with human leukocyte antigen (HLA)
class II molecules is induced on the
surface of CMV-infected cells in the
presence of interferon-gamma and this
may be the basis for a T cell-dependent
m e chanism of anti-La autoantibody
production (34). 
It has been reported that viral infection
is associated with the development of
n e u ro e n d o c rine autoimmune diseases
such as type 1 (insulin-dependent) dia-
betes and stiff-man syndrome though
the mechanism is unknown, and that
both diseases share glutamic acid
d e c a r b oxylase (GAD65) as a major
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autoantigen recognized by the patient’s
CD4+ T cells (35). CMV-derived pep-
tides can also be re c og n i zed by
GAD65-reactive T cells, so CMV may
be involved in the loss of T cell toler-
ance to autoantigens by a mechanism
of molecular mimicry that leads to
autoimmunity (36). 
C h ronic graft ve rsus host disease
(GVHD) is known to have many fea-
tures in common with SLE. Interesting-
ly, CMV infection can provoke chronic
GVHD in recipients of bone marrow
t ra n s p l a n t ation and patients with GVHD
develop antibodies to the CD13 (amin-
opeptidase N) molecule on peripheral
blood mononu clear cells. This mole-
cule is present on all CMV-susceptible
cells and is incorporated into the sur-
face envelope of new ly synthesize d
CMV virion, thereby perhaps forming
an autoantigenic target (37). Ta ke n
t oge t h e r, it seems that CMV- i n d u c e d
autoimmunity may arise from complex
cross-reactivities between the virus and
the host or autoreactive T cells, as well
from a relationship between EBV and
autoantigens (6,7), and polyclonal B
cell activation. 
Finally, virus-infected cells are elimi-
nated by CD8+ cytotoxic T lympho-
cytes (CTL) and/or natural killer (NK)
cells. The binding of killer cell inhi-
bitory receptor (KIR) on CD8+ cells
with E antigens of HLA class I mole-
cules on virus-infected cells can inhibit
the cy t o lytic activity of CD8+ cells
against the infected cells (38). A glyco-
protein homologous with HLA class I
antigens is encoded by CMV and is
known to be a ligand of KIR (39, 40).
This mechanism may be related to inhi-
bition of the killing of CMV by CTL
and/or NK cells, resulting in latency
and recurrence of CMV infection and
the subsequent CMV- re l ated provo-
cation of autoimmune abnormalities in
infected patients. 

Conclusion
Based on the findings in reported cases
and our patients, we think that CMV
infection shows three patterns of asso-
ciation with SLE: 1) infection occurs
during treatment and exacerbates pre-
existing SLE (type 1); 2) symptoms
arise due to CMV infection itself rather

than an ex a c e r b ation of underly i n g
SLE (type 2); and 3) CMV infection
d i re c t ly provo kes the onset of SLE
(type 3). In addition, mixed types may
exist among SLE patients with CMV
infection. We think that type 3 patients
are more common than was formerly
s u p p o s e d, e s p e c i a l ly among yo u n g
patients with SLE. This type of classifi-
cation may also be applied to the rela-
tionship between SLE and other virus-
es such as EBV or parvovirus and may
be useful in the planning of more effec-
tive therapy.
Further clinical and laboratory studies
on CMV infection in patients with SLE
are needed to clarify the mechanism of
CMV-induced autoimmune abnormali-
ties and to establish suitable treatments
for CMV- a s s o c i ated SLE, b e c a u s e
there still seems to be a considerable
amount of work required on the associ-
ation between SLE and opportunistic
infections including CMV, despite their
widely recognized clinical importance. 
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