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Abstract
Objectives

The Epstein-Barr virus (EBV) represents a potentially important factor in the pathogenesis of certain autoimmune 
disorders such as systemic lupus erythematosus (SLE), and Sjögren’s syndrome, probably through a molecular mimicry 

mechanism. Several studies have focused on the relationship between previous EBV infection and clinically overt 
connective tissue diseases (CTDs), while the aim of this study was to investigate the immunological alterations during the 

early phase of primary acute EBV infection by means of ENA Western blotting (WB) analysis. This technique is able to 
detect a wide spectrum of anti-ENA autoantibodies, potentially directed against diverse epitopes of the same antigen.

Methods
Sera from 54 subjects (F/M=24/30, mean age 17±6 SD years) with primary acute EBV infection were analysed using 

indirect immunofluorescence (IF) on Hep-2 cells for ANA, and both ELISA and WB for ENA.

Results
Only 8 ANA+ and no ENA+ were found by means of IF and ELISA techniques, respectively; however, one or more ENA 
autoantibodies were detected in 24/54 (44%) sera using WB. The autoantibodies were no longer present at the second 

evaluation. Subjects with immunological alterations had not developed any significant clinical manifestations at a 5-year 
follow-up.

Conclusions
This study demonstrated the appearance of autoantibody production in a high proportion of individuals with primary 

acute EBV infection; interestingly, the observed serological subsets are quite similar to clinical SLE clusters. Moreover, 
the absence of immunological disorders during the follow-up reinforces the role of multiple genetic and/or environmental 

co-factors in the pathogenesis of CTDs.
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Introduction
Virus infections have been implicated 
in the origination of multiple human 
autoimmune syndromes; for example, 
haemolytic anaemia, thrombocytope-
nia, Sjögren’s syndrome, rheumatoid 
arthritis, Guillain-Barrè’s syndrome, 
SLE after Epstein-Barr virus infection 
and the extra-hepatic manifestations of 
hepatitis virus (HBV, HCV). Besides, 
some autoimmune manifestations can 
be revealed after a live virus vaccina-
tion (measles, chickenpox, smallpox). 
Moreover, many types of virus (above 
all, RNA) have been used for inducing 
autoimmune disorders that reproduce 
human pathologies, such as type 1 dia-
betes mellitus, myocarditis, polymy-
ositis and other syndromes.
In this report, we have focused on the 
lymphotropic Epstein-Barr virus (EBV) 
(EBV) that represents one of the most 
important factors potentially involved 
in the pathogenesis of systemic autoim-
mune disorders (1-3). This herpes virus 
is the etiological agent of infectious 
mononucleosis in young adults; it may 
remain latent in B cells and, through 
a series of complex molecular mecha-
nisms, it may be involved in the patho-
genesis of both Burkitt’s lymphoma and 
nasopharyngeal carcinoma. The ability 
of the virus to induce autoimmune dis-
orders also emerges from the potential 
complications observed during infec-
tious mononucleosis (4-6). The evalu-
ation of the etiological role of EBV in 
human autoimmune diseases is, how-
ever, problematic, since the virus is 
ubiquitous, it can persist in a latent state 
with periodic reactivation in all infected 
subjects, and the seroconversion occurs 
in the majority of cases within the sec-
ond decade of life. So the association 
between EBV and autoimmune diseases 
could be merely coincidental or might 
be due to an increased susceptibility of 
infection of these patients (7)
However, the hypothesis of a causal re-
lationship between EBV and systemic 
lupus erythematosus  (SLE), in particu-
lar, may be strongly supported by many 
investigations: anecdotal observations 
of SLE after EBV infection (8,9,10); 
common auto-antigenic targets in SLE, 
including Sm B’ (PPGMRPP) and Sm 
D1 (GR)x, cross-react with the sequences 

PPGRRP and (GR)x, respectively, from 
Epstein Barr nuclear antigen (EBNA-1) 
(11, 12); appearance of lupus-like re-
activity in animals after immunization 
with EBV sequences (13-16). Experi-
mental studies on animals do not help 
to clarify the possible mechanisms due 
to the difficulties experienced in re-
producing animal models; James et al. 
showed that epitope spreading occurred 
in normal NZW rabbits immunized 
with the peptide derived from SmB/B’ 
PPPG MRPP that cross-react with the 
sequences from EBNA-1(15.16). Ma-
son et al, instead, were not able to con-
firm the appearance of autoimmunity 
in the same model by Elisa or with im-
munofluorescence but did find autoab 
by Western blot (the same technique 
used by James) in some animals (17). 
Recent research has provided convinc-
ing evidence that EBV infection may 
play a major role in SLE, including B-
cell aberrations and apoptosis that are 
responsible for a perpetual heightened 
immune response. (18).
Observational studies showed that SLE 
patients have elevated levels of viral 
DNA in their saliva and an altered an-
tiviral response (19); EBV seroconver-
sion is present in 100% of juvenile SLE 
cases 20). Moreover, in serial serum 
samples available before the clinical 
onset of SLE, anti-Ro antibodies invar-
iably followed anti-EBNA-1 antibody 
production (21, 22). It is noteworthy 
that in these patients the initial antigen-
ic epitope cross-reacts directly with an 
EBNA-1 peptide.
Previous studies described direct rela-
tionships between EBV and lupus au-
toimmunity focusing only on antibod-
ies to Sm and Ro (12, 16, 22), usually 
found in about 40% of all SLE patients. 
It is possible that various cross reacting 
regions of EBV could be the trigger-
ing factors in different SLE subsets or 
that EBV-induced molecular mimicry 
is limited to only Sm- and Ro-positive 
SLE. On the other hand, some bias, in-
cluding an inappropriate immunologi-
cal window, cannot be excluded in ret-
rospective studies (21). 
Acute viral infections in children and 
in adults can induce only transient 
autoimmune responses with low title 
of serum autoantibodies (22, 23); we 

http://www.google.com/search?hl=en&sa=X&oi=spell&resnum=0&ct=result&cd=1&q=haemolytic+anaemia&spell=1
http://www.google.com/search?hl=en&sa=X&oi=spell&resnum=0&ct=result&cd=1&q=thrombocytopenia&spell=1
http://www.google.com/search?hl=en&sa=X&oi=spell&resnum=0&ct=result&cd=1&q=thrombocytopenia&spell=1
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therefore attempted to evaluate the role 
of EBV in the initiation of autoimmune 
phenomena by reversing the approach 
to this intriguing matter. In particular, 
we investigated the appearance of EBV-
related non-organ specific autoantibod-
ies during the early acute phase of in-
fection-namely before the appearance 
of EBNA-1-in a narrow immunological 
window, by means of Western blotting 
(WB) analysis that in experimental mod-
els proved capable of detecting autoan-
tibodies not otherwise found by ELISA 
(17). Moreover, WB can detect a wide 
spectrum of anti-extractable nuclear an-
tigen (ENA) autoantibodies, including 
those directed against rare antigens, and 
can characterize individual antigenic re-
sponses, whereas ELISA can detect only 
immune response when predefined anti-
gens are used in the system (24).

Materials and methods
Sera from 54 subjects (24 F, 30 M, 
mean age 17±6 SD years) with a diag-
nosis of primary EBV infection were 
collected at the Laboratory of Virol-
ogy at the University-based Hospital 
of Modena; in particular, the sera were 
characterized by the presence of anti-
early antigen (anti-EA) seropositivity, 
both IgM and IgG types, and the ab-
sence of anti-Epstein Barr nuclear anti-
gen-1 antibodies (anti-EBNA-1). Anti-
EA-IgM preside the synthesis of viral 
nucleic acids and indicate the presence 
of replicating EBV, while anti-EBNA-
1 are absent during acute infection and 
appear during convalescence.
Using these criteria, only acute primary 
EBV infections, without any clinical-
serological findings suggestive of other 
diseases, were analysed. Moreover, the 
presence of IgG anti-EA was necessary 
to evaluate the appearance of non-organ 
specific autoantibodies, since the im-
munofluorescence techniques and WB 
analysis recognize only IgG antibodies. 
Of note, the sera were collected over a 
two-year period (1998-1999) in order to 
avoid a single epidemic episode. 

Sera analysis
Sera were analysed for autoantibodies 
against nuclear antigens in a blinded 
fashion using three different methods:
1) ANA detected by indirect immuno-

fluorescence on Hep-2 cells (Alphadia, 
Belgium): ANA titres ≥1:80 were con-
sidered positive;
2) ENA ELISA screening, which meas-
ures anti-ENA antibodies: namely, anti-
bodies anti-Sm, -RNP, -SSA, -SSB, -Jo1, 
-Scl-70 using a Microplate autoimmune 
ENA plus instrument (Bio-Rad, USA).
3) For the identification of autoanti-
bodies to extractable nuclear antigens 
(ENA) we used a Western Blot Test 
System. The MarDx HEp-2 Marblot 
(Arnica, Italy), which is not used for 
diagnostic purposes, is a WB technique 
utilizing antigens of human HEp-2 cells 
which are fractionated according to mo-
lecular size in the presence of sodium 
dodecyl sulfate (SDS) and separated 
by 1-dimensional polyacrylamide gel 
electrophoresis. The resolved protein 
bands are then transferred by transblot 
electrophoresis onto a nitrocellulose 
membrane. The membrane is dried, cut 

into strips and packaged. These ready-
to-use strips were incubated with dilut-
ed patient serum (1:50). If ENA specific 
antibodies are present, they will bind to 
the corresponding ENA antigen bands. 
After washing the unbound serum from 
the strip, the bound ENA specific an-
tibody is reacted with alkaline phos-
phatase conjugated anti-human IgG. 
The strip is then washed to remove the 
unbound conjugated antibody. Finally, 
the strip is reacted with a precipitat-
ing colour developing solution which 
deposits a purple precipitate onto the 
antibody reacted antigen bands. Results 
were assessed against the control strips 
provided showing the position of Ag 
bands. The system contains a Specimen 
Reactive Control (SRC) stripe on each 
strip that assures the application of the 
test sample on each test strip. A positive 
and a negative control are included in 
each run.

Fig. 1. Western blot 
Strip 1 is a reference 
strip showing the posi-
tion of the labeled ENA 
bands. 
Strip 2: positive control. 
Strip 3: 38 kd (antiRN-
Pr). 
Strip 4: 52Kd ( SSA) e 
43Kd (SSB). 
Strip 5 : 38 Kd (RNPr), 
52 Kd (SSA),70 Kd        
(RNP). 
Strip 6: 22 Kd (RNP-
C), 28 e 29 Kd (Sm,)  
38 Kd(rRNP), 55 Kd 
(Jo-1). 
Strip 7: negative control

                               1     2        3       4        5      6       7

                  Subjects                  20      4           10      15
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Follow-up study
Five years later, 20 WB-positive pa-
tients were interviewed by phone to 
verify the presence of symptoms sug-
gestive of CTDs; in 10 of these pa-
tients, anti-ENA was re-evaluated. 

Results
Of the 54 individuals investigated, the 
screening by immunofluorescence on 
Hep-2 cells revealed 8 ANA-positive 
sera (15%), with speckled nuclear and 
cytoplasmic fluorescence patterns, at 
titres varying from 1:80 to 1:640.
Using the immunoenzymatic ENA 
methodology, no serum was positive, 
while WB analysis allowed the detec-
tion of ENA in 24/54 (44%) sera with 
a great variety of autoantibodies (Fig. 
1). The percentage of positive sera 

was significantly higher in males com-
pared to females (17/30, 57% vs. 7/24, 
29%; p=0.029; Fisher’s exact probabil-
ity test). Among 24 ENA WB-positive 
sera, the most frequent finding was the 
positivity for 38 kDa anti-RNPribos-
omal (RNPr), marker of SLE, detected 
in 11 (44%); while 9 sera were positive 
for SmB- 29 (36%), and 8 for SmB-28 
(32%) (Table I). Of these latter, 4 were 
positive for SmD-15 (16%).
Regarding the positivity for anti-SSA 
and anti-SSB antibodies, the overall 
prevalence of these antibodies was 
quite high (15/24, 62%), including 7 
SSB-43 (29%), 4 SSA-52 (16%), and 4 
SSA-60 (16%).
RNP seropositivity was found in 14/25 
(56%): 22kDa in 7 (28%), 70kDa in 5 
(20%), and 33kDa in 2 (8%).

Three patients also had a 55-kDa band 
that is normally associated with the 
presence of anti-Jo-1. Finally, anti-cen-
tromere 15 kDa antibodies were de-
tected in 2 sera, while 2 others showed 
unidentified bands.
Overall, the results of the present study 
permit the identification of the follow-
ing serological subsets (Table I): 
• with anti-SSA and/or -SSB (n=9; 

16.6%); 
• with anti-Sm and -RNP (n=7; 13%); 
• with anti-RNPr alone (n=3; 5.5 %); 
• sera with autoimmune response 

against many different structures 
(n=3; 5.5%);

• with unidentified antibodies (n=2; 
3.7%);

• without any autoantibody response 
(n=30, 55.5%).

Table I. Autoantibodies detected by Western blot analysis in 25 EBV infected subjects: serological subsets.

 ANA tit pattern ENA E  15- 28- 29- 22- 33- 38- 70- 43- 52- 60- 5-Jo1 18-centr Others
 IFI    SmD SmB SmB RNP C RNP A tRNP RNP SSB SSA SSA    (kDa)

1 neg     neg                   pos   pos  

2 neg     neg                 pos       

3 pos 80 speck neg               pos         

4 neg     neg               pos pos       

5 neg     neg               pos pos       

6 neg     neg               pos   pos     

7 neg     neg                   pos     

8 pos 160 speck neg               pos         

9 neg     neg                   pos     

10 neg     neg           pos pos   pos       

11 pos 80 speck neg pos pos pos pos   pos pos pos         

12 pos     neg pos pos pos pos pos     pos       pos  

13 neg     neg pos   pos pos pos pos pos           

14 neg     neg pos pos pos pos     pos         pos  

15 neg     neg   pos pos pos   pos         pos   

16 pos 80 speck neg   pos pos pos   pos pos       pos   

17 pos 80 speck neg   pos pos pos   pos pos           

18 pos 640 nucleolar neg   pos pos     pos         pos   

19 pos 160 speck neg   pos pos pos   pos             

20 pos 80 cyt neg           pos             

21 neg     neg           pos             

22 neg     neg           pos             

23 pos 80 speck neg                        45

24 neg   neg             35 

25-54 neg   neg neg  neg  neg neg  neg  neg  neg  neg   neg neg  neg  neg neg

subset 1

subset 4

subset 2

subset 3

subset 5

subset 6
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In the 10 WB-positive patients with se-
rological follow-up, the autoantibodies 
were no longer present at the second 
evaluation. The telephone interview 5 
years after the infection revealed that 
the 20 WB-positive patients did not re-
fer the presence of any symptom sug-
gestive of CTDs.
The follow-up of the 20 Western blot 
positive patients was performed after 
5 years by telephone interview (20 pa-
tients) and by repeat serologic testing 
by Western Blot (10 patients). The au-
toantibodies were no longer present. 
Among the questions posed during the 
telephone interview, the patients were 
asked explicitly if they had had any 
painful or swollen joints in the past 5 
years. None of the study subjects ad-
mitted to having had any symptoms 
suggestive of CTD. 

Discussion
In non-autoimmune individuals with 
various (bacterial, viral, parasitic, and 
rickettsial) acute infections, elevated 
titers of ANA and/or anti-annexin-V, 
prothrombin, laminin, Saccharomy-
ces cerevisiae, phospholipids antibod-
ies were most frequently detected, but 
never anti-ENA. (25).
Even in our subjects ENA are nega-
tive in ELISA essay, while, on the 
contrary the most interesting finding in 
this study is the presence of anti-ENA 
autoantibodies, detected by means of 
WB analysis, in a high percentage of 
sera from subjects with early primary 
EBV infection. The difference in ENA 
positivity between ELISA and Western 
Blot methods is very interesting. WB 
allows to evaluate the “fine specificity” 
of autoantibody response to multiple 
subunits of the spliceosome complex, 
such as the recognition of the U1 RNP 
A, B, and C proteins and the Sm B, B’, 
D, and E proteins. WB bands also ap-
pear for minimal amounts of autoanti-
body while with Elisa the autoantibody 
is considered positive only above a 
cut-off. Moreover, the difference might 
be due to different binding of the an-
tibody to a particular conformation of 
the antigenic structure. We know, for 
example, that sera from patients with 
autoimmune disease recognize confor-
mational determinants on the 60-kD 

Ro/SS-A protein (26); while WB anal-
ysis may detect only linear epitopes, as 
the target autoantigens are denatured 
by SDS-PAGE. (27). Also in Mason’s 
research, after immunization with PP-
PGMRPP the NZW rabbit sera were 
negative when tested by Elisa for anti 
Sm, Sm-RNP, aRo; however, the devel-
opment of ANAs in the sera from three 
of the rabbits was revealed by WB of 
nuclear antigen extracted from HeLa 
cells, namely a SmB/B’, RNP-C, RNP 
r, RNP-A band. No ANA binding was 
observed by WB of sera from control 
rabbits (17)
In this phase in our subjects, charac-
terized by both IgM and IgG anti-EA 
seropositivity and absence of anti-
EBNA-1, it was possible to detect a 
wide panel of different autoantibodies 
typically found in SLE patients. The 
WB analysis might reveal one or more 
autoantibodies even in the general 
population, but in our laboratory only 
SSA-52 or SSA-60 were occasionally 
and transiently present. 
The more prevalent is the 38 kDa anti-
RNPr, highly specific for SLE and oc-
casionally reported in other CTDs (28) 
while in our experience it is invari-
ably absent in a series of 150 CTDs or 
chronic inflammatory arthritis (person-
al communication).
In this study, the WB technique shows 
one or more typical SLE-related au-
toantibodies, or some markers of pri-
mary and secondary Sjögren’s syn-
drome, often associated with SLE. It 
is worthwhile noting that SSB-43, de-
tected in 7 cases, is usually correlated 
with severe salivary and lacrimal gland 
involvement, but rarely found in SLE 
(29). 
Three patients also had a 55-kDa band 
(always associated with anti- RNPand/
or Sm) that normally associates with 
polydermatomyositis complicated by 
pulmonary involvement, an EBV-asso-
ciated condition described only in im-
muno-deficient patients (30, 31).
The autoantibody response due to the 
cross reactivity mechanism between 
EBV and nuclear antigens in a percent-
age (45%) of our infected subjects is 
difficult to explain. This variable re-
sponse might be attributed to the pres-
ence of different viral subtypes, i.e., 

EBV-1 and EBV-2, which present dif-
ferent epitopes. The stable percentage 
of EBV-related autoimmunity in the 
sera collected over a lengthy period 
does not seem to confirm the above 
hypothesis, even if all 52 kDa antigen-
positive samples were collected during 
1998 while the 60 kDa-positives were 
collected during 1999. It is not easy to 
understand this latter observation and it 
could be merely incidental.
The significantly higher prevalence of 
EBV-related autoantibodies in males 
is quite intriguing. Since autoimmune 
disorders are usually more frequent in 
women, supposedly other genetic and 
endocrine co-factors may be necessary 
for the development of clinically overt 
autoimmune diseases.
A clinicopathological assessment was 
not available in the majority of the sub-
jects. 
Five years after the EBV infection, the 
telephone interview excluded the pres-
ence of any systemic autoimmune dis-
ease in the follow-up of 20 WB-positive 
subjects; moreover, the re-evaluation 
of sera in 10 patients documented the 
disappearance of all ENA antibodies.
Our study shows that, even in its early 
stage, an EBV infection is capable of 
inducing a transient autoantibody re-
sponse similar to that found in autoim-
mune diseases in a significant subgroup 
of individuals. This initial event may 
be caused by cross-reactivity between 
the virus and several autoantigens, in 
addition to the subsequent EBNA-1 re-
sponse. This autoimmune mechanism 
may lead to overt disease in some sub-
jects with the contribution of defective 
response to EBV and/or genetic factors 
(32). Patients with SLE have, indeed, a 
40-fold increase in EBV viral loads in 
peripheral lymphocytes, which prob-
ably stem from inadequate CD8+ T cell 
responses against EBV (33, 34). Ge-
netic factors might be decisive for early 
autoantibody responses to EBV infec-
tion, reproducing different SLE clus-
ters. The X-linked lymphoproliferative 
syndrome, a rare primary immunodefi-
ciency disease characterized by an ab-
normal response to EBV infection, oc-
casionally related to transient autoim-
mune phenomena (35), may support 
this hypothesis.
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Conclusions
On the whole, the results of this study 
suggest the following considerations: 
EBV may cause a polyclonal activation 
of B lymphocytes, which could explain 
the considerable autoantibody produc-
tion observed in individuals with pri-
mary EBV infection; this B-cell acti-
vation could be comparable to that ob-
served in other chronic viral infections 
The autoantibody production might not 
be due to EBNA-1- associated molecu-
lar mimicry alone.
The appearance of potential cross-re-
active antibodies as early as during 
the primary infection may suggest that 
multiple reactivation is not necessary 
for the induction of autoantibodies.
The diversity of autoantibodies and 
the presence of various clusters in SLE 
patients could suggest that different 
triggers are important in individual 
patients. In the literature, the etiologic 
role of EBV in SLE is postulated only 
in Sm and Ro positive (60kd) patients. 
In our subjects, many autoantibodies 
(SSA 52, SSA 60, SSB 43, Sm-28, Sm-
29, RNP-22, RNP 70, RNP-r 38) ap-
peared in the same period during early 
EBV infection. 
The variable responses among infected 
individuals reproduce different immu-
nological patterns of CTDs, such as SLE 
(36) or Sjögren’s syndrome. The appear-
ance of different autoantibody cluster-
ing during primary EBV infection may 
support the role of different etiopatho-
logical co-factors, mainly host immune 
reactivity. The crucial relevance of this 
latter is supported by the high percent-
age of negative sera as well as the gen-
der-related different response.
In the majority of subjects, the appear-
ance of autoantibodies can be merely 
transitory; the fact that no symptoms 
developed could be taken as a hint for 
the irrelevance of these autoantibod-
ies. The factors that influence the ap-
pearance, persistence, or recurrence of 
these autoantibodies after EBV infec-
tion hold great promise for a better un-
derstanding of lupus. 
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