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Abstract
Objective

The presence of anti-Ro/SSA and anti-La/SSB antibodies has been linked with autoimmunity in general and with several 
autoimmune diseases (AID) in particular. In the current study we evaluated these antibodies in a wide spectrum of AID 

as well as the links between them and anti-infectious antibodies 

Methods
We examined 2082 sera from patients with 16 different AID compared to 524 sera from geographically-matched healthy 

controls, for the presence and titres of anti-Ro/SSA and anti-La/SSB. All samples were also tested for a variety of 
anti-infectious agents’ antibodies using the BioPlex 2200-immunoassay (Bio-Rad, USA).

Results
Anti-Ro/SSA was more prevalent, with significantly higher titre in 5 autoimmune diseases namely Sjögren’s syndrome (SS), 

systemic lupus erythematosus (SLE), antiphospholipid syndrome (APS) both primary and APS linked to SLE, systemic 
sclerosis (SSc) and primary biliary cirrhosis (PBC). Anti-La/SSB was more prevalent with higher titers in SS, SLE, 
APS linked to SLE and PBC. Prevalence, but not titers, of both antibodies were higher also in polymyositis (PM). 
Additionally, we found a correlation between anti-Ro/SSA antibodies and antibodies of the IgM and IgG subtypes 

directed at cytomegalovirus as well as IgG-antibodies directed at Epstein-Barr virus (EBV) and toxoplasma (p<0.001). 
Anti-La/SSB antibodies correlated with the presence of IgG antibodies against EBV early antigen (p<0.001). 

Conclusion
In a large cohort of patients with autoimmune diseases we found an association between anti-Ro/SSA and anti-La/SSB 

antibodies and 6 autoimmune diseases, amongst which primary APS and PM. Additionally, we observed linkages between 
these autoantibodies and anti-infectious antibodies directed at Epstein-Barr virus, toxoplasma and cytomegalovirus. Our 

findings support the concept of interplay between infectious agents and autoimmunity, such as the plausibility of an infectious 
agent that trigger the immune system to produce specific antibodies which will later result in a unique group of AID.
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Introduction
Anti-Ro/SSA and anti-La/SSB auto-
antibodies have been traditionally de-
scribed as the serological hallmark of 
Sjögren’s syndrome (SS) and a few 
other autoimmune diseases (AID). 
Moreover their presence is an integral 
part of the diagnosis of SS according to 
the older American-European Consen-
sus Group diagnostic criteria for SS (1, 
2) and the newer American College of 
Rheumatology (ACR) diagnostic crite-
ria (3). The association of Anti-Ro/SSA 
with systemic lupus erythematosus 
(SLE), sub-acute cutaneous lupus, neo-
natal lupus syndrome (4) and less often 
systemic sclerosis (SSc) and myositis 
(5) were previously described. 
The primary target antigen Ro/SSA 
was identified as protein components 
of the cytoplasmic ribonucleoprotein 
complexes (hY-RNA complexes) the 
Ro60  kDa antigen was identified in 
1988 by Deutscher et al. (6) and shortly 
afterwards the Ro52kDa antigen by Ben 
Chetrit et al. (7). But only in 1991, was 
it confirmed by Chan et al. (8) that both 
Ro52 and Ro60 (SS-A) antigens indeed 
consisted of two different proteins cod-
ed by different complementary DNAs 
(cDNA) and both serve as the targets 
of anti-Ro/SSA antibodies. The La pro-
tein, a transcription termination factor 
of the RNA polymerase III transcripts, 
is the target of anti La/SSB antibody. 
The coexistence of both Anti-Ro/SSA 
and anti-La/SSB has been explained 
in the context of epitope spreading be-
tween components of the Ro and La ri-
bonucleoprotein, finding that was also 
supported in animal models (9). 
Anti-Ro/SSA and anti-La/SSB have 
been related to specific clinical symp-
toms such as the ‘Sicca syndrome’ and 
photosensitive rash (10, 11). Moreover, 
in the seminal study by Arbuckle MR 
et al. (12) the presence of anti-Ro/SSA 
and anti-La/SSB preceded the develop-
ment of clinical systemic lupus erythe-
matosus (SLE) by many years and was 
considered an early marker of autoim-
munity. The appearance of those anti-
bodies antedating other autoantibodies 
and clinical disease was also reported in 
patients with SS (13-17). 
Anti-Ro/SSA and anti-La/SSB antibod-
ies were linked to exposure to infectious 

agents via several mechanisms such 
as molecular mimicry to Epstein-Barr 
virus (EBV), Hepatitis A and C and 
adenovirus (15, 18-22). Another study 
provided evidence that cytomegalovi-
rus (CMV) infection induced 60 KD/
Ro antigen expression on the surface of 
human keratinocytes (23), while both 
EBV and CMV were suggested as trig-
gers of SLE and SS diseases (24-26).  
Hence, in the current study, we evalu-
ated the prevalence of anti-SSA/Ro and 
anti-SSB/La among a large cohort of pa-
tients with various AID in comparison 
to healthy controls. In addition, we ana-
lysed in this cohort the correlation be-
tween the presence of anti-SSA/Ro and 
anti-SSB/La to the presence of a variety 
of anti-infectious-agents antibodies. 

Methods
Sera collection
In this cross-sectional study we ana-
lysed 2606 serum samples from 2082 
patients with autoimmune conditions 
and 524 healthy controls. Patients were 
followed and classified according to 
the ACR classifications and by their 
local physicians either in Europe or in 
South-America. 812 patients were from 
South American including 199 patients 
with SLE, 82 patients with SS, 152 pa-
tients with rheumatoid arthritis (RA), 
180 patients with type 1 diabetes mel-
litus (DM), 199 patients with multiple 
sclerosis (MS). While 1270 European 
patients consisted of 101 with polymy-
ositis (PM), 98 with primary antiphos-
pholipid syndrome (APS), 63 with 
antiphospholipid syndrome associated 
with SLE (APS+SLE), 91 with SLE, 
78 Hepatitis C virus associated cryo-
globulinaemic vasculitis (HCV+Cryo), 
80 with SSc, 35 with RA, 69 with pri-
mary biliary cirrhosis (PBC), 119 with 
inflammatory bowel disease (IBD), 
197 with autoimmune thyroid disease 
(Graves’ disease and Hashimoto’s thy-
roiditis), 173 with ANCA associated 
vasculitis (AAV), 35 with giant cell 
arteritis (GCA), 41 with AID associ-
ated mixed cryoglobulinaemic vascu-
litis (MIXC) (27) and 90 with coeliac 
diseases. Of the 524 matched controls, 
277 were from South American and 247 
were European. Controls were healthy 
individuals with no known inflamma-
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tory or AID, or a history of a chronic 
infectious disease, including tuberculo-
sis and human immunodeficiency virus. 
Patients in the HCV+Cryo tested posi-
tive for Hepatitis C virus (HCV) infec-
tion while patients in the MIXC tested 
negative for HCV. The study protocol 
was approved by the Ethical Review 
Board of our institution and procedures 
were in accordance with the ethical 
standards laid down in Helsinki Decla-
ration, as revised in 2000. 

Autoantibody testing
The Bio-Rad BioPlex 2200 (Bio-Rad 
Laboratories, Hercules CA, USA) sys-
tem is an automated analyser that uses 
multiplex bead technology to simul-
taneously detect antibodies to several 
antigens in a single tube. This device 
uses 25 different 8-μm magnetic beads, 
which are dyed with two fluorophores 
for classification purposes. Each bead is 
coated with specific proteins, according 
to the different assay being tested, thus 
representing a different target antigen. 
The amount of antibody bound to the 
bead was determined by fluorescence 
analysis; raw data were subsequently 
converted to the fluorescence ratio us-
ing a pre-dyed internal normaliser the 
detector signal. Elevated titres were de-
termined as above the cut-off of 2 stand-
ard deviations from the normal control. 
The technology applied in this work 
had already been published and evalu-
ated prior to this study in previous pub-
lications by our group as well as in by 
others (28-30). The BioPlex 2200 ANA 
Screen is intended for the qualitative 
screening of ANA, the quantitative de-
tection of antibody to dsDNA, and the 
semi-quantitative detection of separate 
antibodies (Chromatin, Ribosomal P,  
Ro/SSA and La/SSB, Sm, Sm/RNP, 
RNP, Scl-70, Jo-1, and Centromere B).

Anti-infectious antibody testing
Anti-infectious agents were tested by 
two methods:
1. Multiplexed assay: Screening for IgG 
and IgM antibodies against Epstein-
Barr virus (EBV), Toxoplasma gondii, 
and cytomegalovirus (CMV), Rubella, 
and Treponema were performed using 
the Bio-Rad BioPlex 2200. The EBV 
kit uses three different populations of 

beads screening for Abs directed against 
EBV nuclear antigen (EBVNA), EBV 
viral capsid antigen (EBVCA), and 
EBV early antigen diffuse (EBVEA). 
For syphilis the beads screen for Abs 
against different epitopes of the TPr 
protein from Treponema. Finally, ToRC 
packs screen for antibodies against 
Toxoplasma gondii, Rubella and CMV. 
2. Enzyme immunoassay: Anti-HCV 
(recombinant hepatitis C virus antigen: 
c22-3, c200 and NS5) was tested using 
the HCV encoded antigen ORTHO HCV 
v. 3.0 ELISA test system (Johnson & 
Johnson, Bio-Rad, Hercules, CA, USA) 
according to the manufacturer’s proto-
col. Briefly, sera were added at dilution 
of 1:21 to hepatitis C recombinant c22-
3, c200 and NS5 antigen-coated ELISA 
plates and the binding was detected by 

anti-human-IgG peroxidase and appro-
priate substrate. Positive results were 
calculated according to the manufactur-
er’s equations for cut-off value determi-
nation. Antibodies to hepatitis B virus 
core protein (recombinant HBc anti-
gen) and Helicobacter pylori (HP) were 
tested using MONOLISA anti-HBc plus 
commercial kit and MONOLISA pylori 
- IgG commercial kit (Bio-Rad, Hercu-
les, CA), respectively, according to the 
manufacturer’s instructions.
Of note, in the analysis of anti-infec-
tious agents’ antibodies we considered 
differences between groups, only ac-
cording to titres above the manufacturer 
protocol, similarly to clinical practice; 
In other words different titres below 
positivity cut-off may not be of clinical 
significant. 

Table I. The prevalence of Anti-Ro/SSA and anti-La/SSB antibodies in different autoim-
mune diseases.

Autoimmune disease	 Anti-Ro/SSA	 Anti-La/SSB		  p-value

			   Anti Ro/SSA		  Anti La/SSB
			   vs. Control*		  vs. Control**

European subjects

Controls n=247	 0.8%	 0.8%	
APS n=98	 12.2%	 1%	 <0.000001	 NS
APS associated with SLE n=63	 28.5%	 9.5%	 <0.000001	 0.001>
SLE n=91	 49.4%	 18.7%	 <0.000001	 <0.000001
SSc n=80	 11.2%	 3.8%	 0.0001>	 NS
RA n=35	 2.9%	 0%	 NS	 NS
HCV+ Cryoglobulinaemia n=78	 12.8%	 6.4%	 0.00001>	 0.01>
MIX. Cryoglobulinaemia n=41	 2.4%	 2.4%	  NS	 NS
Polymyositis n=101	 35.6%	 14.8%	 <0.000001	 <0.000001
PBC n=69	 7.2%	 7.2%	 <0.01	 <0.01
IBD n=119	 0%	 0%	  NS 	 NS
AITD n=197	 1.5%	 1.5%	  NS	 NS
AAV n=173	 1.7%	 0.6%	 NS	 NS
GCA n=35	 0%	 0%	 NS	 NS
Coeliac n=90	 0%	 2.2%	 NS	 NS

South-American subjects

Controls n=277	 3.30%	 2.20%	
SLE n=199	 32.2%	 9.5%	 <0.000001	 0.001>
SS n=82	 62.2%	 37.8%	 <0.000001	 <0.000001
RA n=152	 9.9%	 3.9%	 0.01>	 NS
DM1 n=180	 1.1%	 0.6%	 NS	 NS
MS n=199	 2%	 2%	 NS	 NS

SLE: systemic lupus erythematosus; SS: Sjögren’s syndrome; RA: rheumatoid arthritis, DM1: diabetes 
mellitus type 1; MS: multiple sclerosis; APS: antiphospholipid syndrome; SSc: systemic sclerosis; 
HCV+ cryoglobulinaemia: hepatitis C virus associated cryoglobulinaemic vasculitis; PBC: primary 
biliary cirrhosis; IBD: inflammatory bowel disease; AITD: autoimmune thyroid disorders, GCA: giant 
cell arteritis; MIXC: mixed cryoglobulinaemia; NS: not significant; AAV: ANCA-associated vasculitis 
includes the following granulomatosis with polyangiitis (Wegener’s) (GPA), microscopic polyangiitis 
(MPAN) and eosinophilic granulomatosis with polyangiitis (Churg-Strauss syndrome).
*p-value for the comparison between the prevalence of anti Ro/SSA antibodies in autoimmune disease 
patients compare with healthy control.  
**p-value for the comparison between the prevalence of anti La/SSB antibodies in autoimmune disease 
patients compare with healthy control.
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Statistical analysis
Data was analysed using SPSS version 
22.0 software. Mean and standard de-
viation (SD) were calculated for quan-
titative variables. The percentage and 
titres of each autoantibody was com-
pared between groups. Statistical tests 
used were student’s t-test, Pearson chi-
squared, Fisher’s exact test, and spear-
man correlation test as appropriate. 
Tests were considered significant when 
p-value was <0.05.

Results
In the current study we analysed sera 
from 2082 patients with 16 different 
AID compared to 524 geographically 
matched healthy controls, for the pres-
ence and titres of anti-Ro/SSA and 
anti-La/SSB and their correlation to a 
profile of anti-infections antibodies. 

Anti-Ro/SSA and anti-La/SSB 
prevalence in different autoimmune 
diseases 
Out of 16 AID, prevalence and titers 
of anti-Ro/SSA were significantly 
higher among 5 autoimmune diseases 
(p<0.001) namely Sjögren’s syndrome, 
SLE, APS both primary disease and APS 
linked to SLE, systemic sclerosis (SSc), 
and primary biliary cirrhosis (PBC). 
Prevalence and titers of anti-La/SSB 
were significantly higher (p<0.001) in 
Sjögren’s syndrome, SLE, APS linked 
to SLE and PBC as described in Table I.
It is of note, that in polymyositis (PM) 
as well as in HCV+Cryo the prevalence 
but not titres of both autoantibodies 
were found to be higher among Euro-
pean patients. 
In contrast, both anti-Ro/SSA and an-
ti-La/SSB were not found to be more 
prevalent among patients with IBD, 
AITD, AAV, coeliac, GCA, and MS and 
type 1 DM. 
Notably, the prevalence of anti-Ro/SSA 
and anti-La/SSB differ significantly 
amid the two control groups with higher 
prevalence among controls from South 
America compare to Europeans (Table 
I). This observation was previously re-
ported by our group (31, 32). 
In addition, we analysed the associa-
tion of anti-Ro/SSA and anti-La/SSB 
among the different patient populations 
and compared them to controls. Nota-

bly as specified in Table I, other than the 
conditions reported earlier in the results 
section, we tested all sera for distinctive 
positivity to anti-Ro52, anti-Ro60 and 
total anti-Ro/SSA. The data is not spec-
ified as specific serology to Ro52/Ro60 
autoantibodies was in agreement with 
the positivity found to the total Anti-
Ro/SSA. Not surprisingly, we noticed 
as others before us (8, 33), that some 
patients were seropositive to a single 
epitope (-Ro52 or -Ro60) while others 
were seropositive to both. 

Titre of anti Ro/SSA and anti La/SSB 
in various autoimmune diseases
Significant differences between titres of 
anti-Ro/SSA and anti-La/SSB in sev-
eral conditions are described in Figure 
1. Titres for both antibodies reached 
statistical significance in patients with 
SLE, SS, APS+SLE, PBC and SSc. Ad-
ditionally we found high titres of anti-
Ro/SSA only in primary APS. Gener-
ally high antibody titres were found in 
the same conditions that exhibited high 
antibody prevalence. Similarly, in ac-
cordance with their prevalence, also the 
titres of the autoantibodies were greater 

in South American controls compared 
to European controls. 

Interactions between anti Ro/SSA 
and anti La/SSB autoantibodies and 
anti-infectious agents
We analysed the associations between a 
wide profile of anti-infectious antibod-
ies and anti-Ro/SSA and anti-La/SSB 
autoantibodies (Table II). We found 
positive correlation between anti-Ro/
SSA and antibodies of the IgM-subtype 
directed at cytomegalovirus as well as of 
the IgG-subtype directed towards toxo-
plasma, cytomegalovirus and Epstein-
Barr virus. Anti-La/SSB antibodies cor-
related only with the presence of IgG 
antibodies against EBV early antigen. 
Interestingly, an inverse correlation was 
found between anti-Ro/SSA and anti-
HCV antibodies. Similar observation 
was noted for anti -La/SSB, although 
for these autoantibodies the effect did 
not reach statistical significance.

Discussion
The links between autoimmunity (e.g. 
the presence of autoantibodies), auto-
immune diseases and infectious agents 

Fig. 1. Titre of anti Ro/SSA and anti La/SSB in various autoimmune diseases.
SLE: systemic lupus erythematosus; SS: Sjögren’s syndrome; APS: antiphospholipid syndrome; SSc: 
systemic sclerosis; PBC: primary biliary cirrhosis.
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have been extensively studied (34-37). 
Herein we report associations of the 
same nature between anti-Ro/SSA and 
anti-La/SSB antibodies anti-infectious 
antibodies in a large cohort of patients 
with various autoimmune diseases. 
We found an association between these 
antibodies and 6 autoimmune diseases 
namely SS, SLE, SSc, PBC, APS and 
PM. These associations are well estab-
lished for 4 diseases (namely SS (1, 38-
40), SLE (41, 42), PBC (43-45), SSc (5, 
46)) that were further consolidated in this 
large cohort. In addition, new association 
between anti-Ro/SSA and primary APS 
as well as between anti-La/SSB and PM 

were described in this study for the first 
time to the best of our knowledge.
It is of interest that the 6 AID related to 
anti-Ro/SSA (SS, SLE, PBC, SSc, APS, 
PM) are interlinked and may overlap 
both clinically and serologically. One 
plausible explanation for having high 
anti-Ro/SSA in patients with no overt 
clinical manifestations of SS or SLE is 
that those patients are already suffering 
of mild SS overlap or are about to de-
velop SS in the future but do not present 
the clinical features of SS. This expla-
nation is consistent with the findings 
of Theander et al., (15) that the mere 
serological existences of anti-Ro/SSA 

and anti-La/SSB are predictive of later 
development of SS. Another potential 
explanation is that diseases with a high 
presence of anti-Ro/SSA, share a simi-
lar unique pathogenic background un-
like other autoimmune diseases evalu-
ated in this study, e.g. AAV, type 1 DM, 
IBD, coeliac, and GCA. This mutual 
pathogenic background leads later on 
to a spectrum of diseases sharing mu-
tual clinical symptoms, i.e. Raynaud’s 
phenomena and arthralgia, and also a 
greater tendency to clinically overlap, 
i.e. PBC-SS, SSc-PM, etc.
The data about Anti-La/SSB prevalence 
in different inflammatory diseases is 
less abundant. This antibody which is 
thought to be more specific to SS inter-
act with a 47-kD protein, which shuttles 
between the nucleus and cytoplasm but 
which is predominantly found in the 
nucleus (47). Our finding of increased 
prevalence of anti-La/SSB not only in 
SS, SLE and PBC, but also in PM, is im-
portant and further supports the notion 
that PM is in overlap with other connec-
tive tissue diseases. An additional inter-
esting finding was the increased preva-
lence of anti-Ro/SSA in HCV+Cryo. 
This finding might be explained by 
secondary Sjögren’s syndrome found in 
up to 20% of the populations with cryo-
globulinaemia (48, 49). In this study we 
found an association between anti-in-
fectious agents’ antibodies and the exist-
ence of anti-Ro/SSA. This was especial-
ly noticeable among patients exposed to 
CMV and EBV. The link between SLE 
and SS to previous infection with EBV 
was reported both by our group and by 
others (50-53), and so was the link be-
tween these autoimmune diseases and 
CMV (23, 54). In line with this concept 
Poole et al. (55) showed that immuni-
sation of rabbits with epitopes derived 
from EBV (EBNA-1 58-72 peptide) 
develop anti-ENBA as well as specific 
anti-RO autoantibodies followed by 
clinical manifestation of SLE-SS-like 
disease. Hence, one may suggest that a 
past exposure to those infectious agents, 
can lead to the presence of anti-Ro/SS, 
which serves as marker for early auto-
immunity (13, 15) and as a preliminary 
stage in the later development of an 
AID. Why would one patient develop a 
certain AID out of the 6 AID related to 

Table II. Association between the presence of anti-infectious antibodies and the presence 
of anti-Ro/SSA and anti-La/SSB.

Anti-infectious antibodies	 Prevalence of	 p-value*	 Prevalence of	 p-value**

(IgM or IgG) (+) seropositive	 Anti-Ro/SSA	 Anti-Ro/SSA	 Anti-La/SSB	 Anti-La/SSB
(-) seronegative		

Rub IgM(+)	 n=470	 15.0%	 NS	 6.4%	 NS
Rub IgM(-)	 n=1095	 12.8%		  5.4%	

Rub IgG(+)             n=2774	 9.9%	 NS	 4.7%	 NS
Rub IgG(-)              n=269	 8.9%		  5.2%	

CMV IgM(+)          n=440	 18.6%	 <0.001	 7.3%	 NS
CMV IgM(-)           n=1130	 11.6%	 	 5 %	

CMV IgG(+)	 n=2358	 11.0%	 <0.001	 4.9%	 NS
CMV IgG(-)	 n=685	 6.0%	 	 4.2%	

EBVNA(+)	 n=2687	 10.5%	 <0.001	 4.8%	 NS
EBVNA(-)	 n=344	 5.2%	 	 4.6%	

EBVCA(+)	 n=2696	 10.7%	 <0.01	 5.0%	 NS
EBVCA(-)	 n=335	 3.9%	 	 3.3%	

EBVEA(+)	 n=828	 20.8%	 <0.001	 9.5%	 <0.001
EBVEA(-)	 n=2202	 5.9%		  3.0%	

HBV Core IgG (+)	n=210	 11.4%	 NS	 3.3%	 NS
HBV Core IgG (-)	 n=1771	 12%		  5.4%	

HCV IgG (+)	 n=116	 8.6%	 NS	 2.6%	 NS
HCV IgG (-)   	 n=1447	 13.4%	 	 5.7%	

HP IgG (+) 	 n=823	 10.8%	 NS	 6.1%	 NS
HP IgG (-)	 n=613	 9.1%		  3.9%	

Toxo IgM(+)          	n=58	 17.2%	 NS	  5.2%	 NS
Toxo IgM(-)	 n=1512	  13.4%		  5.7%	

Toxo IgG(+)            n=1212	 12.5%	 <0.001	 5.6%	 NS
Toxo IgG(-)             n=1831	 8.1%	 	 4.2%	

Syph(+)                   n=152	 7.2%	 NS	 6.6%	 NS
Syph(-)                    n=2888	 10.0%		  4.7%	

*p-value for the comparison between the prevalence of anti Ro/SSA antibodies in seropositive patients 
for the tested anti infectious antibody compare with seronegative patients. 
**p-value for the comparison between the prevalence of anti La/SSB antibodies in seropositive patients 
for the tested anti infectious antibody compare with seronegative patients. 
Rub: rubella; CMV: cytomegalovirus; EBVNA: Epstein-Barr virus IgG antibody to nuclear antigen; 
EBVCA: Epstein-Barr virus IgG antibody to viral capsid antigen; EBVEA: Epstein-Barr virus early 
antigen diffuse; HBV: hepatitis B virus; HCV: hepatitis C virus, HP-Helicobacter Pylori; Toxo: Toxo-
plasma Gondii; Syph: Treponema Pallidum antigen; NS: not significant.
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anti-Ro/SSA described earlier and not 
another? This might be related to expo-
sure to other environmental factors and/
or exposure to other infectious agents 
as well as different genetic background.  
Unlike Anti-Ro/SSA, anti-La/SSB, 
correlated only with EBV-early anti-
gen (EBVEA). This direct correlation 
between anti-La/SSB and EBVEA is 
reported herein for the first time to the 
best of our knowledge. However a relat-
ed finding of high levels of EBVEA in 
SS patients was recently published (53), 
Further supporting the theory that in SS 
patients a subclinical EBV reactivation 
may trigger or perpetuate articular in-
volvement. 
The current study evaluated specific au-
toantibodies in a large cohort including 
patients with different AID and controls 
in order to compare between these AID. 
However it is limited by its retrospec-
tive design, the absence of exact match-
ing between patients’ groups as well as 
association with clinical data. Notably, 
a more particular analysis regarding 
each group of patients matched with 
controls was analysed in former studies 
from our group which dealt more thor-
oughly with different sub-groups and 
specific clinical manifestations relevant 
to each entity (27, 56, 57). 
To summarise, in this study done on a 
very large group of patients we consoli-
dated the link between the presence of 
anti-Ro/SSA and anti-La/SSB antibod-
ies and 6 autoimmune conditions, in-
cluding the less reported links between 
anti-Ro/SSA and primary APS or anti-
La/SSB and PM. We also reported of an 
association between exposure to certain 
infectious agents and a higher preva-
lence of anti-Ro/SSA and anti-La/SSB 
antibodies. Those findings led us to the-
orise that exposure to certain infectious 
agents can lead to the development of 
anti-Ro/SSA and anti-La/SSB antibod-
ies in susceptible subjects which may 
further evolve into certain AID that 
share a common denominators and pos-
sibly common patho-genesis. 

Acknowledgement
This work was supported by research 
grant number 175041 for 2011-2016, 
issued by the Ministry of Science of the 
Republic of Serbia

References 
  1.	VITALI C, BOMBARDIERI S, JONSSON R et al.: 

Classification criteria for Sjögren’s syndrome: 
a revised version of the European criteria pro-
posed by the American-European Consensus 
Group. Ann Rheum Dis 2002; 61: 554-8.

  2.	MARTINEZ-SANCHEZ N, ROBLES-MARHU-
ENDA A, ALVAREZ-DOFORNO R et al.: The 
effect of a triple therapy on maternal anti-Ro/
SS-A levels associated to fetal cardiac mani-
festations. Autoimmun Rev 2015; 14: 423-8.

  3.	SHIBOSKI SC, SHIBOSKI CH, CRISWELL L et 
al.: American College of Rheumatology clas-
sification criteria for Sjögren’s syndrome: a 
data-driven, expert consensus approach in 
the Sjögren’s International Collaborative 
Clinical Alliance cohort. Arthritis Care Res 
(Hoboken) 2012; 64: 475-87.

  4.	KOBAYASHI R, MII S, NAKANO T, HARADA 
H, ETO H: Neonatal lupus erythematosus in 
Japan: a review of the literature. Autoimmun 
Rev 2009; 8: 462-6.

  5.	FUJIMOTO M, SHIMOZUMA M, YAZAWA N 
et al.: Prevalence and clinical relevance of 
52-kDa and 60-kDa Ro/SS-A autoantibodies 
in Japanese patients with systemic sclerosis. 
Ann Rheum Dis 1997; 56: 667-70.

  6.	DEUTSCHER SL, HARLEY JB, KEENE JD: 
Molecular analysis of the 60-kDa human Ro 
ribonucleoprotein. Proc Natl Acad Sci USA 
1988; 85: 9479-83.

  7.	BEN-CHETRIT E, GANDY BJ, TAN EM, SULLI-
VAN KF: Isolation and characterization of a 
cDNA clone encoding the 60-kD component 
of the human SS-A/Ro ribonucleoprotein au-
toantigen. J Clin Investig 1989; 83: 1284-92.

  8.	SCHULTE-PELKUM J, FRITZLER M, MAHLER 
M: Latest update on the Ro/SS-A autoanti-
body system. Autoimmun Rev 2009; 8: 632-7.

  9.	HERNANDEZ-MOLINA G, LEAL-ALEGRE 
G, MICHEL-PEREGRINA M: The meaning of 
anti-Ro and anti-La antibodies in primary 
Sjögren’s syndrome. Autoimmun Rev 2011; 
10: 123-5.

10.	MASI G, ANNUNZIATA P: Sjögren’s syndrome 
and multiple sclerosis: Two sides of the same 
coin? Autoimmun Rev 2016; 15: 457-61.

11.	Al KINDI MA, COLELLA AD, CHATAWAY TK, 
JACKSON MW, WANG JJ, GORDON TP: Se-
creted autoantibody repertoires in Sjögren’s 
syndrome and systemic lupus erythemato-
sus: A proteomic approach. Autoimmun Rev 
2016; 15: 405-10.

12.	ARBUCKLE MR, McCLAIN MT, RUBERTONE 
MV et al.: Development of autoantibodies be-
fore the clinical onset of systemic lupus ery-
thematosus. N Engl J Med 2003; 349: 1526-
33.

13.	ERIKSSON C, KOKKONEN H, JOHANSSON 
M, HALLMANS G, WADELL G, RANTAPAA-
DAHLQVIST S: Autoantibodies predate the 
onset of systemic lupus erythematosus in 
northern Sweden. Arthritis Res Ther 2011; 
13: R30.

14.	ISENBERG DA, HAMMOND L, FISHER C, 
GRIFFITHS M, STEWART J, BOTTAZZO GF: 
Predictive value of SS-B precipitating an-
tibodies in Sjögren’s syndrome. Br Med J 
(Clin Res Ed) 1982; 284: 1738-40.

15.	THEANDER E, JONSSON R, SJOSTROM B, 
BROKSTAD K, OLSSON P, HENRIKSSON G: 
Prediction of Sjögren’s syndrome years be-

fore diagnosis and identification of patients 
with early onset and severe disease course 
by autoantibody profiling. Arthritis Rheum 
(Hoboken, NJ) 2015; 67: 2427-36.

16.	LISI S, SISTO M, LOFRUMENTO DD et al.: 
Pro-inflammatory role of Anti-Ro/SSA au-
toantibodies through the activation of Furin-
TACE-amphiregulin axis. J Autoimmun 
2010; 35: 160-70.

17.	CLANCY RM, MARKHAM AJ, REED JH, BLU-
MENBERG M, HALUSHKA MK, BUYON JP: 
Targeting downstream transcription factors 
and epigenetic modifications following Toll-
like receptor 7/8 ligation to forestall tissue 
injury in anti-Ro60 associated heart block.     
J Autoimmun 2016; 67: 36-45.

18.	CORDES S, KUSOV Y, HEISE T, GAUSS-MUL-
LER V: La autoantigen suppresses IRES-de-
pendent translation of the hepatitis A virus. 
Biochem Biophys Res Commun 2008; 368: 
1014-9.

19.	INOUE Y, SATO H, FUJITA K, TSUKIYAMA-
KOHARA K, YONEDA M, KAI C: Selective 
translation of the measles virus nucleocapsid 
mRNA by la protein. Front Microbiol 2011; 
2: 173.

20.	PUDI R, ABHIMAN S, SRINIVASAN N, DAS 
S: Hepatitis C virus internal ribosome entry 
site-mediated translation is stimulated by spe-
cific interaction of independent regions of hu-
man La autoantigen. J Biol Chem 2003; 278: 
12231-40.

21.	FOK V, FRIEND K, STEITZ JA: Epstein-Barr 
virus noncoding RNAs are confined to the 
nucleus, whereas their partner, the human La 
protein, undergoes nucleocytoplasmic shut-
tling. J Cell Biol 2006; 173: 319-25.

22.	FUCHS G, STEIN AJ, FU C, REINISCH KM, 
WOLIN SL: Structural and biochemical basis 
for misfolded RNA recognition by the Ro 
autoantigen. Nat Struct Mol Biol 2006; 13: 
1002-9.

23.	ZHU J: Cytomegalovirus infection induces 
expression of 60 KD/Ro antigen on human 
keratinocytes. Lupus 1995; 4: 396-406.

24.	ESPOSITO S, BOSIS S, SEMINO M, RIGANTE 
D: Infections and systemic lupus erythema-
tosus. Eur J Clin Microbiol Infect Dis 2014; 
33: 1467-75.

25.	DRABORG AH, DUUS K, HOUEN G: Epstein-
Barr virus in systemic autoimmune diseases. 
Clin Dev Immunol 2013; 2013: 535738.

26.	KONSTA OD, Le DANTEC C, CHARRAS A et 
al.: Defective DNA methylation in salivary 
gland epithelial acini from patients with 
Sjögren’s syndrome is associated with SSB 
gene expression, anti-SSB/LA detection, and 
lymphocyte infiltration. J Autoimmun 2016; 
68: 30-8.

27.	LIDAR M, LIPSCHITZ N, AGMON-LEVIN N et 
al.: Infectious serologies and autoantibodies 
in hepatitis C and autoimmune disease-as-
sociated mixed cryoglobulinemia. Clin Rev    
Allergy Immunol 2012; 42: 238-46.

28.	SHOVMAN O, GILBURD B, BARZILAI O et 
al.: Evaluation of the BioPlex 2200 ANA 
screen: analysis of 510 healthy subjects: in-
cidence of natural/predictive autoantibodies. 
Ann N Y Acad Sci 2005; 1050: 380-8.

29.	KLUTTS JS, LIAO RS, DUNNE WM, Jr., 
GRONOWSKI AM: Evaluation of a multi-
plexed bead assay for assessment of Epstein-



935Clinical and Experimental Rheumatology 2017

Anti-Ro/SSA, anti-La/SSB and anti-infectious autoantibodies in autoimmune diseases  / N. Agmon-Levin et al.

Barr virus immunologic status. J Clin Micro-
biol 2004; 42: 4996-5000.

30.	BARZILAI O, SHERER Y, RAM M, IZHAKY 
D, ANAYA JM, SHOENFELD Y: Epstein-Barr 
virus and cytomegalovirus in autoimmune 
diseases: are they truly notorious? A pre-
liminary report. Ann NY Acad Sci 2007;1108: 
567-77.

31.	SHAPIRA Y, AGMON-LEVIN N, SHOENFELD 
Y: Geoepidemiology of autoimmune rheu-
matic diseases. Nat Rev Rheumatol 2010; 6: 
468-76.

32.	SHAPIRA Y, PORATKATZ BS, GILBURD B et 
al.: Geographical differences in autoanti-
bodies and anti-infectious agents antibodies 
among healthy adults. Clin Rev Allergy Im-
munol 2012; 42: 154-63.

33.	INFANTINO M, BENTOW C, SEAMAN A et al.: 
Highlights on novel technologies for the de-
tection of antibodies to Ro60, Ro52, and SS-
B. Clin Dev Immunol 2013; 2013: 978202.

34.	LUCCHESE G, KANDUC D: Zika virus and au-
toimmunity: From microcephaly to Guillain-
Barre syndrome, and beyond. Autoimmun 
Rev 2016; 15: 801-8.

35.	JELTSCH-DAVID H, MULLER S: Autoimmun-
ity, neuroinflammation, pathogen load: A 
decisive crosstalk in neuropsychiatric SLE.         
J Autoimmun 2016; 74:13-26.

36.	THAISS CA, ZMORA N, LEVY M, ELINAV E: 
The microbiome and innate immunity. Nature 
2016; 535: 65-74.

37.	PATUZZO G, BARBIERI A, TINAZZI E et al.: 
Autoimmunity and infection in common 
variable immunodeficiency (CVID). Autoim-
mun Rev 2016; 15: 877-82.

38.	VITALI C: Classification criteria for Sjögren’s 
syndrome. Ann Rheum Dis 2003; 62: 94-5; 
author reply 5.

39.	QUARTUCCIO L, BALDINI C, BARTOLONI 
E et al.: Anti-SSA/SSB-negative Sjögren’s 
syndrome shows a lower prevalence of lym-
phoproliferative manifestations, and a lower 

risk of lymphoma evolution. Autoimmun Rev 
2015; 14: 1019-22.

40.	GOULES AV, TZIOUFAS AG: Primary 
Sjögren’s syndrome: clinical phenotypes, 
outcome and the development of biomarkers. 
Autoimmun Rev 2016; 15: 695-703.

41.	PETRI M, ORBAI AM, ALARCON GS et al.: 
Derivation and validation of the Systemic 
Lupus International Collaborating Clinics 
classification criteria for systemic lupus ery-
thematosus. Arthritis Rheum 2012; 64: 2677-
86.

42.	YU C, GERSHWIN ME, CHANG C: Diagnostic 
criteria for systemic lupus erythematosus: a 
critical review. J Autoimmun 2014; 48-9: 10-3.

43.	GRANITO A, MURATORI P, MURATORI L et al.: 
Antibodies to SS-A/Ro-52kD and centromere 
in autoimmune liver disease: a clue to diagno-
sis and prognosis of primary biliary cirrhosis. 
Aliment Pharmacol Ther 2007; 26: 831-8.

44.	STINTON LM, SWAIN M, MYERS RP, SHAHEEN 
AA, FRITZLER MJ: Autoantibodies to GW 
bodies and other autoantigens in primary bil-
iary cirrhosis. Clin Exp Immunol 2011; 163: 
147-56.

45.	AGMON-LEVIN N, SHAPIRA Y, SELMI C et al.: 
A comprehensive evaluation of serum autoan-
tibodies in primary biliary cirrhosis. J Auto-
immun 2010; 34: 55-8.

46.	DEFENDENTI C, ATZENI F, SPINA MF et al.: 
Clinical and laboratory aspects of Ro/SSA-
52 autoantibodies. Autoimmun Rev 2011; 10: 
150-4.

47.	LIU Y, TAN H, TIAN H, LIANG C, CHEN S, LIU 
Q: Autoantigen La promotes efficient RNAi, 
antiviral response, and transposon silencing 
by facilitating multiple-turnover RISC ca-
talysis. Mol Cell 2011; 44: 502-8.

48.	MONTI G, GALLI M, INVERNIZZI F et al.: 
Cryoglobulinaemias: a multi-centre study 
of the early clinical and laboratory manifes-
tations of primary and secondary disease. 
GISC. Italian Group for the Study of Cryo-

globulinaemias. QJM 1995; 88: 115-26.
49.	BOMBARDIERI S, PAOLETTI P, FERRI C, DI 

MUNNO O, FORNAL E, GIUNTINI C: Lung in-
volvement in essential mixed cryoglobuline-
mia. Am J Med 1979; 66: 748-56.

50.	KITAGAWA H, IHO S, YOKOCHI T, HOSHINO 
T: Detection of antibodies to the Epstein-
Barr virus nuclear antigens in the sera from 
patients with systemic lupus erythematosus. 
Immunol Lett 1988; 17: 249-52.

51.	CUOMO L, CIRONE M, DI GREGORIO AO 
et al.: Elevated antinuclear antibodies and 
altered anti-Epstein-Barr virus immune re-
sponses. Virus Res 2015; 195: 95-9.

52.	CROIA C, ASTORRI E, MURRAY-BROWN W et 
al.: Implication of Epstein-Barr virus infec-
tion in disease-specific autoreactive B cell 
activation in ectopic lymphoid structures of 
Sjögren’s syndrome. Arthritis Rheum (Hobo-
ken) 2014; 66: 2545-57.

53.	PASOTO SG, NATALINO RR, CHAKKOUR HP 
et al.: EBV reactivation serological profile 
in primary Sjögren’s syndrome: an underly-
ing trigger of active articular involvement? 
Rheumatol Int 2013; 33: 1149-57.

54.	RASMUSSEN NS, DRABORG AH, NIELSEN 
CT, JACOBSEN S, HOUEN G: Antibodies to 
early EBV, CMV, and HHV6 antigens in sys-
temic lupus erythematosus patients. Scand J 
Rheumatol 2015; 44: 143-9.

55.	POOLE BD, GROSS T, MAIER S, HARLEY JB, 
JAMES JA: Lupus-like autoantibody develop-
ment in rabbits and mice after immunization 
with EBNA-1 fragments. J Autoimmun 2008; 
31: 362-71.

56.	KIVITY S, ARANGO MT, EHRENFELD M et 
al.: Infection and autoimmunity in Sjögren’s 
syndrome: a clinical study and comprehen-
sive review. J Autoimmun 2014; 51: 17-22.

57.	BERKUN Y, ZANDMAN-GODDARD G, BAR-
ZILAI O et al.: Infectious antibodies in sys-
temic lupus erythematosus patients. Lupus 
2009; 18: 1129-35.


	Agmon page 1
	CER 9952 Agmon-Levin



