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Geo-epidemiology and autoimmunity

ABSTRACT

Keywords Autoimmune disease (AD) affects approximately 3% of the population. This is an enormous number, but
EDidem101OSy ironically the study of autoimmunity has not taken on the significance of many other diseases because
Aumimm”mty so many of the ADs are relatively uncommon. Indeed, despite enormous advances in the diagnosis and
greer:,ea?;s‘ce the treatment of AD, there is still a paucity of data on the etiological events that lead to the clinical

pathology. For most other human diseases, the etiology is addressed and often solved by the use of
epidemiology. Epidemiology consists of the study of prevalence of a disease, coupled with analysis of
genetic factors and detection of environmental agents. In the context of autoimmune conditions,
preclinical epidemiology has recently been favored, as a consequence of the discovery that autoantibody
precedes overt disease. The idea of a North—South gradient in the prevalence of ADs, with a reciprocal
gradient in that of infectious injuries has proven to be debatable. More importantly, environmentally-
induced changes have been shown to modify certain diseases giving rise to the key concept of
epigenetics. However, it is clear that major voids exist. Some of these voids were hoped to be solved by
the use of genome-wide associations. This, however, has proven very problematic, as the genetic basis of
AD is considerably more complicated than once believed. We now base our hopes on next generational
sequencing as a brut force undertaking to partially decipher the genetic code that predisposes
individuals to AD. This volume is a compilation of papers in Autoimmunity Reviews and the Journal of
Autoimmunity and presented as part of the 7th International Congress on Autoimmunity in Ljubljana,
Slovenia. It is clearly impossible to present data on the geoepidemiology of all of the AD. Instead, we
attempted to generate interest amongst immunologists to generate papers that are thought provoking

Infectious agents
Hygiene hypothesis
Epigenetics

but also contemporary reviews.

© 2009 Elsevier Ltd. All rights reserved.

1. Introduction

This volume is based on the goals of the 7th International Congress
on Autoimmunity. The venue for the conference is in Ljubljana,
Slovenia and offers physicians and scientists interested in autoimmu-
nity an advanced, stimulating scientific program. Within that program
will be featured updated and diagnostics, pathogenesis and therapy.
This Congress, much as in previous Congresses and satellite meetings,
will include a book in the registration bag of every participant. Papers
from the Congress will also be published in the official journals of the
meeting, Autoimmunity Reviews and the Journal of Autoimmunity.
Previous Congresses have focused on publication of key issues of
interest to autoimmunologists, including for example protective auto-
antibodies (Abs), epigenetics [1], T regulatory cells [2], bone marrow
transplantation to treat autoimmune diseases (AD) [3,4], the anti-
phospholipid Ab syndrome (APS) [5,6], infection and autoimmunity
[7—10], as well as discussions of specific AD that offer lessons for
human immunopathology [11—14]. At this meeting, the focus is on
geoepidemiology and the series of papers which follow within this
issue are intended to revolve around this theme of environmental
factors, prevalence and incidence, but also discussion of unique
triggers such as nanoparticles and drugs.
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This volume is dedicated to the founding principles and the
good work of the American Autoimmune Related Diseases Associa-
tion (AARDA). AARDA plays a fundamental role throughout the
world in education, awareness, and research in developing new
therapies, improved diagnoses, and support services for patients
with AD. AARDA has in fact become an international healthcare
organization. The seed for AARDA was planted by Virginia
T. Ladd, who is not only the founder, but also the current president.
Virginia Ladd, herself a sufferer of AD, became involved with the
Lupus Foundation of America and the Lupus Chapter in the State
of Michigan. In her role within the Lupus Foundation, Virginia
Ladd became involved addressing questions from patients and
family that were desperate for information. Over time, she became
ever more knowledgeable and became a resource for patients
seeking information on a variety of AD. For Virginia, who sought
no recognition for herself, there was a compulsion to help not
only because of her own health, but also the presence of AD within
her family.

In the late 1980s while President of the Lupus Foundation of
America, Virginia Ladd became convinced of the need to focus
research more in the broad area of AD but, more importantly,
to develop the understanding that such research and its funding
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was dependent on patient education and public awareness. She was
also aware that a huge segment of the healthcare field, represented
by AD, did not appear to have an American national focus or clear-
inghouse for the large number of AD identified. Autoimmunity
was little known to the public and almost no collaboration
existed amongst national health agencies in the areas of research,
public education and patient services. Even though Virginia Ladd
is not a trained scientist, she recognized that such diseases share
common pathways and likely similar genetic backgrounds. In
discussions with many professionals in the field, she felt there
was an urgency to develop advocates for basic research and public
awareness. Finally, the steering committee of community leaders
was organized to initiate an American national agency for all AD.
Supported by a dedicated cadre of people who shared her vision,
the American Autoimmune Related Diseases Association was
founded in 1990, based in part on a skeleton staff and dedicated
volunteers. In December 1991, the American Autoimmune Related
Diseases Association was incorporated and received its 501(c)(3)
designation from the Internal Revenue Service. It was, in fact, the
first national non-profit health agency that would serve the interest
of the millions of Americans suffering from AD. In 1992, AARDA
formed its prestigious Scientific Advisory Board which was chaired
by the Dr. Noel Rose of Johns Hopkins University who contributed
significantly to the research of AARDA. AARDA is now approaching
its 20th anniversary and has remained the national leader not only
in patient education, advocacy, and public information, but also in
developing national workshops, discussion groups, symposia
and direct funding of research. The progress report on a recent
workshop was published in 2008 [15]. It is for this reason that
this volume is dedicated to Virginia Ladd and AARDA and the chair-
persons of this symposia are proud and excited to recognize the
achievements of AARDA and the mission they are fulfilling.

2. The discipline of autoimmunity

Much has been written about the unique discipline of autoim-
munology from the perspective of a physician skilled in clinical
immunology [16].

Taken individually, ADs, which give rise to chronic morbidity and
significant disability, are uncommon, yet these disorders, taken as
a group, represent the leading cause of death among middle-aged
women [17]. On one side, a number of disorders, such as pancrea-
titis, reproductive failure or inflammation-induced atherosclerosis,
have recently been presumed as autoimmune. On the other
side, epidemiological data have been newly generated in countries,
such as China [18]. Although such or an awareness constitutes
already an epidemiological thought-process, this approach turns
out to be so diffuse that, in any textbook of medicine, epidemiology
is often a section gathering clinical features, and risk factors based
on case reports and case series. This discipline has even been por-
trayed as an art [19]. Brilliant technical and methodologic advances
have been accomplished in this art over the last decade, and
epidemiological analysis described by Lilienfeld [20] as the study
of prevalence of a given disease in human populations, coupled
with the identification of factors that influence its geographic
distribution. Defining the descriptive epidemiology of these condi-
tions will provide clues to risk factors and identify areas to allocate
public health and research resources. In 1997, a seminal work
compiled the results accumulated over the former 30 years on 24
autoimmune entities worldwide. This meta-analysis estimated the
overall prevalence of autoimmunity at 3% [21]. There was a concom-
itant claim that this prevalence reached 5% [22]. Both estimates
were, however, limited by the lack of recent data for many diseases,
and hence based on unreliable conclusions.

3. The concept of risk

Analytic epidemiology deals with the concept of risk. In this
respect an exciting body of research has then pointed out that,
for autoimmunity to occur, the genetic background warrants to
be combined with environmental injuries. New insights into the
genetic susceptibility to autoimmune disorders have thus been
gained, with a host of established and putative risk factors for all
AD. Of note, only a proportion of them are specific for a given
pathological condition. Since then, have we made progress?

The difficulty in making the diagnosis of certain AD has discour-
aged epidemiologists. The classification criteria of primary Sjogren's
syndrome (pSS) have raised an endless problem. Albeit frequent, these
conditions have aroused to so few epidemiological studies that the
estimated prevalences are highly divergent. In spite of such discrep-
ancies, the scientific community gets aware that the way to delineate
the prevalence has greatly improved over the last years. A new
generation of statistical tools, such as systematic reviews and meta-
analyses, have enabled comprehensive analysis of the total burden
represented by this collection of disorders [23,24].

4. Geographic aggregates

The frequency of ADs differs from country to country (Table 1),
and geographic aggregates have been declineated. For example,
disparities in incidence, severity and outcomes of pSS, primary biliary
cirrhosis [25] and systemic lupus erythematosus (SLE) have been
conceived as alarming. Numerous variables, including the criteria
of the disease in study, account for such variations since the incidence
rates of SLE fluctuate from under 1 to over 10 per 100,000 person-
years. This reality is the raison d’étre of epidemiology. The archetype
of autoimmune settings has been recognized in all continents,
but, although a rarity or a yet to be investigated entity in Africa, it
is extremely common in African descendance around the world. Hop-
kinson et al. calculated a hazard ratio of 4.4 for Afro-Caribbeans to
develop renal SLE, compared with Caucasians [26]. Unfortunately,
only little data are available on the prevalence of disease-associated
autoAbs in each general population, their variations by age, sex,
ethnicity and other demographic features.

Preclinical epidemiology is being acknowledged as presenting
more and more importance. A handful of studies are available
regarding the outcome on normal autoAb-bearing individuals.
Remarkably, rheumatoid factor (RF) precedes the onset of rheuma-
toid arthritis (RA), as determined by nationwide welfare program in
Scandinavia [27]. We know now that normal individuals with anti-
DNA Abs suffer from overt SLE later on, as established by the exem-
plary epidemiological study consisting in analysis of serum samples
of 130 persons obtained in the repository of in the American Armed
Forced personal, years prior to the onset of the disease [28]. Anti-
phospholipid Abs have also been detected long before the develop-
ment of thrombosis in APS and SLE patients [29]. Thus, specific

Table 1
Geographic area-related variation in the prevalence of certain autoimmune diseases.
Disease Rate per 100,000 Area
Systemic lupus erythematosus 34—-150 US, Spain, Greece
42 Canada
45 Australia
Multiple sclerosis 177—-358 US, Canada
101 Turkey
46 Norway
Sjogren'’s syndrome 600 Greece
110 Denmark
3500 UK
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autoAbs, such as RF, anti-cyclic citrullinated peptide Abs precede
the symptoms of RA throughout serial measurements in blood
donors [30]. Such clues as to sub-clinical conditions are needed in
PSS owing to the length of the interval between initiation of the
autoimmune process and awareness by the patients themselves
of the consequential sicca symptoms, and therefore their complains
and willingness to be referred to the hospital [31].

On the other hand, there are now strong evidence from studies
of epidemiology, often based on differences in geographic regions,
as well as variations in extrinsic factors that have been shown to
influence the emergence and progression of disease. However
these environmental factors often explain only a small number of
cases, and, on their own, they are not sufficient to cause the disease.

5. Genetic variation

Genetic polymorphisms contribute mostly to autoimmunity
susceptibility, and thereby underly ethnic differences in the presen-
tation of the disease, or the severity of its symptoms [32]. Johnson
et al. have shown, in a cross-sectional analysis of SLE patients
from Brazil, Sweden and England, that non-Caucasians had more
active disease than the remainder [33]. Furthermore, a myriad of
new candidate genes have been identified. In line with these genetic
findings, numerous family studies have revealed that SLE and RA
afflict members at a greater rate than in the general population
[34]. Overall, clustering of autoimmune conditions support a genetic
contribution to diseases, yet, despite advances in allele sharing and
other linkage methods, the imprecision of heritability estimates and
potential biases explain that little inferences can be drawn
from family studies. Similarly, ethnic differences exist in autoimmu-
nity genetic predisposition. For instance, in North America, blacks
are at higher risk for SLE than whites. If one takes the other example
of RA, geographic variations have been described in cohort of 83,546
American women [35], possibly due to regional variations in behav-
ioural factors, climate and environmental exposures. Importantly,
this pattern is not consistent for all the ADs [36].

Obviously, only a minority of genetic variations are expected to
be highly penetrant. However, the combined proportion of the vari-
ance in RA susceptibility conferred by the shared epitope alone far
outweighs that conferred by all the other susceptibility loci put
together. Thus, based on heavy technologies, impressive progress
has been accomplished. Genome-wide association analyses using
gene chips have thus allowed hundreds of thousands of single-
nucleotide polymorphisms (SNPs) to be investigated. The obvious
advantage is the opportunity to pitch into non-suspected genes.
In return, large numbers of hints require validation. These system-
atic studies have pinpointed a number of predisposing genes acting
in sequence or in parallel. Disappointingly, the non-HLA SNP
markers associated with various disorders account for a small
contribution to the total variance in susceptibility.

One step further, these observations, as well as the sharing of
common idiotypes [37], do not necessarily mean that all diseased
relatives suffer from the same pathology as their probent who justi-
fied the selection of the family. Furthermore autoAbs found in family
members are not necessarily pathogenic. Rather than disease-
specific genes, there may be autoimmunity-predisposing genes.
This view offers an explanation for comorbid conditions within indi-
viduals or within families. For example, cases of insulin-dependent
diabetes mellitus (IDDM), Hashimoto's thyroiditis, and juvenile
arthritis have been detected among family members of RA patients.

Importantly, incomplete disease concordance between identical
twins calls for additional factors belonging to environment.
They may even be responsible for sex discrepancy of autoimmune
patterns. Sibling pairs proved to be limited in the small insufficient
collections of homozygotous and heterozygotous pairs, and in the

small numbers of genetic and serological markers. In fact, each
individual entity results form several combinations of genes
(not always the same for a given disease) and external agents
(also not always the same for a given disease).

These interactions include health-related quality of life. Supple-
mental risk factors are psychosocial trauma. Most projects in this
field are based on the use of 36-item short form, and patients func-
tion at levels below those of the controls. A number of investigators
have focused on diet, measuring consumption of coffee, tea, oil-rich
fishes and alcohol. Given the number of anecdotal cases, it is not
surprising that special attention has also been paid to exposures to
silica and organic solvents now thought to trigger or to accelerate
systemic scleroderma (SSc). Interestingly, this disease has been
noticed to occur in patients living close to an airport (Shoenfeld,
personal communication). In fact, there is increasing epidemiolog-
ical evidence supporting the hypotheses that occupational silica
exposure is associated with a variety of other systemic AD including
SSc, RA, SLE and even non-SLE-driven glomerulonephritis and small
vessel vasculitis [38]. Smoking is also discussed to be a risk factor for
connective tissue diseases, among which are RA and SLE [39]. Curi-
ously enough, several surveys in polluted sites brought the conclu-
sions that sociological approaches are compulsory in such contexts.

With regard to the external components, silicone-breast implants
have been unexpectedly shown to be instrumental in the occurrence
of SSc and mixed connective tissue disease [40]. Once again,
large population-based studies have been prompted by original
case reports.

6. Gender

An outstanding risk factor for SLE, RA and pSS is gender. This term
“female predominance” refers non only to sex differences of inci-
dence, but also to variations in the severity. In all the human studies,
90% of SLE, RA and pSS patients are women, and in most of the
autoimmunity-prone, the females get worse than the males. In
fact, several illnesses similar to rheumatic diseases are not character-
ized by sexual dimorphism, nor by evident autoimmunity, yet
the populations affected have the same hormonal background. There
is, however, every likelihood that estrogenic exposures predate the
incidence of this disorder. Though less common than in women,
when it does occur in men, SLE tends to run a more severe course.
It stands to reason that it has never to do with estrogens. Rather,
in such cases the protective effect of testosterone has been bypassed
by either endocrinopathies or genetic anomalies [41].

7. Infectious agents

Indisputably, immune attack on infectious agents is a health-
maintaining response. Nonetheless, viral, bacterial and parasite
infections play a part in autoimmune scenarios [42]. In this respect,
instead of polyclonal activation, abnormal expression of micro-
RNAs and molecular mimicry are suspected to operate. This model
is based on the sharing of epitopes on proteins from unrelated
species. However, we cannot predict which end-up peptides
will be exposed by antigen-presenting cells and, therefore, which
is the ultimate peptide shared by these two partners. Multiple
experimental models of infection-induced ADs have been reported
(Table 2). For example, myocarditis can be induced in susceptible
mice by infection with cardiotrophic cocksakievirus. Herpesvirus
infection, in particular Epstein—Barr virus (EBV) infection, has
been implicated in several major autoimmune conditions, including
RA, SLE, pSS and multiple sclerosis (MS). In fact, EBV could simply
contribute bystander effects by amplification of innate immune
responses. Ironically, male and female mice are equally affected
by SLE in germ-free environment.
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Table 2
Examples of infection-related autoimmune diseases.

Disease Infections agents

Rheumatoid arthritis Epstein—Barr virus (EBV)
Parvo B19

Chronic hepatitis C virus (HCHC)

Multiple sclerosis EBV
Chlamydophila pneumoniae

Type-1 diabetes Coxsackie virus B (Cox B)
Cytomegalovirus

Mumps

Sjogren's syndrome Cox B
EBV
HCHC

Furthermore, the autoimmunity-inducing effects of infectious
injuries do not square up with temporal changes in incidence of these
diseases. Some of them, most notably MS and IDDM, have dramati-
cally risen in the developed world, thus correlating inversely
with the prevalence of infectious diseases that has reciprocally
diminished. In contrast to IDDM and MS, RA seems to have declined
over the same period of time. As a whole, this meaningful clinical and
experimental observation is designated the “hygiene hypothesis”
[43]. Infection might thus have historically prevented the develop-
ment of ADs. This interpretation has fueled the idea of a North—South
gradient in the prevalence of AD, with a reciprocal South—North
gradient for infectious diseases. In line with these gradients, it is
interesting that MS has emerged in West Indies in the population
that had previously settled in Europe and returned back home,
possibly to a drastic reduction in exposure to sunlight and intestinal
parasites during childhood [44].

Differences in risk of specific ADs among countries have been
refined recently. Thyroid disorders decrease progressively with
the continuous iodine intake. However, given that the epidemiolog-
ical procedures must be comparable, caution must be exercised in
relying on these conclusions before completing meta-analyses.

Do we still believe in the hygiene hypothesis? Epidemiotogical,
clinical and animal studies, taken together, suggest that broad
exposure to a wealth of commensal, non-pathogenic micro-organ-
isms early in life is associated with protection against some ADs.
Most studies have, however shown, that SLE, RA or APS manifest
themselves following infection. This contrasts with facilitation of
the autoimmune process by limited exposure to infectious agents.

Clearly, whatever is the reason of this marked discrepancy, there
is an increasing concern by epidemiology, so that we must admit
that genetics and environment are both involved. The major
challenge emerging is to develop a robust predictive model for
autoimmunity onset. New insights into the pathogenesis of ADs
may help identify the factors to be further analyzed. Recent
evidence has indicated that environmentally-induced changes
modify some forms of diseases. This novel and important process,
referred to as epigenetics is a steadily growing research area [45].
Repertoire analyses in family members of patients with ADs illus-
trate how inheritance and somatic processes interplay to produce
autoreactive Abs, and how relationships between environment
and genotype connect their association to phenotype and disease.
The association seems to be key in the geoepidemiology of ADs.

Finally, there are many people and hands that went into the prep-
aration of this special volume for the 7th Congress of Autoimmunity.
First, and especially, we wish to thank Kathy Wisdom and Nikki
Phipps at UC Davis. Second, we have great appreciation for our
production editors, Siobhan O'Brien and Logeshwari Mageshwaran.
Third, we should thank the staff at Kenes for their usual extraordinary

efforts at producing this meeting. Fourth, we thank Geneviéve Michel
for her assistance at the University of Brest and finally we thank Sara
Tessler and Zipi Ziskovich at Tel-Hashomer Hospital in Israel.
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