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 CURRENT
OPINION Editorial introductions

Current Opinion in Rheumatology was launched in 1989. It is one of a successful series of review journals whose
unique format is designed to provide a systematic and critical assessment of the literature as presented in the many
primary journals. The field of Rheumatology is divided into 15 sections that are reviewed once a year. Each section
is assigned a Section Editor, a leading authority in the area, who identifies the most important topics at that time.
Here we are pleased to introduce the Journal’s Section Editors for this issue.

SECTION EDITORS

Atul A. Deodhar

Atul A. Deodhar, MD, is Professor
of Medicine and Medical Director
of Rheumatology Clinics at the
Division of Arthritis & Rheumatic
Diseases in Oregon Health & Sci-
ence University, Portland, USA.
He is Board Certified in Internal
Medicine and Rheumatology; and
is a fellow of the American Col-
lege of Rheumatology and the American College
of Physicians.

Dr Deodhar is the immediate past-chair of SPAR-
TAN (Spondyloarthritis Research and Treatment
Network), an organization of North American Rheu-
matologists dedicated to education and research in
the field of axial spondyloarthritis. He also serves on
the American College of Rheumatology’s (ACR)
treatment guidelines sub-committee, and is the
Associate Editor of the Advanced Rheumatology
Course by Association of Health Professionals in
Rheumatology (ARHP). He has served the ACR in
various other capacities as a Vice Chair of the annual
meeting planning committee, member of the
peripheral MRI task force, Association of Rheuma-
tology Health Professionals (ARHP) nominating
committee and developer of the ARHP online
advanced rheumatology course. Dr. Deodhar serves
on the Rheumatology Board of the American Board
of Internal Medicine (ABIM)

Dr Deodhar is a reviewer for Arthritis & Rheuma-
tology, Annals of the Rheumatic Diseases, and Annals of
Internal Medicine, among several other journals. His
research interests are axial spondyloarthritis, and
psoriatic arthritis. He has authored several book
chapters and editorials as well as 3 books and over
150 peer-reviewed articles. Dr Deodhar has been a
Guest Editor for Best Practice and Research: Clinical
Rheumatology, and Current Opinion in Rheumatology.

He has been a principal or co-investigator in more
than 100 clinical trials, mostly focused on therapies
for ankylosing spondylitis, psoriatic arthritis, and
rheumatoid arthritis.

He completed his fellowship in rheumatology at
Oregon Health & Science University, USAM, and
before that, a research fellowship in rheumatology
at the Royal Cornwall Hospital, Truro, England. He
completed his residency in internal medicine and
geriatrics at the Royal Cornwall Hospital, Truro, as
well as in the Sassoon General Hospital and King
Edward Memorial Hospital, Pune, India. He received
his MBBS and MD degrees from the University of
Pune, India; and the MRCP from the Royal College
of Physicians, London, England.

Yehuda Shoenfeld

Professor Yehuda Shoenfeld is the
founder and head of the Zabludo-
wicz Center for Autoimmune Dis-
eases at the Sheba Medical Center,
which is affiliated to the Sackler
Faculty of Medicine at Tel-Aviv
University, Israel. Dr Shoenfeld is
the Incumbent of the Laura
Schwarz-Kipp Chair for Research
of Autoimmune Diseases at Tel-
Aviv University.

His clinical and scientific works focus on auto-
immune and rheumatic diseases, and he has pub-
lished more than 1987 papers in journals such as
New England Journal of Medicine, Nature, Lancet, Pro-
ceedings of the National Academy of Sciences of the
United States of America, Journal of Clinical Investiga-
tion, Journal of Immunology, Blood, FASEB, Journal of
Experimental Medicine, Circulation, Cancer, and
others. His articles have had over 65,000 citations.
He has written more than 350 chapters in books, and
has authored and edited 40 books, some of which
became cornerstones in science and clinical
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practice, such as The Mosaic of Autoimmunity, Infec-
tions and Autoimmunity, and the textbooks Autoanti-
bodies and Diagnostic criteria of autoimmune diseases,
all of which were published by Elsevier and sold by
the thousands.

He is on the editorial board of 43 journals in the
field of rheumatology and autoimmunity and is the
founder and editor of the Israel Medical Association
Journal, the representative journal of science and
medicine in the English language in Israel. Prof.
Shoenfeld is also the founder and Editor of Autoim-
munity Reviews (Elsevier) (Impact factor 8.906) and
Co-Editor of Journal of Autoimmunity (Impact factor
7.461). He has organized over 20 international con-
gresses on autoimmunity.

Prof. Shoenfeld received the EULAR prize in
2005, in Vienna, Austria: ‘‘The infectious etiology
of anti-phospholipid syndrome’’. In UC Davis, USA,
Dr Shoenfeld received the Nelson’s Prize for Human-
ity and Science for 2008. In 2009 he was honored as
Doctoris Honoris Causa, from Debrecen University,
Hungary. In addition, he was awarded the ACR
Master Award in 2013.

Prof. Shoenfeld has described two new syn-
dromes: the ASIA syndrome (Autoimmune Syn-
dromes Induced by Adjuvants) and the
Hyperferritinemic Syndrome. He was head of the
Department of Internal Medicine for 27 years, and
has educated a long list of students (>40) who
went on to become heads of departments
and institutes.
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the Director of the Osteoporosis
Center at the NYU Langone
Orthopedic Hospital, USA.
Dr Honig is a graduate of Kenyon
College and the University of
Tennessee College of Medicine,

USA. He completed his internship and residency
at St. Vincent’s Medical Center in New York City,
and his fellowship in rheumatology at the NYU
School of Medicine. He holds a Master’s degree in
Public Administration from the NYU Wagner
School of Public Administration.

Dr Honig’s area of interest is osteoporosis with
an emphasis on bone strength and fracture preven-
tion. His research activities currently center around
the use of imaging techniques to define fracture risk
and how they relate to bone microarchitecture and
bone strength. He has studied the relationship of
such changes in both systemic and local bone loss
syndromes. He works closely with orthopedic col-
leagues in the fracture service and has developed the
NYU Osteoporosis Model of Care Program, designed
to educate patients and physicians on the need to
aggressively manage patients with a recent osteopo-
rotic fracture in order to reduce the incidence of
subsequent fractures.
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 CURRENT
OPINION Advances in spondyloarthritis: glimpse in the future

Atul A. Deodhar

Research in the field of spondyloarthritis (SpA) races
along all fronts – from investigating the complex
role of gut microbiome in the pathogenesis, to new
modalities of imaging and finding novel therapies.
For a busy rheumatologist, it truly is difficult to stay
up-to-date, considering the breathtaking speed of
new discoveries in SpA. In this issue of the Current
Opinion in Rheumatology, the reader will get a good
glimpse of where we stand today, and where the
field of spondyloarthritis is headed.

In a provocatively titled essay ‘Fecal Transplants
in Spondyloarthritis and Uveitis: Ready for a Clini-
cal Trial?’ James Rosenbaum and colleagues discuss
the role of gut microbiome and its interaction with
human genome in the pathogenesis of SpA and
uveitis [1]. With burgeoning experimental evidence,
they argue that SpA is a microbiome-driven disease,
and discuss different treatment paradigms targeting
the intestinal microbiome in SpA patients. In a
somewhat related review article, Deodhar and
Danve discuss the scientific basis of ‘complementary
and alternative medicine’ (CAM) including micro-
biome alteration, in the treatment of axial SpA [2].
They point out that the principles of modern ‘main-
stream’ medicine are based on scientific discovery,
and the mainstream medicine does not differentiate
between ‘old and new,’ ‘herbal versus chemical,’ and
so forth. They argue that if the CAM had a solid
scientific footing, it would not be called ‘alterna-
tive,’ and would be accepted as ‘mainstream.’ They
present the available literature and the evidence
behind the commonly used complementary medi-
cal practices in SpA patients.

The HLA-B27 and ankylosing spondylitis associ-
ation was originally described in 1973, and since
then more than 100 genes that confer susceptibility
to ankylosing spondylitis have been described.
Wordsworth and colleagues discuss the role of genes
in the diagnosis of ankylosing spondylitis, as well as
determining the outcome of the disease and
response to treatment [3]. Their essay also reviews
the progress made over the past decade in under-
standing the genetic contribution to ankylosing
spondylitis and how that may be used to inform
the development of new treatments.

In this issue of the Current Opinion in Rheumatol-
ogy, we have included two timely articles on
new modalities of imaging in the diagnosis, and

assessment of progression of axial SpA (axSpA).
The first article by Weber and Kröber covers when
and how to use the MRI of the sacroiliac joints and
spine in patients with axSpA [4]. The poor agree-
ment between readers of sacroiliac joint X-rays has
led to MRI of the sacroiliac joints and spine emerg-
ing as a viable modality for diagnosis and for assess-
ing progression of axSpA. However, the low
specificity of the current definition of ‘positive
MRI’– which is predominantly based on bone mar-
row edema on the fluid-sensitive sequences – for the
diagnosis of axSpA is a concern. Weber and Kröber
discuss the progress done on improving the speci-
ficity by incorporating the structural changes seen
on the T1-weighted images in the decision-making
process. The second article on imaging by Ward and
Tan describes the use of low-dose computerized
tomography (CT) scans in the diagnosis and pro-
gression of axSpA [5]. Although CT has been known
to be a better modality than the MRI for assessing
bony changes in the sacroiliac joints, the radiation
dose has been the limiting factor in its routine use in
clinical practice. Low-dose CT may change this. CT
scan studies in axSpA have shown that the thoracic
spine is the most commonly involved part of the
axial skeleton with syndesmophytes, and that the
syndesmophytes have preferred locations around
the vertebral rim rather than being randomly dis-
tributed. Low-dose CT of the spine is more sensitive
than plain radiographs, and hence this modality is
likely to play very important role in future longitu-
dinal studies on novel agents investigating struc-
tural damage.

Lastly, in a special article, van Vollenhoven and
van de Sande compare and contrast the clinical
trials in the field of rheumatoid arthritis (RA) versus
SpA [6]. They discuss what lessons can be learned
from the RA clinical trials – which are probably a
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decade ahead of the SpA trials whenever one
considers the different trials designs used in these
two conditions.

We hope this issue of the Current Opinion on
‘Spondyloarthritis’ gives the readers a sneak peek in
this exciting field, and may encourage them to read
more.
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OPINION Fecal transplants in spondyloarthritis and uveitis:

ready for a clinical trial?

Rene Y. Choia, Mark Asquithb, and James T. Rosenbauma,b,c

Purpose of review
The intestinal microbiome is thought to play a role in the pathogenesis of inflammatory bowel disease
(IBD). There are many shared clinical manifestations between IBD and spondyloarthritis (SpA), of which the
most common are peripheral arthritis and uveitis. Clinical overlap along with similar genetics between
these diseases suggests a possible shared pathogenetic mechanism, which might center on the intestinal
microbiota. In this review, we discuss the available evidence that SpA is a microbiome-driven disease and
indicate how SpA-associated uveitis could be tied to gut dysbiosis. We conclude by discussing different
treatment paradigms targeting the intestinal microbiome for SpA.

Recent findings
Recent studies support the growing evidence of the intestinal microbiome as a crucial player in SpA
disease pathogenesis. There is emerging evidence that the gut microbiome may play a causative role in
uveitis.

Summary
The field is beginning to discover a new level of understanding how the intestinal microbiome is involved in
SpA. Treatment methods to alter intestinal microbiota to treat SpA-related diseases are still in its infancy.

Keywords
ankylosing spondylitis, HLA-B27, microbiome, spondyloarthritis, uveitis

INTRODUCTION

‘Yes Doc, I’m pretty sure I’m having another eye
flare,’ says Johnny who is a 26-year-old man with a
history of ankylosing spondylitis. He has been suf-
fering from associated lower back pain with stiff-
ness, pain in his hands and recurrent unilateral
acute anterior uveitis. His back and hand pain are
marginally controlled with a tumor necrosis factor-
alpha inhibitor. And he still gets at least two flares of
uveitis a year despite being on this treatment regi-
men. He knows what comes next, as hehas been
through this an exhausting number of times.
‘I know I have to start the steroid eye drops again,
but is there anything else that can be done? What
about this microbiome thing I read in the newspa-
per? Something about bacteria in my body being
able to control inflammation. Can this help?’

The spondyloarthropathies (SpAs) are a group of
immune-mediated inflammatory disorders charac-
terized by chronic inflammation of the joints, spine
and the eyes. The subsets include ankylosing spon-
dylitis (AS), reactive arthritis (ReA), psoriatic arthri-
tis (PsA) and juvenile spondyloarthritis (JSpA) [1,2].
Studies show compelling evidence that the

microbiome is important in animals that exhibit
clinical features resembling AS, with some experi-
ments revealing that altering the microbiome can
dampen the level of disease activity [3–7]. One
method of manipulating the microbiome is the
use of fecal transplants, which have been shown
to be effective in the treatment of Clostridium difficile
colitis [8]. This may be a potential therapeutic
modality for SpAs in the future. Uveitis is the most
common extra-articular manifestation of SpA [9].
Unlike the chronic back pain characteristic of AS,
the uveitis associated with AS generally has a dis-
crete onset and complete resolution. This facilitates
studying the cause of uveitis. In addition, the ability
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KEY POINTS

� Intestinal dysbiosis occurs in various subsets of SpA.

� SpA-related uveitis may be due to a gut microbiome
regulated increase in intestinal permeability.

� Therapeutic modalities targeting the intestinal
microbiome could be a future approach to
treating SpA.

Spondyloarthropathies
to grade the level of activity uveitis by literally
visualizing the extent of inflammation provides a
way to measure treatment response. This review
discusses the evidence for the microbiome’s involve-
ment in SpA as taken from clinical and animal
studies. We also speculate on how alteration of
the gut microbiota may be a promising form of
treatment for SpA.
THE MICROBIOME AS WE KNOW IT

The microbiome is a term used to describe the vast
community of microbes and their genetic elements
that inhabit our bodies. This community of micro-
organisms includes fungi, viruses and protozoans;
bacteria, however, are the most extensively investi-
gated community within this ecosystem and benefit
from (relatively) deeper functional characterization
[10]. These functions are diverse, but importantly
include many essential metabolic processes
involved in the development and maturation of
mucosal and systemic immunity [11]. Analysis of
the gut microbiome in healthy human populations
uncovered more than 1000 different bacterial spe-
cies [12], with the average healthy individual colo-
nized by some 100–200 of these taxa. Although
there are differences in the gut microbiomic profile
on the species level between individuals, there is a
general pattern shared at the phylum and genus
levels [13]. Species from the Bacteroidetes and Firmi-
cutes phyla comprise more than 90% of the bacteria
found in feces or mucosal biopsies from the human
gut [12,13]. Species from other bacterial phyla found
in the human gut include Verrucomicrobia, Actino-
bacteria, Fusobacteria and Proteobacteria. Recent
advancements in high-throughput next-generation
sequencing (NGS) technology have allowed the field
to better characterize the human gut microbiome.
One method in particular, 16S rRNA sequencing,
gives researchers the ability to identify bacteria
down to the genus or species level, and accurately
profiles microbial populations independently of
whether or not microbes present can be cultured.
 Copyright © 2018 Wolters Kluwer 
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SPONDYLOARTHRITIS, INFLAMMATORY
BOWEL DISEASE AND GUT
INFLAMMATION

The most convincing evidence that SpA is a micro-
biome-driven disease comes from animal studies,
which have been extensively reviewed before
[14,15]. Clinically, there is a significant amount of
overlap between inflammatory bowel disease (IBD)
and SpA to suggest a common pathogenetic mecha-
nism centered on gut inflammation. Microscopic gut
inflammatory lesions, similar to those found in
Crohn’s disease, occur in 60–70% of patients with
SpA [16]. Another study showed that within 5 years,
more than 6% of all SpA patients developed clinical
IBD [17]. Further studies revealed that remission of
joint inflammation was correlated with resolution of
gut inflammation, and chronic arthritis was associ-
ated with the persistence of inflammation of the
bowel [18,19]. One study showed that 60% of
patients with PsA had microscopic inflammation in
the absence of bowel symptoms [20]. Another study
reported that gut inflammation was detected in only
16% of PsA patients [21]. SpA patients with chronic
gut inflammation were found to have an increased
incidence of axial arthritis compared to those with
normal bowel histology [22,23]. It was found that
microscopic gut inflammation in SpA was indepen-
dently associated with young age, male sex and high
disease activity as measured by Bath Ankylosing
Spondylitis Disease Activity Index (BASDAI), as well
as restricted spinal mobility as measured by the
Bath Ankylosing Spondylitis Metrology Index
[23]. Increased fecal calprotectin level, another
marker of intestinal inflammation, is also observed
in the majority of AS patients [24]. Furthermore,
axial spondyloarthritis as determined by the Assess-
ment of Spondyloarthritis International Society
(ASAS) criteria is seen in 19–20% of patients with
IBD [25,26].

It has been largely accepted that IBD is a gut
microbiome-driven disease [27–30]. Genome-wide
association studies have determined that gene var-
iants associated with IBD are also associated with
AS, and a large number of them govern mucosal
immune defenses [31,32]. Variants of the transcrip-
tion factors EOMES, RUNX3 and TBX21 and cyto-
kine receptors IL-7R and IL-23R, all of which are
associated with AS, are involved in mucosal immu-
nity, for instance by playing essential roles in the
development of innate lymphoid cells [32]. The
interplay between genes and the gut microbiome
in the pathogenesis of SpA is further reviewed in
[14]. Collectively, these data suggest that gut
inflammation may be involved in the pathogenesis
and progression of SpA.
Health, Inc. All rights reserved.
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SPONDYLOARTHRITIS AND THE
MICROBIOME

There is ample evidence in the literature to suggest
that the gut microbiome is altered in SpA [33–40].
Studies predating NGS approaches found changes in
microbiota composition. One study performed
denaturing gradient gel electrophoresis to compare
the gut microbiome using fecal samples between AS
cases and age-matched controls [38]. The authors
found an increase in sulphate reducing Bacteroides in
AS patients. A more recent study utilized 16S rRNA
sequencing to determine that the microbial profile
from terminal ileal biopsies differed significantly
between patients with AS and healthy controls
[33]. AS patients had a higher population of five
microbial families: Bacteroidaceae, Lachnospiraceae,
Porphyromonadaceae, Rikenellaceae and Ruminococca-
ceae. There was a decrease in relative abundance of
bacteria from the Prevotellaceae and Veilonellaceae
families. Despite this loss of Veilonellaceae, however,
colonization by the Dialister genus, a member of this
family, is positively associated with AS disease activ-
ity. More recently, the species Ruminococcus gnavus
has also been reported to be over-represented in SpA
[41]. These species may therefore be implicated in
disease pathogenesis or at least serve as potential
novel biomarkers for disease. Changes in gut micro-
biota composition have also been reported in other
major SpA family members such as PsA, JSpA and
ReA [35,36,42]. Although loss of microbial diversity
is a hallmark of IBD, this global change to the
microbiota is less readily observed in SpA patients.
A more recent study showed that SpA patients had a
three-fold increased abundance of R. gnavus com-
pared to patients with rheumatoid arthritis and
healthy controls [41]. Its increased abundance has
been previously reported in patients with IBD [43].
Further analysis revealed that R. gnavus was most
abundant in the subgroup of SpA patients who had a
history of IBD [41]. In addition, another study sug-
gests an IgA coated invasive adherent Escherichia coli
in the gut may promote peripheral arthritis in
patients with Crohn’s disease [44]. The evidence
laid out above suggests that the gut microbiome
may be involved in the pathogenesis and progres-
sion of SpA.
GUT DYSBIOSIS A CAUSE FOR
SPONDYLOARTHRITIS?

We know that the gut microbiome is altered in SpA;
however, whether bowel dysbiosis is an epiphe-
nomenon of the disease or is an active driver still
remains to be answered. It is the classic chicken or
the egg question. To answer this question in
humans is a near impossible task, but SpA animal
 Copyright © 2018 Wolters Kluwe
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model studies are beginning to uncover findings
strongly suggesting that the microbiome is driving
SpA.

The transgenic HLA-B27/human-b-2 microglo-
bulin rat model on a Fischer (F344) background
develops an SpA-like inflammatory disease, charac-
terized by colitis, sacroiliitis, peripheral arthritis of
the hind limbs [3]. When these rats were raised in
germ-free conditions, they did not develop colitis or
peripheral arthritis [4]. Gut colonization with the
species Bacteroides vulgaris was able to induce colitis
in these rats [45]. Remarkably, Lactobacillus rham-
nosus GG was able to prevent recurrence of colitis
[5].

The HLA-B27/human-b-2 microglobulin trans-
genic rats on a Lewis background exhibit severe
arthritis, in the absence of colitis [46]. In this
model, the cecal microbial profile differs signifi-
cantly from that of wild-type controls. There is a
relative increase in Prevotella abundance and a
decrease in Rikenellaceae relative abundance. Inter-
estingly, the development of gut inflammation is
accompanied by increases in Prevotellaceae and
Rikenellaceae.

The IL-23R/Th17 signaling complex has been
strongly implicated in SpA [32,47–50]. In SpA, IL-23
is thought to be a crucial player in promoting IL-17
production in CD4þ T-helper cells. In fact, there is
evidencethat interactionbetweenthe intestinalmicro-
biome and host immune cells dictates the immune
response via this pathway. Segmented filamentous
bacteria (SFB) are a commensal bacterium that induces
IL-17 secretion in mice [51]. Introduction of SFB to the
gut of gnotobiotic K/BxN mice was sufficient to induce
a Th17-driven arthritic response [52]. Neutralization of
IL-17 prevented arthritis development in these mice
via its direct effect on B-cell regulation of the formation
of germinal centers. Furthermore, the F344HLA-B27/
human-b-2 microglobulin transgenic rat was shown to
have early expansion of intestinal Th17 cells compared
to wild-type controls [53

&&

].
The SKG mouse is a model that spontaneously

develops chronic autoimmune arthritis [6]. These
mice did not develop arthritis when raised in germ-
free conditions; however, when injected with cur-
dlan, a component of bacterial or fungal cell walls,
they developed a phenotype characteristic of SpA. It
was determined that this was an IL-23R/Th17-
driven process [54]. Raising these mice in germ-free
conditions decreased the level of arthritis and ilei-
tis. However, cohousing SKG mice with wild-type
mice was sufficient to ameliorate arthritis, but not
the ileitis.

Altogether, the studies discussed above highlight
that changes in the microbiome may be responsible
for the extraintestinal manifestations of SpA.
r Health, Inc. All rights reserved.
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UVEITIS IN SPONDYLOARTHRITIS A
MICROBIOME-DRIVEN DISEASE?
Uveitis, also known as intraocular inflammation, is
one of the main clinical findings associated with
SpA. The overwhelming majority of episodes of eye
inflammation are anterior, meaning that inflamma-
tion is noted in front of the lens. However, a few
cases of intermediate and posterior uveitis have
been reported in association with SpA [55–57]. Over
a period of 40 years, over 50% of patients with AS
will have experienced at least one episode of anterior
uveitis [58]. Although anterior uveitis may not be
the first clinical manifestation of SpA, it can serve
as a clue to underlying SpA disease. One study
looked at all patients presenting to an emergency
room with anterior uveitis and determined that
41.6% had undiagnosed SpA according to ASAS
criteria [59].

As discussed in the prior section, there is ample
evidence to suggest that the microbiome is involved
in disease pathogenesis of SpA-related arthritis;
however, the question remains as to whether it
has a strong presence in the development and pro-
gression of SpA-related uveitis. One study showed
that the gut microbiota of patients with ReA with
uveitis was enriched with Erwinia and Dialister spe-
cies [42]. Most support for a relationship between
uveitis and the microbiome comes from studies
performed in two mouse models of autoimmune
uveitis [60

&&

,61]. Using an inducible mouse model
of autoimmune uveitis, we have reported that
broad-spectrum oral antibiotics, but not intraperi-
toneal antibiotics, changed the gut microbiome and
decreased the level of uveitis [60

&&

]. Further analysis
revealed that the attenuated uveitic response corre-
lated with increased levels of regulatory T cells in
various lymphoid tissues and the eye. Using a
reporter mouse to specifically label colonic T cells,
an accumulation of intestinally derived T cells, was
also found in the eye of these animals further impli-
cating a key role for the gut in the pathogenesis of
uveitis.

The R161H mouse expresses a transgenic T-cell
receptor that recognizes the interphotoreceptor ret-
inoid binding protein and spontaneously develops
uveitis by 2 months of age [61]. These mice show a
significant increase in frequency of CD4þ T cells that
produce IL-17 when compared to wild-type mice.
When the R161H mouse is reared in a germ-free
environment or given chronic antibiotic treatment,
the degree of uveitis is attenuated [61]. Remarkably,
transferring R161H T cells cultured with protein
extracts from microbiota-rich intestinal contents
into naive wild-type mice is sufficient to induce
uveitis. The authors hypothesize that molecular
mimicry is the underlying mechanism in this
 Copyright © 2018 Wolters Kluwer 
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model, in which a gut bacterial antigen mimics an
ocular antigen resulting in an immune response.
This could be a potential mechanism in which
SpA-related uveitis occurs.

Although these mouse studies indicate that the
gut microbiome can contribute to uveitis, the het-
erogeneity of uveitis means that one cannot neces-
sarily extrapolate from mouse models of posterior
uveitis to the anterior uveitis characteristic of HLA
B27-related disease.

There is a robust relationship between human
leukocyte antigen (HLA) B27 and the susceptibility
to developing SpA [62–66]. Emerging evidence
shows that HLA-B27 may be involved in shaping
the microbiome [41,46]. Subsequently, one can
speculate that HLA-B27-induced dysbiosis may
drive SpA-related uveitis. But how does this occur?
Prior studies have shown that AS patients, their first-
degree relatives as well as rats that are HLA-B27
positive exhibit increased bowel permeability
[67

&

,68,69]. It is possible that a gut microbiome
profile specific to HLA-B27 positive SpA patients
causes a ‘leaky gut’, which gives bacterial products
access to the blood stream, ultimately depositing
into uveal tissue. One could imagine a bacterial
product eliciting a localized immune response in
the iris, thus leading to clinically apparent anterior
uveitis. If dysbiosis leads to arthritis and uveitis by
enhancing bowel permeability, restoring the integ-
rity of tight junctions in the bowel could treat or
prevent uveitis and arthritis without directly alter-
ing the microbial populations. The mechanism by
which sulfasalazine affects inflammation outside
the bowel could be partially explained by the action
of its salicylate moiety. The experimental drug,
mongersen, is another example of a medication that
acts to reduce bowel permeability [70]. Additional
mechanisms by which the gut microbiome could
influence the susceptibility to uveitis include the
induction of Th17 cells, a reduction in regulatory T
cells and the activation of lymphocytes in the
gut and their subsequent migration to the eye
[51,53

&&

,60
&&

,71–73].
THERAPEUTIC APPROACHES TARGETING
THE MICROBIOME

If the microbiome is involved in the pathogenesis
and disease progression of SpA, what treatment
approaches can we take to target the gut micro-
biome? Antibiotics have been known to change
the composition of the gut microbiome. There are
observations that joint disease in AS patients can be
ameliorated with sulfasalazine, which contains a
sulfa antibiotic [74–76]. Altering the intestinal
microbiota could be one of the mechanisms by
Health, Inc. All rights reserved.

Volume 30 � Number 4 � July 2018



Fecal transplants in spondyloarthritis and uveitis Choi et al.
which sulfasalazine achieves its benefit. A variety of
gram-negative dysenteries including Salmonella, Yer-
sinia, Shigella and Campylobacter are well-docu-
mented triggers of ReA, a disease that overlaps AS
clinically [77–79]. There are several reports suggest-
ing a connection between certain gram-negative
bacteria such as Klebsiella and various SpAs
[77,80,81]. Moxifloxacin, a fluoroquinolone antibi-
otic effective against gram-negative and gram-posi-
tive microbes, was found in one study to decrease
inflammatory markers and improve arthritic symp-
toms in AS patients [82].

Diet is also known to profoundly affect the gut
microbiome. One study found that HLA-B27 trans-
genic rats fed a prebiotic combination of inulin
and oligofructose had a less severe colitis and their
gut microbiomes were altered [83]. Another study
showed that consumption of apples high in poly-
phenols by HLA-B27 transgenic rats led to
decreased levels of colitis and inflammatory cyto-
kines [84]. Mice fed the herb Chrysanthemum indi-
cum show decreased levels of inflammatory
mediators in AS models [85]. It has also been dem-
onstrated that fiber-derived metabolites, short
chain fatty acids (SCFAs), can attenuate SpA-asso-
ciated bowel inflammation and uveitis in animal
models [86

&&

,87
&&

]. Unfortunately, the literature on
diet’s effect on disease activity in SpA patients
is scarce.

As covered earlier, certain intestinal bacteria
have been proposed to decrease the inflammatory
response in SpA animal models [5]. Probiotics and
fecal microbiota transplants (FMTs) may be options
to altering the microbiome to result in attenuated
disease activity. Probiotics could introduce a favor-
able bacterial population to the intestines. A pilot
study looked at the effect of probiotics containing
Lactobacillus acidophilus and Lactobacillus salivarus in
patients with active SpA [88]. There was marked
decrease in BASDAI scores in patients on these pro-
biotics. However, a randomized control study per-
formed a 12-week course of an oral probiotic in
active AS patients and found no benefit compared
to placebo [89]. FMT has been reported to be an
effective form of treatment for C. difficile-associated
pseudomembranous colitis and may be a potential
form of treatment for IBD [8,90–92]. Recent
studies went as far as to demonstrate how FMT
could be used to enhance anticancer therapies
[93

&&

–95
&&

]. There are no reported studies to date
investigating fecal transplants in SpA patients or
SpA-like animal models. There are a variety of unan-
swered questions relevant to FMT as a treatment
modality for AS, IBD or related inflammatory dis-
eases [96]. For example, are certain donors more
likely to provide benefit compared to others? What
 Copyright © 2018 Wolters Kluwe
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is the optimal route to deliver FMT, orally or
rectally? Can oral delivery be improved by a capsule
coating that facilitates their survival beyond the
stomach? How frequently does the transplant need
to be repeated and how durable is the response?
Indeed, beyond the approved use of FMT for recur-
rent C. difficile infection, there is a lack of consensus
as to the efficacy of FMT for other conditions,
including IBD.

In addition to these considerations, prevention
might be a preferable strategy to treatment. Cer-
tainly, genetic and family studies can help identify
patients who are at high risk to develop AS. Evidence
indicates that perinatal events such as breast feeding
and vaginal delivery have sustained effects on the
microbiome and the immune response [97]. If
indeed it is possible to identify one species or a small
number of bacterial species that cause spondyloar-
thritis or protect against spondyloarthritis, exposure
of high-risk individuals during infancy may be the
preferred approach. Alternatively, metabolic prod-
ucts rather than the bacteria themselves might suf-
fice as a treatment or prevention strategy. And any
approach carries the theoretical risk that a strategy
to prevent spondyloarthritis might lead to a predis-
position to an immune-mediated disease with a
different pathogenesis.
CONCLUSION

In summary, there is ample evidence in the litera-
ture that strongly implicates SpA to be a gut micro-
biome-driven disease. The field continuously
works to elucidate the exact mechanisms of how
the gut microbiome results in SpA. Recent studies
suggest that approaches to modulate the micro-
biome may be an effective way to treat SpA in the
future.
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 CURRENT
OPINION Complementary medicine for axial spondyloarthritis:

is there any scientific evidence?

Abhijeet Danvea and Atul A. Deodharb

Purpose of review
Majority of patients with axial spondyloarthritis (axSpA) report use of complementary and alternative
medicine (CAM) therapies before and even after the diagnosis, due to perceived efficacy and wide-spread
belief that these modalities lack side effects. In this review, we describe the available scientific evidence for
the CAM therapies in axSpA.

Recent findings
Clinical trials of the CAM therapies in axSpA are generally hampered by small sample size, short duration,
difficulties in blinding, lack of control groups and strong placebo effect. Nonetheless, exercise programs
like Pilates and mind–body techniques such as Tai Chi may have favorable effect on the disease activity
and function. Although not yet confirmed, the modulation of the microbiome with the help of probiotics or
fecal transplant has face validity given the evolving scientific rationale. Diet has only limited role in the
management of axSpA. Deep tissue massage, omega-3 fatty acids and Stanger bath were found to be
useful in small studies. CAM therapies are not always entirely well tolerated, particularly the manipulative
techniques like chiropractic and Tui-na in patients with advanced disease and osteoporosis. There are no
trials of yoga in axSpA despite the wider acceptance and use of yoga as an effective mind–body
technique.

Summary
Larger and better quality clinical trials of CAM therapies are needed to confirm their efficacy and safety in
the management of axSpA and to include them in the ‘mainstream’ medicine.

Keywords
alternative medicine, ankylosing spondylitis, axial spondyloarthritis, complementary and alternative medicine,
complementary medicine, integrative medicine

CASE

A 38-year-old man with axial spondyloarthritis
(axSpA) for 9 years presents to discuss management
options. Hewas takingNaproxen forhis inflammatory
back pain for several years but now has peptic ulcer
disease. His Bath Ankylosing Spondylitis Disease
Activity Index (BASDAI) is 6.2, has normal C-reactive
protein (CRP), bilateral grade 2 sacroiliitis on radio-
graph sacroiliac (SI) joints and no syndesmophytes on
spinal radiographs but mildly active sacroiliitison MRI
of SI joints. You offer him a trial of tumor necrosis
factor inhibitor therapy. He however is interested in
trying Tai Chi and Chinese herbs for his back pain.
What advice would you give to this patient?

INTRODUCTION

AxSpA is a chronic inflammatory condition mainly
affecting SI joints and the spine. Inflammatory back

pain is the most common symptom of axSpA. The
goals of treatment are to reduce symptoms, main-
tain flexibility and normal posture, reduce func-
tional limitations, maintain work ability and
decrease disease complications [1]. For axial disease,
there are limited pharmacologic options which
include NSAIDs, TNFa inhibitors and IL-17 inhib-
itors. Nonpharmacological treatment has relatively
important role in the management of axSpA.
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KEY POINTS

� Nonpharmacologic therapy has important role in the
management of axSpA.

� Modulation of the microbiome may provide an effective
therapeutic option in axSpA.

� Pilates and Tai Chi may be effective in improving the
disease activity and function in axSpA.

� CAM therapies are not always well tolerated and
patients should be cautioned about the ill effects of
manipulative techniques.

� We need better quality clinical trials of CAM therapies
in axSpA to confirm their role and to incorporate them
in mainstream medicine.

Complementary medicine for axial spondyloarthritis Danve and Deodhar
Patients with axSpA may resort to alternative modal-
ities of treatment than mainstream conventional
options before, and even after the diagnosis, for
several reasons. In this review, we describe the
scientific evidence and current opinion about the
‘nonmainstream’ treatment options for axSpA.
WHAT IS THE DIFFERENCE BETWEEN
COMPLEMENTARY MEDICINE,
ALTERNATIVE MEDICINE AND
INTEGRATIVE MEDICINE?

National Center of Complementary and Integrative
Health defines complementary medicine as non-
mainstream healthcare approaches which are
developed outside of mainstream Western or con-
ventional medicine, when used together with the
conventional medicine. It is called alternative med-
icine when this nonmainstream practice is used
in place of the conventional medicine. The term
‘Complementary and alternative medicine’ (CAM)
is commonly used to describe both approaches. The
‘Integrative medicine’ brings the conventional and
complementary approaches together in a coordi-
nated way [2

&

]. There are several different types of
complementary approaches such as natural prod-
ucts (supplements, herbs, probiotics); manipulative
practices (chiropractic therapy, massage, acupunc-
ture, Pilates, Alexander technique, Feldenkrais
method); mind–body interventions such as yoga,
Tai Chi, meditation, relaxation techniques and hyp-
notherapy; energy therapies like prayer, Reiki and
qigong; whole medical systems such as traditional
Chinese medicine, Ayurveda, homeopathy and
naturopathy [3]. In this review, we will use the term
‘complementary and alternative medicine’ or ‘CAM’
to discuss all these therapies.
 Copyright © 2018 Wolters Kluwe
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WHAT PROPORTION OF PATIENTS USE
COMPLEMENTARY AND ALTERNATIVE
MEDICINE THERAPIES?

According to a 2012 US National Health Interview
Survey, 33.2% of adults and 11.6% of children use
CAM, with the leading indication being chronic
pain [4]. Majority of patients with rheumatic disor-
ders report using concurrent or past CAM therapies
[5–7]. Patients report using CAM therapies for wide
variety of rheumatic diseases such as rheumatoid
arthritis, fibromyalgia, systemic lupus erythemato-
sus, gout, axSpA and others.

CAM therapies are extensively tried by patients
with axSpA. Typically, patients use these therapies
prior to the diagnosis, which in ankylosing spondy-
litis (AS) may take between 8 and 11 years [8]. A
survey of 276 AS patients in the United Kingdom
reported that 40% of patients used one or more of
osteopaths, chiropractors, masseurs or acupunctu-
rists prior to the diagnosis [9]. In a cross-sectional
study from Australia involving 75 AS patients, 71
patients (94.7%) reported previous or current use of
CAM therapies which included diet modification
(81.3%), behavioral changes (68%) and magnetic
or copper products (37.3%). About 82% patients
report current use of one or more of these therapies.
Fish oil was the most widely used dietary therapy
(26.7%). Consultation with CAM practitioner was
associated with better scores on Ankylosing Spon-
dylitis Quality of Life (ASQoL) scale. Dietary CAM
was perceived as of no or little benefit [10]. In a study
from Turkey involving 123 AS patients, 36%
patients reported current or previous use of CAM
therapies, 68% used plants and diet and 28% used
massage therapy [11].
WHAT ARE THE REASONS FOR PATIENTS
TO RESORT TO THESE OPTIONS?

There are several reasons for patients with axSpA to
resort to CAM therapies which include limited
access to biologic agents due to prohibitive costs
and regulations, concerns regarding the side effects
of the NSAIDs and biologics. Even with biologic use,
only certain percentage patients with axSpA achieve
partial remission [12] and this may lead to dissatis-
faction prompting the use of CAM. Patients with
axSpA may accept their daily back pain and may
perceive treatment with costly and potentially toxic
biologics as a too aggressive option.

CAM therapies are perceived to be ‘natural’, and
hence generally believed to be well tolerated, with
fewer side effects. Patients may resort to these ther-
apies even without any real knowledge about their
efficacy or safety. CAM users among AS patients are
more likely to be women, educated and with higher
r Health, Inc. All rights reserved.
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Spondyloarthropathies
BASDAI [10]. Patients using the alternative therapies
usually have more autonomy about the choice and
duration of the therapy as compared with conven-
tional therapies. Also, patients want to try every-
thing possible for their disease and may face pressure
from media, friends and families [13].

Almost half of CAM users do not report them to
their physicians [14]. Skepticism about the CAM
among the physicians and the fear of getting a
negative response from the physicians may be the
reasons for nondisclosure [15,16].
METHODS

Medline search was performed with search terms,
‘Axial spondyloarthritis’, ‘ankylosing spondylitis’,
‘complementaryalternativemedicine’and ‘integrative
medicine’. Further searches were carried out for
‘axial spondyloarthritis’ and ‘ankylosing spondylitis’
with diet, probiotic, vitamins, yoga, Tai Chi, Pilates,
mind–body medicine, hypnotherapy, hydrotherapy,
Chinese medicine, Ayurveda and homeopathy.
English-language articles containing clinical trials,
case–control studies and interventional studies were
included. All relevant articles were retrieved, and addi-
tional references quoted in these articles were checked.
EVIDENCE FOR THE USE OF
COMPLEMENTARY AND ALTERNATIVE
MEDICINE

The mainstream Western medicine is rooted in sci-
entific discovery and based on hypothesis genera-
tion, data acquisition by animal and human
experimentation including rigorous clinical trials,
critical analysis of the data and a formal peer-review
process. If a CAM therapy is tested by following all
these steps, and if it is found to be effective and well
tolerated, then it will be accepted as a ‘mainstream’
treatment option and then it cannot be called ‘com-
plementary’. Hence, if a certain therapy is currently
called ‘complementary’, it implies that we have little
scientific evidence backing it. Patients and CAM
therapists may argue that the absence of evidence
of efficacy or safety is not equal to the evidence of
absence [3], though for mainstream medicine,
absence of evidence of efficacy or safety is ground
for the therapy being rejected.
COMPLEMENTARY AND ALTERNATIVE
MEDICINE THERAPIES USED IN AXIAL
SPONDYLOARTHRITIS AND ANKYLOSING
SPONDYLITIS

Table 1 summarizes the available scientific evidence
about the CAM therapies in axSpA.
 Copyright © 2018 Wolters Kluwer 
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Natural products (supplements, herbs,
probiotics)
Tripterygium wilfordii

This traditional Chinese medication is commonly
used to treat AS in China in the usual dose of
1–1.5 mg/kg three times daily. Active ingredient
in this plant is tripterygium glycosides [17] which
is thought to have anti-inflammatory properties
mediated by its effect on the cellular and humoral
immunity [18]. Although several randomized con-
trolled trials (RCTs) suggested usefulness of this
medicine in the treatment of AS, a meta-analysis
of 11 RCTs containing 807 patients found that in
fact the control group medications were more effec-
tive than the active ingredient in nine outcome
measures [symptoms, morning stiffness, bath AS
patient global score, pain index, swelling index,
finger to floor distance (FFD), pillow wall distance,
erythrocyte sedimentation rate (ESR) and CRP].
Although Tripterygium wilfordii was better only in
one outcome measure (Schober test), the authors
concluded that the tripterygium glycosides is not an
effective treatment option for AS [19].
Alteration of microbiome and use of
probiotics

Microbial dysbiosis in the gut has been widely found
to be associated with several inflammatory diseases
including spondyloarthritides (SpA) [20]. Bacterial
flora in the intestines is implicated in the cause of
inflammatory bowel disease (IBD) [21]. Patients
with axSpA frequently have clinically asymptomatic
IBD [22]. In healthy humans, the gut microbiome
has 1150 species of bacteria, 50–75% are Firmicutes,
10–50% Bacteroides and 1–10% Actinobacteria [23].
Decreased numbers of Firmicutes have been found in
various inflammatory disorders including SpA and
IBD and could be an important link between SpA
and gut inflammation [24]. Gut Gram-positive bac-
teria like segmented filamentous bacteria may play
role in producing inflammatory cytokines (IL-1, 6,
23) in mucosa and also Th17 response in animal
models of spondyloarthritis. The ‘spillage’ of the
bacterial products, immune cells and inflammatory
cytokines beyond the gut may cause inflammation
at distant sites such as joints and the eye. Altered
sensitivity to IL-23 may predispose to AS [25]. One
of the many ways in which human leukocyte anti-
gen- B27 (HLA-B27) may predispose to AS is thought
to be by altering the gut microbiome [26]. Patients
with AS have a discrete microbial signature on
microbial profiles of terminal ileal biopsies as
compared with health controls [27]. Based on the
above evidence, the alteration of microbiome may
Health, Inc. All rights reserved.
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Spondyloarthropathies
represent a plausible strategy to treat spondyloar-
thritis. Regular use of antibiotics in adult life and
infancy may cause permanent consequences to
microbiome composition. There are no data (ND)
on the effectiveness of antibiotics on the disease
activity in axSpA or AS, although there may be
role of prolonged antibiotic therapy in chlamydia-
induced reactive arthritis to treat peripheral arthritis
[28].

Attempt to reshape the microbiome with the
help of fecal transplantation from healthy donors
has been effective in the treatment of Clostridium
difficile infection [29] and IBD [30]. Also, it has been
found to be promising in improving the insulin
resistance in patients with metabolic syndrome
[31,32]. Potential benefits of this treatment have
also been suggested in inflammatory arthritis
[33,34]; however, there are ND in humans as yet
of this therapy.

Probiotics are defined by the WHO as ‘Live
microorganisms, which when administered in ade-
quate amounts, confer a health benefit on the host’.
Probiotics are widely available over the counter and
are extensively used. Probiotics may stabilize the
microflora, inhibit the pathogenic microorganisms
and modulate both innate and adaptive immunity
[35]. Lactic acid bacteria and bifidobacteria are the
most common types of bacteria in probiotics, but
certain yeasts and bacilli are also used.

Jenks et al. performed a randomized double-
blind placebo-controlled study involving 63
patients with spondyloarthritis fulfilling European
Spondyloarthropathy Study Group criteria (81% AS,
17.5% undifferentiated SpA and 1.5% psoriatic
spondylitis) who had active disease as defined by
BASDAI at least 3, Bath Ankylosing Spondylitis
Functional Index (BASFI) at least 3, Maastricht
Ankylosing Spondylitis Enthesitis Score at least 2
or peripheral joint count at least 2. Thirty-two
patients were given probiotics for 12 weeks and 31
patients received placebo. Primary outcome was
10% improvement in BASFI. Secondary outcomes
included ASAS (Assessment of SpondyloArthritis
International Society) core domains, ASAS20 crite-
ria, ASQoL and Dudley Inflammatory Bowel Symp-
tom Questionnaire. There was no statistically
significant improvement in either primary or sec-
ondary outcome in the probiotic group. Probiotic
therapy did not improve disease activity, function or
quality of life in patients. Fecal calprotectin levels
were measured and they remain unchanged in both
the groups [36].

In another randomized double-blind placebo-
controlled study, Brophy et al. randomized 147
patients with axSpA (diagnosed confirmed by rheu-
matologist, baseline BASDAI>4) using the Internet-
 Copyright © 2018 Wolters Kluwer 
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based approach to either placebo or one probiotic
capsule daily for 3 months. They evaluated the effect
of probiotics on well being [visual analogue scale
(VAS)], bowel symptoms (diarrhea, abdominal pain,
blood in stools on a scale 0–10), disease activity
(composite score of pain, discomfort, morning stiff-
ness, fatigue and tenderness) and function (BASFI)
after 12 weeks of treatment. Of 147 patients, 96
completed the study (50 in placebo group and 46
in probiotic group). There was no significant differ-
ence between probiotic and placebo group in terms of
well being, bowel symptoms or disease severity [37].

Similar to other trials in axSpA, both the studies
showed strong placebo response in which both the
groups demonstrated improvement in majority of
measures over the period of trial.

Dietary modifications

Good response to NSAID is one of the characteristic
features of inflammatory back pain in axSpA.
NSAIDs act by blocking cyclooxygenase pathway
thereby inhibiting the metabolism of long-chain
polyunsaturated fatty acids (LC-PUFA) such as
arachidonic acid. This may suggest that there are
alterations in LC-PUFA metabolism in axSpA. A
cross-sectional study involving 66 AS patients was
performed to assess the correlation between compo-
sition of fatty acids (FAs), plasma phospholipids and
adipose tissue and clinical and lab measures of dis-
ease activity. A validated 84 question food frequency
questionnaire (FFQ) was used to assess dietary habits
[38]. Disease activity was measured using BASDAI,
BASFI, ESR, CRP and proinflammatory cytokines.
Dietary fat intake did not correlate with disease
activity, but there was negative correlation between
ESR and dietary intake of long-chain FAs. Arachi-
donic acid levels correlated significantly with BAS-
DAI [39]. Based on these findings, one may think
that axSpA patients should avoid dietary fats high in
arachidonic acid such as animal fat, but further
research is needed in this regard.

In another cross-sectional survey-based study of
165 AS patients, no significant correlation between
diet (assessed using FFQ) and disease activity (mea-
sured using BASDAI and BASFI) was found. Vegeta-
ble intake was associated with worse gastrointestinal
symptoms among AS patients [40].

Omega-3 fatty acids supplementation

High dietary consumption of omega-3 FAs may
have anti-inflammatory properties [41]. In a ran-
domized study involving 24 patients with active
AS (BASDAI>1), 12 each were randomized to
high-dose (4.55 g/day) and low-dose (1.95 g/day)
omega-3 FA supplements. Disease activity (BASDAI),
functional impairment (BASFI) and ESR were
Health, Inc. All rights reserved.
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assessed at weeks 7, 14 and 21. At 21 weeks, nine
each in the two groups completed the trial. Patients
in high-dose group had significant decrease in BAS-
DAI, but not in the functional capacity [42].

Low-starch diet

There are limited data to suggest that Klebsiella may
be involved in pathogenesis of axSpA by means of
molecular mimicry as Klebsiella possess antigens
that resemble HLA-B27. High-starch diet contrib-
utes to higher content of Klebsiella in large intestine.
In an open-labeled study of 36 AS patients, low-
starch diet was associated with reduction in ESR,
total IgA and requirement of anti-inflammatory
medicines over 9 months [43].

However, in another older study of ‘Klebsiella
exclusion diet’ for 5 months of a 10-month period,
no correlation was found between the fecal Klebsiella
and disease activity [44]. Overall, there is only
limited data about the efficacy of low starch diet
in axSpA.
Manipulative practices (chiropractic therapy,
massage, pilates)
Deep tissue massage and therapeutic
massage

Massage therapy is popular among patients with
chronic back pain. In a randomized single-blinded
study of 27 men with active AS (baseline
BASDAI>6), effectiveness of deep tissue massage
(DTM) versus therapeutic massage was evaluated.
Patients underwent a 30-min session of DTM or
therapeutic massage daily for 2 weeks (a total of
10 sessions). Primary outcome measures were BAS-
DAI and BASFI; secondary outcome measures were
modified Schober’s test, FFD, chest expansion and
visual analogue pain scale. DTM significantly
reduced BASDAI and pain levels as compared with
therapeutic massage group, but there was no differ-
ence in BASFI, FFD, modified Schober’s test and
chest expansion. There was no control arm in this
study [45]. There are case reports describing favor-
able effects of massage therapy in AS [46].

Pilates

Pilate method is a low-impact nonaerobic fitness
program that combines stretching and strengthen-
ing exercises. Pilates include about 500 different
exercises. A randomized prospective controlled
and single-blind trial was performed to assess effects
of Pilates on pain, functional status and QoL in AS
patients [47]. Primary outcome was BASFI. Second-
ary outcomes included BASDAI, Bath Ankylosing
Spondylitis Metrology Index (BASMI), ASQoL and
 Copyright © 2018 Wolters Kluwe
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chest expansion. Of total 55 patients, 30 were ran-
domized to Pilates exercise for 1 h, three times a
week for 12 weeks and 25 patients in the control
group continued standard treatment regimen. Mean
pretreatment BASDAI in this study was less than 4 in
both groups. At the week 12 and week 24 assess-
ments, patients in Pilate group had statistically sig-
nificant improvement in the BASFI as compared
with baseline, suggesting that the favorable effect
on function persisted even after completing the
trial. Of the secondary outcome measures, BASDAI,
BASMI and chest expansion improved at week 12,
but only improvement in the BASMI persisted at
week 24. As compared with the control group, BASFI
improved significantly at weeks 12 and 24; BASDAI
significantly improved at week 12 and BASMI, at
week 24. These results are promising, as it is well
known that nonpharmacologic management of
axSpA is very important to preserve the spinal
mobility. Pilate has also been shown to be effective
in management of chronic low back pain in two
RCTs [48,49].
Combination of Pilates and
McKenzie–Heckscher techniques

Mechanical diagnosis and therapy also called
McKenzie technique was developed by a physical
therapist Robin McKenzie from New Zealand. It
involves individualized treatment program of spe-
cific exercises at home to allow tissue healing. The
Heckscher technique is directed at the upper back
and arms and at correcting breathing difficulties. A
randomized controlled study was carried out in
Romania to assess the effect of multimodal exercise
program combining Pilates and McKenzie–
Heckscher techniques on pulmonary function in
patients with AS. Primary outcome was pulmonary
function as measured by vital capacity by spirometry
and chest expansion. Secondary outcomes included
BASDAI, BASFI, BASMI, FFD, mST and pain (VAS)
[50]. Of 96 patients, 48 were randomized to the
multimodal exercise program and 48 patients to
the classical kinetic program. The multimodal pro-
gram consisted of 50-min sessions performed three
times weekly for 48 weeks. Vital capacity improved
significantly in study group as compared with con-
trols, but there was no statistical significant
improvement in vital capacity at week 48 in both
the groups as compared with baseline. At week 48,
chest expansion and all the secondary measures
improved as compared with the control group
and also as compared with the baseline. The authors
advocated routine use of Pilates, McKenzie and
Heckscher exercises in the management of patients
with AS.
r Health, Inc. All rights reserved.
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Stanger bath

Stanger bath is a combination of electrotherapy and
hydrotherapy in which low-frequency electrical cur-
rent is passed through the bath water. It has been
found useful in treatment of osteoarthritis and other
musculoskeletal diseases [51]. In a RCT of Stanger
bath, 30 patients with AS were randomized to
Stanger bath (20 min daily for 15 sessions over
3 weeks) and exercise program and 20 patients to
exercise program only. Outcome measures included
BASFI, BASDAI, BASMI and ASQoL. All the para-
meters significantly improved in the study group
as compared with controls at week 3. Also, all the
parameters showed statistically significant improve-
ment in both groups as compared with baseline
measurements except for BASMI in the control
group [52] (also there is a report of the effectiveness
of hydrotherapy in patients with AS) [53].
Mind–body interventions such as yoga,
Tai Chi, meditation, relaxation techniques,
hypnotherapy
Tai Chi

Tai Chi was originally developed for self-defense,
but now it is widely used for various health con-
ditions and stress reduction. It is described as medi-
tation in motion and involves series of focused
gentle and controlled physical exercises and stretch-
ing combined with deep breathing [54]. Of the
different styles of Tai Chi, Yang technique is the
most popular. Lee et al. [55] investigated the effects
of Tai Chi on disease activity, flexibility and depres-
sion in patients with AS in a randomized single-
blind controlled study. They enrolled 40 patients
and randomized 20 each to Tai Chi and control
group. Primary outcome measure was BASDAI and
secondary outcome measures were FFD and depres-
sion. Tai Chi consisted of 60-min supervised sessions
twice a week for 8 weeks followed by home-based
sessions for next 8 weeks. As compared with the
control group, the BASDAI and FFD improved sig-
nificantly in the Tai Chi group. There was relatively
high dropout rate in Tai Chi (35%) group and con-
trols (15%) in this small study.
Yoga

Yoga is an ancient Indian mind–body technique
which involves physical postures, breathing techni-
ques and meditation. There are no trials assessing
effectiveness of yoga on the axSpA. Stretching exer-
cises of spine combined with breathing exercises are
integral part of yoga. Yoga exercises could be seen as
a type of physical therapy. It is likely to help the
 Copyright © 2018 Wolters Kluwer 
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symptoms of back pain and maintain spinal flexi-
bility in axSpA. With the wider use and acceptance
of different types of yoga, it would be interesting to
see the effect of yoga on the disease activity and
function if patients with axSpA.
Energy therapies like prayer, Reiki and
qigong

There is no literature regarding the use of prayer,
Reiki or qigong in treatment of axSpA.
Whole medical systems such as traditional
Chinese medicine, ayurveda, homeopathy
and naturopathy
Ayurveda

Ayurveda is an ancient Indian medical system,
developed more than 3000 years ago. Key concepts
of Ayurveda include interconnectedness (among
people, their health and the universe), the body’s
constitution (prakriti) and life forces (dosha). Imbal-
ance in various doshas results in the disease [2

&

].
There are few case reports describing the effec-

tiveness of Ayurvedic practices like Panchakarma
and Ayurvedic drugs in patients with AS; however,
there are no randomized trials using Ayurvedic med-
icines [56,57]. On the other hand, a cross-sectional
survey in Germany involving 141 patients with AS,
63 patients with nonspecific back pain and 55
healthy controls did not find association between
a certain dosha as described in Ayurveda and the
severity of AS or low back pain. Based on the results,
authors concluded that Ayurvedic treatments can-
not be recommended for AS [58].
Attitudes of complementary and
alternative medicine therapists toward
treatment of ankylosing spondylitis

There are limited data regarding CAM practitioners’
attitudes toward AS treatment. In a study to assess
the CAM practitioners’ views regarding manage-
ment of AS, the therapists reported lower confidence
in managing inflammatory back pain and described
little everyday experience of working with AS
patients. They also reported that most patients pre-
sented to them after the diagnosis were established
[59].
What is outlook of rheumatologists toward
the complementary and alternative
medicine therapies?

There are no studies evaluating the outlook of
rheumatologists toward CAM specifically in axSpA.
Health, Inc. All rights reserved.
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However, in a systematic review conducted to eval-
uate the attitudes of rheumatologists toward CAM
in general, authors concluded that the attitudes are
influenced by the rheumatologist’s familiarity with
the CAM therapy and the degree to which a therapy
has been assessed in a scientific manner [60]. It also
depends on the availability of these therapies, socio-
cultural differences in the practice of medicine and
belief systems. Ayurveda is perceived to be an effec-
tive treatment by Indian physicians [61]. German
physicians have high practice rates of homeopathy
and herbal medicine [62]. Overall, rheumatologists
have been found to show moderate acceptance
toward certain CAM therapies particularly mind–
body techniques [63–65].
Risks of complementary and alternative
medicine in axial spondyloarthritis

There have been reports of vertebral fractures after
manipulation techniques like Tui-na (Chinese
method) [66] and chiropractic manipulation in
AS patients [67]. Based on these, the ACR-SAA-
SPARTAN axSpA treatment guidelines recommend
against chiropractic spinal manipulation with
patients with active AS or stable AS with spinal
fusion and osteoporosis due to the risk of vertebral
fracture [1].
CONCLUSION

Our literature review suggests that certain CAM
therapies may have a potential role in the manage-
ment of axSpA. In particular, the alteration of micro-
biome, either by using various probiotics or by fecal
transplant, has face validity as it is based on evolving
scientific rationale. Since physical therapy is an
established treatment modality in AS, CAM exercise
techniques such as Pilates or Tai Chi may have some
role. These studies are limited by small sample size,
short duration, difficulties in blinding, lack of con-
trol groups and strong placebo effect. Better quality
studies to assess the effectiveness and safety of vari-
ous CAM therapies can lead to incorporating them
in the mainstream medicine. This is especially
important for disease like axSpA in which nonphar-
macological management has an important role
to play.
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 CURRENT
OPINION Quantifying the genetic risk for the development of

axial spondyloarthropathy: could this become a
diagnostic tool?

Bryan P. Wordsworth, Carla J. Cohen, and Matteo Vecellio

Purpose of review
To assess the utility of recent genetic findings in ankylosing spondylitis (AS) and axial spondyloarthropathy
(SpA) in relation to diagnostic testing, prognosis and responses to biologic treatment and the development
of new therapies.

Recent findings
AS and other forms of SpA are polygenic with more than 100 genes contributing to disease susceptibility.
The role of genes in determining the outcome of the disease and response to treatment is less clear. Here,
we review some of the progress that has been made over the past decade in understanding the genetic
contribution to these diseases and how this may be used to inform the development of new treatments. In
those with a high pretest probability of SpA human leukocyte antigen (HLA)-B27 testing can increase the
posttest predictive value to almost 100% in some cases. There are currently no reliable genetic predictors
of disease severity or response to treatment.

Summary
The utility of HLA-B27 as a diagnostic tool when coupled with careful clinical assessment is well established
but other genetic markers probably have relatively little to add. In contrast, novel drug targets are likely to
be identified from genetic association studies.

Keywords
ankylosing spondylitis, genetic markers, human leukocyte antigen, spondyloarthropathy

INTRODUCTION

As a 4th year medical student at London’s West-
minster Hospital in the early 1970s, one of us was
lucky enough learn about ankylosing spondylitis
(AS) from Derrick Brewerton, little realizing that it
would subsequently occupy much of his working
life. At that time, Brewerton et al. [1] were just about
to publish the iconic association between AS and the
human leukocyte antigen HLA-B27 (then known as
HL-Aw27) [2]. Arguments about the relative impor-
tance of nature and nurture in the aetiology of many
rheumatic diseases were already being rehearsed,
particularly in relation to rheumatoid arthritis [3],
but the tools for investigating the genetic compo-
nent of any disease (even monogenic disorders) were
then so limited that to call them rudimentary seems
generous. The key insight of Brewerton et al. Frank
Dudley Hart was that the relatively high frequency
of familial recurrence of AS (sibling recurrence risk
about 7%) indicated a strong genetic predisposi-
tionto the disease. Crucially, their research was

facilitated by the increasing range of transplantation
antigens for use as genetic markers. Collaboration
with David James, a transplant immunologist at the
Anthony Nolan Centre just around the corner from
The Westminster, underpinned much of this HLA-
B27 work and the rest, as they say, is history. The
HLA-B27 association with AS (relative risk �120) is
still one of the strongest genetics risks for a poly-
genic disorder and actually prompted many to
believe that AS was monogenic. Subsequently, we
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KEY POINTS

� AS is a polygenic disease with contributions from more
than 100 genes.

� HLA-B27 testing is diagnostically very valuable in cases
with a high pretest probability.

� Other genetic markers currently add little to HLA-B27
testing.

� AS susceptibility markers do not usefully predict severity
of AS or response to treatment.

� The genetics of AS/SpA can help to identify potential
drug targets for treatment.

Spondyloarthropathies
have demonstrated by twin studies that most of the
population variance for AS can be explained by
genes but that only about one-third of this can be
accounted for by HLA-B27 [4]. Genetic factors also
make a contribution to the severity of the disease [5].
Many of the questions from that era about the
genetic contribution to AS are as relevant today as
they were then. What is the mechanism behind the
HLA-B27 association? Are other genes involved? If
so, how many? How useful is this genetic knowledge
for determining the diagnosis or prognosis of AS,
and can we use this knowledge to develop new
therapies? Well – we still do not know the mecha-
nism of the HLA-B27 association after 45 years;
there are probably well over 100 genetic influences
involved, some of which have given us useful
insights into potential therapies, and the role of
these genes in facilitating diagnosis and/or progno-
sis is somewhat controversial.
SPONDYLOARTHROPATHIES AND
ANKYLOSING SPONDYLITIS

For the purposes of this article, I use the term
spondyloarthropathy (SpA) to refer to those arthrop-
athies with a variable predilection for the spine and
sacroiliac joints, and axial SpA (axSpA) to embrace a
range of disorders that includes AS, psoriatic arthri-
tis, reactive arthritis and some of the arthropathies
associated with inflammatory bowel disease. For
practical purposes, I do not believe that semantic
arguments relating to the nosology of these condi-
tions materially affect my conclusions about the
utility of our increasing genetic knowledge about
these conditions. According to the Assessment of
Spondyloarthritis international Society, (ASAS) indi-
viduals may be classified as having nonradiographic
axSpA (nr-axSpA) according to criteria that either
include magnetic resonance imaging (imaging
 Copyright © 2018 Wolters Kluwer 
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criteria) or not (clinical criteria); HLA-B27 testing
is an absolutely crucial component of the latter [6].
To what extent those with nr-axSpA represent a
form of early AS is a moot point, but not all cases
of nr-axSpA ultimately appear to develop AS over
time [7]. Further, there are reservations about the
robustness of the ‘clinical’ (nonimaging) criteria for
the diagnosis of nr-axSpA. In this regard, it is inter-
esting that there are differences in the genetic
makeup of two distinct but related cohorts with
SpA – one fulfilling the ASAS imaging criteria for
axSpA and the other the modified New York radio-
graphic criteria for AS [8

&

].
HLA-B27 AND ANKYLOSING
SPONDYLITIS/AXIAL
SPONDYLOARTHROPATHY

Broadly speaking, the HLA-B27 association with SpA
is maintained across different ethnic groups, and the
prevalence of the disease generally reflects the fre-
quency of HLA-B27 in different populations. For
example, its prevalence is particularly high in cir-
cumpolar regions where the general population
prevalence of HLA-B27 may be in excess of 25%
in some ethnic groups; in contrast, the disease is
uncommon in sub-Saharan Africa where the preva-
lence of HLA-B27 is typically less than 0.5%. There
are more than 100 distinct allelic variants of HLA-
B27 at the DNA level, many of which have only been
described in AS cases. However, many of these alleles
are so rare that formal population studies to estab-
lish causality are impossible. Nevertheless, popula-
tion studies demonstrate pretty convincingly that
most of the more common variants (B�2705, B�2702,
B�2704, B�2707, B�2708) are associated with AS and
that the strength of this association appears to be
quite similar (if not identical). In contrast, the asso-
ciations with HLA-B�2703 (in West Africa), B�2706
(in Asia) and B�2709 (in Sardinia) do appear to be
weaker or even absent. The HLA-B27 association
may also be weaker in southern than northern
Europe. For example, a recent study from Turkey
[9

&

] indicates that the frequency of HLA-B27 among
AS cases is only 70% compared with 85% in our UK
sample of 8500 cases. This study confirmed earlier
reports of a somewhat weaker association with AS in
Turkey where there is also a lower HLA-B27 fre-
quency (2.6%) in the general population [10]. There
also seems to be a broader range of HLA-B27 sub-
types in the Turkish AS patients than in more north-
erly European populations (including HLA-B�2702,
�2705, �2707, �2711, �2713, �2715 and �2723); none
of the Turkish AS cases had HLA-B�2701 or �2708
despite the presence of these alleles in the general
population at frequencies of 4 and 2.7%,
Health, Inc. All rights reserved.
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respectively [10]. The explanation(s) for the HLA-
B27 association with AS remain(s) as elusive as ever.
Possible mechanisms include the arthritogenic pep-
tide hypothesis, inflammatory stress responses in
the endoplasmic reticulum due to accumulation
of abnormally folded HLA-B27 and/or unusual activ-
ity of the immune system due to interactions
between HLA-B27 homodimers and killer immuno-
globulin-like receptors on some CD4-positive T
cells. These have been extensively reviewed else-
where [11

&

,12
&

]. The role of HLA class 1 molecules
like HLA-B27 in the pathogenesis of AS has been
further emphasized in recent years by the associa-
tion of other components of the antigen processing
and presentation pathway with AS. In particular, the
endoplasmic reticulum associated amino peptidases
ERAP1, ERAP2 and leucyl/cystinyl aminopeptidase
show strong associations with AS, and there is a high
degree of synergistic interaction with HLA-B27 in
the case of ERAP1 [13–15]. Further, within the major
histocompatibility complex, there are several addi-
tional AS associations (much weaker than with HLA-
B27), including with other HLA-B genes, the HLA-A,
HLA-DR and HLA-DP loci [15]. Disease associated
variants of ERAP1 can alter the repertoire of peptides
available for binding to and presentation by
HLA-B27, which in turn could have a significant
influence on any of the pathogenic mechanisms
proposed above [16]. One interesting proposal sug-
gested that the ERAP1 association could be attrib-
uted unusual rare ERAP1 alleles and haplotype
combinations restricted largely to AS cases; this
was hypothesised to have a major potential effect
on the HLA class 1 peptide repertoire [17]. However,
this has now been disproved and the ERAP1 is
actually restricted to the different functional effects
of a few relatively common variants on HLA class 1
peptide antigen trimming [18

&

].
OTHER GENES IN ANKYLOSING
SPONDYLITIS

More than 100 genetic associations have now been
proposed in AS [19

&&

] but only a few of these result in
amino acid substitutions that affect function, such
as the coding change in the IL-23 receptor cyto-
plasmic tail that affects signalling and the ERAP1
variants that affect peptide trimming in the endo-
plasmic reticulum [13–16,20]. The vast majority of
associated single nucleotide polymorphisms (SNPs)
are in noncoding regions of the genome in which it
seems likely that that many have regulatory func-
tions, although these remain to be precisely defined
[21,22

&

]. At least some of these appear to cluster in
related functional groups such as the IL23-related
pathways [14]. The observation that loss of function
 Copyright © 2018 Wolters Kluwe
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variants of ERAP1 are protective against AS raises the
possibility that small molecule inhibitors of these
endopeptidases could be developed as drugs for AS
and related disorders [12

&

,13].
UTILITY OF GENETIC MARKERS IN
DIAGNOSIS

Extrapolation from the results of AS recurrence in
twins suggests that well over 90% of the population
variance (broadly speaking what determines
whether you or I will develop AS) is genetically
determined [4]. This does not exclude an extrinsic
trigger but suggests that any such factor is likely to
be so common that most of us will encounter it at
some time in our lives (twin studies may underesti-
mate the importance of such shared environmental
factors). Given our greatly increased knowledge of
the genetic component of AS over the past decade, it
is therefore easy to suppose that we should therefore
be in a much stronger position to use this knowledge
for diagnostic and prognostic purposes. However,
the reality is rather different. The strength of the
association between AS and HLA-B27 is remarkable,
but it still contributes only about one-third of the
genetic component of the disease. The remaining
polygenic contribution therefore accounts for the
majority of the population variance for AS.
Although the precise genes responsible for most of
the SNP associations with AS are still unresolved,
one can still use these markers to define an individ-
ual’s overall susceptibility. Theoretically, high-
throughput genotyping platforms could allow us
to type all the known AS associated SNPs quickly
and, these days, relatively cheaply to give a more
accurate assessment of risk in a given individual.
Although this is true it fails to take account of a
fundamental statistical rule that when applying a
test of this sort its value is determined by the pretest
probability of obtaining a positive result. This is well
exemplified by the example of HLA-B27 testing
alone in the diagnosis of AS/axSpA. Assuming a
prevalence of axSpA of about 5% in those with
chronic back pain [23,24] estimated that in the
absence of any other features suggestive of SpA
the pretest probability of SpA was 14%, but if
HLA-B27 was present the posttest probability of
axSpA increased to 59%. If one or two other SpA
features were present the pretest probability of
axSpA was 35–70%, increasing to 80–90% if HLA-
B27 was positive. The presence of three or more
additional features had a pretest probability of more
than 90%, which increased to nearly 100% in the
presence of HLA-B27. So, although it may be true
that a battery of genetic tests may give better sensi-
tivity for diagnosing AS/axSpA than HLA-B27 alone
r Health, Inc. All rights reserved.
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this is highly unlikely to supplant the judicious
application of some very simple questions in the
clinical setting.

Although there is good evidence that the sever-
ity of AS is at least in part heritable the contribution
of individual genes towards this has been relatively
little explored to date. HLA-B27 positivity is associ-
ated with earlier age of onset and strongly with
uveitis, of course [25]. Radiographic severity
(assessed by the modified Stoke AS spine score in
1537 cases) has been tentatively associated with the
candidate genes RANK-receptor activator of nuclear
factor kappa B and cyclooxygenase-1 but such stud-
ies will require replication [26]. Of interest, no asso-
ciation was observed between radiographic severity
and HLA-B27 in this study.
GENETIC MARKERS FOR PREDICTING
SEVERITY AND RESPONSES TO
TREATMENT

The value of individual genetic markers or combi-
nations of markers for predicting response to treat-
ment is often proposed as a means of delivering
‘personalised medicine’ to individual patients
[27

&

]. Certainly genetic analysis offers a realistic
way of achieving this in oncology where the nature
of the mutations in the tumour can guide the most
appropriate form of therapy and help to change
therapies in the event of tumour relapse. However,
in the case of a systemic disease like AS this seems
unlikely to me. No two patients with AS are likely to
have exactly the same set of genetic predispositions
to the disease, but this does not help to predict
response to therapy. For example, the identification
of an AS protective effect from the IL23R rs11209026
polymorphism in the cytoplasmic tail of the inter-
leukin-23 receptor, which disrupts its signalling,
served to highlight the importance of IL23 driven
pathways in the pathogenesis of AS [13–15,20]. This
led to the targeting of IL-17 by therapeutic mAbs as a
highly successful therapeutic strategy for AS [28,29].
However, the successful targeting of IL-17 in this
way is not restricted to cases with the normally
functioning, proinflammatory, AS-risk IL23R geno-
type. One of the reasons for this lies in the fact that
there are several other disease-associated polymor-
phisms lying within the IL23 pathway of T-cell
development, including IL6, IL12, IL12B, TYK2,
STAT3, IL27, IL1R1, IL1R2 and RUNX3 [12

&

,14].
Of interest, although the AS association with
rs11209026 is robust in white populations, it is
monomorphic in Chinese with the consequence
that there is, of course, no corresponding disease
association in this population. Yet, as far as we can
tell, secukinumab is effective in Chinese patients,
 Copyright © 2018 Wolters Kluwer 
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certainly when used for the treatment of psoriasis
[30].
PREDICTING THE OUTCOME OF
TREATMENT

Attempts to use genetic markers of susceptibility to a
disease like AS to predict response to treatment have
been limited to date and potentially would require
large cohorts to distinguish subtle differences. On
the contrary this is made even more difficult by the
fact that many of the descriptors of disease activity
and severity are fairly blunt instruments (the high
degree of correlation between the Bath AS func-
tional and disease activity indices bear testimony
to the difficulty of distinguishing current disease
activity from chronic disease damage). Further,
the use of radiographic criteria of disease severity
is plagued by the slow rate of radiographic progres-
sion (as judged by new syndesmophyte growth.
There are occasional exceptions, such as the
reported value of the ERAP1 rs30187 SNP in predict-
ing AS responses to secukinumab in a small study
[28], but these demand replication and validation in
large data sets. We have recently been interested in
the possibility that the rs1800693 SNP in TNFRSF1A
(encoding a truncated soluble form of the tumour
necrosis factor receptor), because it could have anti-
inflammatory properties and is associated with pro-
tection against AS (but susceptibility to multiple
sclerosis). As such it seemed a good candidate for
influencing the severity of AS. However, we were
unable to demonstrate any influence on age of
onset, disease severity scores, intention to treat with
biologics or the efficacy of biologics in a sample of
nearly 3000 cases [31

&

].
CONCLUSION

The utility of HLA-B27 in the diagnosis of AS/SpA is
undeniable, but the utility of additional genetic
markers in making the diagnosis or predicting out-
come is unclear. In current clinical practice, the
application of careful clinical questioning, coupled
with HLA-B27 testing and MRI of the sacroiliac
joints when appropriate, provides a diagnostic sen-
sitivity of approaching 100% [6,23,24,32]. Genetic
association studies are likely to continue to contrib-
ute significantly to the identification of new drug
targets in AS/SpA.
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 CURRENT
OPINION MRI in spondyloarthritis: when and how?

Georg Kröbera and Ulrich Webera,b

Purpose of review
To summarize recent advances and challenges of using MRI toward early recognition of axial
spondyloarthritis (SpA).

Recent findings
Low-grade bone marrow edema (BME) on sacroiliac joint (SIJ) MRI is nonspecific and may be misleading
in recognition of axial SpA. Structural features on SIJ MRI along with BME may not only facilitate
recognition of early disease, but also enhance specificity. Structural lesions on MRI and low-dose computed
tomography are highly concordant, adding to criterion validity of SIJ MRI. There is accumulating evidence
that SIJ MRI due to superior reliability of structural lesions may supplant the traditional imaging approach
by pelvic radiographs in healthcare settings in which MRI is readily available. Pilot initiatives exploring the
bone remodeling cascade in SIJs showed early reparative response upon biological treatment.
Methodological challenges regarding evaluation and data processing of imaging examinations need to be
addressed to enhance reproducibility and specificity of imaging in SpA.

Summary
Evaluation of SIJ MRI is contextual incorporating structural lesions and BME. MRI is but one element in
pattern recognition toward diagnosis. An unmet need is dissemination of advances in imaging in SpA to
the broad community of rheumatologists and radiologists.

Keywords
ankylosing spondylitis, classification, diagnosis, MRI, spondyloarthritis, structural lesions

INTRODUCTION

Imaging is traditionally key to enhance recognition
of axial spondyloarthritis (SpA), as clinical and lab-
oratory examination have limited utility in this
condition characterized by sacroiliitis and spondy-
litis. Inflammatory back pain shares many features
with more common mechanical back pain, and
access to sacroiliac joints (SIJs) by clinical examina-
tion is limited. Radiography as traditional imaging
modality in axial SpA is increasingly challenged by
the advantages of MRI. Pelvic radiography has lim-
ited inter-reader reliability [1,2] and can capture but
postinflammatory structural lesions of the axial
skeleton, which usually appear only 5–10 years after
symptom onset. By contrast, MRI has not only the
potential to visualize acute inflammation at symp-
tom onset, but is able to detect inflammation-
related structural lesions already within the first
2 years of disease in most patients (Fig. 1a or b).

Several issues remain controversial about how
best to apply advanced imaging for classification
and diagnosis of early axial SpA. This article reviews
recent contributions to recognition of disease with
a focus on limitations and challenges to using

imaging in early SpA, such as limited specificity of
bone marrow edema (BME), the pivotal role of
structural lesions seen on MRI, data-driven defini-
tions about what constitutes a positive SIJ MRI, the
use of MRI in daily routine and emerging initiatives
aiming at disseminating advances in the field.

SACROILIITIS DEFINED BY BONE
MARROW EDEMA ALONE HAS LIMITED
SPECIFICITY

An updated consensual proposal by experts in the
field confirmed BME alone being key to classify
sacroiliitis [3]. This amendment to the Assessment
in SpondyloArthritis international Society (ASAS)
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KEY POINTS

� Low-grade BME on SIJ MRI is nonspecific and may
contribute to overcalling a diagnosis of axial SpA.

� Structural lesions are essential features to evaluate SIJ
MRI due to superior specificity, erosion being the
cardinal lesion.

� A data-driven combination of BME and/or structural
lesions provides the optimal balance between sensitivity
and specificity to define a positive SIJ MRI in SpA.
Contextual interpretation of the entire SIJ lesion
signature viewed simultaneously on fluid-sensitive and
fat-sensitive MRI sequences enhances confidence in
recognition of early disease.

� Diagnosis of SpA remains a process of pattern
recognition by integrative evaluation of clinical,
laboratory and imaging information, but cannot be
based on MRI findings alone which may entail
inappropriate diagnosis and treatment.

� A major unmet need is dissemination of recent
advances in imaging in SpA to the broad community of
rheumatologists and radiologists.
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definition recommended to evaluate structural
damage on T1-weighted sequences of SIJ MRI simul-
taneously with fluid-sensitive sequences demon-
strating inflammation, taking into account the
contextual information derived from both sequen-
ces. However, the designation of BME as being
‘highly suggestive of SpA’ remains controversial,
as well as the operational definition which requires
the presence of at least two BME lesions on a single
SIJ slice or one BME lesion observed on at least two
consecutive slices. Which additional features such
as location, extent, demarcation or intensity of BME
or contextual presence of specific structural lesions
such as erosion would meet this requirement to be
highly suggestive of SpA? Size of BME alone is not a
relevant criterion, as a tiny rim of BME around an
unequivocal SIJ erosion is pathognomonic for active
erosive sacroiliitis. The suggested threshold of two
BME lesions is another matter of debate. A data-
driven proposal to classify sacroiliitis in nonradio-
graphic axial SpA patients showed an increase in
specificity from 0.76 to 0.92 by raising the bar from
two to four SIJ quadrants with BME [4].

A major concern regarding the ASAS approach is
limited specificity of SIJ BME as the only MRI feature
to discriminate SpA from non-SpA back pain
patients. A growing number of controlled studies
consistently reported SIJ BME in 20–30% of adult
and juvenile mechanical back pain patients and
healthy controls [4,5–10,11

&

] (Fig. 2).
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Three recent reports highlighted the BME-based
ASAS definition of sacroiliitis as common back-
ground noise finding in healthy young subjects
with axial strain. A Belgian study in 22 military
recruits assessed SIJ MRI by a validated scoring
module before and 6 weeks after intense physical
training [12

&

]. A positive MRI meeting the ASAS
definition was present in 22.7% of recruits at base-
line, which increased to 36.4% at follow-up. A
Dutch report using the same SIJ scoring module
recorded positivity for the ASAS proposal in
23.4% of healthy volunteers and in 12.5% of fre-
quent runners [13

&

]. Good discrimination between
SpA patients and controls was achieved only by
adopting a threshold of at least five SIJ quadrants
with BME, which was met by 87.2% of axial SpA
patients, as opposed to 8.5% of healthy subjects,
none of the runners and 2.1% among mechanical
back pain patients. A study from Denmark explored
the background noise of SIJ MRI lesions in 20
healthy recreational runners before and after run-
ning and in 22 elite ice-hockey players [14

&

]. The
proportions in runners and ice-hockey players
fulfilling the ASAS definition for sacroiliitis as
recorded concordantly by at least two of three read-
ers were 30–35% and 41%, respectively. Among
eight anatomical SIJ regions, the posterior lower
ilium was the single most affected region by BME
in athletes, followed by the anterior upper sacrum.
Erosion was virtually absent, confirming earlier
reports of erosion conveying specificity to discrim-
inate axial SpA from healthy subjects and the dif-
ferential diagnostic condition of mechanical back
pain. These findings are consistent with a retrospec-
tive analysis of 53 patients with diffuse idiopathic
skeletal hyperostosis, which reported sacroiliitis
according to the ASAS definition in 15.6% of
patients, but confirmed superior specificity of ero-
sion being present with more than two lesions in
only 3.3% [15

&

].
Potential reasons for the common presence

of SIJ BME in healthy controls and mechanical
back pain patients remain speculative, ranging
from mechanical or degenerative axial stress injury
to anatomical SIJ variants, partial volume averag-
ing from vascular signals or postpartum SIJ
changes. The findings in athletes and military
recruits alongside with earlier data from healthy
subjects and patients with mechanical back
pain will assist to refine data-driven thresholds
for defining sacroiliitis indicative of early SpA.
The lack of specificity particularly of low-grade
SIJ BME has catalyzed a cascade of research initia-
tives exploring structural SIJ lesions to determine
the intersection between normal variation and
disease.
r Health, Inc. All rights reserved.
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FIGURE 1. (a) Alternating buttock pain visualized by MRI. A 32-year-old HLA-B27-positive man referred for right-sided
inflammatory buttock pain. The MRI (panel a1, STIR sequence) showed extended bone marrow edema (white arrows) in the
right sacroiliac joint without involvement of the left side. Prompt pain relief was achieved with ibuprofen treatment. During a
flare 6 months later (panel a2, STIR sequence), bone marrow edema (white arrows) was visible in the left sacroiliac joint with
almost complete resolution of the previous inflammation in the right sacroiliac joint. (b) Erosion in areas of previous
inflammation. Same patient as in (a) after 2 years of conventional treatment with ibuprofen and sports therapy. A follow-up
MRI was ordered because of new-onset thoracic back pain, which prompted consideration of biological treatment. The
sacroiliac joint MRI showed resolution of the right-sided bone marrow edema (STIR sequence), but new-onset bilateral erosion
(black arrows) in the distal ilium (T1SE sequence), accompanied by bone marrow edema (white arrow) in the left sacroiliac
joint. Perifocal fat metaplasia is present in the distal ilium on both sides and in the right sacrum (black arrowhead). STIR, short-
tau inversion recovery; T1SE, T1 spin echo.

Spondyloarthropathies
STRUCTURAL SACROILIAC JOINT LESIONS
MIRROR INFLAMMATION-MEDIATED BONE
REMODELING
Evaluation of SIJ MRI is contextual: the significance
of subtle changes on one sequence may be modified
by the presence or absence of other lesion types on
a complementary sequence. MRI is unique among
musculoskeletal imaging modalities to display
concomitant active and structural lesions on
complementary T1 spin echo (T1SE) and short-tau
inversion recovery (STIR) sequences, and their
anatomical distribution within the SIJ by the
tomographic technique. Structural SIJ changes
encompass a diverse lesion spectrum reflecting
complex bone remodeling upon initial subchondral
inflammation. Fat metaplasia is potentially
 Copyright © 2018 Wolters Kluwer 
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reversible, whereas other structural lesions may
show a gradual transition from focal to extended
bone remodeling toward the final stage of ankylosis.
As an MRI represents but a snapshot in time, inter-
mediary lesions along the transition pathway can be
challenging to distinguish.

Recent data even suggest that structural lesions
seen on SIJ MRI may replace the traditional struc-
tural damage assessment by pelvic radiographs in
healthcare systems, providing low threshold access
to MRI examination. Inter-reader reliability and
sensitivity for structural SIJ changes was consis-
tently superior on SIJ MRI versus pelvic radiography
[16

&&

]. When radiographic sacroiliitis was replaced
by positivity for structural lesions on SIJ MRI defined
by a minimal score of five erosions and/or fat
Health, Inc. All rights reserved.
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FIGURE 2. Pitfall low-grade nonspecific bone marrow edema signal. A 25-year-old HLA-B27-negative woman, who presented
after intense physical strain with low back pain, which resolved spontaneously after a few weeks. The STIR sequence (panel b)
showed a localized increased signal (white broken arrows) in the right ilium on three consecutive slices, which was initially
interpreted as bone marrow edema potentially related to axial spondyloarthritis. At a clinical follow-up 4 years later, the
subject remained free of back pain without medical treatment. The MRI change was reconsidered as nonspecific signal,
possibly of vascular origin, together with a physiological structural sacroiliac joint variant (black broken arrows on T1SE
sequence, panel a). STIR, short-tau inversion recovery; T1SE, T1 spin echo.
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lesions, only minor reassignments in classification
according to the ASAS criteria were observed (1.7–
2.1% of 582 patients clinically suspected to have
early axial SpA) [17].
EROSION: SPECIFIC AND RELIABLY
DETECTED KEY STRUCTURAL LESION IN
EARLY AXIAL SPONDYLOARTHRITIS

Cortical erosion reflects incipient bone remodeling.
Extended erosion is a multifocal confluent erosive
 Copyright © 2018 Wolters Kluwe
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process usually along the iliac bone (Fig. 3), which
translates into pseudowidening of the joint space on
radiography. Erosion appears early in disease being
recorded in 60–90% of patients with axial SpA after
a mean symptom duration of 2.5 years [6,18]. In an
interventional study in 185 patients with nonradio-
graphic axial SpA of 2.5 years duration, 45.3 and
10.9% showed erosion with and without concomi-
tant BME, respectively [19].

Earlier reports showed good reliability to detect
SIJ erosion in patients with ankylosing spondylitis
r Health, Inc. All rights reserved.
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FIGURE 3. Extended erosion. A 49-year-old man referred to rheumatologic assessment for remitting inflammatory low back
and neck pain over 5 years. HLA-B27 was positive. Upon limited response to several NSAIDs, MRI was ordered toward evaluation
of biological treatment. The MRI showed confluent extended erosion in both iliac bones (black arrows, panel a), alongside with
bilateral bone marrow edema in the sacrum (white arrows, panel b). STIR, short-tau inversion recovery; T1SE, T1 spin echo.

Spondyloarthropathies
[kappa and intraclass correlation coefficient (ICC)
values 0.72 and 0.79 for four trained readers] [20].
Criterion validity of erosion as detected by SIJ MRI
was corroborated by comparison with the reference
standard of low-dose computed tomography (CT)
[16

&&

]. In 110 patients with chronic low back
pain, 58 subjects were finally diagnosed as having
axial SpA by expert rheumatologist opinion. Sensi-
tivity and specificity of positivity for erosion on
subject level for SIJ MRI versus CT were 0.79 and
0.93, respectively. Kappa agreement for erosion
between the two imaging modalities was 0.74, pro-
viding support that MRI is a robust imaging modal-
ity to detect erosion, without associated radiation
exposure.
DATA-DRIVEN PROPOSALS OF
MRI-DEFINED SACROILIITIS

Candidate lesion-based criteria combining BME
and/or erosion to define a positive SIJ MRI in SpA
were developed in two independent back pain
cohorts recruited by different strategies [4]. Global
assessment of the entire lesion spectrum across the
cartilaginous compartment was compared with
lesion-based evaluation and the ASAS definition
based on BME alone. Rheumatologist expert opin-
ion served as gold standard, a design which allowed
to compare and combine all possible lesion types on
SIJ MRI. Global assessment, which served as refer-
ence standard to test various lesion combinations,
showed high specificity of 0.95/0.83 in the two
cohorts versus the ASAS definition (specificity
0.76/0.74). Combinations of at least two erosions
and/or at least three or four BME lesions resulted in
comparably high sensitivity to global assessment
 Copyright © 2018 Wolters Kluwer 

328 www.co-rheumatology.com
without affecting specificity. The superior perfor-
mance of combined criteria based on erosion and/
or BME reflects the contextual information provided
by complementary T1SE and STIR sequences.

An alternative definition based on structural SIJ
lesions only, derived from a cohort of recent-onset
chronic back pain patients, proposed at least three
erosions or fat lesions, or a combined cutoff of at
least five erosions and/or fat lesions as candidate
criteria [21]. However, this candidate criteria-set was
derived upon enrollment of patients according to
the ASAS definition of a positive SIJ MRI based on
BME alone. This study design based on subjects
having SIJ BME highly suggestive of sacroiliitis raises
concerns regarding circularity to identify optimal
lesion definitions for classification. It limits the
evaluation of candidate definitions incorporating
structural lesions at various thresholds or of com-
bined definitions containing both structural and/or
active changes.
BACKFILL: THE MISSING LINK OF
SACROILIAC JOINT BONE REMODELING

Backfill characterized by a unique appearance on
MRI (Fig. 4) likely reflects repair tissue refilling
excavated bone upon extended erosion [20,22,23].
The evolution of erosion to ankylosis via the repair
tissue backfill was originally based on anecdotal
evidence by serial MRI examinations. Histology
from areas of MRI-defined backfill is not available.
However, interventional studies provide evidence
for transition from repair of erosion toward ankylo-
sis via backfill as key intermediary in this pathway. A
randomized controlled trial with adalimumab in 52
patients with axial SpA, defined by the ESSG criteria
Health, Inc. All rights reserved.
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FIGURE 4. Backfill, an intermediary lesion of bone remodeling in the sacroiliac joint. A 48-year-old HLA-B27-positive man
referred for remitting inflammatory back pain for 8 years. The T1SE sequence (panel a) showed structural changes with
bilateral backfill (black asterisks) and extended sacral fat metaplasia (black arrowheads). The STIR sequence (panel b) did not
show bone marrow edema, but low signal intensity in corresponding areas of fat metaplasia on T1SE. Backfill is defined as
high signal intensity changes on T1SE sequences in areas of previous confluent erosion, demarcated from adjacent normal
bone marrow by an irregular dark signal, reflecting sclerosis at the border of the eroded bone. STIR, short-tau inversion
recovery; T1SE, T1 spin echo.
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or sacroiliitis on imaging, showed resolution of
erosion and transition to backfill over 12 weeks of
treatment [24]. A controlled trial in 185 patients
with nonradiographic axial SpA demonstrated, that
treatment with etanercept resulted in significantly
greater reduction in erosion and increase in backfill
at 12 weeks compared with placebo, indicating an
early reparative response to antitumor necrosis fac-
tor therapy [25

&

].
CAN RESEARCH IMAGING DEFINITIONS
FOR SACROILIITIS BE APPLIED IN DAILY
ROUTINE?

The above research definitions to classify sacroiliitis
were derived in tertiary care centers for patients with
chronic back pain aged 18–50 years. Precondition
was a clinical suspicion of axial SpA by rheumatol-
ogists. In view of the limited utility of clinical
examination to recognize sacroiliitis, advanced
imaging raised expectations to enhance diagnostic
confidence in clinically suspected early SpA in rou-
tine care. However, transferring classification defi-
nitions developed in tertiary care into primary or
secondary care settings likely results in overcalling a
diagnosis of SpA due to discrepant pretest probabili-
ties. Two studies illustrate the preponderance of
nonspecific SIJ BME when using MRI as primary
investigation and only subsequent rheumatologic
assessment in back pain patients recruited from
primary care. A report on 1020 consecutive patients
with back pain ages 18–40 years recorded BME
meeting the ASAS definition of sacroiliitis in 21%
 Copyright © 2018 Wolters Kluwe
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[11
&

]. However, nearly half of these individuals had
but small BME lesions of questionable clinical rele-
vance as they showed no association with clinical
SpA features. Another study in 364 patients with
chronic back pain recruited from primary care
reported a proportion of 24% who fulfilled the ASAS
classification criteria for axial SpA [26]. The ASAS
definition of sacroiliitis was met by 65% of these
subjects, but only 20% were positive for human
leukocyte antigen-B27 (HLA-B27). Likewise, a large
cohort study in patients with suspected early axial
SpA concluded at 2-year follow-up, that none of
three widely used classification criteria sets for
axial SpA was reliable versus rheumatologist diag-
nosis, not even in the group with MRI-defined sac-
roiliitis [27].

A review article on the use of SIJ MRI in the
evaluation of suspected axial SpA in daily routine
stated, that advanced imaging is but one element in
a complex deductive diagnostic process, which takes
into account clinical features as well as laboratory
and imaging biomarkers [28]. A careful differential
diagnosis on clinical grounds is as relevant as a MRI
lesion signature.
WHEN TO ORDER MRI IN THE
MANAGEMENT OF PATIENTS WITH AXIAL
SPONDYLOARTHRITIS?

In rheumatology practice, SIJ MRI is recommended
when axial SpA is suspected on clinical grounds,
but pelvic radiographs show normal or equivocal
findings [29,30]. The setting of clinically suspected
r Health, Inc. All rights reserved.
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early SpA, but normal SIJ MRI is also common.
Sensitivity of SIJ MRI to identify patients with
recently onset axial SpA ranged from 38% by
using SIJ histology as reference [31] to 51% versus
rheumatologist opinion as gold standard [6]. Even
in patients with established radiographic SpA
recruited by high disease activity to trials with
biological agents, active inflammation on baseline
MRI was absent in 15–20% of subjects [28]. Normal
or inconclusive findings on SIJ MRI cannot rule out
clinically suspected axial SpA, but advocate clinical
follow-up.

Whether and when to repeat an MRI in case of
inconclusive findings at baseline is an area for which
there is even less scientific evidence. A 2-year follow-
up study with annual SIJ MRI in 68 patients sus-
pected to have axial SpA demonstrated fluctuation
in SIJ BME. New-onset BME was detected in 15% of
subjects with negative baseline MRI, whereas reso-
lution of initial BME was observed in 30% [32]. New-
onset sacroiliitis over 12 weeks was recorded in 9.3%
of patients with nonradiographic axial SpA in the
placebo arm of a clinical trial [33]. A report with four
serial scans over 12 weeks in 29 patients with sus-
pected early axial SpA showed transition from ASAS
SIJ MRI negative to positive in 5.3% [34]. These
reports share various limitations such as small sam-
ple size, short observation period, post-hoc analysis
or lack of controls. In data-deficient settings of
either negative SIJ MRI but clinically suspected axial
SpA or of low grade or atypical SIJ BME in a clinical
context rather indicative of mechanical back pain,
we perform repeat SIJ scans in our clinic either upon
a subsequent flare of back pain or after an interval of
6–12 months.

Follow-up MRI scans in patients having a diag-
nosis of axial SpA can help in re-evaluation of back
pain refractory to biological treatment. Treatment
failure associated with atypical BME lesions
unchanged on serial MRIs should prompt reconsid-
eration of a diagnosis of mechanical back pain
rather than to switch to another biological. On
the other hand, discrepancy between persisting back
pain but remission of previous axial inflammation
may reflect a deconditioning syndrome upon
previous longstanding inflammation, which can
be addressed by rehabilitation training.

An emerging role of MRI is assessing the risk of
structural progression in SpA. In a prospective study
over 5 years in a cohort of recent-onset axial SpA
patients, baseline SIJ BME according to the ASAS
definition was predictive of structural radiographic
progression both in HLA-B27-positive [odds ratio
(OR) 5.39] and negative (OR 2.16) patients [35].
These results are consistent with earlier data by
Bennett et al. [36].
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HOW TO USE SPINAL MRI IN
ASSESSMENT OF SPONDYLOARTHRITIS?

A report from an inception cohort of back pain
patients clinically suspected to have axial SpA but
showing negative or inconclusive SIJ MRI demon-
strated, that combined spine and SIJ MRI conferred
little incremental value over SIJ MRI alone for diag-
nosing patients with early axial SpA [37]. Enhance-
ment in sensitivity was offset by a loss in specificity
of similar magnitude around 20%. Vertebral corner
lesions on spine MRI were the main drivers toward
misclassification of controls. In two cohorts of
patients with chronic back pain of less than 3 years
duration, spinal inflammation in the absence of
sacroiliitis was observed in only 1–2% of patients,
resulting in marginal impact on classification
according to the ASAS criteria [38].

Caution is warranted if a suspicion of SpA is
based on spinal MRI alone, which is often the only
examination when imaging for back pain is ordered
in daily routine. In this setting, an additional evalu-
ation by SIJ MRI is advisable due to superior speci-
ficity of lesion signature in the SIJ. Spinal MRI is
valuable for differential diagnostic assessment of
degenerative spine disease or anatomical variants.
Whole body MRI software allows to obtain MRI of
the upper and lower spine and SIJ in a single exami-
nation of less than 30 min, saving resources instead
of three scans at separate points in time.
EMERGING INITIATIVES TO DISSEMINATE
ADVANCES IN IMAGING IN
SPONDYLOARTHRITIS

Management of SpA is critically dependent on insti-
tutionalized collaboration between rheumatologists
and radiologists. Rheumatologists of the British
Society for Spondyloarthritis conducted an online
survey among consultant radiologists countrywide
with a response rate of 38% [39

&&

]. Among respond-
ents, only 31 and 25% of radiologists were aware of
the ASAS definitions of a positive SIJ and spine MRI
in SpA, respectively. Ninety-six percent of radiolog-
ists used a combination of structural and acute
lesions to support a diagnosis of axial SpA, which
highlights the relevance of structural lesions on SIJ
MRI in daily practice of radiologists. Most MRI pro-
tocols in the United Kingdom were not consistent
with the European Society of Skeletal Radiology
consensus statement. These data underpin the need
for joint rheumatology and radiology initiatives to
standardize technical protocols and image assess-
ment, as most rheumatologists still rely on the
reports by radiologists who may be more familiar
with imaging features of degenerative than inflam-
matory back pain.
Health, Inc. All rights reserved.
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Another challenge barely addressed is a wide-
spread lack of imaging modules in rheumatology
training. A step toward closing this gap is a novel
online training module for scoring SIJ MRI [40].
Real-time feedback is facilitating stepwise progress
in calibration among readers naı̈ve to the field to
achieve predefined performance targets. Among
a mixed group of readers ranging from medical
students and junior trainees in rheumatology to
consultants with experience in imaging in SpA,
the required level of proficiency was attained by
all participants for BME, and by 10/11 readers for
structural lesions. Experiential online learning
modules with real-time feedback may represent a
valuable adjunct to standard rheumatology training
programs.
UNRESOLVED CHALLENGES TO ENHANCE
UTILITY OF IMAGING IN AXIAL
SPONDYLOARTHRITIS

Standardization of technical MRI protocols is an
unmet requirement. The Aarhus module to assess
SIJ MRI introduced semiaxial slices complementary
to traditional tilted semicoronal planes running
parallel to the long axis of the SIJ [41]. A pilot study
focusing on discriminative validity compared semi-
axial versus semicoronal scoring modules to assess
SIJ inflammation in 51 patients with axial SpA par-
ticipating in an interventional trial [42]. The semi-
axial approach showed comparable reliability for
inter-reader status scores (ICCs 0.83–0.88 versus
0.90–0.92), but inferiority for change scores
(0.33–0.78 versus 0.77–0.89) compared with estab-
lished semicoronal scoring modules. Additional
axial slices may help recognize partial volume effects
of vascular signals mimicking low-grade BME or
physiological joint space irregularities simulating
erosion.

An unresolved issue in imaging studies in SpA is
the selection of the gold standard with which to
compare MRI evaluation. The traditional reference
standard used in SpA is rheumatologist expert opin-
ion, which is regarded as the most appropriate
approach to integrate the results of various exami-
nation modalities in a multifaceted disorder. Pro-
spective verification of clinical assignments is
limited by substantial attrition rates, particularly
in slowly evolving conditions such as SpA. A pro-
spective analysis of the ASAS classification cohort
had an attrition of 42.2% after a mean follow-up of
4.4 years [43].

Single reader evaluation of axial MRI carries risk
of bias due to considerable reader variation also
among trained observers. Two trained readers
assessed structural lesions on 664 SIJ MR scans of
 Copyright © 2018 Wolters Kluwe
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an SpA inception cohort [44]. The two readers scored
erosion in 12.3% and three times more frequently in
38.6% of patients, indicating discrepant reader con-
ceptions regarding erosion phenotype despite cali-
bration. Concordance among the two readers was
recorded in only 9.3% of patients. Evaluation of
axial MRI by two or more readers should be standard
together with data analysis based on lesions concor-
dantly reported by the majority of readers to par-
tially adjust for inherent reader variation.
CONCLUSION

Advanced imaging has become essential for early
recognition of clinically suspected SpA. BME alone,
particularly if subtle in appearance, lacks specificity
and may overcall SpA. The incorporation of struc-
tural lesions into a definition of a positive SIJ MRI
may facilitate the notoriously challenging interpre-
tation of subtle BME. Erosion is the most reliable and
specific candidate to represent structural changes in
a comprehensive lesion-based definition, which
integrates contextual information by simultaneous
assessment of concomitant structural and active
lesions. Candidate definitions of a positive SIJ MRI
in SpA should be data-driven without applying over-
head classification criteria containing MRI features
to avoid circularity issues. The increasing use of MRI
in SpA revealed several limitations to be considered
both for research and in daily routine. Diagnosis of
SpA remains a process of pattern recognition by
integrative evaluation of clinical, laboratory and
imaging information.
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 CURRENT
OPINION Computed tomography in axial spondyloarthritis

Sovira Tan and Michael M. Ward

Purpose of review
Computed tomography (CT) is increasingly being used in ankylosing spondylitis (AS) for imaging the spine
and sacroiliac joint (SIJ). We review new insights to diagnosis and evaluation revealed by the use of CT.

Recent findings
Studies using low-dose CT in AS to detect syndesmophytes can image the entire spine, but semiquantitative
scoring of the scans by human readers decreases the reliability and validity of this method. The thoracic
spine is the segment most involved with syndesmophytes. Syndesmophytes are not randomly distributed
around the vertebral rim but have preferred locations, which vary with the vertebral level and may be
related to biomechanics. Examination of SIJ on abdominal CT scans has found structural changes of
sacroiliitis in up to 35% of patients with inflammatory bowel disease. The significance of monosodium urate
crystal deposition in the pelvis of axial spondyloarthritis patients without coexisting gout is uncertain.

Summary
Low-dose CT is a promising tool in AS. Studies of biomarkers or medications and their relations with
syndesmophyte progression should take the thoracic spine into account. Abdominal CT scans are useful for
detecting changes related to sacroiliitis.

Keywords
ankylosing spondylitis, computed tomography, sacroiliac joint, syndesmophytes

INTRODUCTION

Imaging plays a central role in the clinical manage-
ment of ankylosing spondylitis (AS). Ascertaining
sacroiliitis visually is essential to the diagnosis of AS
[1]. Monitoring structural damage in the spine is
also possible only through imaging techniques. Tra-
ditionally, these tasks have been performed using
plain radiography because of its relatively low radi-
ation exposure, low cost and wide availability.
Investigators have increasingly become more con-
cerned with the limitations of radiography. These
limitations mainly stem from using a two-dimen-
sional technique to visualize complex three-dimen-
sional structures, with the resulting problems of loss
of three-dimensional information and superimposi-
tion of extraneous anatomical objects on the same
two-dimensional image. Although MRI incurs no
radiation exposure and is now recommended for
early examination of inflammatory changes in the
sacroiliac joint (SIJ), the absence of signal from
cortical bone has limited its use for the visualization
of structural damage, particularly for syndesmo-
phytes in the spine. To overcome these limitations,
investigators have in recent years increasingly taken
advantage of the three-dimensional imaging capa-
bilities of computed tomography (CT). We review
the most recent developments in the growing role of

CT in AS. We first highlight the use of low-dose CT as
an alternative to conventional CT, and then review
the latest findings made possible by the use of CT in
the imaging of the spine and the SIJ.

LOW-DOSE COMPUTED TOMOGRAPHY

Although concerns about radiation exposure have
traditionally limited the use of CT in AS, low-dose
CT, which has benefitted from substantial advances
in scanner technology such as iterative reconstruc-
tion, has recently emerged as a promising alterna-
tive. De Bruin et al. [2

&

] used low-dose CT to scan the
entire spine from C2 to S1, providing 23 interverte-
bral disk spaces (IDSs) for analysis, for an effective
dose of only about 4 mSv [3

&&

]. In comparison, Tan
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KEY POINTS

� Low-dose CT is a promising tool for the study of AS.

� More existing and more growing syndesmophytes have
been observed in the thoracic than the cervical or
lumbar spine.

� Syndesmophytes do not arise at random locations
around the vertebral rim but have preferred locations.

� Existing abdominal CT scans should be used to
diagnose sacroiliitis in patients at risk.

� CT is the modality of choice for visualizing the finer
bone structure of the SIJ.

Computed tomography in axial spondyloarthritis Tan and Ward
et al. [4
&

], using conventional CT, scanned from T5
to L4 (11 IDSs), incurring an effective dose of about 8
mSv. Using low-dose CT, de Bruin et al. more than
doubled the scanning range while halving the radi-
ation dose. However, they also noted that the radia-
tion exposure was still one order of magnitude
higher than with radiography, when adding doses
from cervical, lumbar and pelvic radiographs.

Diekhoff et al. [5] also used low-dose CT to scan
the SIJ in a study where it was used as the gold
standard for sacroiliitis, and against which MRI
and radiography were compared. Remarkably, in
this study, the mean radiation exposure for low-dose
CT was similar to the mean radiation exposure for
radiography (0.51 mSv compared to 0.52 mSv),
whereas radiography was found to vastly underesti-
mate the number of structural SIJ lesions. Further
reduction of radiation dose can be obtained by
scanning the SIJ obliquely with the gantry suitably
tilted [6]. Li et al. reported that oblique scanning of
SIJ could be made to avoid the ovaries, and that
fewer slices were needed to cover the whole SIJ
compared to the usual axial scanning. However,
gantry tilt is a feature that may not be available
on some recent bulkier dual energy CT scanners.

It should be noted that neither de Bruin et al. nor
Diekhoff et al. validated low-dose CT against con-
ventional CT. Traditionally, the trade-off for lower
radiation dose has been higher noise, but recent
technical improvements such as iterative recon-
struction seem to have greatly improved noise
reduction. However, without proper experiments,
it is unknown if full-dose conventional CT would
have higher sensitivity and specificity for lesion
detection compared to the current implementation
of low-dose CT. Using conventional CT, Tan et al.
[7,8] fully quantified syndesmophytes in terms of
volume, height and location. In de Bruin et al.’s
study, syndesmophytes were assessed by human
 Copyright © 2018 Wolters Kluwe
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readers using a semiquantitative scoring system
similar to the modified Stoke AS Spinal Score
(mSASSS) [2

&

]. This approach discards the direct data
provided by the CT, and introduces a source of error
by using human readers. It is not known if low-dose
CT would be as accurate as conventional CT for full
quantification of syndesmophytes.

Monitoring of structural damage in AS can best
be investigated in the spine through the growth of
syndesmophytes. Because of the low sensitivity to
change of radiography and mSASSS, at least 2 years
are required to detect reliable progression. It has
been hoped that CT could help reduce this time
interval. De Koning et al. [3

&&

] reported the detection
of considerably more new and growing syndesmo-
phytes over a 2-year period using low-dose CT com-
pared to radiographs. Unfortunately, data for a 1-
year period were not available. Eighty-four percent-
age of the 37 patients studied exhibited increases in
their CT scores over a period of 2 years, compared to
46% who had an increase in mSASSS. However, the
proportion of patients with changes beyond the
smallest detectable change was similar by low-dose
CT semiquantitative score and mSASSS (32 versus
27%, respectively). On the less exacting measure of
any syndesmophyte growth, 90–96% of patients
had progression by low-dose CT, compared to 56–
66% of patients by mSASSS based on two readers.
Consensus between the readers was poor, with only
50% agreement on which vertebral levels showed
syndesmophyteprogressiononthe low-doseCTscans.
Six percentage of patients were excluded from analysis
because of poor quality of the low-dose CT scans. In
comparison, using conventional CT and fully quanti-
tative measurement, 79% of patients had a syndesmo-
phyte volume increase over 2 years (70% beyond
measurement error), and 73% of patients had a syn-
desmophyte volume increase over 1 year (55%beyond
measurement error), and no patient needed to be
excluded for technical reasons [7].
COMPUTED TOMOGRAPHY IMAGING OF
THE SPINE

Syndesmophytes in the thoracic spine

The thoracic spine is particularly difficult to visualize
using plain radiography. Overlying ribs and lungs
and smaller disk space make the identification of
syndesmophytes challenging, which led to the exclu-
sion of the thoracic spine from the mSASSS. CT,
which provides excellent visualization of the entire
spine, has opened the thoracic spine for investigation
(Fig. 1).Tan et al. [4

&

] investigated the lowerhalfof the
thoracic spine together with the lumbar spine (T5–T6
to L3–L4). They found more syndesmophytes and
r Health, Inc. All rights reserved.
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FIGURE 1. Patient with a lumbar mSASSS of 0 and
syndesmophytes (arrows) at multiple levels in the thoracic
spine on CT scan. (a) Lateral lumbar radiograph. (b)
Coronal slice. (c) and (d) Sagittal slices.

Spondyloarthropathies
bridging in the thoracic than in the lumbar spine.
Syndesmophytes were often seen in the thoracic
spine even in the absence of lumbar syndesmo-
phytes. These findings have been corroborated by
De Bruin et al., who reported that the thoracic spine
was the most involved segment. In addition, over the
course of 2 years, the lower half of the thoracic spine
exhibited the greatest syndesmophyte progression
[2

&

,3
&&

]. These results have important implications
for studies of potential biomarkers of spinal fusion or
of the effects of medication on syndesmophyte pro-
gression, which are currently performed using radi-
ography excluding the thoracic spine as the standard.
Relating systemic biomarkers in blood or urine
to radiographic changes while omitting the spine
region where most abnormalities occur would not
be expected to provide valid results.
Three-dimensional localization of
syndesmophytes around the vertebral rim

CT allows the precise localization of syndesmophytes
around the vertebral body rim. The question of
 Copyright © 2018 Wolters Kluwer 
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whether syndesmophytes arise randomly around the
rim or have preferred locations can therefore be inves-
tigated. Tan et al. [8] plotted the mean syndesmophyte
distribution around the vertebral rim for vertebral
levels from T10–T11 to L3–L4. There was marked
preferential involvement of the posterolateral rim
for levels from T10–T11to T12–L1, with a more uni-
form distribution for L1–L2 to L3–L4 (Fig. 2). De Bruin
et al. [2

&

] also addressed the question of syndesmo-
phyte spatial distribution, although they could only
partition the rim into four quadrants (anterior, poste-
rior, left and right). In the cervical spine and superior
third of the thoracic spine, ‘anterior’ was the preferred
location. In the rest of the thoracic spine, the preferred
location became ‘right’; then, both ‘right’ and ‘left’ at
the thoracolumbar junction and then ‘anterior’ again
in the lumbar spine. The variation of the preferred
syndesmophyte location along the spine could reflect
variation in mechanical stresses.
Zygapophyseal joint involvement in
ankylosing spondylitis

Although visualization of the zygapophyseal joint on
radiographs is even more challenging than the visual-
ization of syndesmophytes, CT offers a clear unob-
structed view of the posterior elements of vertebrae
including thezygapophyseal joint.Using CT, Tan et al.
[9] investigated the zygapophyseal joint joint from
T10–T11 to L3–L4 in patients with AS, in particular,
the relationship between zygapophyseal joint fusion
and syndesmophytes. They found that zygapophyseal
joint fusion was common, affecting about one-half of
patients. It was most oftenbilateral and occurred more
commonly in the thoracic levels than the lumbar
levels. Syndesmophytes and even bridging were likely
to occur at vertebral levels without zygapophyseal
joint fusion, suggesting that abnormal bone forma-
tion at the disk space commonly occurs before zyg-
apophyseal joint fusion. Furthermore, only 0.4% of
271 zygapophyseal joints without fusion at baseline
developed new fusion over 2 years. Also, syndesmo-
phytes and bridging contributed more to limitations
in spinal mobility than zygapophyseal joint fusion.
For these reasons, syndesmophytes are likely to
remain a more useful imaging marker of spinal fusion
progression in AS than zygapophyseal joint fusion.
COMPUTED TOMOGRAPHY IMAGING OF
THE SACROILIAC JOINT

Diagnosing sacroiliitis on abdominal
computed tomography scans

Some AS patients may have abdominal CT scans for
medical reasons. Abdominal CT scans usually have
Health, Inc. All rights reserved.
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FIGURE 2. Three-dimensional surface reconstructions of a
lumbar spine CT scan from one patient showing four
consecutive intervertebral disk spaces (from T11–T12 to L2–
L3) with syndesmophytes (in white). (a) Lateral view of T11–
T12 with bridging syndesmophytes at posterolateral
locations. (b) Lateral view of T12–L1 with syndesmophytes at
posterolateral locations (bridging on one side). (c) and (d)
Anteroposterior view of L1–L2 and L2–L3 with
syndesmophytes at posterolateral and anterolateral locations.

Computed tomography in axial spondyloarthritis Tan and Ward
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lower resolution than scans performed specifically
for the examination of the SIJ. The reconstructed
slices are axial rather than oblique, and contrast is
often used, all of which may affect the sensitivity of
abdominal CT for abnormalities in the SIJ. Two
groups investigated the predictive value of such
opportunistic scans for screening or detecting SIJ
abnormalities. Chan et al. [10] compared specific SIJ
abnormalities in a training set of 12 patients with AS
and 12 patients without AS who underwent abdomi-
nal CT for clinical indications, followed by study of a
test set of 34 patients with AS and 34 patients without
AS. Ankylosis, number of erosions and depth of juxta-
articular sclerosis were examined for the ability to
differentiate AS patients from controls. The defini-
tion that had the best discrimination was the pres-
ence of either ankylosis or three or more erosions,
which had both a specificity and sensitivity for AS of
0.91, and a positive likelihood ratio of 10.3. It is
important to note that the median duration of AS
among patients in this study was 19 years, so
advancedchanges in theSIJ were likely. It isunknown
if the measure would perform similarly in early
patients, for whom screening is more relevant.

Melchior et al. [11,12] compared SIJ findings on
abdominal CT to those on SIJ CT in 58 patients who
had SIJ CT performed to verify the diagnosis of
spondyloarthritis before the start of tumor necrosis
factor-a inhibitor treatment. They defined SIJ struc-
tural abnormalities on CT analogously to the modi-
fied New York radiographic classification, with
erosions, joint space narrowing or widening, partial
ankylosis or complete ankylosing scored as positive
if present on two consecutive slices. Compared to SIJ
CT, abdominal CT had a sensitivity of 0.71 and
specificity of 1.0, with a positive predictive value
of 1.0. These results suggest that abdominal CT is a
useful tool to screen for SIJ structural abnormalities.
Prevalence of sacroiliac abnormalities in
related diseases using computed
tomography

De Kock et al. [13] studied 80 patients with Crohn’s
disease who had abdominal CT scans. They com-
pared the presence of features of sacroiliitis to con-
trols without inflammatory bowel disease. Erosions
were seen in 35% of patients with Crohn’s disease
and inflammatory back pain, 10% of patients with
Crohn’s disease but without inflammatory back
pain and 0% of 40 control individuals. Prevalences
were similar for sclerosis. SIJ ankylosis was seen in 8,
8 and 3% of the patients, respectively.

In an application of their newly developed
screening tool, Chan et al. [14

&

] studied the preva-
lence of sacroiliitis on abdominal CT in 233 patients
r Health, Inc. All rights reserved.
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with Crohn’s disease, 83 patients with ulcerative
colitis and 108 controls. Sacroiliitis was present in
15, 16.9 and 5.6% of patients in the three groups,
respectively. Few of the patients with inflammatory
bowel disease and SIJ abnormalities had been
referred to a rheumatologist, suggesting that screen-
ing could help facilitate appropriate care.

Klang et al. [15] studied 484 young adults with
low back pain who had lumbar spine CT scans,
mostly to evaluate possible disk disease, on which
the entire SIJ was visible. SIJs were scored analo-
gously to the modified New York criteria. Definite
sacroiliitis (grade 2 or higher) was found in 3.3% of
the patients, whereas suspicious changes were found
in an additional 10.2%. SIJs were not commented on
in the original radiology reports in most cases,
whereas five patients with grade 2 changes were
misdiagnosed.
Use of computed tomography in the
differential diagnosis of sacroiliac joint
abnormalities

Panwar et al. [16] used CT scans to investigate
characteristic imaging features that could help dif-
ferentiate sacroiliitis associated with spondyloar-
thritis from sacroiliitis associated with gout.
Eleven of 52 patients with gout who had SIJ CT
had SIJ structural abnormalities. Large multilobular
erosions, occasionally associated with soft tissue
densities suggestive of tophi, were typical in gout,
as was the absence of sclerosis, whereas erosions
were smaller and associated with deeper sclerosis in
patients with spondyloarthritis.

Normal growth-related changes in the SIJ of
children and adolescents may present particular
challenges for diagnosing sacroiliitis [17]. Using
CT scans of trauma patients younger than age 18
who had no signs of spondyloarthritis, Zejden
et al. found 17% of patients had joint facet defects
more than 3 mm, which could simulate erosions.
They also noted ossified nuclei in the SIJ spaces or
juxta-articular regions in 77% of patients age 13 or
older. Because ossified nuclei are accompanied by
bone turnover, these could mimic inflammation
on MRI.
Monosodium urate crystal deposits in axial
spondyloarthritis patients

Using dual energy CT, Zhu et al. [18
&

] were able to
observe depositions of monosodium urate (MSU)
crystal in the SIJ of 30% of patients with axial
spondyloarthritis without coexisting gout. Unfortu-
nately, no age-matched control group was scanned
to determine the normal level of MSU crystal
 Copyright © 2018 Wolters Kluwer 
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deposition in healthy individuals. Higher MSU vol-
umes were significantly associated with a higher
radiographic grade of the SIJ, after adjustment for
duration of spondyloarthritis. As this was a cross-
sectional study, it is not clear if MSU deposition may
promote structural changes in the SIJ in patients
with AS.
CONCLUSION

Advances in scanner technology have made low-
dose CT a promising tool for the visualization of
the spine and SIJ in AS. CT has shown that more
extensive syndesmophytes and more syndesmo-
phyte growth occur in the thoracic spine than in
the cervical or lumbar spine. CT allows the locali-
zation of syndesmophytes to be studied and offers a
clear unobstructed view of the zygapophyseal joint.
The nonrandom localization of syndesmophytes
around the vertebral rim could suggest a role for
mechanical factors in their formation. Abdominal
CT scans may be useful to detect structural abnor-
malities related to sacroiliitis in patients at risk.
Longitudinal studies are needed to determine the
potential role of SIJ CT in measuring the progres-
sion of structural damage at this site.
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 CURRENT
OPINION Evolution of clinical trials for rheumatoid arthritis

and spondyloarthritis

Marleen G.H. van de Sande and Ronald F. van Vollenhoven

Purpose of review
The present review presents an overview of the evolution in trial design from mainly randomized placebo-
controlled efficacy trials to more strategic clinical trials in rheumatoid arthritis and spondyloarthritis.
Additionally, it relates to how these differently designed trials have affected clinical practice.

Recent findings
Placebo-controlled clinical trials, comparing a new agent to placebo on a stable background, have resulted
in the development of a wide array of therapeutic agents in rheumatoid arthritis and spondyloarthritis.
However, these kind of trials do have some down sides as they do not provide evidence on the optimal
strategy to use this multitude of treatments in daily clinical practice and the ethics concerning a placebo
phase are often discussed. These and other concerns resulted in the emergence of various different types of
trials in rheumatoid arthritis. A similar change of focus is now observed in spondyloarthritis clinical trials.
We address literature on direct comparison (’head-to-head’), noninferiority trials, induction-maintenance,
discontinuation, and treat-to-target/tight control clinical trials.

Summary
In recent years various clinical trials have been published with a design different from placebo-controlled
clinical trials. These novel trial designs aimed to provide guidance on the optimal way to use the full range
of targeted treatments available and to make it possible, in some design, to leave out the placebo. In
rheumatoid arthritis, some of these more strategic type of trials have had a large impact on common
practice. In spondyloarthritis, the first steps toward trials with a more strategic design have been taken, and
it stands to reason that more will follow

Keywords
clinical trials, rheumatoid arthritis, spondyloarthritis, trial design

INTRODUCTION

Over the past 20 years, the science and art of doing
clinical trials for rheumatoid arthritis has seen a
striking development, fueled by the successful devel-
opment of nine biologicals, many biosimilars, and
several small-molecular agents for the treatment of
this disease. These developments reflect the results of
a complex interaction of multiple stake-holders,
including the community of rheumatologists, the
pharmaceutical and biotech industries, regulatory
agencies, health insurance companies or systems,
methodological scientists, and last but not least,
patients and their representatives, who all must bal-
ance the imperatives of science, ethics, and econ-
omy. The trial that would be ideal from a scientific
point of view may not be ethical (for example, leav-
ing a control group untreated) or prohibitively
expensive (head-to-head comparisons of all available
drugs). Thus, clinical trial design attempts to find
the optimal middle ground between conflicting

demands and may rarely satisfy every one of these
completely.

For many years, the work-horse of rheumatoid
arthritis clinical trials was a placebo-controlled
intervention in the ‘methotrexate incomplete
response’ (MTX-IR) population; the approval of
the nine distinct biologics and the JAK inhibitors
was based in large part on such trials [1–8]. The basic
idea in these trials is to enrol individuals with rheu-
matoid arthritis who have been treated with MTX

Clinical Immunology & Rheumatology, Amsterdam Rheumatology and
immunology Center, Academic Medical Center/University of Amsterdam,
Amsterdam, The Netherlands

Correspondence to Ronald F. van Vollenhoven, Department of Clinical
Immunology and Rheumatology, Meibergdreef 9, 1105 AZ Amsterdam,
the Netherlands. Tel: +31 20 5667765; fax: +31 20 69 19 658;
e-mail: r.f.vanvollenhoven@amc.uva.nl

Curr Opin Rheumatol 2018, 30:340–346

DOI:10.1097/BOR.0000000000000516

www.co-rheumatology.com Volume 30 � Number 4 � July 2018

REVIEW

mailto:r.f.vanvollenhoven@amc.uva.nl


KEY POINTS

� In rheumatoid arthritis next to the randomized placebo-
controlled clinical trials other types of trials such as the
direct comparison (’head-to-head’), noninferiority trials,
induction-maintenance, discontinuation, and treat-to-
target/tight control clinical trials have emerged.

� In rheumatoid arthritis and spondyloarthritis, this kind of
novel trial design is in part aimed to provide guidance
on be best way to apply the multitude of therapeutic
options nowadays available.

� In spondyloarthritis, the first steps towards more
strategic trial design approaches have been made, and
further developments are awaited.

Compare 2 treatments a�er
randomiza�on

R

stable or no background treatment

= A
= B

Head to head: A= treatment 1, B=treatment 2
Placebo controlled: A= inves�ga�onal drug, B=placebo
Strategy trial: A= strategy 1, B=strategy 2

FIGURE 1. Compare two treatments after randomization.
This figure shows the trial design for trials comparing two
different treatments or treatment strategies after
randomization. This is combined either with stable
background treatment or no treatment.
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for an adequate period of time and at a sufficient
dose to determine that they have not responded
sufficiently. These individuals are asked to continue
taking the MTX while being randomized to an active
(new) medication versus placebo. This design allows
a clear difference to emerge between an active treat-
ment and inactive placebo, while meeting the ethi-
cal objection that some patients are left untreated by
ensuring that at least they are still taking a known
antirheumatic medication (albeit one that has not
worked sufficiently well). The trial was accepted by
major regulatory agencies as one of the key trials for
drug approval in RA, and although these trials are
very expensive, pharmaceutical economics were
able to support them.

However, for all these benefits, the MTX-IR also
has notable downsides: it cannot tell us how the
drug under study compares to the many other pos-
sible options that exist today for the MTX-IR
patient; the ethics of leaving a patient on a
poorly-working treatment are difficult (and in prac-
ticality, most trials have escape clauses); and con-
versely, the high placebo responses in the placebo
groups of such trials have been explained in part by
individual patients making more optimal use of
MTX in terms of dosing and compliance.

Based on these and other considerations, sev-
eral other types of clinical trials for rheumatoid
arthritis have been proposed and tested, and some
of these are likely to become even more important
in the future; it stands to reason that similar devel-
opments will be seen in the field of spondyloar-
thritis (SpA).

Following the emergence of novel therapeutic
agents for rheumatoid arthritis, in recent years sev-
eral novel treatments have successfully been devel-
oped for patients failing first-line of treatment in
SpA, both in psoriatic arthritis (PsA) and in ankylos-
ing spondylitis, the prototypes of peripheral and
 Copyright © 2018 Wolters Kluwe
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axial spondyloarthritis, respectively. In PsA, there
are currently nine originator biologics approved,
targeting tumor necrosis factor (TNF), interleukin
(IL)-17A, the IL-12/IL-23 p40 subunit, or costimula-
tion [9–19] and two small-molecular agents: an
inhibitor of phosphodiesterase 4 [20] and a JAK
inhibitor [21], whereas in ankylosing spondylitis
IL-17A blockade was approved [22] as a novel treat-
ment modality next to the TNF inhibitors.

The approval of these agents was, like in rheu-
matoid arthritis, largely based on placebo-con-
trolled intervention trials in patients with PsA and
ankylosing spondylitis with an incomplete response
to first-line of treatment or in the population of
patients failing TNF inhibitors.

In addition, these type of clinical trials do not
provide the answer on how these novel targeted
therapies compare to each other, also other ques-
tions relevant to optimizing utilization in clinical
care, such as what is the best treatment strategy in
which phase of disease or for which combination
of clinical features, remain unanswered (reviewed
in van Mens et al. [23

&

]). In spondyloarthritis,
some more strategic clinical trials have been per-
formed, but the experience gained in rheumatoid
arthritis will aid in deciding on clinical trial design
to gather evidence that can guide treatment deci-
sions and implementing relevant findings in
clinical care.
Direct comparison (’head-to-head’) trials

Direct comparisons of antirheumatic therapies ran-
domized trials (Fig. 1) are nothing new: one of the
r Health, Inc. All rights reserved.
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Spondyloarthropathies
first such trials in rheumatoid arthritis entailed the
comparison of acetylsalicylic acid with a corticoster-
oid in the 1950s [24]. However, in the development
programs of novel biologic antirheumatic agents
these trials played relatively modest roles. In addi-
tion, most biologics were tested, before or after
approval for established rheumatoid arthritis, in
patients with newly diagnosed, early or ‘MTX-naı̈ve’
rheumatoid arthritis (all amounting to pretty much
the same thing), and these trials generally entailed
head-to-head comparison of the biologic with MTX,
the biologic being used as monotherapy [25,26], or
in combination with MTX [27,28

&

,29], or both [30].
In delineating the practical value of anti-TNF agents,
several trials compared these directly with plausible
conventional combination therapies, usually con-
sisting of MTX þ sulfasalazine þ hydroxychloro-
quine. One such trial named SWEFOT showed a
statistically significant clinical benefit for infliximab
after 1 year [31], and a radiological benefit after
2 years [32]; while a similar trial failed to show a
benefit over triple therapy for etanercept [33]. More
recent years have seen an upsurgence of direct com-
parative trials between different biologic agents.
When used as monotherapy, anti-IL6 was shown
to be superior to anti-TNF [34]. The T-cell costimu-
lation inhibitor abatacept was shown to be superior
at 12 months to infliximab [35], and similar to
adalimumab [36]. Rituximab was shown to be simi-
larly efficacious to anti-TNF (and much more cost-
effective) [37]. And in the latest ‘round’ of head-to-
head comparisons, Janus kinase (JAK) inhibitors
were compared with anti-TNF agents. In one trial,
tofacitinib achieved numerically greater responses
than adalimumab, but formal statistical compari-
sons were not made [8]; and in another trial with the
same two medications formal statistical comparison
failed to show superiority [38

&

]. By contrast, barici-
tinib was shown to be statistically significantly supe-
rior to adalimumab [39

&

].
In contrast to rheumatoid arthritis, only few

studies have investigated the effect of biologics in
early spondyloarthritis patients compared to first
line treatment. One randomized unblinded trial
has been performed in MTX naı̈ve patients with
PsA. In the RESPOND study, MTX was compared
to MTX in combination with infliximab showing
greater response rates and improvement of psoriasis
in the combination group [40]. In the CRESPA trial,
golimumabþNSAID was shown to be superior to
placeboþNSAID at week 12 and week 24 in inducing
remission in peripheral SpA with a disease duration
of less than 12 weeks [41

&

]. In INFAST study, patients
with axial SpA (of whom approximately 60% anky-
losing spondylitis) with a disease duration of less
than 3 years, who were naive to NSAIDs or had
 Copyright © 2018 Wolters Kluwer 
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recieved a submaximal dose, combination of
NSAIDþ infliximab showed a statistically significant
clinical benefit over NSAIDþ placebo already from
week 2 onwards [42].

In 2017, first data on head-to-head comparisons
ofbiologics in twotrials in PsA were published includ-
ing a TNF inhibitor as active reference arm next to
placebo and the novel therapeutic agent. In the
SPIRIT-P1 trial clinical response was similar between
adalimumab and ixekizumab (both ixekizumab Q4
anQ2 weeks); however, no formal statistical compar-
isons were performed [17]. Similarly, although the
study was not designed or powered to statistically
compare responses Mease et al. [21] observed numer-
ically comparable clinical responses between the JAK-
inhibitor tofacitinib and adalimumab.

In ankylosing spondylitis clinical trials head-to-
head trials comparing TNF inhibitors and anti-IL17A
agents are awaited not only comparing clinical
response but also evaluating effect on halting struc-
tural damage. So far, although there have been some
suggestions [43], no trials have formerly shown that
biologic treatment can halt structural damage.
Noninferiority trials

A reasonable clinical question could be whether a
new drug A is truly as good as, rather than better
than, existing drug B. This question can be tested in
the noninferiority clinical trial design, which has
rapidly become a highly important type of clinical
trial on account of the advent of biosimilars. For this
novel class of agents, regulators have required non-
inferiority comparison to the originator molecule,
and a rapidly increased number of successful non-
inferiority trials have now been published including
rheumatoid arthritis and SpA patients. Important
methodological details of this type of clinical trial
were reviewed recently [44].
Induction-maintenance trials

A plausible concept, borrowed from oncology, is
that the intense inflammation seen in some patients
with rheumatic disease must be controlled by inten-
sive medication, while the ensuing favorable
response can be maintained by simpler means. A
practical implementation of this idea would be to
treat newly-diagnosed rheumatoid arthritis with
MTX þ anti-TNF, and continue treatment with
MTX only once a good response has been obtained
(example Fig. 2). This was tested in the second
randomized portion of the OPTIMA trial, where
patients who had began treatment with MTX þ
adalimumab and who had achieved low disease
activity were randomized to continue both or to
Health, Inc. All rights reserved.
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Induc�on-maintenance

Stop

Stop

R

R

= First line treatment

= Treatment goal achieved?

y

n

y

n

y     =  Yes
n =  No

+ inves�ga�onal     
drug

+ inves�ga�onal     
drug

+ placebo     

+ placebo     

+ placebo     

R = Randomiza�on

FIGURE 2. Induction-maintenance. This figure shows the trial design for a induction maintenance trial. In such a trial, first-line
treatment is combined with a second or higher line of treatment (investigational drug) either open label or placebo controlled.
Those patients achieving the treatment goal are randomized to continue versus to discontinue the agent.
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stop adalimumab (in a placebo-controlled fashion)
[45]. The results showed that for most patients this
did not make difference: a small proportion flared
either way, the majority did well either way, and
only for 10–20% did continuation of the anti-TNF
agent appear to give added benefit. The same trial
failed, however, to demonstrate that the early inter-
vention had a lasting benefit. This may have
reflected a lack of power: a later metaanalysis of
several trials exploring this same question did find
a small but statistically significant lasting benefit of
early intervention [46]. A similar trial was done with
certolizumab-pegol, where again discontinuation
was shown to be feasible in the majority of patients,
and a Japanese trial with that anti-TNF agent sug-
gested a clear residual benefit after discontinuation
[47]. This concept is explored further in the cur-
rently ongoing NORD-STAR trial [48].

Although the trials initiating treatment in
patients with early SpA have shown high response
rates, so far no formal induction-maintenance trial
with a randomized placebo-controlled blinded
maintenance phase (Fig. 2) has been performed in
PsA. In such a study, patients with PsA would be
treated with background cDMARD or NSAID in
combination with a placebo versus biological in
the induction phase and after clinical remission
the patients would be randomized to stopping
 Copyright © 2018 Wolters Kluwe
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versus continuing the biological. In nonradio-
graphic axial, SpA one induction-maintenance trial
has been reported [49]. In the ABILITY-3 trial [49],
patients were first treated with adalimumab (open
label induction phase) after which all patients
achieving ASDAS low disease state entered a dou-
ble-blind randomized maintenance phase either
continuing adalimumab or withdrawal (placebo).
The results showed significantly less flares in the
continuation group.
Randomized discontinuation trials

It is interesting to note that a particular type of
clinical trial is very common in pediatric rheuma-
tology but hardly ever used in the adult rheumatol-
ogy setting: the initiation-randomized-
discontinuation trial (Fig. 3). The idea is to select
a population of patients who are in need of a therapy
and to start them all on what is believed to be a new
effective agent (based, for example, on phase II
data). Then, after a suitably chosen time interval,
those patients who have responded are randomized
to continue versus to discontinue the agent. The
primary outcome of interest could then be the fre-
quency of flares in these two populations, or the
disease activity after an additional time interval. The
main impetus for choosing this design in pediatric
r Health, Inc. All rights reserved.
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Randomized discon�nua�on

= First line treatment or no background treatment

R = Randomiza�on

+ inves�ga�onal 
drug     

+ placebo     

+ inves�ga�onal 
drug     

R

FIGURE 3. Randomized discontinuation. This figure shows
the trial design for randomized discontinuation trials. In
these trial, a selected patient population in need of a
therapy are all started on what is believed to be a new
effective agent (based, for example, on phase II data). Then,
after a suitably chosen time interval, those patients who have
responded are randomized to continue versus to discontinue
the agent.

Spondyloarthropathies
rheumatology was without much doubt the ethical
imperative of offering the potential new treatment
to all participants. But it is a sound and interesting
design that could be emulated more often for adult
patients as well. Although this has been done only
rarely, in the PRIZE trial all patients were started on
MTX þ etanercept, and either the biologic or both
treatments were then discontinued in a randomized
trial [50]. The final results clearly favored continua-
tion of both agents over stopping both, whereas
continuation of MTX only was intermediate.
Treat to target and tight control strategy
trials

Although clinical trials are generally thought of as
testing the efficacy of a medication, they can also be
used to analyze the results achieved when one treat-
ment strategy is pitted against another. Such strat-
egy trials have usually been done by academic
investigators rather than by industry, and some
have had far reaching impact. The FinRACo trial
demonstrated, far ahead of its time, that treating-to-
target using combination therapies was highly suc-
cessful and superior to the same using monothera-
pies [51]. The TICORA trial demonstrated that a
tight-control strategy was superior to usual care
[52], and this was further supported by the CAMERA
trial [53]. The BeSt trial compared four treatment
strategies, the two more intensive ones – whether
based on glucocorticoids or on biologics – clearly
outperforming the more conservative ones (switch-
ing or stepping up conventional DMARD therapies)
[54]. The above-mentioned induction-maintenance
 Copyright © 2018 Wolters Kluwer 
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trials could also be regarded as a type of strategy
trials. These trials have immensely changed rheu-
matoid arthritis treatment in clinical practice. Treat-
ing to target and DAS-driven tight control are now
common practice in rheumatoid arthritis.

In ankylosing spondylitis no treat to target trials
have been performed. In PsA findings of the TICOPA
trial support the treat to target approach [55]. In this
trial tight control was superior in achieving ACR20
responses as compared to standard clinical care. The
tight control encompassed 4-weekly evaluation of
the patient, with escalation of treatment if the target
(minimal disease activity) was not met. However,
further evidence that this kind of treat to target
approach indeed improves future functional out-
come is required to drive the change of common
clinical practice in PsA.
CONCLUSION

The various types of trial design discussed here, such
as direct-comparator, noninferiority, induction
maintenance, discontinuation, and treat-to-target
clinical trials, offer promising tools to gather evi-
dence that can guide optimal use of the increasing
number of therapeutic options. In rheumatoid
arthritis, the implementation of the treat-to-target
(tight control) strategy is the most successful exam-
ple of this approach. Based on the proven noninfer-
iority of biosimilars and the comparable efficacy for
most biologicals, treatment choices for rheumatoid
arthritis in daily practice are increasingly influenced
by considerations of cost and cost-effectiveness, but
individual patient-specific factors continue to be an
important focus for the clinician. Dose-reduction
and discontinuation strategies for biologics are
increasingly employed in clinical care. In spondy-
loarthritis, the first steps towards more strategic trial
design approaches have been made, and further
developments are awaited.
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 CURRENT
OPINION Infections and autoimmunity –new insights into an

age-old reciprocity

Yahel Segala, Daniel Zohara, and Yehuda Shoenfelda,b

The development of autoimmunity is a complex
process, shaped by various factors, both genetic
and environmental, composing what is commonly
referred to as ‘the mosaic of autoimmunity’[1,2].
Although research into the genetic background of
autoimmune diseases is longstanding, investiga-
tions of the environmental contributions to the
development of autoimmunity are somewhat more
recent and constantly expanding.

This issue of Current Opinion in Rheumatology is
dedicated to reviewing such interactions between
environmental factors and autoimmune diseases.

Anaya et al. have reviewed recent data regarding
immune effects of four elements of the exposome,
the sum of external and internal exposures that
shape our immune system; cigarette smoking, cof-
fee, alcohol, and vitamin D [3]. In their review, they
refer to some rather notorious interactions, such as
the deleterious effect of cigarette smoking on vari-
ous autoimmune diseases [4], along with several less
familiar revelations such as the intriguingly contra-
dicting effects of coffee on autoimmune diseases [5].

This report by Anaya et al., which relates to the
influence of what we eat on our immune health,
compliments additional reports in this issue, refer-
ring to the interaction between the human immune
system and the surrounding environment and
microenvironment.

Understanding the relationship between auto-
immune diseases and various microorganisms has
been the object of numerous studies [6–9], revealing
a wide range of interactions between the two factors.
On the one end of the spectrum, the hygiene theory,
which suggests a negative correlation between infec-
tions and autoimmune diseases, referring to the
lower prevalence of autoimmune diseases in non-
developed countries, where infections prevail [10].
On the other end, an increasing body of evidence
pointing to significant associations between certain
infectious agents and the development of autoim-
munity [7,8,11,12].

In a fascinating inspection of a biomolecular
thread linking autoimmunity with a specific infec-
tion, Pérez and Azoulay relate to a potential new
avenue of research for the development of novel

HIV therapies, based on the autoantibody against
the DFS70 protein [13]. These antibodies, which
present in indirect immunofluorescence assays as
part of the ensemble of antinuclear antibody pat-
terns, are notorious for their negative association
with systemic autoimmune diseases [14,15]. How-
ever, as suggested by Pérez and Azoulay, anti-DFS70
antibodies, which have been drawing increasing
attention, may serve to block the interaction
between the DFS70 protein and HIV integrase,
which facilitates viral replication and proliferation
in host cells. Thus, the potential utilization of anti
DFS70 antibodies as a therapeutic agent for HIV
presents a unique novel research direction.

The paper of Pérez and Azoulay describes a dual
interpretation to the role of DFS70 proteins through
their antibodies: while the exposure to the DFS70
protein and production of autoantibodies may cor-
relate with the lack of systemic autoimmune dis-
eases, the protein itself seems to play a part in
infection with HIV. Such duality may be viewed
as an epitome for the dualism which often character-
izes the relationship between infectious agents and
autoimmune diseases.

These multilayered interactions were the subject
of the paper by Shamriz and Shoenfeld, which refers
to the double-edged sword of infectious effects
on autoimmunity [16]. Three principal infectious
agents, Helicobacter Pylori, hepatitis B virus, and group
B coxsackieviruses, are reviewed for their diverse,
even contradicting effects on the development of
autoimmunity, demonstrating the complexity of
the novel field of research.
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Infections and environmental aspects of autoimmunity
In a further review of the intricate interplay
between infectious agents and autoimmune diseases
[17], Jara et al. describe prominent examples of
bacterial and viral infections which may be involved
in the development of autoimmunity, a repertoire
which continues to expand. The most novel mem-
ber of this brigade of infectious agents is Zika virus,
which was recently shown to be associated with
Guillain–Barre syndrome [7]. The authors further
refer to infectious agents which present with clinical
findings commonly seen in certain autoimmune
diseases and review potential discriminating labora-
tory characteristics which may aid clinicians facing
such diagnostic challenges.

An additional prominent example of an infec-
tious agent provoking significant autoimmune
phenomena maybe found in the reviewof theextrap-
ulmonary manifestations of infection with Myco-
plasma pneumonia. The paper by Poddighe sheds
light on the role of immune mediated processes
induced by Mycoplasma [18]. Although the classical
respiratory insults caused by Mycoplasma are well
acknowledged, recent research points to a significant
role of indirect, immune facilitated processes. Thus,
Mycoplasma-induced production of proinflammatory
cytokines, autoantibodies, and immune complexes
may lead to various extrapulmonary manifestations,
including several types of vasculitic diseases.

However, the contribution of infections to the
development vasculitis expands beyond Mycoplasma,
as suggested by the data presented by Cohen Tervaert
regarding the role of trimethoprim-sulfamethoxazole
in the treatment of antineutrophil cytoplasmatic anti-
bodies-associated vasculitis (AAV) [19]. The findings
presented point to the utility of trimethoprim-sulfa-
methoxazole as an effective therapy for induction and
maintenance of remission in certain subpopulations
of AAV patients. The postulated mechanism relates to
the reported association between nasal carriage of
Staphylococcus aureus and an increased risk for relapse
among patients with Wegener’s granulomatosis, thus
itmaybe speculated that thesuppressionofS. aureus in
the upper airway by trimethoprim-sulfamethoxazole
may reduce disease activity.

The use of trimethoprim-sulfamethoxazole as
monotherapy in certain vasculitic patients may serve
as an example of the surprisingly relevant application
of age-old therapies in current autoimmune medi-
cine, though some longstanding treatments pose
limitations yet to be resolved. Such is the risk for
infection and specifically reactivation of latent tuber-
culosis (TB) following treatment with immunosup-
pressive drugs and specifically biological therapies
[20]. Balbi et al. review the current data regarding
the risk of developing active TB infection among
systemic lupus erythematosus (SLE) patients and
 Copyright © 2018 Wolters Kluwer 
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further bring to light a less familiar aspect of the
relationship between TB and SLE, a possible role of
infection with TB in the pathogenesis of SLE [21].

Finally, a prototypical example of the complex
relationship between the microbiota and autoim-
mune diseases is presented in the elaborate review
of the bacterial pathogens associated with rheumatic
arthritis and the pathophysiological processes behind
these associations, such as peptide citrullination and
induction of T helper cell 17 (Th17) proliferation [22].

Thus, this special issue of Current Opinion in
Rheumatology brings forth enthralling aspects of
the unique facets compiling the relationship
between the microbiome surrounding us and the
development of autoimmune diseases. These pre-
sentations represent a scientific field at its dawn. It
seems, no doubt, that exciting discoveries regarding
the interplay of autoimmunity and infections still
await us in the years to come.

Acknowledgements

None.

Financial support and sponsorship

None.

Conflicts of interest

Prof. Yehuda Shoenfeld has served as an expert witness
in cases involving adverse vaccine reaction in the no-fault
US National Vaccine Injury Compensation Program. The
subjects discussed in this editorial bear no relevance to
his former consults. There are no conflicts of interest for
the remaining authors.

REFERENCES
1. Shoenfeld Y, Isenberg DA. The mosaic of autoimmunity. Immunol Today

1989; 10:123–126.
2. Perricone C, Agmon-Levin N, Shoenfeld Y. Novel pebbles in the mosaic of

autoimmunity. BMC Med 2013; 11:101.
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 CURRENT
OPINION The autoimmune ecology: an update

Juan-Manuel Anaya, Paula Restrepo-Jiménez, and Carolina Ramı́rez-Santana

Purpose of review
The autoimmune ecology refers to the interactions between individuals and their environment leading to a
breakdown in immune tolerance and, therefore, to the development of one or more autoimmune diseases
in such an individual. Herein, an update is offered on four specific factors associated with autoimmune
diseases, namely, vitamin D, smoking, alcohol and coffee consumption from the perspective of exposome
and metabolomics.

Recent findings
Smoking is associated with an increased risk for most of the autoimmune diseases. Carbamylation of
proteins as well as NETosis have emerged as possible new pathophysiological mechanisms for rheumatoid
arthritis. Low-to-moderate alcohol consumption seems to decrease the risk of systemic lupus erythematosus
and rheumatoid arthritis, and studies of vitamin have suggested a beneficial effect on these conditions.
Coffee intake appears to be a risk factor for type 1 diabetes mellitus and rheumatoid arthritis and a
protective factor for multiple sclerosis and primary biliary cholangitis.

Summary
Recent studies support the previously established positive associations between environmental factors and
most of the autoimmune diseases. Nevertheless, further studies from the perspective of metabolomics,
proteomics and genomics will help to clarify the effect of environment on autoimmune diseases.

Keywords
autoimmune diseases, autoimmune ecology, exposome, metabolomics, review

INTRODUCTION

Ecology was first defined in 1866 as the science that
studies the interaction of plants and animals with
their environment including organic and inorganic
compounds [1,2]. Autoimmune ecology is the study
of the interactions between individuals and their
environment and how the occurrence of an imbal-
ance favors the development of autoimmune dis-
eases [1]. The exposome is the sum of external (i.e.
toxic substances, air pollution, lifestyle, water qual-
ity, tobacco, alcohol) and internal exposures (i.e.
microbiome and genetics) that shapes the immune
system [1,3].

In contrast to conventional hypothesis-driven
bioresearch that routinely focuses on a select num-
ber of biomolecular factors, multiomics research
attempts to evaluate global changes in disease pro-
gression. The integrated analysis of genomic, epige-
netic, transcriptomic, metabolomics, and proteomic
profiling of entire tissue systems can provide useful
insights [4]. Metabolomics is capable of identifying
and quantifying small molecules and their changes
as a function of diet, lifestyle, genetics, or environ-
mental factors [5,6]. The importance of metabolo-
mics in autoimmune diseases lies in its ability to

explain the molecular mechanisms behind a specific
phenotype of a particular disease [6,7].

A 2016 review assessed autoimmune ecology
with a focus on specific environmental factors that
might contribute to the development of autoim-
mune diseases [1]. In this review, the objective is
to provide an update on four specific factors associ-
ated with autoimmune diseases: vitamin D, smok-
ing, and alcohol and coffee consumption from the
perspective of exposome and metabolomics.

In the text, the most recent evidence regarding
the effect of vitamin D, cigarette smoking, and
alcohol, and coffee consumption on autoimmune
diseases is summarized. The effect of several other
interactions between environment and autoim-
mune diseases is shown in Table 1 [1,2,8–57]. Recent
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KEY POINTS

� Smoking is associated with increased risk of SLE,
multiple sclerosis, rheumatoid arthritis, AITD and PBC.

� Low-to-moderate alcohol consumption is a protective
factor for SLE and rheumatoid arthritis.

� Vitamin D appears to lower the risk of most
autoimmune diseases; however, associations are not
strong enough to support supplementation.

� Coffee intake is a protective factor for multiple sclerosis
and PBC and increases the risk of T1DM and
rheumatoid arthritis.

Table 1. Environment and autoimmunity

Agent Association

Biological
agents

Virus
EBV contributes to the development of multiple sclerosis
Parvovirus B19 might contribute to the development of rheum
Enterovirus might contribute to T1DM development

Bacteria
Association between tick-borne diseases (Borrelia burgdorferi

conorii, Borrelia spp.) as possible triggering factors for de
rheumatic, reactive arthritis, uveitis, multiple sclerosis, and

Parasites
High prevalence of antibodies against Toxoplasma gondii ha
Helminth infection protects against multiple sclerosis developm
Schistosoma mansoni soluble egg antigen protected against

proliferative to membranous nephritis in SLE rats
Microbiome

Microbiome disturbances have been associated to multiple sc
Vaccines

Hepatitis A has been linked to autoimmune hepatitis whereas
SLE flares, and Sjögren’s syndrome

Influenza has been linked to GBS, vasculitis, reactive arthritis
Haemophilus influenza type b might be related to T1DM

Diet, foods, and dietary contaminants
Breastfeeding is associated to decreased T1DM, celiac disea

certain foods is associated to T1DM
Vitamin D deficiency is associated to the development of mul

of T1DM
Low vitamin D is associated to disease severity in rheumatoid
Low-serum vitamin D levels are associated to AITD and SSc
Coffee intake has a positive association with rheumatoid arth

multiple sclerosis and PBC
Sex hormones

Exogenous hormone use (oral contraceptives and hormone re
SLE flares; however, evidence is conflicting

Progesterone appears to be protective in SLE
Oral contraceptives have a significant association with reduc
Use of hormone contraceptives contributes to an increased risk o
Not increased, nor decreased risk in hypothyroidism or hyperthy

Lifestyle and
social factors

Socioeconomic status and education
Rheumatoid arthritis risk decreases as educational and incom
Patients with low socioeconomic status may present with wor
SLE patients with elevated mortality reported greater levels of
SLE has a tendency for earlier onset and worse outcomes in p

compared with Caucasians; this may be related to higher
among Caucasians

Multiple sclerosis is reported to start at a younger age in Afri
Caucasians presented with higher incomes and better hea

Relapsing-onset multiple sclerosis shows lower risk of disabilit
T1DM is present in higher socioeconomic status families and

Employment
Rheumatoid arthritis patients had higher probability of long-te
Missing days were more often reported by patients with prim
Adults with T1DM are less frequently employed than general

leaves per year
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evidence on the four exposures mentioned above
prior to 2017 is summarized in Table 2 [26,58–67].
Figure 1 shows the effects of these compounds on
the immune system.
CIGARETTE SMOKING

Cigarette smoke contains several toxic chemicals
that have been associated with immunological dis-
turbances and have been linked to the development
of autoimmune diseases such as multiple sclerosis,
rheumatoid arthritis, autoimmune thyroid disease
(AITD), primary biliary cholangitis (PBC), and sys-
temic lupus erythematous (SLE), among others
[1,9

&

,55–57,65,68].
r Health, Inc. All rights reserved.

Reference

atoid arthritis

[8,9
&

]

, Coxiella brunetii, Rickettsia ricketsii, Rickettsia
rmatomyositis, rheumatoid arthritis, polymyalgia
AITD have been described, although not confirmed

[10]

ve been found among rheumatoid arthritis patients
ent and severity of disease

T1DM in rats, and changed the phenotype of diffuse

[11–15]

lerosis, T1DM, SSc, and rheumatoid arthritis
[16–19]

hepatitis B has been linked with multiple sclerosis,

, and cryoglobulinemia

[1,20]

se, and multiple sclerosis. Time of introduction of

tiple sclerosis, and may contribute to the development

arthritis and SLE

ritis, T1DM, and SLE, and a negative association with

[1,8,21
&&

,
22–27]

placement therapy) have been associated to SLE and

ed risk of rheumatoid arthritis
f Crohn’s disease, multiple sclerosis and ulcerative colitis
roidism is associated with hormone contraceptives

[1,2,28–29]

e level rises
se disease activity and higher mortality rates
poverty
eople of Hispanic, Asian, or African ancestry

incomes, educational level, and better healthcare

can Americans than Caucasians or Hispanics;
lthcare
y in individuals with more than 12 years of education
among individualss with higher educational level

[1,30–32]

rm sickness absence and disability pension
ary progressive multiple sclerosis
population; T1DM population have 12% more sick

[32–34]
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Table 1 (Continued )

Agent Association Reference

Physical activity
Physical activity is inversely associated to rheumatoid arthritis and decreases disease severity
Multiple sclerosis cases are higher among people with lower physical activity; multiple sclerosis patients tend to

engage less on physical activity than healthy controls
Improvement on fatigue and depression scores in multiple sclerosis are seen after exercise
SLE patients are less fit and have reduced muscle strength; joint symptoms are the most frequent barriers for physical

activity
Hypoglycemia is the most common barrier in T1DM; exercise is associated with lower HbA1c
Inflammatory bowel disease is inversely associated to exercise
Evidence on the impact of exercise in SSc is limited
Evidence on childhood rheumatic diseases indicates that physical activity improves health-related quality of life

[35–38]

Psychological
factors

Adults with T1DM scored significantly lower on health-related quality of life
Patients with rheumatoid arthritis show lower health-related quality of life compared with general population
Hope, optimism, and resilience contribute to moderate the perceived social support–fatigue association
Resilience is positively associated with mental health-related quality of life in rheumatoid arthritis
Resilience is associated to maintenance of daily activities and increases in the number of working hours as well as

adherence to therapy in SLE
SSc has psychosocial effects that require a multidisciplinary approach

[32,48–52]

Physical agents Ionizing radiation contributes to development of Hashimoto thyroiditis and Graves’ disease
Occupational exposure to ionizing radiation is associated with increased risk of multiple sclerosis
Increased ultraviolet radiation shows an inverse association with risk of developing multiple sclerosis
Sunlight exposure could be a protective factor for T1DM, evidence is insufficient
Prospective studies on sunlight exposure are needed to establish it as risk factor for SLE, ultraviolet radiation may

exacerbate preexisting SLE

[1,8,28]

Chemical
agents

Silica
Silica contributes to development of rheumatoid arthritis, SSc, SLE, ANCA-related diseases
Silica is associated to ACPA-positive rheumatoid arthritis

[1,2,8,28,
43,47]

Asbestos
Data indicating that asbestos might contribute to rheumatoid arthritis is limited; occupational exposure has

been associated to rheumatoid arthritis
Asbestos has been associated with ANA development, proteinuria, and rheumatoid arthritis risk; however, further

investigation is warranted

[1,8,28]

Metals
There is insufficient evidence on the role of metals on autoimmune diseases; occupational exposure was

associated with a slightly nonsignificant higher risk of SLE
Experimental studies suggest that heavy metals may increase systemic autoimmunity

[1,8,28]

Pesticides, organic pollutants, and organic solvents
More research is needed on pesticide exposure and risk of SLE and rheumatoid arthritis; however, studies have

reported increased SLE risk with residential and agricultural exposure
Some organic pollutants show a positive association with the risk of developing multiple sclerosis, rheumatoid

arthritis, and SLE
There is a significant association between exposure to organic solvents and autoimmune diseases
Organic solvents show positive associations with SSc risk
Elevated risk of SSc is associated to exposure to toluene, xylene, trichloroethylene, chlorinated solvents, and paint

thinners and removers
A potential association between solvent exposure and increased risk of multiple sclerosis has shown positive results

[1,8,28,46]

Hair dyes and cosmetic products
There is insufficient data of the causative association of cosmetic products to autoimmune diseases
Studies have failed to demonstrate a strong association between hair dyes and PBC
Some studies have found a positive association between hair dyes and SLE or PBC

[1,8,44,45]

Drugs
Autoimmunity induced by D-penicilamine has been described in rheumatoid arthritis, SSc, myasthenia

gravis, and SLE
Procainamide and hydralazine have been associated with drug-induced SLE
Minocycline, sulfonamides, anticonvulsants, anti-TNF, and IFN have been associated or suggested to induce

autoimmune diseases

[2]

Smoking
Cigarette smoking contributes in the risk of developing rheumatoid arthritis; the risk increases in rheumatoid factor-

positive and ACPA-positive rheumatoid arthritis
Smoking is associated with a higher probability of having SLE, Graves’ disease and Hashimoto thyroiditis,

rheumatoid arthritis, PBC, and multiple sclerosis
Smoking has been associated to an increased risk of developing AITD
Cigarette smoke contributes to an increased risk of PBC
Smoking increases the risk of developing multiple sclerosis, especially in HLA-DRB1�15:01-positive individuals
Smokers with SLE are more likely to have antidsDNA antibodies than nonsmokers; cigarette smoking has been

associated to cardiovascular disease in patients with SLE
The effect of cigarette smoking on Sjögren’s syndrome is still controversial
Current smoking protects against ulcerative colitis and improves its clinical course
Cigarette smoke contributes as a risk factor for Crohn’s disease, increases disease severity and necessity of

medical therapy

[1,8,9
&

,28,42
&

,
43,53,55–57]

Alcohol
Low-to-moderate alcohol consumption contributes to lowering the risk of developing SLE and rheumatoid arthritis;

the protective effect was stronger in ACPA-positive rheumatoid arthritis
No association was found with multiple sclerosis

[1,39
&&

,40,41
&

,
54]

ACPA, anticitrullinated protein antibodies; AITD, autoimmune thyroid disease; ANA, antinuclear antibodies; ANCA, antineutrophil cytoplasmic antibodies; dsDNA,
double-strand DNA; EBV, Epstein–Barr virus; GBS, Guillain–Barré syndrome; IFN, interferon; PBC, primary biliary cholangitis; SLE, systemic lupus erythematosus; SSc,
systemic sclerosis; T1DM, type 1 diabetes mellitus; TNF, tumor necrosis factor.
Data from [1,2,8–57].
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Table 2. Cigarette, coffee, alcohol and vitamin D: recent findings previous to 2017

Autoimmune disease Findings Reference

Multiple sclerosis A meta-analysis showed an OR of 0.71 (95% CI 0.55–0.92) for high-coffee intake compared
with no coffee intake

[26]

Important gene–environment interaction between cigarette smoking and specific HLA-alleles
HLA-DRB1�15:01 confers an increased risk of multiple sclerosis

[58]

The risk of multiple sclerosis increases up to 16-fold in smokers who carry the risk allele
DRB1�15:01 in absence of HLA-A�02

[59]

Exposure to cigarette smoke results in earlier disease progression. Those with relapsing remitting
multiple sclerosis who smoke should be advised to consider smoking cessation

[60]

Cigarette smoke contains compounds that have shown direct toxicity to oligodendroglia and
neurons, or effect on immune function. It is thought that progression is ensuing to protracted
cerebral inflammation and an increasing loss of axons in the central nervous system

[61]

Smoking is associated to increased alveolar macrophages in multiple sclerosis patients and
healthy controls. The increase in concentration of alveolar macrophages associated with
smoking is attenuated in HLA-DRB1�15 carriers. In contrast, DRB1�01 and DRB1�03 is
associated with a higher concentration of alveolar macrophages in smokers, compared with
the respective noncarriers. The attenuated macrophage response in HLA-DRB1�15 carriers
could result in a suboptimal clearance of smoke particles and a subsequently prolonged
smoke-induced inflammatory response, or an altered response towards pathogens in the
airways

[58]

Rheumatoid arthritis Cigarette smoking predisposes the HLA-DRB1-positive patients to develop ACPA-positive
rheumatoid arthritis. NETosis induction and a more severe course of arthritis in a murine
model of rheumatoid arthritis provided evidence that nicotine may have an important role in
antigen production

A meta-analysis reported in a recent review showed that the association of rheumatoid arthritis
with a smoking history of 1–10 packs-year and 21–30 packs-year had a relative risk (RR) of
1.26 (95% CI 1.14–1.39) and 1.94 (95% CI 1.65–2.27), respectively

During preclinical and early stages of rheumatoid arthritis, smoking appears to trigger the
immune reactions associated with HLA-DRB1 by initiating inflammation and production of
antibodies and serologic markers, whereas in established rheumatoid arthritis, smoking is
linked to progressive and persistent disease activity. Smoking exerts a down regulatory effect
over IGF1 levels with a concurrent decrease in leptin that leads to an aberrant T-cell formation
during preclinical phases of the disease, poor bone remodeling, joint damage, and increased
cardiovascular mortality in rheumatoid arthritis

An association of smoking with triple autoantibody positivity (ACPA, rheumatoid factor, and
anti-CarP) has been described

[62]

[63]

[64]

[66]

SLE A meta-analysis evaluating the association of smoking with SLE showed an odds ratio (OR) of
1.56 (95% CI 1.26–1.95) for current smokers and 1.23 (95% CI 0.93–1.63) for
nonsmokers, suggesting an increased risk of SLE for smokers.

[65]

T1DM Genome-wide association studies identified the vitamin D-binding protein (VDBP) as a candidate
autoantigen in T1DM. Higher levels of VDBP antibody–antigen complexes were found in sera
of T1DM patients compared with healthy individuals. An inverse relationship between these
antibodies and serum VD levels was observed during winter

[67]

ACPA, anticitrullinated protein antibodies; anti-CarP, anticarbamylated proteins; OR, odds ratio; RR, relative risk; SLE, systemic erythematosus lupus; T1DM, type 1
diabetes mellitus; VDBP, vitamin D-binding protein.
Data from [26,58–67].
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In terms of cellular immunity in multiple scle-
rosis, a cohort of smokers and nonsmokers showed a
higher number of circulating immune cells (gran-
ulocytes, monocytes, B cells, CD4þ and CD8þ T
cells, and CD4þCD8þ T cells) among smokers. How-
ever, costimulatory proteins, adhesion molecules,
and chemokine receptors on circulating immune
cells showed no difference between the groups
[9

&

]. An umbrella review showed an increased risk
of multiple sclerosis with cigarette smoking [69].

Increased risk of developing rheumatoid arthri-
tis with increasing pack-years smoked has been
 Copyright © 2018 Wolters Kluwe
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observed [63,70,71
&&

]. A twin cohort study on the
association of cigarette smoking with the risk of
developing rheumatoid arthritis showed doubled
rates of the disease after 20 years of smoking regard-
less of sex [71

&&

].
In addition, carbamylation of vimentin is induc-

ible by smoking and represents an independent
autoantigen in rheumatoid arthritis [72]. Several
carbamylations are formed by the interaction of
isocyanate (HNCO) with amino groups of proteins.
In humans, isocyanate is formed by the decomposi-
tion of urea into ammonia and cyanate, which is
r Health, Inc. All rights reserved.
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FIGURE 1. Effect of vitamin D, coffee and cigarette smoking on autoimmune diseases. The effects of vitamin D, coffee and
cigarette smoking on the immune system are shown. Coffee downregulates chemotaxis of neutrophils and macrophages,
which play a substantial role in mediating inflammation. Vitamin D induces downregulation of Th1 and Th17 lymphocytes
while upregulates Th2 and T-regulatory lymphocytes. Macrophages and dendritic cells express vitamin D receptors and
participate in the immune regulation process. Cigarrette smoking induces citrullination of proteins that are recognized by
dendritic cells. Activation of autoreactive B cells mediate the production of anti-CarP autoantibodies and ACPA. Nicotine
induces the formation of NETS and further production of autoantibodies and upregulation of Th1 lymphocytes. Cigarette is
associated with an increased risk of developing rheumatoid arthritis, AITD, SLE, CD, PBC and multiple sclerosis and a lower
risk of developing UC. High levels of vitamin D are associated with a lower risk of developing multiple sclerosis whereas low
vitamin D levels confer an increased risk for T1DM, Sjögren’s syndrome, multiple sclerosis, rheumatoid arthritis and SLE.
Coffee intake appears to increase the risk for T1DM and rheumatoid arthritis whereas it is a protective factor for multiple
sclerosis and PBC. ACPA, anticitrullinated protein antibodies; ADs, autoimmune diseases; AITD, autoimmune thyroid disease;
CarP, carbamyllated protein; CD, Crohn’s disease; CVD, cardiovascular disease; DC, dendritic cell; MPO, myeloperoxidase;
multiple sclerosis, multiple sclerosis; NETS, neutrophil extracellular traps; PAD, peptidyl arginine deaminase; PBC, primary
biliary cholangitis; RA, rheumatoid arthritis; SCN-, thiocyanate; SLE, systemic lupus erythematosus; T1DM, type 1 diabetes
mellitus; UC, ulcerative colitis. Convention (þ) indicates risk and (�) indicates protection.

Infections and environmental aspects of autoimmunity
transformed into isocyanate. A key reactant for iso-
cyanate formation is thiocyanate (SCN�), a metab-
olite of cyanide that is present in cigarette smoke
[72]. Thiocyanate increases in urine, serum, and
saliva with increases in the amount of cigarette
smoking [72]. Production of antigens against carba-
mylated proteins (CarP) and high levels of these
were demonstrated in rats after exposure to tobacco
smoke [72]. DNA methylation mediates genotype
and smoking interaction in the development of
anticitrullinated peptide antibody (ACPA)-positive
rheumatoid arthritis [73

&

].
 Copyright © 2018 Wolters Kluwer 
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Moreover, a recent study done of two nurse
cohorts in the United Kingdom, showed that smok-
ing was associated with ACPA positivity only in the
patients who were rheumatoid factor-positive [74

&&

].
The authors concluded that the rate of ACPA posi-
tivity relied more on the number of copies of the
shared epitope than on the levels of rheumatoid
factor [74

&&

].
Evidence on the effect of cigarette on Sjögren’s

syndrome is controversial and contradictory.
Although few studies have assessed the effect of
tobacco on Sjögren’s syndrome, a lower prevalence
Health, Inc. All rights reserved.
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of cigarette smoking among Sjögren’s syndrome
patients has been reported [75

&

]. Case–control stud-
ies have shown a lower OR of current smokers being
classified as having Sjögren’s syndrome compared
with nonsmokers [42

&

,75
&

]. In a case–control study,
a lower risk for the presence of antiRo/SSA and a
salivary gland biopsy with a focus score greater than
1 was found for current smokers compared with
nonsmokers [75

&

]. There are studies demonstrating
persistence of high risk of autoimmune diseases after
smoking cessation [68]. Because of the negative
effects of tobacco on cardiovascular and pulmonary
status, Sjögren’s syndrome patients are encouraged
to avoid smoking [75

&

].
ALCOHOL CONSUMPTION

Some components of alcohol are known to regulate
systemic inflammation by decreasing the secretion
of pro-inflammatory molecules, such as TNF, IL-6,
and IL-8 [39

&&

,76] and increasing the production of
IL-10. These effects have been shown to produce a
dose-dependent behavior [77].

A protective effect on the risk of developing SLE
associated with the consumption of 5 g per day or
more of alcohol has been reported [39

&&

]. Interest-
ingly, hard alcohol consumption showed no benefit
in lowering the risk. Low concentrations of inflam-
matory biomarkers have been observed in individu-
als with moderate alcohol consumption (5–9 g/day
alcohol) who, in addition, also had a lower risk of
developing rheumatoid arthritis than nondrinkers
[39

&&

]. The effect seems to be stronger for ACPA-
positive individuals [40,41

&

].
VITAMIN D

Vitamin D deficiency has been associated with type
1 diabetes mellitus (T1DM), Sjögren’s syndrome,
multiple sclerosis, SLE, and rheumatoid arthritis
along with other autoimmune diseases [78

&

,79
&

].
A European population of rheumatoid arthritis

patients had significantly lower serum concentra-
tions of 1.25-dihydroxyvitamin D when compared
with healthy individuals. Low vitamin D levels were
associated with increased disease activity [80

&

]. A
case–control study showed similar results [81

&

]. A
negative association between 25-hydroxy vitamin D
levels, cytokines, and nitric oxide resulting in redox
balance disturbances and exacerbation of pro-
inflammatory cytokine formation was found in
rheumatoid arthritis patients [81

&

].
A randomized controlled trial of vitamin D versus

placebo with standard rheumatoid arthritis therapy
showed a higher improvement in global health for
the vitamin D group [82

&

]. A meta-analysis evaluating
 Copyright © 2018 Wolters Kluwe
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the effect of vitamin D supplementation in rheuma-
toid arthritis showed nonsignificant positive results
in disease flares and disease activity measured with
DAS-28 [83

&

].
A meta-analysis including three studies on vita-

min D and SLE showed significantly lower rates of
anti-dsDNA positivity in patients with supplemen-
tation compared with controls (risk differ-
ence¼�1.10, 95% CI �0.18 to �0.03; P¼0.005)
[83

&

]. Low vitamin D levels have been associated
with higher levels of antinuclear antibodies (ANA).
Elevated anti-dsDNA and ANA serum levels suggest
that a vitamin D deficiency may be a possible trigger
of autoantibody production and a possible predictor
of SLE flares [83

&

]. Vitamin D serum concentration
showed significant differences between inactive,
slightly active, or severely active disease in a study
including 199 SLE patients [84

&&

]. The proportion of
patients with vitamin D insufficiency or deficiency
was higher in the severe activity group [84

&&

].
A meta-analysis evaluating the risk of pediatric-

onset multiple sclerosis found a significant differ-
ence in HLA-DRB1�15:01 status between cases and
controls [21

&&

]. Vitamin D was associated with a
decreased risk of multiple sclerosis (P¼0.002),
although no association of vitamin D with HLA-
DRB1�15:01 status was observed [21

&&

]. Genetic
studies in multiple sclerosis patients have demon-
strated a positive association between specific
CYP2R1 variants and risk of vitamin D insufficiency,
and whenever tested as a risk factor for developing
multiple sclerosis, a positive association was sug-
gested [78

&

]. Evaluation of cytokine production
showed higher levels of IFNg and no differences
in IL-17, TNF-a, or IL-10 between multiple sclerosis
patients with low vitamin D compared with patients
with normal levels [85

&

]. Seasonal variations in vita-
min D concentration showed a negative relation-
ship with multiple sclerosis relapse rates [86

&

].
A positive association between vitamin D levels

and IL-8, and a negative association between vita-
min D and leptin were observed in two cohorts of
T1DM children [87

&

]. No associations between vita-
min D and 16 other peripheral immune mediators
were found [87

&

]. Leptin is thought to activate leu-
kocytes and mediate inflammation. However, the
effect of vitamin D supplementation on leptin levels
is still to be determined [87

&

].
Evidence regarding low vitamin D levels and

Sjögren’s syndrome is controversial. A recent review
summarized the evidence of a possible correlation
between vitamin D and Sjögren’s syndrome [79

&

].
Vitamin D deficiency has been linked to an
increased risk for Sjögren’s syndrome in patients
with rickets or osteomalacia. Vitamin D deficiency
has been hypothesized to be secondary to immune
r Health, Inc. All rights reserved.
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dysregulation or a result of chronic inflammation or
decreased sun exposure [79

&

]. There are studies that
have not succeeded in demonstrating an association
between vitamin D and Sjögren’s syndrome [79

&

].
The exact effect of vitamin D on Sjögren’s syndrome
has yet to be fully established [79

&

].
Low vitamin D levels have been associated with

AITD [88] and AITD patients have a higher proba-
bility of having low vitamin D levels, especially
those with Graves’ disease [43,44]. A recent study
showed no differences between vitamin D levels and
titers of Graves’ disease antibodies [89

&

]. High levels
of vitamin D were associated with lower recurrence
of Graves’ disease whenever medication was sus-
pended [89

&

].
A retrospective study of patients with systemic

sclerosis (SSc) found serum vitamin D deficiency in
more than 50% of patients and a high rate of sea-
sonal fluctuations [24

&

]. No significant associations
between vitamin D levels and autoantibody speci-
ficity, inflammatory biomarkers, and parameters of
disease severity or activity were found [24

&

].
COFFEE

In addition to caffeine, the most frequently ingested
psychoactive molecule, coffee also contains lipidic
molecules such as cafestol and kahweol, and anti-
oxidant substances such as polyphenols. In addi-
tion, coffee includes many antimutagens [25

&&

,90].
Caffeine has a long history of consumption as a part
of the human diet. It is a natural component of a lot
of food and beverages as well as of dietary supple-
ments [91]. Authoritative bodies and independent
research groups have concluded that a moderate
daily caffeine intake of up to 400 mg/day is not
associated with adverse health effects in adults
[91]. Many of the effects of coffee on the immune
system are attributed to the ability of caffeine to
inhibit cyclic adenosine monophosphate (cAMP)
phosphodiesterase (PDE) leading to elevated levels
of intracellular cAMP that cause activation of pro-
tein kinase A (PKA) [92,93].

Although coffee consumption seems to be cor-
related with a reduced risk of multiple sclerosis or
ulcerative colitis, the effects of coffee consumption
on rheumatoid arthritis and SLE diseases seem unfa-
vorable [93]. A recent review described the evidence
of an effect of coffee consumption on some autoim-
mune diseases [25

&&

]. For rheumatoid arthritis, the
authors described a meta-analysis that found a sig-
nificant association between rheumatoid arthritis
and intake of more than four cups of coffee per
day [25

&&

]. They presented the results from a study
showing that consumption of decaffeinated coffee
showed a higher association with rheumatoid
 Copyright © 2018 Wolters Kluwer 
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arthritis than noncoffee consumption and that caf-
feinated coffee consumption had no association
with rheumatoid arthritis. However, according to
them, there are no other studies replicating these
results [25

&&

]. The review includes two studies that
have reported controversial results on the possible
effect of coffee intake on the outcomes of patients
treated with methotrexate [25

&&

].
Results from the review by Sharif et al. [25

&&

]
include studies suggesting an increased risk of T1DM
with a coffee intake more than two cups per day.
They report a study that found an increase in hypo-
glycemic episodes during the day and another one
that found reduced hypoglycemic events during the
night [25

&&

]. Finally, some studies have found coffee
intake to decrease peripheral tissue sensitivity to
insulin [25

&&

].
Concerning multiple sclerosis and PBC, Sharif

et al. [25
&&

] concluded that coffee plays a protective
role with respect to the risk of developing these
diseases whereas they found no associations
between coffee intake and the risk of SLE, PBC,
AITD, inflammatory bowel disease (IBD), and celiac
disease in the studies evaluated [25

&&

].
A metabolic urinary profile study found negative

associations between urine metabolites (alanine, gly-
cine, N-N-dimethylglycine, lactic acid) and serum T4
levels whereas a positive association was found for
trigonelline, an alkaloid present in coffee [94]. Higher
levels of trigonelline showed an OR of 1.38 (95% CI
1.14 to 1.67; P<0.01) for hypothyroidism [94].

A recent in-vitro study done in peripheral blood
mononuclear cells (PBMC) from healthy individuals
showed significant downregulation at the mRNA
levels of key inflammatory genes including STAT1,
TNF, and PPARG at a dose-dependent concentration
of caffeine [95

&&

]. The doses tested corresponded to
the serum concentration of caffeine after adminis-
tration of one cup of coffee. The authors suggest that
these findings indicate the potential downregula-
tory effects of caffeine on key inflammatory genes
and cytokines involved in autoimmunity [95

&&

].
A metanalysis evaluating tea and coffee con-

sumption in relation to DNA methylation showed
no association between coffee consumption and
DNA methylation in men or women even when
the analysis combined both sexes [96]. A significant
relationship was found for tea intake. The authors
suggest the effect of coffee on DNA could vary
depending on individual factors, preparation tech-
niques, and sample utilized [96].
METABOLOMICS

Environmental health research focuses on how an
individual chemical influences a specific health
Health, Inc. All rights reserved.
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Table 3. Metabolomics in autoinmune diseases

Autoimmune disease Findings Reference

SLE A urinary metabolomic profiling in SLE patients detected 81 metabolites, of which 70 were
identified as amino acids, organic acids, nucleotides, amines, and fatty acids

High levels of intermediaries in the tricarboxylic acid support abnormalities in energy metabolism
seen in SLE as well as increased levels of metabolites involved in processes of oxidative stress
and high levels of uracil and xanthine suggest imbalances in the oxidant/antioxidant
mechanisms and disturbances in nucleotide metabolism

A similar metabolic profile between three different SLE phenotypes was observed in a study
constituting 30 SLE patients. The primary component analysis was able to differentiate the
metabolic profile of SLE from SSc, Sjögren’s syndrome, and healthy controls

[100]

[101]

Sjögren’s syndrome The salivary metabolites of Sjögren’s syndrome patients show reduced diversity compared with
healthy controls. Decreased levels of glycine, tyrosine, uric acid, and fructose were the major
contributors to the difference with healthy controls and the primary component analysis showed
that history of major salivary glanditis affected the metabolic profile in Sjögren’s syndrome
patients

[102]

APS Serum metabolomics from APS patients show higher levels of choline, betaine, 2-hydroxybutyrate,
acetoacetate, arginine and glutamate, and lower levels of glutamine and valine compared with
healthy controls. Women show lower levels of valine, suggesting it could be a biomarker for
monitoring APS in women

[103]

T1DM Salivary metabolic profile in T1DM shows slightly less protein and succinic acid levels. Higher
salivary glucose is observed among T1DM patients with HbA1c levels above 8.5. Higher lactate,
acetate, n-acetyl-sugar, and sucrose levels are responsible for the distinction between T1DM
patients and healthy controls. The identified metabolites are related to pyruvate metabolism

Distinct molecular lipid patterns in cord blood have been described in T1DM patients. Studies have
found a reduction in phosphatidylcholines, sphingomyelin,s and ether phosphatidylcholines
before seroconversion with increased levels of lysophosphatidylcholine.

Choline-containing phospholipids have been established as predictors of T1DM

[104]

[6]

Multiple sclerosis Metabolomic profiling of multiple sclerosis patients shows higher levels of 2-hydroxybutyrate,
acetone, formate and pyroglutamate, and lower levels of citrate compared with healthy controls.
Different disease states (relapse-remission) show no large differences in the metabolic profile with
the primary component analysis. In the univariate analysis, higher levels of 2-hydroxybutyrate,
acetone and formate, and lower levels of acetate and glucose were described in relapse and
remission multiple sclerosis

The urinary metabolomics profile showed that creatinine, 3-hydroxyisovalerate, and oxaloacetate
differentiate between multiple sclerosis patients and healthy controls

The metabolic disturbances observed in multiple sclerosis suggest altered pathways of energy
metabolism, fatty acid biosynthesis, and gut microflora

[105]

[106]

[105,106]

APS, antiphospholipid syndrome; SLE, systemic lupus erythematosus; SSc, systemic sclerosis; T1DM, type 1 diabetes mellitus.
Date from [6,100–106].
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outcome [97]. This single exposure-disease approach
does not represent the complexity of exposures
encountered throughout life. There is a significant
need to link external exposures to internal body
burden and internal body burden to biological
responses and disease outcomes [97].

Exposomestudieshelptoidentifycausalpathways
that link environmental exposures to disease end-
points by combining a range of technologies that
probe external and internal exposures and concomi-
tantresponses.Beyondimplementingexposomestud-
ies, the objective is to describe the metabolome, a
phenotypical measure that encodes a wealth of infor-
mation relating to genes, environmental exposure,
and their various interactions [98]. Subsequently,
high-resolution platforms such as ultraperformance
liquid chromatography-mass spectrometry (UPLC-
MS) and 1H nuclear magnetic resonance (NMR)
 Copyright © 2018 Wolters Kluwe
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spectroscopy for generating metabolic phenotypical
data are now commonly included in molecular epide-
miological studies of chronic diseases.

A recent article discusses the possible bias in the
results obtained from studies assessing the concen-
tration of vitamin D with regards to the existence of
different bioavailable forms of vitamin D (25-
hydroxivitamin D, 1.25-dihydroxivitamin D), the
effect of sunlight exposure, and the possible effect
of other vitamin D metabolites on various autoim-
mune diseases. The authors suggest that metabolo-
mics, alone or supported by proteomics and other -
omics, could give an appropriate response to the
doubts about vitamin D studies as well as studies
involving other environmental interactions [99

&&

].
Recent evidence regarding the use of metabolo-

mics applied to the study of some autoimmune
diseases is summarized in Table 3 [6,100–106].
r Health, Inc. All rights reserved.
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CONCLUSION

Knowledge about the effect of autoimmune ecology
has gained serious attention from the medical com-
munity. Metabolomics, as well as other -omic sci-
ences such as proteomics or genomics, make further
understanding of the exposome as well as how its
interaction with the individual’s immune system
confers protective or risk factors for the develop-
ment of autoimmune diseases possible. Study of all
these complex interactions from the perspective of -
omics is of critical importance to confirm the exist-
ing associations and to establish new ones that
would help provide personalized medicine for
autoimmune diseases.
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 CURRENT
OPINION Anti-DFS70 autoantibodies in HIV-1-positive

individuals

Dolores Péreza,b and Danielle Azoulaya

Purpose of review
The aim of this review is to summarize the recent studies regarding the relationship between anti-DFS70
antibodies and HIV-1 infection. Examining the interaction between HIV-1 integrate (HIV-IN) and DFS70 and
its role in the integration into the host’s chromatin. Then, summarizing the importance of anti-DFS70
autoantibodies binding the DFS70 in the same region as the HIV-IN.

Recent findings
The interaction between HIV-IN and DFS70 protein could be a proficient target in the treatment against
HIV-1 infection. The blockade of DFS70 is more effective than the blockade of HIV-IN as anti-HIV-1 drug.
The anti-DFS70 autoantibodies could be an interesting therapeutic target for anti-HIV-1 treatment. Currently,
there are no studies that measured the levels of anti-DFS70 autoantibodies in HIV-1-infected individuals.

Summary
The anti-DFS70 antibodies bind to the DFS70 autoantigen in the same region as the HIV-IN. This fact
makes the autoantibodies a potential treatment for HIV-1-infected individuals. Blood levels of anti-DFS70
antibodies have not been measured in HIV-1-infected individuals. This issue opens new lines of research
about the protective role of antibodies against HIV-1 infection.

Keywords
anti-DFS70 autoantibodies, DFS70/LEDGFp75, HIV-1, HIV-integrate, protective autoantibodies

INTRODUCTION

The lens epithelium-derived growth factor p75
(LEDGF/p75) is commonly known as dense fine
speckled autoantigen of 70 kD (DFS70). The primary
function of this autoantigen is to promote resis-
tance to stress-induced cell death in inflammation,
autoimmune conditions and cancer [1,2]. This pro-
tein is involved in the mechanism of human immu-
nodeficiency virus 1 (HIV-1) integration on the
host cells by direct interaction with HIV-integrate
(HIV-IN) [2].

The presence of autoantibodies to DFS70/
LEDGFp75 has been investigated in different
cohorts of the population [3–6]. Presence of anti-
DFS70 antibodies appears in patients with diverse
nonsystemic autoimmune rheumatic diseases (non-
SARD) [7

&

] such as eye diseases, various types of
cancer, gynecological syndromes, or infectious dis-
eases [8,9

&

,10]. Anti-DFS70 antibodies are also pres-
ent in apparently healthy individuals [11

&&

,12].
However, these autoantibodies are present at very
low frequencies in patients with SARD [5]. In the
past few years, the interest in understanding the
clinical significance of anti-DFS70 autoantibodies

has increased significantly [8,9
&

]. In spite of the
numerous studies published recently, the true role
of these autoantibodies is not yet clear. Addition-
ally, the anti-DFS70 antibodies join the autoantigen
in the same region as the HIV-IN. This issue can
potentially introduce a new paradigm about the
role of anti-DFS70 autoantibodies in HIV-1-positive
individuals.

DFS70/LEDGFP75: A POSSIBLE
MECHANISM OF HIV-1 INTEGRATION
INTO HOST

Additionally to known HIV-1 mechanisms in inte-
grating into the host cell such as the presence of

aZabludowitz Center for Autoimmune Diseases, Sheba Medical Center,
Tel-Hashomer, Israel and bImmunology Department, Hospital 12 de
Octubre, Madrid, Spain
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KEY POINTS

� The anti-DFS70 autoantibodies bind the DFS70 protein
in the same region as HIV-IN.

� The interaction between DFS70 and HIV-1 is an
attractive target for anti-HIV-1 treatments.

� The clinical significance of the anti-DFS70
autoantibodies is unclear; the anti-DFS70 antibodies
prevalence is high in apparently healthy individuals
and not associated with systemic autoimmune diseases.

� The anti-DFS70 antibodies could be a possible
treatment to prevent HIV-1 infection.

Infections and environmental aspects of autoimmunity
Nup153, DFS70 could also play a role in integration
as well [13,14]. The PSIP1 gene on human chromo-
some 9 codes for the DFS70. The DFS70 protein is a
stress transcription co-activator found ubiquitously
in mammalian cells [15,16]. The DFS70/LEDGFp75
has two functional domains: the chromatin-binding
domain and the protein interaction domain. The
chromatin-binding domain is located in the N-ter-
minal region (aa 1–325) represented by the proline-
tryptophan-tryptophan-proline (PWWP) domain,
the three charged regions (CR1, CR2, and CR3),
the adenine–thymine hook motifs and the nuclear
localization signal [11

&&

]. The chromatin and DNA
binding, the transcription regulation and protein–
protein interaction are functions performed by the
chromatin-binding domain.

The integrate-binding domain is located in the
protein interaction domain (aa347–429) of the
DFS70 protein. The protein interaction domain
has three important functions: transcription activ-
ity, protein–protein interactions and stress survival
function [11

&&

]. DFS70 is known for its physiological
role as a stress response protein that promotes cell
survival in the presence of environmental stressors
(heat, radiation, chemotherapy, serum starvation,
and others) and as a transcription coactivator
[9

&

,17]. The protein facilitates the transactivation
of different type of genes involved in antioxidant
activity, cancer, and inflammation [17–19].

The DFS70/LEDGFp75 is one of the possibilities
for the integration of HIV-1 into the host cells
[20,21]. After the inverse transcription of the genetic
material of the virus, the HIV-IN promotes viral
DNA incorporation into the chromosomes of the
human cells [22,23]. HIV-IN activity is necessary for
viral replication and proliferation into the host
cells, thus directly contributing to the persistence
of viral infection [22]. The high-affinity interaction
between several HIV-IN molecules among each
other is necessary to perform its function [23]. In
 Copyright © 2018 Wolters Kluwer 

362 www.co-rheumatology.com
the presence of the viral DNA ends, the HIV-IN
subunits are organized into a tetramer and form a
stable synaptic complex that mediates the integra-
tion of the reverse transcribed HIV-1 genome into
the chromatin [24]. The DFS70 protein encompasses
the HIV-IN tetramer in the stable synaptic complex
and directs the integration of the HIV-1 DNA into
the active genes [24]. The DFS70 stabilizes an inte-
grate tetramer through further interactions with
the N-terminal domain of HIV-IN, which has a
high affinity linkage [24]. The integrate-binding
domain (aa 347–429) is the region of the DFS70
protein to which the HIV-IN binds. The DFS70
increase the efficiency of the HIV-1 integration
and this protein is responsible for the integration
in the active sites [11

&&

].
INTERACTION BETWEEN HIV-IN AND
DFS70/LEDGFP75 AS AN ATTRACTIVE
TARGET FOR ANTI-HIV DRUG
DEVELOPMENT

The blockade of the interaction between DFS70 and
HIV-IN is a possible target for anti-HIV therapy. The
inhibitors directed to the interaction between
the HIV-IN and DFS70 are denominated by noncata-
lytic integrate inhibitors [25], allosteric inhibitors
(ALLINI) [26] and LEDGF inhibitors (LEDGIN) [27

&

].
The DFS70/LEDGFp75 protein is responsible for the
integration that takes places in active sites. The inte-
gration of HIV-1 in DFS70 deplete cells takes places in
GC regions and much less frequently in active sites.
Molecular mechanisms by which LEDGIN inhibit
HIV-1 replication are not completely understood.
Some LEDGIN may inhibit post-HIV integration
events more efficiently than the HIV-IN activity itself
[27

&

]. Vranckx et al. demonstrated that a specific
LEDGIN (CX014442) reduces the HIV-1 integration
in a similar manner to DFS70 depletion [26]. These
LEDGIN are directed to HIV-1 for integration in geno-
mic regions that are less favorable for reactivation.
These inhibitors reduce virus replication and reduce
the viral reservoir [27

&

]. HIV-IN inhibitors are consid-
ered less effective than LEDGF/p75 inhibitors and they
do not reduce the HIV-1 reservoir in the host cells.
Therefore, the inhibition of the protein DFS70 is
more efficient than the inhibition of the HIV-IN
in the binding site of the protein DFS70 [26]. The
gamma-retrovirus displays a more distinct integra-
tion pattern than lentivirus. The ‘bromo and extra
terminal domain’ proteins were identified as the
DFS70 counterpart that target the interaction between
the DFS70 and gamma-retrovirus. The identification
of molecules which play a role as cellular cofactors in
lentiviral or gamma-retroviral integration offer new
possibilities in anti-HIV-1 therapies [28].
Health, Inc. All rights reserved.
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WHAT IS THE CLINICAL SIGNIFICANCE OF
ANTI-DFS70 ANTIBODIES?

The prevalence of anti-DFS70 autoantibodies has
been examined in different cohorts of the popula-
tion [5,6,29,30]. The presence of these antibodies in
healthy individuals is around 10–20% [5,12,31] sig-
nificantly higher than in patients with autoimmune
diseases [3,6,31]. Some authors suggested these
autoantibodies are possible biomarker for dismiss-
ing the diagnosis of a systemic autoimmune rheu-
matic disease [7

&

,31]. Several studies reported a
clinical association of anti-DFS70 antibodies with
various types of cancer, atopic dermatitis, eye dis-
eases, infectious diseases, diverse eye diseases, and
more [9

&

]. However, there is no clear consensus
regarding the clinical significance of anti-DFS70
autoantibodies.

The high frequency of anti-DFS70 in apparently
healthy individuals and their low prevalence in
patients with SARD makes one suspect that those
autoantibodies can play some protective role in
autoimmunity and other diseases. The protective
function of these antibodies has been suggested to
play a role in the elimination or neutralization of
apoptotic cell debris and remove residues of DFS70
generated during cell death [11

&&

]. This mechanism
could reduce the inflammatory response in stress
conditions. Also, anti-DFS70 autoantibodies could
prevent entry of DFS70 into cancer cells, and there-
fore it can prevent the oncogenic pathways activa-
tion [2,11

&&

]. Currently there are no studies
confirming this hypothesis in which anti-DFS70
antibodies display a protective quality [11

&&

].
The pathogenic role of anti-DFS70 antibodies

has also been proposed [11
&&

]. The autoantibodies
could prevent the entry of the DFS70 protein into
normal stressed cells and other survival pathways
would be activated. The protein DFS70 is also
involved in the positively regulating the protection
against stress or inflammatory protection genes.
This regulation helps the cells’ survival in stress
conditions (in physiological or pathological con-
text). Therefore, the autoantibodies could be sensors
of cellular events linked to alter DFS70 in a stressful
microenvironment [17].
CONNECTION BETWEEN ANTI-DFS70
ANTIBODIES AND HIV-1 INTEGRATION
INTO THE HOST

Both anti-DFS70 antibodies and the HIV-IN share
the same binding site [11

&&

]. This issue opens a new
range of questions about the role of these autoanti-
bodies in individuals infected with the virus, such
as: What is the biological interpretation of this
‘coincidence’? What is the relationship between
 Copyright © 2018 Wolters Kluwe
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the presence of autoantibodies and the develop-
ment of the disease? Do the autoantibodies protect
individuals from HIV-1 infection? Are HIV-1-posi-
tive individuals with anti-DFS70 antibodies suscep-
tible or resistant to developing AIDS? [2].

Currently, there are no studies on the relation-
ship between anti-DFS70 autoantibodies and HIV-1-
infected individuals. We can hypothesize that the
autoantibodies could play a protective role against
the HIV-1 infection. Antibodies bound to autoanti-
gen would prevent binding of HIV-IN. Consequently,
integration of the virus into the host cells and repli-
cation thereof would be prevented. Further studies
are needed to clarify the role of anti-DFS70 autoanti-
bodies in HIV-1-infected individuals.

Anti-HIV-1 treatments that block DFS70 protein
are more effective than those blocking HIV-IN
[32,33]. Therefore, inhibition of the binding of the
protein with anti-DFS70 antibodies could be an effec-
tive therapeutic target for preventing or reducing
HIV-1 infection. At present, autoantibodies have
not been shown to be pathogenic; in fact, they pres-
ent a high prevalence in apparently healthy individ-
uals [8]. Its low toxicity and the high efficacy of
blocking DFS70 as an anti-HIV-1 drug make these
autoantibodies a possible effective anti-HIV-1 drug.
CONCLUSION

The binding site of anti-DFS70 antibodies and HIV-
IN are localized in the same region of the DFS70
protein. Consequently, the autoantibodies could be
natural protectors against HIV-1 infection, and a
possible treatment to prevent virus integration into
the host chromatin.
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 CURRENT
OPINION Infections: a double-edge sword in autoimmunity

Oded Shamriza and Yehuda Shoenfeldb,c

Purpose of review
Infections play a role in the pathogenesis of autoimmune diseases (AID). Several bacterial and viral
pathogens play a double role, as both inducers and inhibitors of AID. In this review, we will present current
evidence and discuss different aspects of this notion.

Recent findings
Infectors that both inhibit and induce AID include Helicobacter pylori, Klebsiella pneumoniae, hepatitis B
virus, group B Coxsackieviruses, Epstein–Barr virus and Lymphocytic choriomeningitis virus. Numerous AID
are affected by infections, including polyarteritis nodosa, inflammatory bowel disease, and type 1
diabetes. Some pathogens, such as group B Coxsackieviruses, may induce and inhibit the development of
the same AID. This reveals a complex role of infections in autoimmunity pathogenesis.

Summary
Elucidating the exact role of each pathogen on each specific AID is important, as this will enable
evaluating the manipulation of these infections in the treatment of AID.

Keywords
autoimmune diseases, group B Coxsackieviruses, Helicobacter pylori, hepatitis B virus, infections

INTRODUCTION

The microbiome is believed to play a role in
the pathogenesis of autoimmune diseases (AID).
Changes in the composition and diversity of oral,
skin, and gut microbiota were demonstrated to
induce various AID, including inflammatory bowel
diseases (IBD), diabetes mellitus type 1 (T1D), rheu-
matoid arthritis (RA), and multiple sclerosis (MS)
[1

&

]. Moreover, various factors, such as nutrition,
genetics, hormones, and age, affect both the
immune system and the microbiome, thus creating
a close inter-relationship between the two [2

&

].
It is therefore reasonable to assume that infec-

tions will also play a role in the pathogenesis of
autoimmunity. Indeed, several infectious agents
have been found to induce autoimmunity. The
hallmark for infection-induced AID is rheumatic
fever, which has long been identified as being trig-
gered by group A b-hemolytic Streptococcal (GAS)
infection [3

&

]. However, infections can also prevent
AID. For example, some studies have associated
infections with Helicobacter pylori (H. Pylori) and
amelioration of disease activity in IBD [4

&

].
Review of the literature draws a more compli-

cated picture. It seems that some infections play a
double role: the same pathogen both induces and
inhibits different and sometimes even the same AID,
suggesting that their role in autoimmunity is not
fully understood. In this review, we will present

current evidence and discuss different aspects of
bacterial and viral infectors that induce and protect
from AID.

MECHANISMS FOR INFECTION ROLE IN
AUTOIMMUNITY PATHOGENESIS

AID have a multifactorial etiology, including
genetic, hormonal and environmental causes [5

&

].
Thus, infections are not single players in the patho-
genesis of autoimmunity and often affect genetic or
otherwise susceptible hosts [6

&

].
Molecular mimicry is one mechanism to explain

induction of AID by infectious agents. Molecular
mimicry results from structural similarities between
infectious and self-antigens that provokes the
immune system to create autoantibodies and autor-
eactive T-cells. A well established example of
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KEY POINTS

� AID have a multifactorial etiology that
includes infections.

� Several infections, such as Helicobacter pylori, CVB,
and HBV, play a role both as inducers and inhibitors
of AID.

� The same infector may both induces and inhibits the
development of the same AID, as in the case of CVB
and T1D.

Infections and environmental aspects of autoimmunity
molecular mimicry is the structural similarity
between the M protein of GAS and cardiac myosin,
which results in the development of rheumatic fever
[7

&

]. There are other mechanisms of infection-
induced autoimmunity. These consist of bystander
activation, epitope spreading, and polyclonal acti-
vation, all with extensive supporting data in the
literature [8].

On the other hand, exposure to infections can
prevent autoimmunity. The most important mech-
anism in that regard is the ‘hygiene hypothesis’ [9].
It consists of the observation that the lack of expo-
sure to different microorganisms in our environ-
ment has an immunomodulatory role and can
induce autoimmunity. Interestingly, it seems that
the hygiene hypothesis is not limited to exposure to
helminths. There are also data concerning the pro-
tective role of bacteria. For example, researchers
have suggested the hygiene hypothesis as a possible
 Copyright © 2018 Wolters Kluwer 

Table 1. Evidence for induction and prevention of autoimmune d

Pathogen Induction (reference nu

Bacteria

Helicobacter pylori Beçhet disease [32,33], RA [18
[18], SjS [20,61,62], HSP [6
[67,68], AT [69–72] ITP [23,
[65–67], ABD [21,68], Psoria
73], Vitiligo [74,75]

Klebsiella pneumoniae Ankylosing spondylitis [81,82&],

Viruses

Hepatitis B virus Polyarteritis nodosa [34,86], an
syndrome [38]

Group B Coxsackieviruses T1D [87–89], myocarditis [90,9

Epstein–Barr virus MS [92&&], Graves’ disease [93
MG [95&&], SLE [96], SjS [97

Lymphocytic choriomeningitis virus T1D [101]

ABD, autoimmune bullous disease; AG, autoimmune gastritis; AT, autoimmune (Has
bowel disease; MG, myasthenia gravis; MS, multiple sclerosis; PBC, primary biliary
lupus erythematosus; SSc, systemic sclerosis; T1D, type 1 diabetes mellitus.
aKlebsiella pneumoniae glycoprotein extract.

366 www.co-rheumatology.com
mechanism for the protective role of Bordetella per-
tussis in MS by using a mouse model. This included
B. pertussis-induced production of interleukin-10, an
important anti-inflammatory cytokine [10]. There-
fore, it seems that complete understanding of the
immunomodulatory effects of bacterial and viral
infections and their role in autoimmunity patho-
genesis, remains elusive.
PATHOGENS THAT INDUCE AND PREVENT
AUTOIMMUNE DISEASES

There is increasing evidence supporting the fact that
some infectious agents both induce and prevent AID
(Table 1) [18,20,21,23,24,27,29,30,32–34,35

&&

,38,
41

&&

,42,47,58–102]. Herein, we will elaborate on
three such pathogens.
Helicobacter pylori

H. pylori is a microaerophilic gram-negative bacte-
rium, which resides in the stomachs of approxi-
mately 50% of the world population [11]. Data
regarding the mechanisms, by which H. pylori affects
the development of AID, is summarized in Table 2
[12,17,18,21,20,24,26,33,34,50,54

&&

,55
&

,59,86,103].

Helicobacter pylori induces autoimmune
diseases

Different studies have implicated H. pylori infections
as inducers of several AID. Autoimmune gastritis is
considered by many to be a hallmark for H. pylori-
induced AID. A possible mechanism of molecular
Health, Inc. All rights reserved.

iseases by the same infectious agent

Autoimmune disease

mbers) Protection [reference numbers]

,27,60], SLE
3–66], AG
58–64], PBC
sis [47,69–

MS [29,30], RA [34,35&&], SSc [73–76],
SLE [62,77], IBD [24,78,79], AG [80]

IBD [83,84] T1Da [85]

tiphospholipid SLE [41&&,42]

1] T1D [58,59]
&], SSc [94&],
,98]

T1D [99,100]

T1D [102]

himoto’s) thyroiditis; HSP, Henoch–Schonlein Purpura; IBD, inflammatory
cirrhosis; RA, rheumatoid arthritis; SjS, Sjögren’s syndrome; SLE, systemic
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Table 2. Suggested mechanisms for the role of infections in the pathogenesis of autoimmunity

Pathogen Autoimmune diseases Effect on AID Suggested mechanism [reference numbers]

Helicobacter pylori Multiple sclerosis Protection Downregulation of Th1/Th17 response [26]

Rheumatoid arthritis Induction IgM rheumatoid factor autoantibody production via B1 cells
activation [18]

Systemic sclerosis Induction Presence of anti-HSP65 antibodies [21]

Systemic lupus
erythematosus

Induction Anti-ssDNA autoantibody production via B1 cells activation [18]

Sjören’s syndrome Induction Auto-reactivity with HSP-60 [20]

Inflammatory bowel
disease

Protection Activation of mucin 2 transcription [24]

Autoimmune gastritis Induction Molecular mimicry between H. pylori and H/K ATPase [12]

Immune thrombocytopenic
purpura

Induction Cross-reactivity of anti-H. pylori urease B antibodies with platelet
glycoprotein IIIa [17]

HBV Polyarteritis nodosa Induction Deposition of immune complexes in vessel walls [33,34,86]

Antiphospholipid syndrome Induction Cell receptors for HBV envelope include annexin V and b2-GPI
[103]

CVB Type 1 diabetes mellitus Induction CVB4-induced bystander activation [50]; dysregulation of
microRNAs that target T1D genes [54&&,55&]

Type 1 diabetes mellitus Protection Upregulation of PD-L1 in lymphocytes and inhibition of PD1-
producing autoreactive CD8þ T cells. Induction of
CD4þCD25þ Treg production [59]

Anti-ssDNA, anti-single-stranded DNA; autoimmune bullous diseases, include bullous pemphigoid and pemphigus vulgaris; CVB, group B Coxsackieviruses; HBV,
hepatitis B virus; HSP, heat shock protein; NA, data is not available; PD-L1, programmed cell death- ligand 1; Th, T helper cells; Tregs, regulatory T cells.
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mimicry between H. pylori and H/K ATPase was
previously suggested [12]. The presence of H/K
ATPase autoantibodies in 20–30% of H. pylori-
infected patients supports that notion [13].

In patients with systemic sclerosis (SSc), severity
of skin, gastrointestinal, and musculoskeletal
involvement was demonstrated to be higher in
H. pylori-positive, as compared to H. pylori-negative
SSc patients [14]. H. pylori ’s induction of autoim-
mune bullous diseases was also demonstrated, as
higher prevalence of H. pylori antibodies was found
in bullous pemphigoid and pemphigus in compari-
son to healthy controls [15].

Immune thrombocytopenic purpura (ITP) is
another example and it is of a special interest.
H. pylori infection prevalence among ITP patients
is reported to be 58.6% [11,16]. CagA-positive
strains of H. pylori were suggested to induce ITP
[16]. Another study, found that cross-reactivity of
anti-H. pylori urease B antibodies with platelet gly-
coprotein IIIa is significant in ITP pathogenesis [17].
Furthermore, eradication of H. pylori was found in
different studies to increase platelets recovery, as
compared to H. pylori-seronegative or eradication
failure patients [16].

Different mechanisms were suggested for
H. pylori induction of AID. B1 cells activation by
H. pylori urease and production of autoantibodies,
including immunoglobulin M (IgM)-type rheuma-
toid factor, antisingle-stranded DNA (ssDNA) and
 Copyright © 2018 Wolters Kluwe
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antiphosphatidyl choline antibodies is one of the
suggested mechanisms [18]. Another mechanism for
H. pylori-induced autoimmunity consists of the
homology between H. pylori and heat shock proteins
(HSP) 60 and 65 [19]. This is confirmed by different
studies that reported the presence of anti-HSP60 and
anti-HSP65 antibodies in H. pylori-positive patients
with various AID, such as Sjögren’s syndrome and
SSc, respectively. [20,21]. HSP has also been linked
to inflammation related to atherosclerosis. There-
fore, molecular mimicry between HSP and H. pylori
may also play a role in atherogenesis and coronary
heart disease [22].

Helicobacter pylori protects from
autoimmune diseases

Recent data suggest that H. pylori may actually
inhibit the development of certain AID. H. pylori
seropositivity was found to be significantly lower in
patients with MS and IBD, than healthy individuals
[11]. A negative association between anti-H. pylori
and gastrointestinal-associated autoantibodies was
found in connective tissue disorders [23]. In IBD,
mouse models of dextran sodium sulfate-induced
chronic colitis demonstrated amelioration of clini-
cal and histopathological colitis after exposure to
H. pylori extracts. A fascinating mechanism of mucin
2 transcriptional activation was suggested by
researchers to explain the induction of IBD by
H. pylori. This process appears to be dependent on
r Health, Inc. All rights reserved.

rved. www.co-rheumatology.com 367



Infections and environmental aspects of autoimmunity
nucleotide-binding oligomerization domain-like
receptor protein 3 inflammasome and interleukin-
18 production [24].

The immunoprotective role of H. pylori was also
demonstrated in MS. In MS patients, H. pylori sero-
positivity was found to be inversely associated with
the mean expanded disability status scale score and
fulfillment of McDonald’s MRI diagnostic criteria
for MS [25]. A protective mechanism that includes
immune modulation of both T helper (Th) 1 and
Th17-related responses was suggested in an experi-
mental autoimmune encephalitis mouse models. In
one study, H. pylori infection reduced the severity of
experimental autoimmune encephalitis, as well as
antigen-specific T-cell proliferative responses, the
number of central nervous system CD4þ cells and
Th1-related cytokines, such as interferon-g and
interleukin-17 [26].

Controversies regarding the role of
Helicobacter pylori in autoimmune diseases

In some AID, H. pylori involvement is still contro-
versial. This is the case for RA and systemic lupus
erythematosus (SLE). H. pylori seropositivity preva-
lence rate in Japanese RA patients is reported to be
49.3%, lower than the control group [27]. Eradica-
tion of H. pylori in different studies resulted in
contradictory results, in regard to its effect on RA
onset, severity, and clinical course [11].

In SLE, H. pylori was suggested to have a protec-
tive role, as the prevalence rate of H. pylori seroposi-
tivity in SLE patients was found to be lower than in
healthy controls [11]. Moreover, African American
H. pylori-seropositive women were found to develop
symptoms related to SLE in an older age than their
seronegative counterparts [14]. However, antissDNA
autoantibodies production in mice exposed to
H. pylori components, as we mentioned earlier, is
supportive of H. pylori role in induction of SLE [18].
Therefore, it appears that the role of H. pylori in the
pathogenesis of autoimmunity is yet to be clearly
defined.
Hepatitis B virus

Hepatitis B virus (HBV) is a hepatotropic virus
that belongs to the hepadnaviridae family [28].
Recent studies suggest that HBV both induces and
inhibits autoimmunity (suggested mechanisms are
presented in Table 2).

Hepatitis B virus induces autoimmune
diseases

First described by Gocke et al. [29], HBV has long
been reported to induce polyarteritis nodosa (PAN)
[30]. Highest frequency of 77 per 1 000 000 is seen in
 Copyright © 2018 Wolters Kluwer 
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Alaskan Eskimos living in HBV-endemic areas [31].
Furthermore, the incidence rates of HBV-induced
PAN (HBV-PAN) were shown to decrease in devel-
oped countries, most probably due to the introduc-
tion of HBV vaccine [32].

Specific characteristics of HBV-PAN include the
presence of antineutrophil cytoplasmic antibodies
(ANCA)-negative vasculitis. HBV replication hold
was found to be associated with HBV-PAN remission
[31]. Suggested mechanisms consist of deposition of
immune complexes in vessel walls. In one study,
circulating immunoglobulin G (IgG) containing
immune complexes in HBV-PAN, as compared to
non-HBV-PAN patients were measured and found to
be lower (7185�2472 and 26 462�10 796, respec-
tively) [33]. Histologic findings of immune com-
plexes deposits consisting of HBV surface antigen
(HBsAg), immunoglobulins, b1C-globulin, and C1q
in vessel walls support that notion [34].

Treatment of HBV-PAN includes clearance of
immune complexes by plasmapheresis in combina-
tion with antiviral drugs and corticosteroids, and
was shown to achieve 80.9% remission [30]. In
contrast, immunosuppression using corticosteroids
and cyclophosphamide is recommended for a non-
HBV-PAN [35

&&

]. Therefore, HBV-PAN is considered
to be a distinct entity with different pathogenesis
and treatment from non-HBV-PAN.

Another AID associated with HBV infection is
antiphospholipid syndrome (APS). It appears that
chronic HBV infection triggers the production of
antiphospholipid antibodies [APLA: anticardiolipin
(aCL), antib (2)-glycoprotein I (b2GPI), and lupus
anticoagulant antibodies] [28]. Suggested mecha-
nism is presented in Table 2.

One study evaluated 50 HBV patients and found
the presence of IgG aCL antibodies in 14% of the
patients [36]. In Korea, among 143 HBV patients,
aCL, b2GPI, and lupus anticoagulant antibodies
were noted in 12.6, 2.1, and 1.4% of the patients,
respectively [37]. Moreover, a meta-analysis of 20
studies confirmed the link between HBV, aCL [odds
ratio (OR) 11.22, 95% confidence interval (CI) 6.68–
18.84] and b2GPI (OR 14.07, 95% CI 3.06–64.66)
antibodies [38].

Clinical significance of APLA in chronic HBV
infection is unknown. One study has reported that
in patients with chronic HBV-induced cirrhosis or
hepatocellular carcinoma, the presence of APLA is
related to the development of portal vein thrombo-
sis [39]. However, in all the studies mentioned
above, including the meta-analysis, found no asso-
ciation between HBV-APLA and clinical manifesta-
tions of APS [36–38]. Therefore, APLA production in
chronic HBV patients does not necessarily induce
clinical APS.
Health, Inc. All rights reserved.
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Hepatitis B virus protects from systemic
lupus erythematosus

HBV role in SLE pathogenesis has long been contro-
versial. Measurements of HBsAg in the sera and
glomerular immune complexes of SLE patients
yielded contradicting results [40].

However, current data suggest that HBV may
actually have a protective role in SLE. In a pristane-
induced lupus mouse model, HBV-infected mice
were found to have lower titers of antinuclear anti-
bodies (ANA), lower levels of interleukin-17, tumor
necrosis factor-a, and B-cell activating factor, and
higher levels of interleukin-2, interleukin-4, and
interleukin-6, than non-HBV lupus-prone mice.
Moreover, lower rates of glomerulonephritis were
noted in the HBV-infected group [41

&&

].
Human studies provide supporting data, as well.

Lower rates of anti-HBc (HBV core) antibodies were
noted in the sera of 117 SLE patients, as compared to
healthy controls (2.5 and 10.7%, respectively;
P¼0.01) [42]. Another study in China demonstrated
significantly lower rates of HBsAg in the sera of SLE
patients, as compared to the general population
(2.33 and 9.57%, respectively; P<0.01) [43]. There-
fore, HBV role in SLE pathogenesis is still undefined
and may be inhibitory.

Group B coxsackieviruses

Group B Coxsackieviruses (CVB), a group of six
serotypes that belongs to the family of enterovi-
ruses, have extensively been studied as important
players in the pathogenesis of T1D (diabetogenesis).
Evidence supporting both induction and inhibition
of T1D by CVB was obtained from nonobese diabetic
(NOD) mouse model studies [44] (data regarding
mechanisms is presented in Table 2).

Coxsackievirus B induces type 1 diabetes
mellitus

Several environmental factors, including different
infectors, have been previously suggested to trigger
the onset of T1D. Among other infections, CVB were
marked as strong candidates [45].

Numerous epidemiological studies have associ-
ated CVB infection with T1D onset. In one study
researchers found an incidence rate of 67% of posi-
tive CVB IgM serology among children diagnosed
with T1D in the period of 1964–1984 [46]. Another
study analyzed the sera of 14 children presenting
with a new-onset T1D using PCR and found that
64% of them were positive for enteroviruses, mainly
CVB3 and CVB4 [47]. Among 183 children who
developed autoantibodies compatible with T1D,
CVB1 was found to increase risk for T1D [48].
Increased risk of T1D among CVB1-infected individ-
uals was confirmed in another study [49].
 Copyright © 2018 Wolters Kluwe
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An association between CVB infection and T1D
was also demonstrated in NOD mouse models.
Infection of T-cell receptors (TLR) transgenic NOD
mice with CVB4 has induced T1D [50]. CVB tropism
to the pancreas and development of pancreatitis was
observed in the process [51,52]. Phagocytosis of b

cells following CVB infection and participation of
antigen-presenting cells are probably required in the
autoimmune process [53]. Another study demon-
strated that knockout of the TLR3 gene protects
CVB4-infected NOD mice from developing T1D,
suggesting that TLR3 plays a major role in CVB-
induced diabetogenesis [52]. Furthermore, CVB
infection-induced dysregulation of islet microRNAs
that target T1D genes is another suggested mecha-
nism for T1D development [54

&&

,55
&

,56
&&

]. Interest-
ingly, transfer of CVB-specific antibodies from
mothers to their offspring in NOD mouse models
has decreased the risk in the offspring for CVB
infection and also protected from T1D development
[57].

Coxsackievirus B protects from type 1
diabetes mellitus

However, it seems that CVB can also inhibit T1D
development. NOD mice aging 4–8 weeks, which
were infected with different strains of CVB have
demonstrated two to 10-fold decrease in T1D inci-
dence rate, as compared with controls. This protec-
tive feature of CVB was found to be greater in more
virulent strains [58].

Another study found that infection of pre-
diabetic NOD mice with CVB3 had immuno-
modulatory effects, which included expression of
programmed cell death-ligand 1 (PD-L1) in lympho-
cytes and inhibition of PD1-producing autoreactive
CD8þ T cells. Production of CD4þCD25þ regula-
tory T cells was also observed and provided further
protection against T1D development [59].

Specific mechanisms explaining why CVB both
induces and inhibits T1D are still unclear. Age of the
CVB-infected mice is thought to be one explanation,
as induction and inhibition of T1D development is
noted in older and younger ages, respectively [44].
Other authors suggested that the net effect of CVB
on T1D is the result of direct CVB-induced b cell
damage versus b cells sparing, the later having pro-
tective features against T1D [59]. Therefore, CVB
is a good example on how the same infector both
induces and inhibits the same AID.
CONCULSION

Different infectious agents play a double role,
as inducers and inhibitors of autoimmunity. This
contributes to the complex multifactorial etiology
r Health, Inc. All rights reserved.
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of AID. Elucidating the exact role of each pathogen
on each specific AID is important, as complete
understating of these processes is still lacking. This
will enable further studies that will examine manip-
ulation of such infections, as a possible therapeutic
modality against AID.
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 CURRENT
OPINION Autoimmune manifestations of infections

Luis J. Jaraa,d, Gabriela Medinab,d, and Miguel A. Saavedrac,d

Purpose of review
To provide an update about the interactions between infections and autoimmune diseases (AIDs), from the
molecular perspective to the clinical spectrum and the differentiation between infection and disease activity.

Recent findings
Any kind of infection may modify the innate and adaptive immune response through the following
mechanisms: molecular mimicry, superantigens, epitope spreading and B-cell activation. The consequence
is the overproduction of antibodies shared with those found in AIDs. Viral infections, especially HIV and
hepatitis C virus, can stimulate the production of antiphospholipid antibodies and confer an increased risk
to develop antiphospholipid syndrome.

Summary
The identification of risk factors to develop infections in patients with AIDs is remarkable to prevent them.
These factors are the use of steroids and immunosuppressants, the involvement of a major organ (lungs,
brain and kidney) and severe activity. Biomarkers to differentiate infection from disease activity are scarce,
but the combination of procalcitonine and C-reactive protein seems to have higher specificity and sensibility
to identify infections in patients with AIDs. Finally, the clinical judgment is the hallmark to differentiate
between infections and disease activity.

Keywords
autoimmune disease, biomarkers, infections

INTRODUCTION

Autoimmune diseases (AIDs) affect nearly 5% of the
population of the world. This specific group consists
mainly of women and 70% of them start between
the ages of 16 and 55 [1,2]. AIDs have different
clinical expressions according to the ethnic group.
These differences suggest the presence of risk genes
that provide a greater morbidity and mortality in the
African-American, Hispanic and Asian populations
[3]. The main characteristic of these diseases is the
loss of tolerance to intracellular and extracellular
antigens that lead to profound abnormalities
in immune response with formation of antigen-
antibody complexes that cause vascular and tissue
damage [4,5].

Infections are environmental factors that can
induce or exacerbate AIDs [6,7]. Viruses, bacteria,
parasites and other infectious agents can mimic its
clinical manifestations and become a real challenge
for the clinician, who tries to solve the dilemma of
infection vs. activity. Infectious complications con-
tribute to morbidity and mortality of patients with
AIDs [8]. In this review, we will analyze the interac-
tion between infections and the immune system,
the clinical similarity among them and the steps to
follow to solve this dilemma.

AUTOIMMUNE MECHANISMS IN VIRAL
INFECTIONS

Molecular mimicry happens when nonself-peptides
share sequence homology with self-peptides, pro-
ducing cross-reactive recognition between foreign
and self-antigens, leading to the activation of autor-
eactive T cells. This reaction becomes antigen source
for autoantibodies development [9].

Viruses affect tissue via stimulation of plasma-
cytoid dendritic cells, which activates the innate
immune system via Toll-like receptors (TLR) path-
ways, which result in the production of cytokines
by immune cells, including type 1 interferon (IFN-1)
[10,11].
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KEY POINTS

� Infections cause an increase in morbidity and mortality
in patients with AIDs and mimic their
clinic characteristics.

� Infections in patients with AIDs may stimulate innate
and adaptive immune response.

� Viral infections stimulate autoantibodies including aPLs,
which can be a risk to develop thrombosis.

� Biomarkers available to differentiate between infection
and disease activity are scarce.

� The dilemma between infections vs. disease activity can
be solved with clinical judgment in order to reach an
early and opportune treatment.

Infections and environmental aspects of autoimmunity
Cytomegalovirus is associated with immuno-
suppression and autoimmunity. The activation of
the immune system stimulates viral replication from
latency within macrophages through a tumoral
necrosis factor a-dependent mechanism. Torque-
teno virus, or transfusion-transmitted virus, pro-
motes autoimmunity through molecular mimicry
with retroviral endogenous sequences (HRES-1/
p28). Interaction between Epstein–Barr virus (EBV)
and HRES-1/p28 epitopes may result in epitope dis-
persion to include self-antigens and nucleosome
components. Endogenous retrovirus can initiate
decrease in the tolerance through molecular mimicry
and epitope spreading. Hepatitis C virus (HCV) is
associated with increased levels of B lymphocyte
stimulator (BLyS), leading to an activation of B cells
and CD4þ T cells [9]. Coxsackie B4, an enterovirus,is
linked to the development of type I diabetes [12]. HIV
infection can lead to the development of AID by
molecular mimicry affecting B cells. If immunosup-
pression is added, AID may appear [13].
AUTOIMMUNE MECHANISMS IN
BACTERIAL INFECTIONS

Interleukin-17 (IL-17) is a proinflammatory cytokine
involved in the protection of the host against several
types of microorganisms but can also exacerbate the
severity of some infections by the influence of IL-23
[14

&

]. The triggering of an immune response to auto-
antigens can lead to the development of AIDs via
molecular mimicry [15]. Granulomatosis with poly-
angiitis (GPA) is an antineutrophil cytoplasmic anti-
body (ANCA) vasculitis. Some bacteria induce ANCA
production via molecular mimicry; furthermore,
neutralization of proteinase 3 (PR3) with ANCA
reduces both binding and bacterial phagocytosis.
Staphylococcus aureus induces polyclonal activation
 Copyright © 2018 Wolters Kluwer 
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of B cells, priming of neutrophils and induction of
antiidiotypic antibodies to PR3-ANCA. ANCA auto-
antibodies against lysosomal membrane glycopro-
tein 2 can be induced by immunization [15,16]. In
rheumatoid arthritis (RA), rheumatoid factor is
directed against the Fc portion of IgG, and anticitrul-
linated-containing peptides (anti-CCPs)/proteins as
common antigenic epitopes. High titers of type II
collagen antibodies (anti-CII) in sera / synovial fluids
are expressed in the cartilage, inducing joint destruc-
tion. Many bacterial species contain collagen triple
helix repeat family proteins that share a high degree
of identity and homology with human CII. In addi-
tion, heat shock 70 kDa protein is highly immuno-
genic and may target autoimmunity by cross-reactive
self-proteins such as Bartonella, Brucella, Borrelia and
Rickettsias [15,17]. In systemic lupus erythematosus
(SLE), a cross-reactive immune response from molec-
ular mimicry leads to activate specific T lymphocytes
to limit infection but can exacerbate autoimmunity.
Viruses have been studied extensively but some bac-
teria candidates for this protein with cross-reaction
areStreptococcus, S. aureus, Escherichia coli,Pseudomona
aeruginosa, Streptococcus pneumonia and Neisseria, Lis-
teria, Legionella, Salmonella, Mycobacteria and proba-
bly some fungi infections by Candida albicans,
Cryptococcus neoformans or Aspergillus fumigates could
be involved. Hyperinfection syndrome produced by
parasites can be induced by immunosuppression. But
beyond the pathogenetic role of viruses and bacteria,
parasites, including Toxoplasma gondii, Helicobacter
pylorii and helminths, inhibit autoimmune responses.
The inhibition occurs through stimulating B-cell
production of cytokine IL-10, with resultant induc-
tion of naive CD4þ T cells into Tregs [9].

Another important pathogen recognized as capa-
ble of initiating autoimmunity is Mycobacterium
tuberculosis. Its participation has been proposed in
the development of RA [18], SLE [19], primary biliary
cirrhosis and sarcoidosis [20]. Mycobacterial heat
shock proteins may play an important role, as they
might affect the differentiation of lymphocytes into
Th1 and Th2 profiles and change the expression of
critical costimulating molecules [21,22]. Molecular
mimicry is also involved, as mycobacterial heat shock
proteins can be confused with those produced by
host’s cells via T-cell cross-reactivity [21]. In murine
models, the infection by M. tuberculosis can stimulate
the expression of IL-6 through TLRs-2, which pro-
motes the development of RA [18].
VIRAL INFECTIONS THAT MIMIC
AUTOIMMUNE DISEASES

Viruses have the following characteristics: to be
ubiquitous; to persist inside the body throughout
Health, Inc. All rights reserved.
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life; to stimulate the production of autoantibodies
and to inhibit apoptosis. Viral infections may pre-
cede the symptoms and signs of AIDs [23]. EBV has
been implicated in the development of AID such
as SLE, Sjogren’s syndrome and RA [12]. EBV is
acquired during childhood and is carried through-
out life in memory B cells as an asymptomatic
infection. Later, it breaks immunological tolerance
in SLE by molecular mimicry. With respect to RA,
EBV may be an initiator of anti-CCP antibodies that
precede disease onset [24

&&

]. Some viruses have been
detected as triggers for central nervous system (CNS)
autoimmune disorders, including EBV, measles
virus and HTLV-1, that have been linked with mul-
tiple sclerosis or other demyelinating disorders,
whose incidence is increased in seropositive EBV
individuals compared to those who are seronegative
[25]. HTLV-1 infection can mimic the disease known
as HTLV-1-associated myelopathy/tropical spastic
paraparesis (HAM/TSP). Because of the presence of
antibodies cross-reactive to both HTLV-1 and neu-
rons found in HAM/TSP, autoimmunity and molec-
ular mimicry possibly play a role in its pathogenesis
[26]. This virus is also involved in the development
of AID including RA, Sjogren’s syndrome and SLE
[27]. Zika virus (ZIKV), an arbovirus of the Flavivir-
idaefamily, is transmitted by the bite of Aedes mos-
quito, sexual contact and blood transfusions. It has
been associated with the development of Guillain–
Barré syndrome (GBS), and the clinical course of
patients with GBS related to ZIKV seems to be more
aggressive than the ones not associated with ZIKV. A
recent study found no association of rheumatic and
thyroid autoimmunity in patients with ZIKV infec-
tion [28

&&

]. Dengue virus infection leads to the pro-
duction of autoantibodies against endothelial cells,
platelets and coagulator molecules with an abnor-
mal activation or dysfunction. It may also trigger
abnormal immune responses causing autoimmune
reactions. Some autoimmune features reported in
association with dengue fever are proteinuria, pleu-
ral and pericardial effusion, as well as ascites with
low C3 levels and positive antinuclear antibodies
(ANAs) and cryoglobulins, findings that mimic an
AID [29]. Varicella zoster virus has also been associ-
ated with multiple sclerosis [30]. Parvovirus B19
(PVB19)-induced autoimmunity occurs when spe-
cific T cells for NS1 protein are stimulated during
a reoccurrence of PVB19 infection or restimulation
of NS1 expression, participating in the pathogenesis
of several AIDs including adult-onset Still’s disease,
dermatomyositis, Sjögren syndrome, SSc, giant cell
arteritis, Henoch–Schönleinpurpura, GPA, Kawasaki
disease and polyarteritisnodosa [31]. HIV infection
has been associated with autoantibodies increase.
During highly active antiretroviral therapy, AIDs
 Copyright © 2018 Wolters Kluwe
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such as SLE, Graves’ disease and autoimmune hepa-
titis have been observed [32].
BACTERIAL INFECTIONS THAT MIMIC
AUTOIMMUNE DISEASES

Bacterial infections can be associated with relapse of
the disease or may mimic AIDs [33]. Some of the
main infections that mimic AIDs are described
below.
Infective endocarditis

These can be acute or subacute and may be due to a
number of microorganisms such as Streptococcus
viridans, Streptococcus gallolyticus, S. aureus, coagu-
lase-negative staphylococci, among others [34].
Although infectious endocarditis typically affects
patients with previous valvular disease, diagnosis
is more frequent in people with a previously healthy
heart [35]. Rheumatic manifestations of infective
endocarditis such as myalgias, arthralgias, arthritis
or back pain are very frequent and can mimic rheu-
matic diseases such as RA, SLE or ANCA-associated
vasculitis [36]. Infectious endocarditis may present
elevation of acute phase reactants, anemia, positive
rheumatoid factor, cryoglobulinemia, circulating
immune complexes, low serum complement and
changes in urinary sediment [37].
Q fever

Q fever is a zoonotic infection caused by Coxiella-
burnetii. The clinical presentation of Q fever is highly
variable and depends on the stage of the disease,
factors specific to the microorganism and character-
istics of the host [38]. In addition, Coxiella burnetii
infection is associated with the positivity of various
autoantibodies such as ANAs, antiphospholipid
antibodies (aPL) and rheumatoid factor. Q fever
mimics rheumatic diseases such as SLE, Still’s dis-
ease, polymyalgia rheumatica, giant cell arteritis,
polyarteritisnodosa and type II cryoglobulinemia
which have been described [38,39

&

]. Furthermore,
C. burnetii infection can be associated with osteo-
myelitis, arthritis, sacroiliitis and tenosynovitis [38].
Tuberculosis

It is an endemic infection caused by M. tuberculosis.
Tuberculosis affects the lungs but extrapulmonary
forms also exist. Articular involvement typically
presents as a chronic monoarthritis mainly in the
hip or knee. Poncet’s disease is a very rare form of
extra-pulmonary tuberculosis characterized by an
acute-onset reactive polyarthritis that resolves
r Health, Inc. All rights reserved.
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FIGURE 1. Principal mechanisms of interaction between infections and autoimmune diseases.
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without sequelae [40,41]. Because of these clinical
presentations as well as systemic forms (miliary
tuberculosis), infection by M. tuberculosis is a great
imitator of rheumatic diseases. In addition, the
presence of antibodies (ANA, rheumatoid factor,
aPL and ANCA) in tuberculosis has been described
as an epiphenomenon, making the diagnosis even
more confusing. Cases of tuberculosis mimicking
SLE, vasculitis, RA, ankylosing spondylitis and Still’s
disease have been described [42–46].
Leprosy

Leprosy is an ancient disease caused by Mycobacterium
leprae. The incidence and prevalence of leprosy has
been significantly reduced [47]. Leprosy is associated
with rheumatic manifestations such as arthritis and
cutaneousvasculitis, and adiversity ofautoantibodies
have been described. Leprosy that mimics rheumatic
diseases such as SLE, dermatomyositis or spondyloar-
thritis has been reported [48–50].
INFECTIONS VS. AUTOIMMUNE
DISEASES: HOW TO SOLVE THIS
DILEMMA?

Figure 1 summarizes the different mechanisms of
interaction between the immune system and infec-
tious agents, previously described, in patients
with AIDs. The proposed mechanisms and clinical
experience lead to the need of practical and highly
 Copyright © 2018 Wolters Kluwer 
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specific sensitive biomarkers to differentiate
between an infectious event and the activation of
the immune system. These biomarkers are scarce
and have been described mostly in autoimmune
rheumatic diseases. Therefore, clinical and thera-
peutic decisions are based on clinical judgment.
HIV infection

In HIV infection, CD4 positive T lymphocytes are
infected and eliminated. These alterations are accom-
panied by an abnormal activation of the immune
system promoting the development of AIDs. These
entities have been described before and after antire-
troviral therapy. The coexistence of SLE and HIV is
rare. Patients with HIV and active SLE share clinical
and laboratory manifestations, such as fever, arthri-
tis, myositis, kidney, CNS, pulmonary and cardiovas-
cular affection, ANAs, antids-DNA, anti-Sm, as well as
aPL. On the contrary, patients with SLE may have
false positive HIV serological test. In case of suspicion
of HIV infection in patients with SLE, a confirmatory
test is necessary [51

&&

]. From 1988 to date, 76 patients
with SLE and HIV infection have been described. This
infection may precede the development of SLE, be
concomitant or develop in a patient diagnosed with
SLE. Coexistence of SLE and HIV infection has been
described and a lupus-like syndrome has been
reported. In many cases, the diagnosis of HIV infec-
tion was made coincidentally. Therefore, a high
degree of suspicion should be based on a complete
Health, Inc. All rights reserved.
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clinical history, physical examination and laboratory
data [52

&

].
A recent meta-analysis analyzing the risk of

developing antiphospholipid syndrome (APS) after
a viral infection showed that HIV and HCV were the
most commonly reported viruses. Compared with
healthy controls, HIV patients were more likely to
develop elevated aPL. Thromboembolic events were
most prevalent in patients with raised aPL. This
study suggested that HIV infection can increase
the risk of developing elevated aPL and associated
thromboembolic events [53

&&

]. Case reports of
patients have shown that aPL can occur after infec-
tion with clinical consequences [54]. HIV infection
can be a risk for venous and arterial thrombosis and
HIV vasculopathy [55]. Therefore, this infection
should be investigated in all young patients with
aPL or APS and risk factors for it.
Hepatitis C virus infection

Anticardiolipin antibodies are frequently found in
patients with HCV regardless of status for mixed
cryoglobulinemia, usually in low titers and in the
absence of thrombotic events, and anti-b2GPI [56].
Articular involvement is a frequent extrahepatic
manifestation of HCV infection. The distinction
between HCV-related polyarthropathy and true RA
may be difficult, especially in early-onset RA. Anti-
CCP antibodies are useful markers to differentiate
between RA and HCV-related polyarthropathy [57].
Epstein–Barr virus infection

EBV infection can be associated with SLE onset and
can mimic the reactivation of it. A recent study
found that SLE patients had significant elevation
of EBV, IgM antibody (lytic infection) but not EBV
DNA load with higher latent gene expression and
elevation of type I IFN. These patients had higher
SLEDAI scores than patients with negative EBV IgM
antibodies [58

&

].
Bacterial infections

Treatment with steroids and immunosuppressant
drugs, activity of the disease and affected organ are
the principal risk factors for developing bacterial
infections in patients with AIDs. Fever in these
patients makes it necessary to rule out bacterial infec-
tion. Some biomarkers may be useful to distinguish
infections from AID reactivation, such as procalcito-
nin and C-reactive protein (CRP) [59

&&

]. However, the
role of procalcitonin to differentiate infections from
reactivation of SLE is controversial. A recent meta/
analysis included eight studies with 205 patients with
 Copyright © 2018 Wolters Kluwe

1040-8711 Copyright � 2018 Wolters Kluwer Health, Inc. All rights rese
SLE flare and 198 SLE patients with infection. Overall,
there were no significant differences between serum /
plasma levels of procalcitonin in patients with SLE
reactivation and patients with infection [60].
Another study compared the relationship between
neutrophil-to-lymphocyte ratio (NLR) and infection
in SLE patients. NLR and CRP showed higher speci-
ficity (98.3%) than CRP alone. This study suggests
that NLR could be a good marker for infection in
patients with SLE [61

&

].
Finally, CNS infections in patients with SLE are

rare, but have a high mortality and can mimic
disease activity and delay in diagnosis and treat-
ment. The studies of cerebrospinal fluid (CSF) and
a high index of suspicion will help make a correct
diagnosis and a prompt treatment. The following
symptoms and signs may be helpful in identifying a
CNS infection in a patient with SLE or other AIDs:
severe headache, high fever, low SLEDAI scores and
abnormal CSF are the most important indicators of
CNS infections [62].
CONCLUSION

Molecular mimicry, epitope spreading, superanti-
gens and B cells activation are the principal mecha-
nisms of interaction between the immune system
and infectious agents. Virus, bacteria and parasites
may induce the initiation or activation of an AID
and can mimic clinical manifestations of AID. Given
the scarcity of biomarkers to differentiate infection
from AID activity, clinical judgment is the hallmark
to solve this dilemma.
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 CURRENT
OPINION Extra-pulmonary diseases related to Mycoplasma

pneumoniae in children: recent insights
into the pathogenesis

Dimitri Poddighe

Purpose of review
Providing an overview on Mycoplasma pneumoniae-related extra-pulmonary diseases (MpEPDs) in children,
who represent the preferred target population by those complications, and discussing the main pathogenic
mechanisms implicated or potentially involved.

Recent findings
Recent evidences supported the fact that M. pneumoniae is more than an extra-cellular pathogen
colonizing epithelial cells of the respiratory tract. It is able to penetrate the cell membrane of host cells and
to invade the respiratory mucosa, leading to pronounced inflammatory responses and also spreading
outside the respiratory system, to some extent. Thus, direct and indirect (immune-mediated) mechanisms
have been described in M. pneumoniae infections, but the latter ones have been mainly implicated in
MpEPDs, as reviewed here. Recently, interesting insights have been provided, especially as concern
neurologic complications, and new potential mechanisms of disease have been emerging for autoimmunity.

Summary
The awareness of the occurrence of MpEPDs, showing very variable clinical expressions, could promote a
correct diagnosis and an appropriate treatment. The knowledge of disease mechanisms in MpEPDs is
largely incomplete, but recent advances from clinical studies and murine models might promote and direct
future research.

Keywords
children, M. pneumoniae-related extra-pulmonary diseases, M. pneumoniae, pathogenesis

INTRODUCTION

The genus Mycoplasma (belonging to bacterial class
Mollicutes) includes more than 100 species and
these microorganisms are the smallest free-living
and self-replicating bacteria being devoid of cell wall.
Moreover, because of the small length of its genome
(<1000 Kb), mycoplasmas have limited biosynthetic
capabilities, which make those be dependent from
other cells to obtain nutrients for survival and repli-
cation. Mycoplasma pneumoniae (M. pneumoniae), that
is probably the most common species of its genus
causing diseases in humans, colonizes the respiratory
epithelium and, therefore, emerged as an important
cause of respiratory diseases. M. pneumoniae can
be implicated in upper respiratory tract infections,
bronchiolitis, tracheitis/bronchitis, and pneumonia.
However, M. pneumoniae infection has been linked
also to several extra-respiratory manifestations and
sometimes M. pneumonia-related extra-pulmonary
diseases (MpEPDs) may represent the most evident

clinical problem of this infection, especially in young
adults and children [1].

In pediatric population, a wide range of diseases,
involving skin, musculoskeletal, nervous, hemato-
logical, digestive, renal systems have been reported.
In most cases, immune-mediated mechanisms trig-
gered by M. pneumoniae have been suggested to
explain the pathogenesis of MpEPDs, but those have
to be largely elucidated, yet; moreover, the remark-
able clinical heterogeneity of MpEPDs supported the
existence of several pathogenic mechanisms. We
summarized the current knowledge and hypotheses
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KEY POINTS

� In the pediatric population, a number of diseases
(involving skin and musculoskeletal, nervous,
hematological, digestive, renal systems) have been
reported as being related to M. pneumoniae.

� M. pneumoniae-related extra-pulmonary diseases may
recognize several pathogenic mechanisms, but indirect
or immune-mediated are mainly involved.

� Exaggerated production of pro-inflammatory cytokines,
production of antibodies directed to self-antigens and
generation (and deposition) of immune complexes are
the main pathogenic mechanisms of MpEPDs
recognized so far.

� Potential direct interaction of M. pneumoniae with
extra-respiratory host cells, Th2-driven immune
responses and strain-related virulence factors (including
antibiotic resistance) may be additional disease
mechanisms in MpEPDs.

Extra-pulmonary diseases related to Mycoplasma pneumoniae Poddighe
about disease-related pathogenesis in Table 1,
according to an anatomical classification of the
most relevant extra-respiratory diseases described
in the medical literature, as being associated to M.
pneumoniae infection [2

&

,3–5].
GENERAL PATHOGENIC PROPERTIES OF
M. PNEUMONIAE

In order to colonize and/or infect the epithelial cells
of the respiratory tract, M. pneumoniae, that appears as
a spindle-shaped cell, is endowed with a terminal tip
structure, acting as cyto-adherence organelle made of
a filamentous central core covered by cell membrane,
where several adhesins (e.g., P1 and P30) and acces-
sory proteins can be found. Some experimental data
also suggested that M. pneumoniae could have an
intra-cellular penetration and get through the muco-
sal barrier, which may promote its extra-respiratory
spreading; however, the exact mechanisms of its
intra-cellular localization and/or the extent of its
extra-respiratory translocation in vivo are currently
unknown. Indeed, cell invasion by M. pneumoniae is
not necessary to produce cytotoxic effects in host
cells: its cyto-adherence induces cilia deterioration
and biochemical impairments in glucose metabo-
lism, amino-acids uptake, and protein synthesis;
moreover, oxygen radicals produced by M. pneumo-
niae itself and/or by host cells upon endocytosis cause
cell damage and structural deterioration [3,6].

However, those direct pathogenic effects add to
indirect injuries induced by host immune response
that is important to eradicate the infection, but
excessive cytokine production and lymphocyte
 Copyright © 2018 Wolters Kluwe
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activation are involved in the occurrence of severe
respiratory disease associated to M. pneumoniae. Sim-
ilarly, an exaggerated production of inflammatory
cytokines has been implicated in the development
of MpEPDs, but here a number of pathogenic mech-
anisms have been evidenced or suggested, as
described in Table 1. Although the pathogenesis
of MpEPDs is still largely elusive, the major source
of tissue damage is supposed to be mediated by the
immune system, probably; anyway, several eviden-
ces suggested also the ability of M. pneumoniae to
overcome the respiratory barrier and, then, to
spread systemically, to some extent [7

&&

]. Schemati-
cally, direct and indirect mechanisms can be distin-
guished in respiratory diseases due to M. pneumoniae
and MpEPDs.
DIRECT MECHANISMS OF DISEASE

Direct pathogenic mechanisms of M. pneumoniae are
related to its interaction with host cells, represented
by respiratory epithelial cells; actually, in vitro
experiments showed that it can adhere also to other
cells, such as red blood cells and macrophages [3,4].
Very recently, Prince et al. described peri-cellular
invasion by M. pneumoniae in a human airway epi-
thelium model, providing further insight into a
potential route for its extra-pulmonary spread [8].

Actually, the direct cell injury mediated by this
microorganism is not limited to adherence onto
host cells, inducing a membrane damage that affects
inter-cellular interactions and also cytokines pro-
duction, which could promote additional (and indi-
rect) tissue damage by immune cells recruitment,
then. Indeed, several studies showed that M. pneu-
moniae can invade host cells, cause nutrient deple-
tions and release toxic molecules. Because of its
small genome, M. pneumoniae is not able to synthe-
size a number of metabolites and, then, it takes
glucose, cholesterol and amino acids, by inserting
its microtubules into the cells. Moreover, by invad-
ing host cells, several enzymes (hydrolases, nucle-
ases and phosphatases) inside M. pneumoniae could
be released and cause interference with many cellu-
lar activities. Finally, M. pneumoniae produces H2O2

that, along with nucleases, results in cell necrosis
and, as a consequence, in the local recruitment of
inflammatory cells [9

&

].
No exogenous toxins resulted to be secreted

from M. pneumoniae. However, in last few years,
Kannan et al. showed that N-terminus of one specific
adherence-accessory protein (MPN372) is endowed
of ADP-ribose transferase activity and shares a simi-
lar structure to S1 subunit of pertussis toxin and,
then, it induces extensive vacuolar degeneration
[10,11]. This molecule revealed a real toxic activity
r Health, Inc. All rights reserved.
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Table 1. Mycoplasma pneumoniae-related extra-pulmonary diseases described in children: overview and potential pathogenic

mechanisms

System Disease Mechanisms Description

Skin and Mucosae Unspecific rashes

Hives

Indirect? Unknown

SJS/MIRM Direct? Occasional bacterial isolation from bullae or targetoid lesions.

Indirect Polyclonal B-cell activation/immune-complex formation
Production of inflammatory cytokines (e.g., IL-1, IL-4, IL-6, TNF-a)
Impaired drug clearance (e.g., antibiotics), promoting drug hypersensitivity,

because of altered CYP enzymes due to cytokines

HSP Indirect Increased production of polymeric IgA triggered by the infection, in predisposed
children (galactose-deficient IgGA1)

Musculoskeletal Arthritis Direct (septic arthritis) Bacterial isolation and/or genome detection in synovial fluids, in immune-
compromised individuals, prevalently

Indirect
(Reactive arthritis)

Immune-complex formation because of cross-reactive antibodies against LAMPs
Local production of inflammatory cytokines, due to synovial localization by

hematic transportation.

Myositis Indirect Myopathy due to systemic production of inflammatory cytokines (IL-18, TNF-a)

Cardiovascular Myocarditis

Pericarditis

Direct Bacterial detection by PCR, electron microscopy or culture of pericardial fluid
(diffusion by contiguity?)

Indirect Uncertain mechanisms (pericardial inflammation driven by contiguity because of
concomitant pneumonia?)

Endocarditis (Direct?) Blood culture isolation in one case (endocardial localization not proven)

Indirect Production of cross-reactive antibody in AAR-like fashion

Kawasaki disease Indirect Systemic vasculitis mediated by an exaggerated inflammatory response: some
LAMPs can act as superantigen (e.g., N602 protein).

Hematologic Hemolytic anemia Direct? Cyto-adherence to red blood cells leading to membrane damage

Indirect (AIHA) Production of cold agglutinins, also against I antigen on erythrocytes perhaps.
Altered antigenicity of erythrocytes membrane due to MP cyto-adherence.

Thrombocytopenia Indirect
(ITP)
(TTP)

Generation of infection-related cross-reactive antibodies to platelets.
Generation of cross-reactive antibodies inactivating plasma von Willebrand

cleaving protease
Immune-mediated endothelial activation

Thrombosis Direct? MP tropism for endothelial cells, leading to endothelial dysfunction.

Indirect Transient production of antiphospholipid antibodies
Endothelial dysfunction induced by cytokines production
Impaired production of anticoagulant factors due to inflammatory cytokines

Gastro-intestinal Acute hepatitis Direct? Liver localization of MP, infecting epithelial cells
Liver localization of MP inducing inflammatory responses and micro-vascular

occlusion

Acute pancreatitis Indirect? Unknown

Urinary Nephritis Indirect Low C3-complement immune-mediated injury by deposition of immune-complexes

Neurologic Early-onset

encephalitis/myelitis

Aseptic

Meningitis

Direct SNC localization of MP, inducing a local inflammatory response

Late-onset

Encephalitis/myelitis

GBS

Cerebellitis

Indirect Production of antibodies against myelin glycolipids, in particular antigalacto-
cerebroside (Gal-C)

Stroke Indirect Endothelial dysfunction due to local production of inflammatory cytokines
Vascular occlusion due to injury by immune-complexes deposition
Hyper-coagulative state (see hematologic system)

ADEM Indirect Unknown

GBS, Guillain–Barré syndrome; HSP, Henoch-Schonlein purpura; LAMP, lipid-associated membrane protein; MIRM, M. pneumoniae-induced rash and mucositis;
SJS, Stevens-Johnson syndrome.

Infections and environmental aspects of autoimmunity
inducing pulmonary eosinophilic and lymphocytic
inflammation and, thus, leading to more severe
forms of pneumonia related to M. pneumoniae infec-
tion: as a consequence, that has been defined as
 Copyright © 2018 Wolters Kluwer 
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Community-Acquired Respiratory Distress Syn-
drome (CARDS) toxin. Several studies supported
its role in inducing a strong lung inflammatory
disease, by interfering with endosomal processes
Health, Inc. All rights reserved.
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and by activating the NLRP3 inflammasome via
ADP-ribosylation [12].

As mentioned previously, some in vitro studies
suggested that M. pneumoniae may show some tro-
pism also for other cells in addition to respiratory
epithelial cells; moreover, several clinical reports
described the detection of the microorganism
and/or its genome outside the respiratory system,
making direct pathogenic mechanisms be plausible
in some cases of MpEPDs. M. pneumoniae has been
demonstrated to adhere to human erythrocytes in
vitro, which could be also parasitized: those pro-
cesses might cause direct hemolysis to some extent
and alter the antigenicity of cell membrane, too;
moreover, its cyto-adherence to red blood cells
might also promote the extra-pulmonary dissemi-
nation of this microorganism [9

&

,13]. Interestingly,
recent evidences from experimental infections with
M. suis in pigs suggested also that hemotropic myco-
plasmas may interact with endothelial cells, leading
to a direct interference with the protective function
of the endothelium, that could be activated and/or
injured [14].

Some authors speculated that M. pneumoniae
may directly infect epithelial cells in the liver, but
such an occurrence has not been demonstrated, yet;
or the localization of M. pneumoniae might induce a
local production of inflammatory cytokines and/or
vascular occlusion-type damage [15,16]. For
instance, a direct injury has been postulated to be
involved in early-onset hepatitis due to M. pneumo-
niae, whereas the latter mechanism might be preva-
lent in late-onset hepatitis [2

&

].
Similarly, a pathogenesis related to the direct

localization of M. pneumoniae has been suggested in
early-onset central nervous system (CNS) complica-
tions, including encephalitis, myelitis, and aseptic
meningitis. Actually, in this setting, this hypothesis
could be more meaningful, as M. pneumoniae has
been detected in cerebrospinal fluid (CSF) of several
patients. Although Christie et al. [17] reported a
detection rate of this microorganism by PCR in
CSF lower than 5% of cases, the recent study by
Al-Zaidy et al. [18] reported a positive result in seven
out of their 18 cases of encephalitis. According to a
number of cases series and reviews on neurologic
MpEPDs, Narita [19] proposed that the pathogenesis
of M. pneumoniae-related encephalitis may be vari-
able and early-onset cases could rely on direct inva-
sion of CNS by the microorganism more likely than
other neurologic complications. The aforemen-
tioned study by Al-Zaidy et al. [18] supported this
hypothesis, as 75% of early-onset encephalitis was
CSF positive by PCR for M. pneumoniae, compared to
10% of late-onset cases. On the contrary, in the
study of the Swiss national prospective surveillance
 Copyright © 2018 Wolters Kluwe
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of pediatric M. pneumoniae-associated encephalitis,
including seven pediatric cases overall (three chil-
dren had early-onset encephalitis and four children
had a late-onset), M. pneumoniae genome in CSF was
not found in any patient [20].

Therefore, the pathogenesis of MpEPDs has been
supposed to be mostly indirect and immune-medi-
ated, although the ability of M. pneumoniae to inter-
act with host cells by several ways and to spread over
the respiratory system could have some importance
in triggering mechanisms of extra-pulmonary
injury.
INDIRECT MECHANISMS OF DISEASE

Indirect tissue injury by M. pneumoniae mainly
implies the trigger of inflammatory responses and,
more generally, the activation of the immune
system: indeed, that is supposed to be the most
remarkable source of MpEPDs. A number of immune
pathogenic processes have been described and/or
supposed to explain the occurrence of MpEPDs
and, probably, different mechanisms could be
involved according to the type of MpEPDs and on
a case-by-case basis [2

&

].
First of all, M. pneumoniae has been demon-

strated to induce strong inflammatory responses
in some cases, through the presence of several fac-
tors being able to activate the innate immune sys-
tem. We have already mentioned the discovery of
CARDs toxin and its role in lung inflammation, but
M. pneumoniae have many other pro-inflammatory
molecules, although it lacks a cell wall and, then,
immune stimulatory components like lipopolysac-
charide and peptidoglycan. Indeed, this microor-
ganism is provided with several lipid-associated
membrane proteins, which have been showed to
activate some toll-like receptors, in particular
TLR2; moreover, its capacity to produce direct cell
damage, as described previously, can provide also
damage-associated molecular patterns, promoting
the initiation of inflammatory responses [21].
Therefore, M. pneumoniae could trigger inflamma-
tion in extra-respiratory tissues where it may local-
ize; anyway, it can elicit a systemic inflammatory
response that, along with the production of several
cytokines, may impact on several organs and pro-
duce variable clinical manifestations.

CNS involvement is among the most reported
and investigated MpEPDs in children and young
adults. Some studies described elevated levels of
cytokines in CSF of patients with encephalitis (IL-
6, IL-8, IL-18, IFN-g) [19]. However, similar findings
have been documented also in cases related to other
types of MpEPDs. For instance, Oishi et al. [22]
described a 7-year-old girl with rhabdomyolysis in
r Health, Inc. All rights reserved.
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absence of any other apparent cause than the infec-
tion with an antimicrobial drug-resistant strain of
M. pneumoniae. Interestingly, here the authors docu-
mented an elevation of serum TNF-a and IL-18 and
speculated that the remarkable production of
inflammatory cytokines might be involved in the
pathophysiology of this myositis because of acute
and rapid proteolysis in muscles. Indeed, in our
experience, muscle pain has been frequently
reported in children affected with M. pneumoniae
infections and, actually, we noticed laboratory signs
consistent with myositis (such as a significant ele-
vation of plasmatic creatine-kinase, CK) in children
complaining of lower limbs pain, especially at calves
(personal observation).

Moreover, an increase of liver enzymes has been
frequently observed during M. pneumoniae infection
in children: according to previous studies, 10–30%
of them had evidence of liver involvement [23]. In
addition to a potential contribution of cross-react-
ing autoantibodies and immune complexes,
another hypothesis might be that M. pneumoniae
may directly localize and/or infect epithelial cells
in the liver and, consequently, induce a local pro-
duction of inflammatory cytokines and/or vascular
occlusion-type damage [15,16].

Again, based upon several reports, M. pneumo-
niae can be implicated in some cases of Kawasaki
disease. Tang et al. [24

&

] found evidences of M.
pneumoniae infection in a significant proportion
(13.8%) of their prospective case series, including
450 Kawasaki disease children, and Park et al. [25]
found positive results for M. pneumoniae infection in
24.3% of patients included in their retrospective
analysis enrolling 375 children admitted in the
acute phase of Kawasaki disease. Kawasaki disease
is a systemic vasculitis predominantly affecting
medium-sized muscular arteries, including coronary
arteries; here, an abnormal and exaggerated inflam-
matory response to one or more environmental
triggers in (genetically) predisposed individuals
has been implicated [26]. Such an uncontrolled
immune response in Kawasaki disease may be trig-
gered by bacterial superantigens stimulating a large
percentage of T lymphocytes [27] and some lipid-
associated membrane proteins (including M. pneu-
moniae N602 protein, whose inflammatory capacity
resulted to be �100-fold higher than others) could
represent potential superantigens [9

&

].
However, the production of self-reactive anti-

bodies, because of molecular mimicry, and/or the
generation of immune complexes could be the most
frequent mechanism related to the activation of
host adaptive immune system, as that has been
advocated in many types of MpEPDs [5]. The pro-
duction of antibodies due to a polyclonal B-cell
 Copyright © 2018 Wolters Kluwer 
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proliferation, causing immune complexes forma-
tion and activation of complement, in addition to
systemic inflammatory responses, has been consid-
ered a main determinant of more severe skin and
mucosal manifestations, such as M. pneumoniae-
induced rash and mucositis and Stevens–Johnson
syndrome (SJS), and also cutaneous leukocytoclastic
vasculitis, including Henoch–Schonlein purpura,
which could be associated to M. pneumoniae infec-
tion, too [28,29].

M. pneumoniae can be also linked to acute post-
infectious glomerulonephritis in childhood [30]. In
this clinical setting, low C3 complement levels
resulted to be a frequent finding, supporting an
immune complex-mediated injury, often leading
to crescentic glomerulonephritis. Sometimes,
microbial genome has been isolated in kidney tissue
specimens, as in the clinical case published by Laso
et al. [31]: in a 6-year-old child with rapidly progres-
sive membrano-prolipherative glomerulonephritis,
M. pneumoniae genome was detected by using a PCR
assay and, concomitantly, IgG-positive and C3-pos-
itive immunofluorescence supported a renal injury
mediated by the deposition of immune complexes.

However, in last few years major advances in
understanding the pathogenesis of MpEPDs have
been achieved for some neurologic complications,
such as Guillain–Barré syndrome (GBS), Miller–
Fisher syndrome and some forms of encephalitis
(e.g., Bickerstaff brain stem encephalitis). In many
cases associated to M. pneumoniae, several studies
described the production of antibodies binding gly-
colipids and, in particular, galactocerebroside
(GalC), which is an important component of myelin
sheaths around nervous fibers [32]. Very recently,
Meyer Sauteur et al. [33

&&

] described 13 patients with
GBS-associated M. pneumoniae infection (Mp-GBS),
and compared them with patients diagnosed as M.
pneumoniae-unrelated GBS. Here, intrathecal anti-
GalC antibody was detected in 46% of Mp-GBS
patients (n¼6/13), but the same was in only 16%
of GBS controls: interestingly, four out of six anti-
body positive patients were children. In Mp-GBS
patients anti-GalC antibody in CSF resulted to
derive probably from the blood, as CSF anti-GalC
levels correlated with CSF total protein and serum
anti-GalC concentrations; in the only patient sup-
posed to have an intrathecal anti-GalC antibody
production, CNS involvement was present, in addi-
tion to GBS. Moreover, Kuwahara et al. [34

&&

] retro-
spectively analyzed acute phase sera of 46 patients
who were diagnosed with M. pneumoniae-related
neurological diseases, in order to investigate
their antiglycolipid antibodies profiles: 29 patients
had GBS (including two affected with Fisher syn-
drome) and 16 patients had CNS diseases, such as
Health, Inc. All rights reserved.
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encephalitis, meningo-encephalitis, myelitis, and
ADEM; one patient developed both GBS and CNS
disease. Some points deserve to be highlighted in
this study, in my opinion. First, antiglycolipid anti-
bodies were found in 59% of patients and GalC
antibodies were the most frequently detected.
Importantly, glycolipids, such as GM1 and GD1b,
have structural similarities to GalC and, therefore,
antibodies to GalC often cross-react with those,
which may explain the clinical overlap in neurolog-
ical diseases associated with M. pneumoniae infec-
tion. Second, all patients, except one, were children
or adolescents under 18 years of age: those affected
with CNS disease resulted to be younger than
patients developing GBS in a statistically significant
way. Third, such an age-dependent clinical expres-
sion could be correlated to immunoglobulin isotype
in patients positive to Gal-C antibody, as anti-GalC
IgM antibody was more frequently detected in chil-
dren with CNS involvement than in those with GBS.

Thus, as for neurologic MpEPDs, variable path-
ological and immunological findings have been
described and different pathogenic mechanisms
could be plausible and concomitantly involved. In
summary, neurologic complications may result
from: neural damage by inflammatory cytokines
production (which seems to be dominant in aseptic
meningitis, early-onset encephalitis and myelitis);
autoantibody production against glycolipids and, in
particular, GalC (which appears to be more impor-
tant in late-onset encephalitis and myelitis, in cer-
ebellitis, in GBS and other neuropathies); and
vasculitis/thrombosis, due to endothelial activation
by immune-complexes and/or inflammatory cyto-
kine production (which has been called in to explain
some cases complicated with stroke, striatal/tha-
lamic necrosis and hemorrhagic encephalitis) [2

&

,3].
FUTURE PERSPECTIVES

The recent identification of CARDS toxin and the
definition of its pro-inflammatory properties wid-
ened the knowledge about mechanisms of lung
injury by M. pneumoniae. A number of recent studies
provided data on immunologic response to recom-
binant CARDS (rCARDS) toxin in murine models.
Hardy et al. [35] documented an increases expres-
sion of several pro-inflammatory cytokines (IL-1, IL-
6, IL-12, IL-17, TNF-a, IFN-g, IL-8) and chemokines
(such as RANTES and G-CSF), causing sustained lung
inflammatory responses and airway dysfunction.
Medina et al. [36] demonstrated that rCARDS toxin
exposure in mice drives eosinophilic inflammation
in lungs, by promoting an exaggerated Th2 immune
response. Moreover, they also showed that rCARDS
is a critical factor to elicit an important IgE response:
 Copyright © 2018 Wolters Kluwe
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as discussed by these authors, such an increase of
total IgE reflected the production of toxin-specific
IgE, but also IgE directed against other allergens and
even self-antigens [37

&

].
Interestingly, recent evidences supported the

biological role of auto-reactive IgE in the pathogen-
esis of some autoimmune diseases. In the experi-
ments by Charles et al. [38], basophils and basophil-
dependent (self-reactive) IgE production resulted to
be important components for the development of
SLE-like disease in mice. Eventually, Dema et al. [39]
showed that most patients affected with SLE pro-
duced IgE directed to several nuclear auto-antigens
and its presence correlated to disease activity and, in
particular, with the development of nephritis.
Henault et al. [40] confirmed these findings and
provided some insights on the pathogenic mecha-
nisms, by showing that anti-dsDNA IgE can activate
plasmacytoid dendritic cells (pDCs), inducing them
to secrete significant amounts of IFN-a. Actually,
elevated IgE levels have been described in several
different autoimmune diseases, in addition to SLE,
suggesting a role of this antibody, which actually
has to be largely elucidated yet [41]. Recently, we
observed elevated levels of total serum IgE also in
children developing different forms of MpEPDs and
we expanded such an observation in a larger cohort
of these patients, who resulted to develop higher IgE
levels than children affected with isolated M. pneu-
moniae-related respiratory disease [42,43]. Thus, also
IgE production and/or Th2 inflammatory responses
elicited during M. pneumoniae infection might be
potential mechanisms implicated in MpEPDs or, at
least, reflect a greater tendency to develop these
complications [44].

In addition to host predisposing factors, the
development of MpEPDs may be related also to
intrinsic characteristics of infecting strains of M.
pneumoniae. Watkins et al. [45,46] noticed an unex-
pected number of children diagnosed with SJS at
Children’s Hospital Colorado between September
and November 2013, and an epidemiological inves-
tigation into this cluster of cases revealed that 5
obtained a confirmed isolation of M. pneumoniae,
by PCR assay on respiratory specimens. Importantly,
all patients were children aged 8–16 years. Three
different M. pneumoniae Multi-Locus Variable-num-
ber tandem-repeat Analysis (MLVA) types were iden-
tified among the five SJS children: in particular,
MLVA type 3-X-6-2 was found in three of them
(60%), compared to 29% non-SJS community con-
trols. This observation may support the hypothesis
that certain M. pneumoniae strains may be more
likely to trigger SJS in children. Interestingly, in
those isolates, antibiotic resistance was not higher
than expected, based on local data.
r Health, Inc. All rights reserved.
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Actually, a recent study by Zhou et al. [47]
suggested that the increase of macrolide-resistant
M. pneumoniae strains had some impact on the
development of MpEPDs, in addition to leading to
prolonged and more serious lung disease. Indeed,
they found a higher rate of MpEPDs in children
infected with macrolide-resistant M. pneumoniae
strains (29.6%) than in those where the microbe
was macrolide-sensitive (10.3%). Their case series
included several types of MpEPDs, such as hepatitis,
myocarditis, rashes, encephalitis, hemolytic ane-
mia, and arthritis. Previously, Koga et al. [48]
described a pediatric patient developing meningo-
encephalitis because of the infection with a macro-
lide-resistant M. pneumoniae, as well as Oishi et al.
[22] reported a case of rhabdomyolysis associated
with a macrolide-resistant strain in a 7-year-old girl.
In the latter case, elevated serum levels of IL-18 and
TNF-a were detected. Unfortunately, no additional
studies assessed the impact of antibiotic resistance of
M. pneumoniae on the occurrence of MpEPDs,
whereas many articles have been focused on the
relationship with the severity of respiratory symp-
toms and the risk of pulmonary complications [49].
Anyway, a persistent immune stimulation during
infections sustained by macrolide-resistant M. pneu-
moniae strains in the respiratory tract resulted to be
associated to higher serum levels of several inflam-
matory cytokines (INF-g, IL-6, and INF-g-inducible
protein-10), which might have consequences also
on extra-pulmonary complications, besides the
course of respiratory infection [50].
CONCLUSION

M. pneumoniae infection has been linked to several
extra-respiratory manifestations: MpEPDs can rep-
resent the most evident clinical problem of this
infection and have been described especially in
young adults and children. M. pneumoniae resulted
to be more than an extra-cellular pathogen coloniz-
ing epithelial cells of the respiratory tract: it is able to
penetrate the cell membrane of host cells and to
invade the respiratory mucosa, probably; moreover,
it can lead to pronounced inflammatory responses
and may also spread outside the respiratory system,
to some extent. Thus, direct and indirect (immune-
mediated) mechanisms have been described in M.
pneumoniae infections: the latter ones have been
mainly implicated in MpEPDs, although a direct
interaction of M. pneumoniae with extra-respiratory
host cells may play a role in some cases. Recent
findings regarding inflammatory properties of M.
pneumoniae, its strain-related virulence factors
(including antibiotic resistance, too) and Th2-medi-
ated mechanisms in autoimmunity, might promote
 Copyright © 2018 Wolters Kluwer 
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and direct further research in order to elucidate the
immune-mediated pathogenesis of MpEPDs, which
is still largely unclear.
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 CURRENT
OPINION Trimethoprim-sulfamethoxazole and antineutrophil

cytoplasmic antibodies-associated vasculitis

Jan Willem Cohen Tervaerta,b

Purpose of review
In antineutrophil cytoplasmic antibodies-associated vasculitis (AAV), the treatment of choice is either
Rituximab or cyclophosphamide in combination with steroids. In less extended forms of AAV, however, less
toxic regimens are being used.
In the current review, we will focus on the role of one of these less toxic regimens, that is trimethoprim–
sulfamethoxazole monotherapy as induction treatment or as maintenance therapy in AAV.

Recent findings
A substantial portion of patients with active granulomatosis with polyangiitis (GPA) limited to the upper
airways can be initially controlled with trimethoprim–sulfamethoxazole (2�960 mg/day) monotherapy. In
patients with initially a complete response, long-term control of the disease seems possible. In addition,
trimethoprim–sulfamethoxazole (2�960 mg/day) maintenance therapy is an option for patients with GPA
that have been proven to be frequent relapsers. The mechanism by which trimethoprim–sulfamethoxazole
works in GPA is at present unknown. Suppression of Staphylococcus aureus carriage and/or anti-inflammatory
mechanisms has been postulated.

Summary
Trimethoprim–sulfamethoxazole may be considered as a safe initial treatment in GPA patients with disease
localized to the ear, nose, and throat region. Furthermore, trimethoprim–sulfamethoxazole in a dose of
2�960 mg/day may be used to prevent relapses in GPA.

Keywords
antineutrophil cytoplasmic antibody-associated vasculitis, granulomatosis with polyangiitis, induction
therapy of antineutrophil cytoplasmic antibody-associated vasculitis, maintenance therapy of antineutrophil
cytoplasmic antibody-associated vasculitis, trimethoprim-sulfamethoxazole

INTRODUCTION

Granulomatosis with polyangiitis (GPA; formerly
Wegener’s) and microscopic polyangiitis (MPA)
are inflammatory disease entities affecting small-
to-medium vessels [1]. They are characterized by
the presence of antineutrophil cytoplasmic antibod-
ies (ANCA) and are frequently grouped together
with eosinophilic GPA (EGPA; formerly Churg
Strauss Syndrome) under the term ANCA-associated
vasculitis (AAV). ANCA in these vasculitides are
almost always directed against either proteinase-3
(PR3) or myeloperoxidase (MPO), and these PR3-
ANCA and MPO-ANCA are specific for GPA and
MPA [2]. Most patients are single positive, meaning
that only one ANCA serotype can be detected [3].

The paradigm of AAV changed from a fatal
diagnosis to a chronic disease after the introduction
of immunosuppressive therapeutics [4]. Treatment
of choice for patients with AAV and renal involve-
ment is either Rituximab or cyclophosphamide in

combination with steroids [5]. In less extended
forms of vasculitis, however, less toxic regimens
are being used [6,7].

The prognosis of patients with AAV has improved
during the last decennia. For example, in our cohortof
181 patients diagnosed in the period 1979–1989
patients had a 3.9 times higher mortality rate as com-
pared with patients diagnosed in the period 2001–
2009 [8]. At present, long-term outcome analysis
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KEY POINTS

� Patients with AAV are at increased risk to develop
Pneumocystis jirovecii.

� Patients with AAV that are treated with
immunosuppressives and/or Rituximab in combination
with steroids should receive P. jirovecii prophylaxis.

� Patients with GPA in which the disease is localized to
the ENT region can be treated with monotherapy
trimethoprim-sulfamethoxazole (2�960 mg/day).

� Trimethoprim-sulfamethoxazole (2�960mg/day) is
effective to reduce the risk of a relapse in patients with
GPA when used as an adjunctive therapy to
maintenance therapy.

Trimethoprim-sulfamethoxazole and vasculitis Cohen Tervaert
shows a 1-year, 2-year and 5-year survival of 88, 85 and
78%, respectively [9].

The major prognostic factors for mortality at the
time of diagnosis are advancing age, worse kidney
function and higher disease activity [10]. Most
deaths occur in the 1st year after the initiation of
treatment and are more often due to infections (20–
60%) than to active vasculitis [11–13].

Infections that are associated with a poor out-
come are lower respiratory tract infection and sepsis.
Furthermore, opportunistic infections may be
severe and result in hospitalization. Among these
opportunistic infections, cytomegalovirus, varicella
zoster, Pneumocystis jirovecii (PCJ) and mycobacterial
infections are frequently observed, whereas fatal
Aspergillus infections are also sometimes noted
(summarized in [13]).

Based on the observed increased risk of PCJ
infections during induction therapy, trimetho-
prim–sulfamethoxazole (either daily 480 mg or
3� per week 960 mg) is recommended [14]. It is
recommended that trimethoprim–sulfamethoxa-
zole should be continued as long as the patient is
treated with steroid dosages of 10 mg or higher.

During follow-up, the majority of patients expe-
rience relapses either during maintenance treat-
ment or at remission after maintenance therapy
has been stopped. As relapses are associated with
morbidity [15] and mortality, prevention of relapses
is of great importance. The therapeutic agents used
to maintain remission and strategies to prevent
relapses have been extensively reviewed elsewhere
[16,17,18

&

].
In the current review, we will focus on the role of

trimethoprim–sulfamethoxazole as a therapeutic
drug in AAV, either as induction treatment or as
maintenance therapy.
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TRIMETHOPRIM–SULFAMETHOXAZOLE
INDUCTION THERAPY: MONOTHERAPY
FOR NEWLY DIAGNOSED AND/OR
RELAPSING ANTINEUTROPHIL
CYTOPLASMIC ANTIBODIES-ASSOCIATED
VASCULITIS

In 1985, DeRemee et al. [19] published their first
article on the use of antimicrobial agents in GPA. In
1988, DeRemee [7] had treated 15 patients with GPA
localized to the upper respiratory tract with trimeth-
oprim–sulfamethoxazole two to three times/day
960 mg as the initial and only agent. Of all, 14 of
15 patients showed a marked response and 10 of
these 14 patients experienced a long-term relapse-
free remission. After reading DeRemee’s observa-
tions in 1985, we started obtaining nasal cultures
of our GPA patients [20]. Nasal cultures of most
patients revealed Staphylococcus aureus, which could
be demonstrated in every nasal culture obtained at
regular intervals. As suggested by DeRemee et al.
[7,19], we started to treat loco-regional GPA patients
with trimethoprim–sulfamethoxazole monother-
apy. At that time, it was already well known that
in many GPA patients, the disease begins with a –
sometimes very long – period of disease activity
confined to the upper airways without systemic
involvement, so called loco-regional GPA [21].
To evaluate the potential efficacy and limitations
of trimethoprim–sulfamethoxazole treatment, we
started in 1993 a cohort study of consecutive
patients with biopsy-proven GPA [22], presenting
with disease activity limited to the upper and lower
airways. Patients were treated with 2� daily 960 mg
trimethoprim–sulfamethoxazole only, that is with-
out concomitant immunosuppressive therapy [23].

Twenty-five patients who did not have systemic
symptoms, renal, neurological or gastro-intestinal
involvement, or symptoms of alveolar hemorrhage,
were included in the study [23]. None of these
patients had received corticosteroids or other
immune suppressive drugs in the past. In addition,
six patients with relapsing GPA were included in
the study. Four of these patients were on low-dose
corticosteroids and/or other immune suppressive
drugs. Patients were seen at our outpatient clinic
every 2 weeks for the first 8 weeks and monthly
thereafter. A careful history and physical examina-
tion were taken at every visit; blood was drawn for
determination of C-reactive protein level, creati-
nine, and ANCA. Nasal endoscopy, with biopsy
if persistent disease activity was suspected, was
performed 3–6 months after start of trimetho-
prim-sulfamethoxazole in all patients to assess local
disease activity. Thirty-one consecutive patients,
10 men and 21 women, aged 47 years (29–86), were
r Health, Inc. All rights reserved.
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Table 1. Clinical involvement and disease activity as

indicated by Birmingham Vasculitis Activity Score and

serum C-reactive protein level in 31 patients with active

limited granulomatosis with polyangiitis treated with

trimethoprim-sulfamethoxazole

Nose (biopsy-proven) 31 (100%)a

Ears 9 (29%)

Eyes 7 (23%)

Trachea 2 (6%)

Lungs 3 (10%)

Joints 11 (35%)

BVAS scoreb 7 (5–11)

C-reactive protein level (mg/l)b,c 14 (<3–96)

BVAS, Birmingham Vasculitis Activity Score.
aProgressive destruction of bone structures in 15 patients.
bMedian (total range).
cNormal value less than 3 mg/l.

FIGURE 1. Disease-controlled survival with trimethoprim-
sulfamethoxazole monotherapy in 31 patients with active
granulomatosis with polyangiitis limited to the upper and
lower airways. The number of patients still on trimethoprim-
sulfamethoxazole treatment at risk of relapse of
granulomatosis with polyangiitis is indicated below the
horizontal axis.

FIGURE 2. Disease-controlled survival in 27 responding
patients with active granulomatosis with polyangiitis limited
to the upper and lower airways according to partial or
complete remission with trimethoprim-sulfamethoxazole
monotherapy (partial remission versus complete remission,
P<0.001). Broad line¼partial remission (n¼9); thin
line¼ complete remission (n¼18).

Infections and environmental aspects of autoimmunity
included. Twenty-six patients (84%) had detectable
ANCA at the time of inclusion, 20 patients had PR3-
ANCA and 6 patients MPO-ANCA. Twenty-five of 31
patients (81%) had nasal swab cultures positive for
S. aureus at inclusion. Clinical characteristics at
the moment of inclusion are given in Table 1. All
patients had nasal mucosal abnormalities with nec-
rotizing granulomatous inflammation with or with-
out vasculitis on nasal biopsy.

Trimethoprim–sulfamethoxazole therapy was
initially successful in 27 of 31 patients [87%, 95%
confidence interval (CI), 70–96%], with complete
remission in 18, and partial remission in nine
patients, respectively. Of 14 patients with disease
activity confined to the ear, nose, and throat (ENT)
region, all responded (11 complete, three partial) as
compared with 13 (seven complete, six partial) of 17
patients with ENT involvement in combination
with arthralgias, episcleritis or pulmonary lesions
(P¼0.067). In responding patients, time to maximal
treatment response was 3 months (1–15). Treatment
with trimethoprim-sulfamethoxazole had to be
stopped in two patients due to fever and rash
occurring 7 and 41 days after starting therapy,
respectively, whereas two patients showed no
improvement after 1–2 months of therapy. These
four GPA patients were treated with cyclophospha-
mide and prednisolone followed by prompt com-
plete remission.

Estimated disease controlled survival with
trimethoprim–sulfamethoxazole monotherapy was
70% (95% confidence interval, 53–87%), 60%
(95% confidence interval, 41–79%) and 36%
(95% confidence interval, 14–58%) at 12, 24 and
36 months, respectively (Fig. 1). Median disease-
free survival on trimethoprim–sulfamethoxazole
therapy was 25 months.
 Copyright © 2018 Wolters Kluwer 
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During follow-up, five of nine (56%) after par-
tial, and six of 18 (33%) after complete remission
relapsed (Fig. 2). Clinical characteristics at the
moment of relapse are given in Table 2. In respond-
ing patients, four of 14 patients (29%) with initial
disease activity confined to the ENT region relapsed,
as compared with seven of 13 patients (54%) with
ENT involvement in combination with arthralgias,
Health, Inc. All rights reserved.
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Table 2. Clinical involvement and disease activity as

indicated by Birmingham Vasculitis Activity Score and

serum C-reactive protein level of 11 relapsing patients with

granulomatosis with polyangiitis after initial response to

treatment with trimethoprim-sulfamethoxazole

Nose (biopsy-proven) 5 (45%)

Ears 1 (9%)

Eyes 4 (36%)

Trachea 0 (0%)

Lungs 3 (27%)

Renal 3 (27%)

Skin 1 (9%)

Joints 7 (64%)

Malaise 6 (55%)

BVAS scorea 9 (7–29)

C-reactive protein level (mg/l)a,b 13 (4–136)

BVAS, Birmingham Vasculitis Activity Score.
aMedian (total range).
bNormal value less than 3 mg/l.
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episcleritis or pulmonary lesions [relative risk (RR)
2.5; 95% confidence interval 0.8–8.7, P¼0.13].

Our study [23] showed an initial response rate to
trimethoprim-sulfamethoxazole monotherapy of
87% with complete remission in 58% of consecutive
well defined patients with untreated active limited
GPA. Since 1985, several case reports and/or small
series in which GPA patients were successfully
treated with trimethoprim–sulfamethoxazole have
been reported (reviewed in seven). In addition, Le
Thi Huong Du reported in 1990 a beneficial response
of trimethoprim–sulfamethoxazole in two of seven
GPA patients. Only the two patients with loco-
regional disease limited to the upper respiratory
tract showed a good response, whereas in patients
with a more extended form of disease, trimetho-
prim–sulfamethoxazole was not sufficient, and
these patients were switched to therapy with corti-
costeroids and/or cyclophosphamide [24]. Rein-
hold-Keller et al. [25] reported in 1996 partial or
complete remission in 11 of 19 patients (58%) with
localized GPA treated with trimethoprim–sulfa-
methoxazole. However, in this study, trimetho-
prim–sulfamethoxazole therapy was the initial
and only treatment in only 10 patients. In 2010,
the same group reported that 26 patients with local-
ized GPA received trimethoprim–sulfamethoxazole
monotherapy which was not successful in 19 of 26
(73%) of their patients [26].

These contradicting findings may possibly be
explained by impatience of the patients and/or
treating physicians as the therapeutic effect of
trimethoprim–sulfamethoxazole monotherapy can
sometimes take up to 6 months or longer.
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Given the observed response rates, trimetho-
prim–sulfamethoxazole may be considered as a safe
initial treatment in GPA patients with disease local-
ized to the ENT region. Even in patients with ENT
involvement in combination with mild episcleritis,
pulmonary lesions and arthralgias, but without clear
signs of systemic inflammation, trimethoprim–
sulfamethoxazole may be tried as initial therapy.
Furthermore, a good response of trimethoprim–
sulfamethoxazole monotherapy has also occasion-
ally been documented in patients with generalized
GPA [7,27].

When trimethoprim–sulfamethoxazole treat-
ment is started, patients should be closely followed
to detect progression of disease and/or disease
relapse. When long-term remission is obtained,
trimethoprim–sulfamethoxazole therapy in these
patients can be continued as a ‘live-long therapy’.
However, patients may experience intercurrent bac-
terial respiratory infections (most often caused by S.
aureus insensitive to trimethoprim–sulfamethoxa-
zole). In such cases, trimethoprim–sulfamethoxa-
zole can be temporarily replaced by a short course of
antimicrobial therapy in which the agent is chosen
based on the antibiotic susceptibility of the cultured
microorganism. Whether trimethoprim–sulfameth-
oxazole is also effective in other forms of AAV, that
is EGPA and/or MPA is at present not known.
TRIMETHOPRIM–SULFAMETHOXAZOLE
AS MAINTENANCE THERAPY FOR
ANTINEUTROPHIL CYTOPLASMIC
ANTIBODIES-ASSOCIATED VASCULITIS

In September 1990, we started a randomized con-
trolled trial (RCT) on the effect of maintenance
trimethoprim–sulfamethoxazole (2�960 mg/day
for 24 months) therapy in GPA [28]. A total of 81
GPA patients who were in complete remission were
enrolled. At the time of inclusion, about half of the
patients still used cyclophosphamide and/or pred-
nisone, whereas the other patients did not receive
any therapy anymore. A total of 41 patients were
randomized to receive trimethoprim–sulfamethox-
azole and 40 patients placebo. During follow-up,
trimethoprim–sulfamethoxazole had to be stopped
in eight patients (20%) after a median of 43 days
because of side effects (anorexia or nausea in four
patients, allergic reactions in three patients and
hepatotoxicity in one patient).

At 24 months of follow-up, 82% of patients in the
trimethoprim–sulfamethoxazole group compared
with 60% in the placebo group were in remission
(RR for a relapse: 0.40; 95% CI, 0.17–0.98). Relapses
in the upper respiratory tract occurred in only
one patient during trimethoprim–sulfamethoxazole
r Health, Inc. All rights reserved.
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therapy, whereas biopsy-proven relapsing disease
activity was observed in the upper respiratory tract
in 11/40 of the patients that were using placebo.
Importantly also a clear reduction of renal relapses
occurred (during trimethoprim–sulfamethoxazole
therapy 4/41; during placebo 7/40), whereas also skin
vasculitis (during trimethoprim–sulfamethoxazole
therapy 2/41; during placebo 4/40) and scleritis (dur-
ing trimethoprim–sulfamethoxazole therapy 1/41;
during placebo 4/40) was observed less frequently.

During this trial, we observed that trimetho-
prim–sulfamethoxazole not only reduced the
incidence of relapses, but also the occurrence of
respiratory tract (P¼0.005) and nonrespiratory
(P¼0.05) infections. Based on the results of this
study, we calculated that five GPA patients have
to be treated for 24 months to prevent one relapse
[29]. Thus, many patients will be unnecessary
exposed to long-term trimethoprim–sulfamethoxa-
zole therapy if trimethoprim–sulfamethoxazole
is given to all GPA patients. Therefore, in daily
practice, we only give ‘life-long’ trimethoprim–
sulfamethoxazole therapy to GPA patients who have
been proven to be frequent relapsers.

de Groot et al. [30], however, described their
less favorable experience with trimethoprim–
sulfamethoxazole in 32 patients with GPA. Their
patients had received cyclophosphamide and pred-
nisone induction therapy and were immediately
treated with either monotherapy trimethoprim–
sulfamethoxazole (2�960 mg) (n¼24) or trimetho-
prim–sulfamethoxazole (2�960 mg) and steroids
(n¼8) as soon as a partial or complete remission
was induced. During follow-up (range, 2–73 months),
22 of 32 patients relapsed. From this study, the authors
concluded that trimethoprim–sulfamethoxazole
monotherapy was not as effective as maintenance
therapy in GPA when compared with azathioprine
or methotrexate when started immediately after
induction therapy (i.e. 3–6 months after diagnosis).

In 2009, Zycinska et al. [31] published a RCT
using trimethoprim–sulfamethoxazole 960 mg 3�
per week in 31 patients with GPA. A total of 16
patients received trimethoprim–sulfamethoxazole
and 15 patients placebo. Patients were in remission
at the time of inclusion with a median disease
duration of 67 months. During an observation
period of 18 months, 75% of patients with trimeth-
oprim–sulfamethoxazole as compared with 55% of
patients that received placebo were still in remission
(hazard ratio 0.8, 95% CI 0.21–1.20). Recently, we
analyzed the effect of trimethoprim–sulfamethoxa-
zole as used for PCJ prophylaxis (3� per week
960 mg) in patients that were enrolled in the SAVAS
study (a prospective multicenter survey based on
two European Vasculitis Study Group RCTs) [32

&&

]. A
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total of 55 of 200 patients received trimethoprim–
sulfamethoxazole, whereas 145 of 200 patients did
not receive trimethoprim–sulfamethoxazole. Also,
in this study, the use of ‘low dose’ trimethoprim–
sulfamethoxazole was not significantly associated
with a reduction of relapses (odds ratio 0.71, 95% CI,
0.36–1.41).

In summary, trimethoprim–sulfamethoxazole
in a dose of 2�960 mg/day may be used as an
adjunctive therapy to prevent relapses in GPA,
whereas the prophylactic dose as used for PCJ pro-
phylaxis seems not to be effective. Whether trimeth-
oprim–sulfamethoxazole is also effective in MPA
and/or EGPA as relapse prevention has not been
studied.
POTENTIAL MECHANISMS OF ACTION OF
TRIMETHOPRIM–SULFAMETHOXAZOLE
IN ANTINEUTROPHIL CYTOPLASMIC
ANTIBODIES-ASSOCIATED VASCULITIS

It is currently not clear how trimethoprim–
sulfamethoxazole exerts its beneficial effect in
GPA. Given the reported association between nasal
carriage of S. aureus and an increased risk for relapse
of Wegener’s granulomatosis [20,32

&&

,33,34], it
is tempting to postulate that trimethoprim–
sulfamethoxazole suppresses the presence of S.
aureus in the upper airways and thereby reduces
disease activity.

How S. aureus induces disease activity in GPA is
at present not known. Several mechanisms have
been postulated [35]. S. aureus interacts with T cells,
B cells, endothelium, neutrophils and monocytes
[35]. Mechanisms that could be operational include
nonspecific activation of the immune system by
staphylococcal superantigens [34–36], activation
of PR3-specific or MPO-specific B cells to produce
ANCA by staphylococcal DNA via Toll-like receptor-
9 [37,38

&&

] and/or a specific response to endothelial
bound staphylococcal cationic proteins [39–41].
Recently, Glasner et al. [42

&&

] suggested a pathophys-
iological role for the staphylococcal chp gene that
was found to be lacking in many staphylococcal
isolates from patients with AAV. In this scenario,
it can be postulated that the so-called pathergic
necrosis in GPA [43] may be due to increased neu-
trophil chemotaxis that is not effectively impaired
by chp. In addition, it was recently reported that
staphylococcal proteins may bind and inhibit the
function of PR3 and/or MPO [44,45

&&

]. As such, it
can be postulated that the bacterial protein–auto-
antigen complex may be recognized, internalized
and processed by B cells that produce natural anti-
bodies, resulting in a T-cell response that provide
help for production of pathogenic ANCA [46].
Health, Inc. All rights reserved.

Volume 30 � Number 4 � July 2018



Trimethoprim-sulfamethoxazole and vasculitis Cohen Tervaert
Apart from an antiinfectious effect, trimetho-
prim–sulfamethoxazole may also exert an anti-
inflammatory effect through interference with the
MPO-hydrogen peroxide halogen system [47].
CONCLUSION

In conclusion, a substantial portion of patients with
active GPA limited to the upper airways can be
initially controlled with trimethoprim–sulfameth-
oxazole (2�960 mg/day) monotherapy. In patients
with initially a complete response, long-term con-
trol of the disease seems possible. In addition, tri-
methoprim–sulfamethoxazole (2�960 mg/day)
maintenance therapy is an option for patients with
GPA that have been proven to be frequent relapsers.
The mechanism by which trimethoprim–sulfa-
methoxazole works in GPA is at present unknown.
Suppression of S. aureus carriage and/or anti-inflam-
matory mechanisms has been postulated.
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Purpose of review
Tuberculosis (TB) is a millenarian chronic infection and, yet, remains a major global health problem. The
interaction between systemic lupus erythematosus (SLE) and TB is complex, as one seems to be a risk factor
for the development of the other. SLE patients are more likely to develop TB, that is more frequently
extrapulmonary, with more extensive pulmonary involvement, and with a higher relapse rate.

Recent findings
Different studies suggest that TB is more prevalent in SLE patients and that TB may actually be a risk factor
for the development of the disease. Molecular and epidemiological data suggest that TB may be involved
in the pathogenesis of SLE.

Summary
We reviewed the most relevant aspects of TB infection in SLE patients, including the burden of TB, its role
in inducing flare and its perpetuation, risk evaluation and prevention, and pearls and pitfalls when
assessing extrapulmonary TB in SLE patients. We conclude that a high suspicion of TB in SLE patients from
endemic countries should be kept in mind, especially in those with nephritis and high cumulative doses of
corticosteroids.

Keywords
latent tuberculosis infection, systemic lupus erythematosus, tuberculosis

INTRODUCTION

Infections are among the most common causes of
morbidity and mortality in systemic lupus erythe-
matosus (SLE) patients [1]. Up to 50% of SLE patients
will experience major infection episodes during the
disease course, which are responsible for 20–55% of
deaths [2,3].

Tuberculosis (TB) is a millenarian chronic infec-
tion and, yet, remains a major global health prob-
lem. The WHO estimates that 10.4 million new cases
were diagnosed in 2015; in the same period, the best
estimate is that it has caused 1.4 million deaths [4

&&

].
The interaction between SLE and TB is complex,

as one seems to be a risk factor for the development
of the other [5

&&

,6]. SLE patients are more likely to
develop TB, that is more frequently extrapulmo-
nary, with more extensive pulmonary involvement,
and a higher relapse rate [7,8]. TB infection and its
treatment (especially, isoniazid) may induce lupus-
like disease, SLE flares and perpetuate flares [9–12].

The aim of this study is to review relevant aspects
of TB infection in SLE patients, including the burden
of TB, its role in inducing flare and its perpetuation,

risk evaluation and prevention, and pearls and pit-
falls when assessing extrapulmonary TB.

EPIDEMIOLOGY AND PROGNOSIS

The prevalence of TB in SLE varies between series
and regions, ranging from 5 to 30% [8,13]. Even in
countries with low TB incidence, its prevalence is
substantially higher in patients with SLE than in the
general population. In the USA, Chu et al. [14]
reported 7% of active TB and 18% of latent TB
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Correspondence to Gustavo Guimarães Moreira Balbi, Av. Eugênio do
Nascimento, s/n - Dom Bosco, Juiz de Fora - MG, 36038-330, Brazil.
Tel: +553299908 4859; e-mail: ggmbalbi@gmail.com

Curr Opin Rheumatol 2018, 30:395–402

DOI:10.1097/BOR.0000000000000493

1040-8711 Copyright � 2018 Wolters Kluwer Health, Inc. All rights reserved. www.co-rheumatology.com

REVIEW

mailto:ggmbalbi@gmail.com


KEY POINTS

� SLE patients are more likely to develop TB, that is more
frequently extrapulmonary, with more extensive
pulmonary involvement, and a higher relapse rate.

� TB infection and its treatment (especially, isoniazid)
may induce lupus-like disease, SLE flares and
perpetuate flares.

� Careful interpretation of the results of screening tests for
TB, such as TST and IGRAs, is essential in SLE patients.

� Biologic treatments currently used in SLE appear to be
well tolerated regarding the risk of developing TB.

� Differentiation of SLE flares and TB symptoms may be
extremely difficult in clinical practice.

Infections and environmental aspects of autoimmunity
infection (LTBI) in a cohort of 187 SLE patients. In
the Basque Country, an observational study found
that the incidence of TB was seven-fold higher in
SLE patients than in controls [15].

Erdozain et al. [15] summarized the published
studies until 2006 and found a TB incidence rate
between 150 and 2450/100 000 patients-year; the
highest incidence occurred in India. Extrapulmo-
nary TB was described in up to 66% of patients, and
the mortality was as high as 31%.

The prevalence of TB in Taiwan was higher in SLE
patients (1.8 vs. 0.9, P<0.001) and TB was an impor-
tant risk factor for precipitating SLE [odds ratio (OR)
2.11; 95% confidence interval (95% CI) 1.49–3.00]
[16]. These data are consistent with another recently
published study,byYang et al. [17

&

]. In the latter, with
higher rates of TB in SLE (2.0 vs. 0.6%, P<0.001), SLE
was independently associated with TB, with an OR of
4.6 (95% CI2.8–7.5, P<0.001) [17

&

] Also, Ghosh et al.
[18] reported an antecedent of TB in 20% of SLE
patients, which was 40-fold higher (95% CI 36.2–
48.6, P<0.001) than the general population preva-
lence, reinforcing the hypothesis that Mycobacterium
tuberculosis may precipitate SLE. Another Taiwanese
study suggested that SLE patients were at a higher risk
of pulmonary TB (OR 4.9, P<0.001), but not extrap-
ulmonary disease [19]. Nevertheless, other series
showed high rates of extrapulmonary TB in SLE
[1,8,15,20,21].

In addition to the SLE influence, the use of
glucocorticoids and immunosuppressants incre-
ment further the risk of developing TB. When com-
bined with cyclophosphamide, steroids increase the
risk of infection even further [22,23]. Immunosup-
pressive therapy also impairs cell-mediated immune
response, which may lead to false-negative results
of the tuberculin skin test (TST) and delay TB
diagnosis.
 Copyright © 2018 Wolters Kluwer 

396 www.co-rheumatology.com
MECHANISMS OF SYSTEMIC LUPUS
ERYTHEMATOSUS FLARE INDUCTION BY
TUBERCULOSIS ANTIGENS/IMMUNE
RESPONSE

Mycobacterial infections are closely related to auto-
immune phenomena [6]. The similarity between
mycobacterial cell wall glycolipids and DNA indi-
cates that molecular mimicry may be involved.
Detection of rheumatoid factor and antinuclear
antibody (ANA) in patients with active TB infection
also supports the possibility of cross-reactivity
between self and mycobacterial antigens [24,25].
Sela et al. [26] demonstrated that antibodies against
M. tuberculosis carry a common anti-DNA idiotype
(16/6Id), which is responsible for the ANA positivity
in TB-infected patients. When there is a failure to
discriminate self and nonself, these antibodies
against M. tuberculosis can lead to autoimmune
phenomena [27]. In another study, a comparison
between SLE patients with neuropsychiatric mani-
festations and healthy controls showed a decreased
activity against mycobacterial glycolipids in SLE
patients, suggesting that brain and human DNA
may share antigens with mycobacteria [25,28]. An
experimental study induced SLE after inoculating
naı̈ve mice with antibodies carrying 16/6Id [29].

An additional plausible mechanism for the TB
association with SLE involves the so-called heat
shock proteins (HSPs), which are dominant antigens
of mycobacteria and nonviral microorganisms that
act as superantigens. Antibodies against HSP65, 70
and 90 were found in the sera of patients with
rheumatoid arthritis (RA), ankylosing spondylitis
and SLE [30,31]. Homology between human
HSP65 and molecular sequences of M. tuberculosis
reinforces the role of microorganisms in the patho-
genesis of autoimmune diseases [32].

Other possible explanation for the association
of SLE and TB infection involves the vitamin D
pathway. The noncalcemic, antibacterial and
immunomodulatory actions of vitamin D are well
established [33,34]. Low levels of vitamin D are
commonly found in sera of both autoimmune dis-
eases and active TB infection [35]. In parallel, anti-
vitamin D antibodies have been demonstrated in
some patients with SLE, which can be seen as
another pathogenic link between TB and SLE [36].
LATENT TUBERCULOSIS INFECTION IN
SYSTEMIC LUPUS ERYTHEMATOSUS
PATIENTS

The overall prevalence of LTBI in SLE is variable
(2.8–24.3%), which clearly reflects the incidence
of TB in the countries wherein studies were per-
formed or the test used for screening (Table 1)
Health, Inc. All rights reserved.
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Table 1. Prevalence of latent tuberculosis infection in systemic lupus erythematosus patients and controls

Reference Country SLE (n) Controls (n) Test
TST- IGRA
agreement

IND
IGRA

Factors associated
with IND IGRA

Cho et al. [38&&] Korea 26.5% (136) 30.3 (66 RA) IGRA 84.6% 16.9% Higher SLEDAI score or increased
glucocorticoid dose.

Takeda et al. [39] Japan 2.8% (71) 7.9% (279 CTD) IGRA NR 32.4% Decreased lymphocyte counts
and high SLEDAI scores

Arenas Mira M
del et al. [37]

Spain 10.0% (92) NR TST/ IGRA 22.2% 4.3% Duration of the disease and
higher levels of SLICC

Yilmaz et al. [54] Turkey 24.3% (78) 28.5% (49 HC) IGRA 64.4% 2.5% NR

Chu et al. [14] United States 18.0% (187) NR TST NR NR NR

CTD, connective tissue disease; HC, health controls; IGRA, interferon gamma release assay; IND, indeterminate; NR, not reported; RA, rheumatoid arthritis;
SLEDAI, systemic lupus erythematosus disease activity index; SLICC, systemic lupus international collaboration clinics damage score; TST, tuberculin skin test.

Tuberculosis and systemic lupus erythematosus Balbi et al.
[14,37,38
&&

,39]. Since the introduction of anti-
tumour necrosis factor (TNF) agents, several cases
of TB were described, and the adoption of LTBI
screening prior to the use of these agents reduced
the infection incidence [40–42]. The increased risk
for TB infection has to be monitored, to evaluate if
upcoming treatments, such as anti-B-cell therapy,
costimulatory blockade and anticytokine therapies,
are employed in SLE [43].
SCREENING FOR LATENT TUBERCULOSIS
INFECTION

Screening and treatment of LTBI is fundamental and
should be performed among individuals with risk
for progression, which is highest in recent contacts
with active TB and immunodeficient patients
(Fig. 1) [44

&

,45]. The interpretation of positive LTBI
tests will depend on the patient’s epidemiological
context, not just the size of the TST induration or
the interferon-gamma release assay (IGRA) result.

In countries with low TB incidence, the TST
results are usually more often positive than the
IGRA, justifying its preference, thus avoiding unnec-
essary treatment [44

&

,45]. In places with a high TB
incidence, the frequency of a positive TST is lower
than that of IGRA, being this indicated only for cases
of negative TST, as confirmation that the patient
does not have LTBI [46].
TUBERCULIN SKIN TEST

TST detects cell-mediated immunity to M. tuberculo-
sis through a delayed-type hypersensitivity reaction
using a protein precipitate of heat-inactivated TB
bacilli [purified protein derivative (PPD)–tubercu-
lin]. The TST has been the standard method for
diagnosing LTBI, but it has limited sensitivity and
specificity, especially in countries with high
 Copyright © 2018 Wolters Kluwe
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incidence and prevalence of TB and high immuni-
zation coverage [47–49].

Persons with autoimmune diseases or in use
of immunosuppressors can present a negative TST
results, due to their impaired delayed hypersensitiv-
ity response [46,50–53]. For this group, a cut-off level
of more than 5 mm is recommended to define LTBI
[44

&

]. Pascual -Ramos et al. [52] found a diminished
cutaneous response to TST in SLE compared with
controls, especially with active disease. Yilmaz et al.
[54] noted that TST results were influenced by immu-
nosuppression but not SLE itself. TST was positive in
40.5% of those who were immunosuppressed as
opposed to 58.9% of the patients who were not [54].
INTERFERON GAMMA RELEASE ASSAY

IGRA detects immune responses towards specific
mycobacterial proteins, which are expressed by all
M. tuberculosis and pathogenic Mycobacterium bovis
strains, but are absent in BCG and in most non-
tuberculous mycobacteria (early secreted antigenic
target protein 6 and 10-kDa culture filtrate protein).
These proteins induce a strong T cell immune
response in experimental models, leading to the
production of interferon gamma (IFN-g), which is
measured by IGRA [55–58].

In settings with a low TB incidence, IGRA has a
specificity for LTBI diagnosis of 95% in not vacci-
nated populations, which is similar to that of TST
(97%). Among populations wherein BCG is admin-
istered, the specificity is much lower (approximately
60%) and variable [56,59,60]. IGRA sensitivity is
lower in immunocompromised patients and in chil-
dren, but is higher than the TST [61].

Until recently, two IGRA tests were commer-
cially available: QuantiFERON-TB Gold In-Tube
(QFT-GIT) (Qiagen, Hilden, Germany) and T-
SPOT.TB (Oxford Immunotec, Abingdon, UK). In
2015, Qiagen started the marketing of an updated
r Health, Inc. All rights reserved.
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FIGURE 1. Evaluation of latent tuberculosis infection based on risk of infection, risk of progression to tuberculosis and benefit
of therapy. Adapted from Lewinsohn et al. [44&].

Infections and environmental aspects of autoimmunity
new generation of QFT-GIT: QuantiFERON-TB Gold
Plus (QFT-Plus), with better sensitivity and specific-
ity in immunocompromised patients and at highest
risk for TB-infection [62,63

&&

,64]. The sensitivity for
the T-SPOT.TB assay appears to be higher (90%) than
that for the QFT assay or TST (both 80%) [65].

Besides the advantage of not having cross-reac-
tion with BCG and environmental mycobacteria,
IGRAs have other benefits over the TST: results after
24 h with no need for a second appointment; not
subjective as the TST interpretation; and the use of
positive controls to facilitate interpretation in
immunocompromised subjects [66]. Despite this,
IGRA has the inconvenience of reporting indetermi-
nate results, especially in immunocompromised
patients, as a consequence of low stimulation of
peripheral blood T cells [67]. The factors associated
with indeterminate results are still not well known,
but may be related to disease duration, higher
 Copyright © 2018 Wolters Kluwer 
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disease activity, haematological changes and gluco-
corticoids dosage (Table 2) [37,38

&&

,39,54].
Jung et al. [68] analysed the predictors influenc-

ing indeterminate IGRA results in a cohort of 631
rheumatic diseases patients. Indeterminate IGRA
results were found in 6.8% (43/631). Those with
indeterminate results were more likely to be aged
at least 70 years, female, visitors in winter, with SLE
and using sulfasalazine or anti-TNF. Lymphopenia,
thrombocytopenia, anaemia and hypoalbuminemia
were significantly associated with indeterminate
IGRA results. Multivariate analysis revealed that
SLE, use of sulfasalazine or anti-TNF, and manual
ELISA system were significantly independent pre-
dictors of indeterminate IGRA results [68].

Cho et al. [38
&&

] investigated the concordance
between the TST and QTF-G for diagnosing LTBI in
136 SLE compared with 66 RA patients. In total, 115
SLE patients (84.6%) and 52 RA patients (78.8%)
Health, Inc. All rights reserved.
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Table 2. Identification of at-risk populations for LTBI testing and treatment, according to the WHO [4&&]

At-risk population Testing algorithm Treatment options

In high-income and upper middle-income countries with estimated TB incidence less than 100 per 100000 population

People living with HIV, adult and child contacts of
pulmonary TB cases, patients initiating antitumor
necrosis factor (TNF) treatment, patients receiving
dialysis, patients preparing for organ or
haematologic transplantation and patients with
silicosis (strong recommendation)a

Exclude active TB using TB
investigations

A positive IGRA or TST test
result is required to
diagnose LTBI

6 months daily isoniazid;
9 months daily isoniazid;
3–4 months daily isoniazid and

rifampicin;
3–4 months daily rifampicin

Prisoners, health workers, immigrants from high TB
burden countries, homeless persons and illicit drug
users (conditional recommendation)b

Either IGRA or TST should
be used

6 months daily isoniazid

People with diabetes, people with harmful alcohol
use, tobacco smokers and underweight people
unless they are already included in the above
recommendations (conditional recommendation)b

Not recommended Not recommended

For resource-limited countries and other middle-income countries that do not belong to the above category

People living with HIV and children below 5 years
of age who are household or close contacts of
people with TB (Strong recommendation)a

Exclude active TB using TB
investigations

An LTBI test is not required
prior LTBI treatment, but
is encouraged for people
living with HIV

IGRA should not replace
the TST

6 months daily isoniazid

IGRA, interferon gamma release assay; TB, tuberculosis; TST, tuberculin skin test.
aThe desirable effects of adherence to the recommendation outweigh the undesirable effects.
bThe desirable effects of adherence to the recommendation probably outweigh the undesirable effects, but the WHO panel was not confident about these trade-offs.

Tuberculosis and systemic lupus erythematosus Balbi et al.
showed agreement between the TST and QFT-G
assay.

Both IGRA and TST testing provide evidence for
infection with M. tuberculosis, but they cannot dis-
tinguish active from LTBI. The diagnosis of active TB
must be excluded prior to deciding to treat LTBI. It is
important to determine whether symptoms sugges-
tive of TB disease are present, performing a chest
X-ray and, if radiographic signs of active TB (e.g.
airspace opacities, pleural effusions, cavities or
changes on serial radiographs) are seen, the active
disease must be treated accordingly to local guide-
lines [44

&

].
TREATMENT OF LATENT TUBERCULOSIS
INFECTION

Treating LTBI prevents progression to active TB
disease and related morbidities, with the public
health benefits, as each new case is likely to infect
others [10]. The decision to treat LTBI should be
based not only on TST results, but should take into
account the likelihood of infection and the risk of
progression to active disease (Fig. 1) [44

&

]. Summary
of LTBI treatment is provided in Table 2. Different
treatment regimens will be discussed in detail else-
where [4

&&

,44
&

].
 Copyright © 2018 Wolters Kluwe
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TUBERCULOSIS AND THE USE OF
BIOLOGIC AGENTS IN SYSTEMIC LUPUS
ERYTHEMATOSUS
Novel biologic drugs have been recently introduced
in the therapeutic arsenal of SLE. Although this
results in better treatment, it also raises concern
about increasing the risk of opportunistic infections.
Following several reports of TB after initiation of
anti-TNF medications, reactivation of LTBI has
become a worry in all biologic treatments. Cur-
rently, belimumab is the only biologic approved
for SLE; however, rituximab is used as an off-label
option for the treatment of refractory lupus nephri-
tis [69–71]. Belimumab is against the soluble form of
B lymphocyte stimulator (BLyS/BAFF), a costimula-
tor for B-cell function and survival. It is indicated for
the treatment of persistently active disease despite
standard therapy [13]. The pivotal trials BLISS-52
and BLISS-76 did not show differences in rates of
serious or severe infection between active and pla-
cebo and standard-of-care groups, and no case of TB
was reported [72,73]. This remained unchanged
after a 4 and 7-year treatment period analysis
[74,75]. In 2014, Askanase et al. [76] reviewed data
from three observational studies of postmarketing
experiences with belimumab and did not find
any new significant side effects. Sthoeger et al.
r Health, Inc. All rights reserved.
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[77] published a retrospective study of 36 Israeli SLE
patients treated with belimumab and reported no
cases of TB. Recently, the pivotal trial of subcutane-
ous belimumab showed that one patient (out of 556
in the belimumab group and 280 in the placebo and
standard-of-care group) died of central nervous sys-
tem TB, in the intervention group [78]. As SLE itself
increases the risk of TB, it is difficult to establish a
causal relationship with belimumab exposure based
solely in this case. To the best of our knowledge, it
seems that belimumab does not increase the risk of
developing TB in SLE, but further studies are needed,
especially in countries with high TB incidence.

Rituximab targets CD20 antigen in the surface of
B-cells and is usually reserved for refractory disease
[69]. In RA, TB is not a major concern when ritux-
imab is prescribed, as there is a low risk of reactiva-
tion of LTBI [79,80]. In SLE, many different trials
suggest that this risk is low as well. The LUNAR and
EXPLORER trials did not report any cases of TB
[81,82]. The BIOGEAS registry evaluated 344
patients with systemic autoimmune diseases (140
with SLE); 77% used rituximab and 91% were also on
corticosteroids. Only two cases of TB were detected
in the rituximab group [83]. In the French, GRAID
and IRBIS registries, TB was not reported [84–86].
EXTRAPULMONARY AND ATYPICAL
DISEASE

The diagnosis of TB as in SLE can be challenging, as
both diseases share many clinical manifestations:
fever, lymphadenopathy, pleural and pericardial
effusions, and arthritis. Therefore, SLE symptoms
can be attributed to TB in an endemic area, delaying
SLE diagnosis [18]. In addition, TB may induce a SLE
flare, and both can coexist [9,18]. The most com-
mon TB presentations in SLE are cough (60–76%)
and fever (57–75%) [20,87]. TB infection should
be suspected whenever fever responds poorly to
corticosteroids [7]. Likewise, resistance of SLE
manifestations to immunosuppressive drugs may
be controlled after diagnosis and TB treatment [9].
On the contrary, corticosteroids can suppress TB
manifestations, and some patients may be diag-
nosed with TB only after prednisone is tapered [87].

Pulmonary TB in SLE is more likely to present as
miliary and pneumonic forms (20 and 40%, respec-
tively), as opposed to the classic cavitary or nodular
form. Extensive TB affecting at least two lobes occurs
in 40% of cases, and there are also more abnormal
findings in middle/lower lung field, irrespective of
upper lobe involvement [7].

TB infection diagnosis may be delayed in SLE
patients in whom extrapulmonary and atypical
manifestations are increased [87]. The interval
 Copyright © 2018 Wolters Kluwer 
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between TB onset and diagnosis over 60 days was
significant higher in extrapulmonary presentations
[20]. Although the predominant site affected is pul-
monary, the prevalence of extrapulmonary forms in
SLE can be as high as 67% with or without concom-
itant lung infection [20,87,88].

Regarding the extrapulmonary forms in SLE,
bone and joint TB are the most common, contra-
dicting non-SLE patients in whom nodal and pleural
TB are the leading presentations [7,20,89]. SLE
patients are 20-fold more predisposed to osteoartic-
ular TB than non-SLE patients. M. tuberculosis seems
to have a predilection for preexisting inflammatory
arthritis [90]. Tuberculous synovitis can mimic
rheumatoid nodules; the presence of amorphous
calcifications, marked tenosynovitis on ultrasound
and erosions of bones next to the affected joint with
sparing of the others are diagnostic clues to TB [91].
Soft tissue abscesses in collagen vascular disease
should be highly suspicious for TB diagnosis [89].

Renal TB can present with haematuria and ster-
ile pyuria, similarly to lupus nephritis, but no uri-
nary cellular casts and significant proteinuria is
observed [92].

Lymphadenopathy may be present at the onset
of SLE in 6% of cases; and in 12 to 15% during
follow-up at some disease stage. It may precede
the detection of autoantibodies in many years, mak-
ing the diagnosis difficult. Lymph nodes involved
are soft, mobile, painful and located mainly in cer-
vical and axillary chains. Extensive generalized
lymphadenopathy is very rare. Biopsy can show
reactive lymphoid hyperplasia; the characteristic
findings of coagulative necrosis and haematoxylin
bodies are not always present [93,94]. The appropri-
ate histopathological assessment is mandatory for
TB lymphadenitis diagnosis. It requires the identifi-
cation of bacilli through culture or specific staining,
but the presence of caseating granuloma is strongly
suggestive [95,96].
CONCLUSION

A high suspicion of TB in SLE patients from endemic
countries should be kept in mind, especially in those
with nephritis and high cumulative doses of corti-
costeroids. Presentation can be not only with exten-
sive pulmonary disease but also extrapulmonary
manifestations; or flares that do not respond to
standard SLE therapy.
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 CURRENT
OPINION Multiple hit infection and autoimmunity:

the dysbiotic microbiota–ACPA connection
in rheumatoid arthritis

Lazaros I. Sakkas and Dimitrios P. Bogdanos

Purpose of review
This review highlights the most recent data obtained in this field and provides clues toward the better
understanding of the close interplay between microbiota and host, leading to autoimmune diseases.

Recent findings
A well-described model of microbiota/host interaction of relevance to autoimmunity is linking anti-
citrullinated peptide antibody positive rheumatoid arthritis and alterations of microbiota largely
concentrating on Porphyromonas gingivalis and more recently of Aggregatibacter actinomycetemcomitans
and Prevotella copri.

Summary
The perception of the classical link between microbial infection and development of autoimmune disease
has evolved to the more recent concept of the connection between the microbiome/dysbiosis and breaking
of immunological tolerance.

Keywords
autoantibody, infection, microbiome, rheumatic diseases, rheumatoid arthritis

INTRODUCTION

It is well established that genetic factors, such as
HLA-DRB1 shared epitope (HLA-DRB1SE) alleles [1],
and environmental factors are involved in the
development of rheumatoid arthritis (RA), whereas
proinflammatory Th1 cells and B cells and proin-
flammatory soluble mediators [tumor necrosis factor
alpha (TNFa) and interferon gamma, interleukin-6
(IL-6)] are involved in disease pathogenesis [2]. RA is
considered an autoimmune disease for the presence
of the autoantibodies (autoabs) rheumatoid factor
and abs against citrullinated peptides [anti-CCP
abs and anti-citrullinated protein autoantibodies
(ACPAs)]. Citrullination is a posttranslational modi-
fication of proteins caused by peptidyl arginine dei-
minases (PADs).

The discovery of ACPAs greatly advanced our
understanding of RA pathogenesis and put citrulli-
nated antigens as likely pathogenic autoantigens for
this disease [3]. ACPAs appear long before, even years
before clinical onset of RA [4–6]. Early on, ACPAs
target few citrullinated peptides, but their targets
increase as the onset of clinical arthritis approaches
[5,7] and this expansion of ACPA targets is associated
with the appearance of proinflammatory mediators

and subclinical inflammation [7]. ACPAs are associ-
ated with severe disease and their presence predicts
subsequent development of RA in patients with
undifferentiated arthritis [3,8]. In fact, ACPA is the
strongest predictor of radiographic progression in RA
[9]. Moreover, the genetic factor HLA-DRB1SE is
associated with ACPA rather than RA [10].

Citrullination could create particular neoanti-
gens that activate T cells, which in turn will provide
antigen-specific help to B cells to produce ACPA.
Indeed, citrullination increases the affinity of
peptide to HLA-DRB1SE alleles [11,12]. However,
T cells may recognize PAD, instead of citrullinated
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KEY POINTS

� Autoimmune process as exemplified by ACPA detection
in rheumatoid arthritis begins outside joints years
before clinical arthritis.

� Mucosal sites, at the interface between environmental
factors and host, are most likely sites of immune
triggering.

� Oral and gut microbiota are altered in RA.

Infections and environmental aspects of autoimmunity
peptides, and then help B cells to produce abs
against citrullinated proteins bound to PAD, as a
hapten/carrier case [13

&

].
The appearance of ACPAs years before the onset

of subclinical arthritis suggests that the disease pro-
cess may begin outside joints. Mucosal sites are
attractive candidates as they are the interface
between environmental factors and the host. Muco-
sal immunity could initiate an immune response
that leads to breaking of immune tolerance, driving
systemic inflammatory immune response and cul-
minates in clinical arthritis. An integral functional
part of mucosa sites is microbiota. Components of
microbiota activate specific immune cells and shift
the balance between proinflammatory and anti-
inflammatory response. For instance, segmented
filamentous bacteria, gut commensals, promoted
Th17 cells in small intestinal lamina propria and
spleen and exacerbated arthritis in K/BxN T-cell recep-
tor transgenic mice living in germ-free environment
[14]. On the contrary, Prevotella histicola (P. histicola), a
commensal of human gut, has immunoregulatory
properties and suppressesproinflammatory cytokines.
P. histicola, when administered enterally to HLA-DQ8
transgenic mice, increased suppressor intestinal and
splenicdendritic cells, greatlydecreasedproinflamma-
toryTh17cells, IL-17andTNFa, increasedanti-inflam-
matory IL-10 and reduced intestinal permeability and
severity and incidence of collagen-induced arthritis
(CIA) [15]. Two known environmental risk factors for
RA, smoking and periodontitis [16–18], are in agree-
ment with this concept of immune initiation at
mucosal sites.
ORAL MICROBIOTA

Periodontitis, an example of oral microbiota alter-
ation, dysbiosis, is a risk factor for RA [16–18] and
could provide the initial immune response that
leads to the breaking of tolerance (Fig. 1): Abs
against bacterial proteins, through molecular mim-
icry, are redirected toward human proteins, and
there is growing evidence to support this view.
 Copyright © 2018 Wolters Kluwer 
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Untreated patients with periodontitis exhibit ACPAs
[19]. Gingival grevicular fluid collected from the
space between the tooth and gingival mucosa from
patients with periodontitis exhibited extensive pro-
tein citrullination, mirroring the hypercitrullina-
tion in RA joints, whereas it showed minimal
citrullination in healthy controls without periodon-
titis [20]. Schwenzer et al. [21] used liquid cromato-
graph-tantem spectrometry in gingival crevicular
fluid and gingival tissue from patients with peri-
odontitis and identified a novel citrullinated pep-
tide of cytokeratin-13 (cCK13). ACPAs against
cCK13 were present in 24% of RA patients (specific-
ity 98%) and associated with abs to Prevotella inter-
media, a causative agent of periodontitis, whereas
ACPAs against a-enolase (CEP-1), vimentin and
fibrinogen were associated with smoking and
HLA-DRB1SE. New-onset untreated RA (NORA)
patients had alterations of oral microbiome and a
high prevalence of periodontitis [22]. The oral
(saliva, dental) microbiome, altered in RA, was par-
tially restored after RA treatment [23].

A causative agent of periodontitis, Porphyromo-
nas gingivalis (P. gingivalis), causes citrullination of
bacterial and human proteins [24]. P. gingivalis pro-
duces gingipains, proteases expressed on the surface
of bacterial outer membrane, that cleave proteins at
peptidyl arginine, and PAD (PPAD) that preferen-
tially citrullinates C-terminal arginine, thus creating
neoantigens. There is evidence of P. gingivalis infec-
tion years before onset of clinical arthritis. IgG abs to
arginine ginginpain B (RgpB), a surrogate marker of
past infection with P. gingivalis, were detected
10 years before the onset of clinical RA, and their
titres increased before the clinical onset of arthritis
[25]. Children with ACPA-positive juvenile idio-
pathic arthritis have high levels of anti-P. gingivalis
abs compared to controls [26]. In ACPA-positive RA,
an interaction between anti-RgpB abs, smoking and
HLA-DRB1SE was reported [27]. ACPA to citrulli-
nated a-enolase peptide 1, an immunodominat pep-
tide in RA, showed high homology with a-enolase
from P. gingivalis and cross-reacted with citrulli-
nated recombinant P. gingivalis enolase [28]. P. gin-
givalis inoculation of mice caused PPAD-dependent
exacerbation of CIA [29].

Oral inoculation of P. gingivalis in HLA-DR1
transgenic mice transiently increased Th17 cells
in regional lymph nodes and peripheral blood,
induced a massive increase in proinflammatory
cytokines, decreased bone density and exacerbated
CIA [30]. However, one should take into account the
infectious load of P. gingivalis inoculation, relative to
real-life P. gingivalis oral concentrations in patients.
P. gingivalis can affect inflammation through gut
microbiota [31,32].
Health, Inc. All rights reserved.
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FIGURE 1. Periodontal disease caused by P. gingivalis and A. actinomycetemcomitans or viral infection with Epstein–Barr
virus can lead directly or indirectly through neutrophil extracellular traps (NETs) citrullination of proteins/peptides which in
susceptible individuals (HLA DRB1) can lead to the induction of T cells which recognize citrullinated peptides and accelerate
an autoreactive immune response which culminates in the development of rheumatoid arthritis. Gut microbiome constituents
such as Prevotella copri or other species can also initiate an immune response which can also lead to the development of
rheumatoid arthritis.

Multiple hit infection and autoimmunity Sakkas and Bogdanos
Another causative agent of periodontitis, Aggre-
gatibacter actinomycetemcomitans (A. actinomycetem-
comitans), also causes citrullination of human
proteins through production of leukotoxin A that
forms pores in leukocyte membranes [20,24]. Inter-
estingly, the HLA-DRB1SE is associated with ACPA
only in RA patients exposed to A. actinomycetemco-
mitans [20].

Epstein–Barr virus (EBV), which infects epithe-
lial cells and B cells, also causes ACPA production.
ACPAs against peptides derived for EBV nuclear
antigen (EBNA)1 (PCV1) and EBNA2 (PCV2) cross-
react with human citrullinated proteins [33]. Fur-
thermore, ACPAs against PCV1 and PCV2 and
ACPAs against histone-4-derived citrullinated pep-
tide (HCP1) and HCP2 appear years before the onset
 Copyright © 2018 Wolters Kluwe
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of clinical RA and predict with high-risk ratio (odds
ratio¼8–19) subsequent development of RA [25].
GUT MICROBIOTA

The gut microbiota plays a critical role in developing
normal immune system [34]. An early study dem-
onstrated that HLA-DR allleles may affect gut micro-
biota. In transgenic mice carrying the RA susceptible
allele HLA-DRB1�0401, the gut microbiome was
dominated by Clostrium-like species, whereas in
transgenic mice carrying the RA resistance allele
HLA-DRB1�0402 the gut microbiome was enriched
in Porphyromonadacaeae and Bifidobacteria [35].
Therefore, it is of no surprise that gut dysbiosis
has been found in RA (Fig. 2). Dysbiosis in RA
r Health, Inc. All rights reserved.
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FIGURE 2. (a) When symbiosis, a state characterized by a predominance of commensal bacteria and symbionts, is established,
there is a fine balance between proinflammatory and anti-inflammatory cell subsets which prevents from the development of the
disease. (b) Such a balance is interrupted when dysbiosis, a state whereby pathogens of the gut microbiome prevail. In symbiosis
the intestinal barrier is undamaged and the mucosal homeostasis is maintained due to tolerance to commensal bacteria while in
dysbiosis the intestinal barrier is damaged and the protective action of secreted IgA and anti-inflammatory cells (Tregs and Bregs)
is lost giving space to proinflammatory mucosal T effector and Th17 cell dominance. Such an imbalance leads to the breaking of
immunological tolerance and the perpetuation of autoreactive processes inducing autoimmune disease.

Infections and environmental aspects of autoimmunity
may harbor expansion of rare microbes, such as
Collinsella. Collinsella, which correlated with
increased IL-17 production in vitro and increased
IL-17A in RA patients in vivo [36]. Furthermore,
 Copyright © 2018 Wolters Kluwer 
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Collinsella increased gut permeability in HLA-DQ8
transgenic mice [36]. Prevotella copri (P. copri) was
found to be expanded in NORA patients and be
correlated with reduction in gut Bacteriodes [37].
Health, Inc. All rights reserved.
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Reduction of Bacteriodes is likely to promote proin-
flammatoy environment, as polysaccharide A from
Bacteroides fragilis, a human gut commensal,
induced CD4þT-cell differentiation into Foxp3þ-
TregsproducingIL� 10½38�:

P. copri dominated the gut microbiome in early
RA patients, whereas SKG mice, colonized with
fecal samples (microbiota) from these patients,
exhibited increased gut Th17 cells and developed
severe arthritis when treated with zymosan, while
T cells from the large intestine increased IL-17
production in response to arthritis-related 60S
ribosomal protein L23a (RPL23A). Furthermore,
RPL23A-responsive T cells, previously cocultured
with Prevotella-dominated RA feces suspension,
induced arthritis in severe combined immunodefi-
ciency mice suggesting that dysbiosis can facilitate
inflammation/arthritis by inducing proinflamma-
tory gut immunity [39].

HLA-DR-bound peptides (T-cell epitopes) from
RA synovial membrane cells were eluted and ana-
lyzed by highly sensitive nanoflow liquid chroma-
tography-tandem mass spectrometry and peptide
sequencing in a study. By this approach, Pianta
et al. [40

&&

] identified two new T-cell autoantigens,
one derived from acetylglucosamine-6-sulfatase
(GNS) and one derived from filamin A (FLNA). Both
peptides were recognized by T cells and B cells. GNS
protein appears to be citrullinated in vivo as abs
against citrullinated GNS were higher than abs
against uncitrullinated GNS and the titres of abs
against citrullinated GNS correlated with ACPA lev-
els [40

&&

]. Anti-GNS abs and anti-LFNA abs were
correlated with abs against P. copri, but not with
abs against P. gingivalis. There was little overlap
between NORA patients with anti-P. copri abs and
NORA patients with anti-P. gingivalis abs [41], sug-
gesting that P. gingivalis does not allow the growth of
P. copri and vice versa. Antibodies against GNS and
FLNA combined were present in 55% of ACPA-neg-
ative NORA patients. There was sequence homology
between GNS peptide and peptides from P. copri, and
Parabacteriodes species, particularly aminoacids, pre-
dicted to bind HLA-DR. Also, there was sequence
homology between FLNA peptide and another pep-
tide from P. copri, but no homology between GNS or
FLNA and P. gingivalis. There was cross-T-cell reac-
tivity between microvial and self-peptides, as
strongly suggested by the finding that of the eight
RA patients who had T-cell reactivity to GNS pep-
tide, seven had also reactivity to bacterial peptides,
and similar analogy was observed with the FLNA
peptide. Moreover, the magnitude of T-cell reactiv-
ity to GNS or FLNA peptides correlated with that of
reactivity to microbial corresponding microbial pep-
tide. Both GNS and FLNA peptides were predicted to
 Copyright © 2018 Wolters Kluwe
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bind strongly HLA-DRB1SE and T-cell reactivity to
these peptides was more frequent in patients carry-
ing the HLA-DRB1SE [40

&&

].
P. gingivalis can cause arthritis through changes

of gut microbiota. Orally administered P. gingivalis,
but not P. intermedia, changed the gut microbiome
with decrease in Bacteriodetes phylum, increased
Th17 cells in mesenteric lymphocytes, increased
intestinal permeability, increased bacterial DNA in
the liver and aggrevated CIA [31,32,42]. As might
have been expected, the gut dysbiosis in RA, was
partially restored after RA treatment [23] and
this offers some thoughts for new therapeutic strat-
egies in RA.

Gut dysbiosis may trigger autoimmunity by
inappropriate posttranslational modification, such
as citrullination, ubiqutination, transglutamina-
tion and so on [43]. For instance, microbial trans-
gutaminases by cross-linking human proteins can
create neoepitopes that are immunogenic [44].
Microbiota is likely to cause arthritis not through
Th17 cells but through follicular helper T cells (Tfh
cells), which interact with B cells for germinal cen-
ter formation. In the K/BxN T-cell receptor trans-
genic mouse model of autoimmune arthritis,
deletion of Bcl6, a transcription factor for differen-
tiation and function of Tfh cells, blocked Tfh cell
differentiation and the development of arthritis.
Tfh cells migrate into distal lymphoid tissues and
augment autoab response [45,46]. Microbiota and
their metabolites can also exert epigenetic modifi-
cations. For instance, the short-chain fatty acids
(SCFAs), butyrate and proprionate, produced by
gut microbiota from dietary fiber, suppress histone
deacetylase and promote generation of Tregs [47].
Also, SCFAs induced gene expression for B-cell dif-
ferentiation and provide building blocks and
energy for antibody production [48].

It is also possible that in dysbiosis, microbial
DNA is carried to joints by macrophages. P. copri
DNA was identified in synovial fluid from early RA
patients with IgG anti-P. copri antibodies [41]. P.
gingivalis DNA was also detected in synovial tissue
from RA patients. More interestingly, P. gingivalis
DNA in synovial tissue was detected more frequently
in HLA-DRB1�04-positive than HLA-DRB1�04-neg-
ative RA patients [49]. These findings suggest that
molecular mimicry between dysbiotic bacteria and
humans may operate as well in RA. Another mecha-
nism could be through an inflammatory milieu.
DNA from periodontopathogenic bacteria stimu-
lates macrophage IL-6 and TNFa production [50].

A recent study found that cross-reactivity of
ACPAs is much broader than ever imagined. A mono-
clonal ACPA, obtained from patients with RA by an
immunospot array assay, exhibited cross-reactivity
r Health, Inc. All rights reserved.
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with many citrullinated human, bacterial, fungal,
viral proteins and plant proteins present in daily food
[51]. If this is confirmed, it puts cross-reactivity into a
much more complex perspective.
CITRULLINATED ANTIGENS AS
ARTHRITOGENIC ANTIGENS IN
RHEUMATOID ARTHRITIS

There is some evidence supporting the statement
that citrullinated peptides are likely arthritogenic
autoantigens [3]. In a recent study, citrullinated
peptides exacerbated arthritis in a two-hit event.
Synomologus macaques carrying the HLA-DRB1SE
called H6 haplotype were immunized with a pool of
three citrullinated peptides, fibrinogen, vimentin
and aggrecan, but there were no clinical manifes-
tations. Then, intra-articular injection of the three
peptides and incomplete Freund’s adjuvant caused
severe and prolonged arthritis, preferably in ani-
mals carrying the HLA-DRB1SE, called H6 haplo-
type, whereas animals injected with incomplete
Freund’s adjuvant alone exhibited only transient
arthritis [52].
CONCLUSION

There is oral and gut dysbiosis in RA. In dysbiosis,
peptides from specific components of gut micro-
biota, such as P. copri, as well as self-epitopes (T-
cell epitopes) of highly expressed proteins in syno-
vial membrane, sharing sequence homology, are
targets of T cells, activate intestinal Peyer’s patch
Tfh cells which then migrate to distal lymphoid
tissues and lead to the formation of germinal
centers producing autoabs. These antigen-specific
Tfh cells help germinal center B cells to augment
autoAb production to microbial and self-protein.
One expected requirement for this series of events
is a high affinity binding of peptide/HLA/T
cell receptor.

These findings have therapeutic implications.
An obvious intervention is to keep oral hygiene
and treat periodontitis. The rationality of this
approach is to stop feeding autoantigens. The use
of probiotics to restore gut microbiota may be
another approach. Although few small studies
showed little benefit [53], this approach requires
further investigation. For instance, SCFAs treatment
of mice ameliorated CIA and this was associated
with the reduction of Th1 cells and increase in Tregs,
but exacerbated antibody-induced arthritis [54]. In a
different strategy, it may not be far away the time
where bifunctional nanoparticles coupled to citrul-
linated autoantigen epitope and lytic complement-
activating peptide are therapeutically used in RA
 Copyright © 2018 Wolters Kluwer 
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patients to deplete autoantigen epitope-specific B
cells [55].
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 CURRENT
OPINION Fracture prediction and prevention: will newer

technologies help?

Gregory Changa and Stephen Honigb

An often quoted statistic is that at age 50, a white
woman has about a 50% likelihood of sustaining a
fracture during her lifetime including a 40% chance
of experiencing a hip, spine or wrist fracture [1].
Identifying patients at risk for such fractures remains
challenging and has traditionally relied on the use of
bone density testing to identify patients with a low
bone mass. It wasestimated that in 2010 almost 7% of
women aged 50–59 had a bone density diagnosis of
osteoporosis (T score��2.5) and that the prevalence
of osteoporosis reached 35% of the population aged
80 and above. Additionally, about 50% of all US
female residents have some degree of low bone mass
(osteopenia) at age 50 and above [2]. The risk of
osteoporotic-related fracture increases with age and
with progressively lower T scores among individuals
with osteoporosis. However, many fractures occur
among postmenopausal women with nonosteopor-
otic T scores. We and other groups have been evalu-
ating new imaging techniques in the hope of
identifying patients who are at increased fracture risk
before they sustain the first fragility fracture.

Osteoporosis is defined as a disease of increased
fracture risk because of low bone mass and micro-
architectural deterioration of bone tissue [3]. Dual-
energy X-ray absorptiometry (DXA) measurement of
areal bone mineral density (BMD) has high specific-
ity in terms of detecting individuals with osteopo-
rosis at increased risk for fracture [3]. However, the
majority of individuals who fracture do not meet the
DXA criterion for an osteoporosis diagnosis, and
therefore, go undetected and untreated [4,5]. The
low sensitivity of DXA has motivated the develop-
ment of other fracture risk assessment tools, such as
FRAX [6], which computes a 10-year probability
of hip or major osteoporotic fracture based on
11 clinical variables that are easily measured in an
office visit. Femoral neck areal BMD can be included
as a 12th variable. Among the criticisms of the FRAX
algorithm is the lack of weighting for the number of
prior fractures (and when they occurred relative to
the present time) as well as not having an input
variable for a history of fall(s).

Although FRAX remains a critical tool for fracture
prediction, there has been great interest in other
approaches that may provide further insight into
increased fracture risk by focusing on identifying
differences in bone strength and bone microarchi-
tecture among at-risk individuals. These novel imag-
ing methods noninvasively assess bone health in vivo
whereas DXA only provides an estimate of BMD in
two dimensions and does not assess other metrics
of bone health, such as its microarchitecture or
mechanical properties. Many imaging approaches
have been pursued, including advanced image anal-
ysis of DXA data (e.g. hip structural analysis), lumbar
spine trabecular bone score (TBS), ultrasound, quan-
titative computed tomography (QCT), high-resolu-
tion peripheral quantitative computed tomography
(HR-pQCT), and MRI [7–10].

Each novel imaging method has advantages and
disadvantages. MRI can offer 3D, high-resolution
imaging without the administration of ionizing radi-
ation, albeit at a higher cost than DXA. Images of
bone microarchitecture in the distal extremities
(wrist, ankle) and even the proximal femur can be
obtained, and cross-sectional MRI studies of micro-
architecture have shown the ability to discriminate
fracture cases from controls and the ability to moni-
tor longitudinal changes [11,12]. For example, two
recent studies in the hip applied finite element anal-
ysis (FEA, to estimate bone mechanical properties) or
volumetric topological analysis (VTA, to measure
microarchitectural parameters) to high-resolution
magnetic resonance (MR) images of the proximal
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femur and demonstrated the ability of MRI to dis-
criminate fracture cases from controls even when
BMD could not [13,14]. The results suggest that
MRI-based FEA or VTA deserve further study as poten-
tial methods to identify high-risk fracture patients
who currently go undetected by DXA.

Whether such advanced imaging methods pro-
vide added value to the existing well established, low-
cost methods of FRAX and DXA remains to be deter-
mined. Longitudinal fracture incidence studies and
cost-effectiveness analyses are needed, especially
given the higher price of CT and MRI compared with
DXA. One recent cost-effectiveness analysis provided
some evidence that the combination of 3D virtual
bone strength testing via FEA (even across a broad
price range, up to $1000) and BMD testing was the
most cost-effective societal osteoporosis screening
strategy (as opposed to BMD or virtual bone strength
testing alone) [15]. For the workup of the risk of
ischemic heart disease, there is a multitiered risk
stratification approach using more basic testing
(EKG, blood tests) initially followed by advanced
testing (exercise treadmill, nuclear medicine, US, or
even CT and MRI) that is specifically tailored to the
patient. Perhaps one day the workup delineating the
risk for fragility fractures and fracture prevention
strategies will be similarly multifaceted. In the
interim, however, we are reminded that the need
for initiating bone-strengthening treatments is great-
est among those with a recent fragility fracture who
are at increased risk for subsequent fractures. Despite
the imperative of this need, most patients with the
greatest need for treatment are not receiving it [16].
Although the focus on identifying patients at
increased fracture risk is vital and the use of new
technologies to facilitate such identification is
important, we should not lose sight of the critical
need to initiate treatment among those already iden-
tified as being at high fracture risk.
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 CURRENT
OPINION The utility and limitations of using trabecular

bone score with FRAX

Patrick Martineaua and William D. Leslieb

Purpose of review
Trabecular bone score (TBS) is a texture index derived from the lumbar spine dual-energy X-ray
absorptiometry which can assess skeletal quality and provide information about fracture risk independent of
bone mineral density (BMD). TBS is useful in assessing osteoporotic fracture risk, with lower TBS values
associated with increased fracture risk. In this article, we review the current state of TBS, including its utility
and limitations in the assessment and management of osteoporosis, with particular emphasis on the recent
literature.

Recent findings
Ten-year fracture risk assessment using the FRAX tool can be improved through the use of a TBS adjustment.
The use of TBS-adjusted FRAX can change management in a modest but significant number of patients,
particularly in those close to an intervention threshold. Change in lumbar spine TBS for patients undergoing
antiresorptive treatment is not a useful indicator of antifracture effect.

Summary
Lumbar spine TBS provides information complementary to conventional BMD, and has been shown to be
clinically useful for enhancing fracture risk prediction.

Keywords
bone texture, dual-energy X-ray absorptiometry, fracture, osteoporosis, trabecular bone score

INTRODUCTION

Lumbar spine trabecular bone score (TBS) is an
image-based technique developed to assess skeletal
structure as a complement to conventional bone
mineral density (BMD) [1]. Commercial implemen-
tation (TBS iNsight, Med-Imaps, France) was
approved by the Food and Drug Association (FDA)
for clinical use in the United States in 2012 with the
following labeling: ‘TBS is derived from the texture
of the DEXA image and has been shown to be related
to bone microarchitecture and fracture risk. This
data provides information independent of BMD
value. . . The TBS score can assist the healthcare
professional in assessment of fracture risk...’
Research has shown that TBS can be considered a
prognostic biomarker as it serves as a measurable
indicator of skeletal structure and strength [2].

TBS is a ‘texture index’ derived from lumbar
spine dual-energy X-ray absorptiometry (DXA)
images. Gray-level variations in the DXA image
(so-called bone ‘texture’) correlate with bone struc-
tural properties according to mathematical relation-
ships developed from the field of spatial statistics
and represented by the variogram, a function that

characterizes spatial continuity (‘roughness’) in the
data from the rate of pixel variation [1]. Commercial
software has been developed which allows for post-
acquisition processing of a lumbar spine DXA image
to calculate TBS, a unitless numerical score for
which higher values are obtained from low-ampli-
tude finely textured fluctuations, whereas lower
values are associated with high-amplitude coarsely
textured fluctuations (‘degraded bone’) [2].

Despite the FDA labeling stating that TBS is
related to skeletal microarchitecture, it is important
to realize that TBS is incapable of directly assessing
osseous microarchitecture. DXA, with an approxi-
mate resolution limit of 1 mm, lacks the spatial
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KEY POINTS

Utility

� TBS is useful for assessing osteoporotic fracture risk in
postmenopausal women and in men 50 years
and older.

� TBS can be combined with FRAX and BMD to adjust
FRAX-probability of fracture in postmenopausal women
and older men.

� TBS is best used in conjunction with FRAX and is most
useful in patients close to an intervention threshold.

Limitations

� The overall effect of using TBS with FRAX is modest,
with most of the impact on fracture risk reclassification
and management limited to those patients close to an
intervention threshold.

� Although treatment-related increases in TBS are seen
with antiresorptive agents, these are considerably
smaller than the changes in BMD and there is
insufficient evidence that TBS can be used to assess the
antifracture effect of pharmacologic treatment.

� TBS should not be used in patients with extreme
BMI values.

The utility and limitations of TBS Martineau and Leslie
resolution to resolve osseous microarchitecture
whose parameters (such as trabecular thickness and
separation) are an order of magnitude smaller in size.
Recently, Maquer et al. [3], through biomechanical
testing of 62 human lumbar vertebrae, found that the
initial slope of the variogram (a ‘replica of TBS’)
poorly assessed vertebral body strength. A small,
prospective study of individuals with male idiopathic
osteoporosis treated with intravenous ibandronate
demonstrated increases in bone mineralization, as
shown by bone biopsy and BMD, as well as significant
increases in TBS; however, histomorphometric anal-
ysis showed no significant increase in trabecular
volume, thickness or number [4,5]. Muschitz et al.
[6] compared TBS with histomorphometric analysis
of transiliac bone biopsies in premenopausal women
and younger men (n¼123) with idiopathic osteopo-
rosis, and found significant associations between TBS
and multiple trabecular microarchitectural parame-
ters. Significant albeit slightly weaker microarchitec-
tural associations were also seen with BMD and bone
turnover markers. There are also situations where
lower TBS does not appear to correlate with worse
microarchitecture, such as type 2 diabetes and Black
women [7,8].

In light of these conflicting results, it remains
unclear exactly what TBS represents. It may be that
 Copyright © 2018 Wolters Kluwe
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TBS assesses macroscopic parameters which are
themselves correlated with features at the microarch-
itecture level; however, this remains an area of active
investigation. Nonetheless, despite uncertainty in
the osseous features being assessed, numerous studies
have shown that TBS is able to predict fractures and is
therefore endorsed for clinical use by the Interna-
tional Society for Clinical Densitometry (ISCD) [2]
and the European Society for Clinical and Economic
Aspects of Osteoporosis and Osteoarthritis [9].
UTILITY OF TRABECULAR BONE SCORE

Fracture risk assessment

Numerous cross-sectional and longitudinal studies
[2,10–13,14

&

,15,16
&

] have shown that TBS provides
information on osteoporotic fracture risk which is
complementary to BMD. These studies have shown
thatdecreasedTBS isassociatedwithincreased fracture
risk although the reported effect sizes vary. An impor-
tant exception is from the MrOS cohort [16

&

], which
concluded that TBS was not associated with vertebral
fractures in olderwhite men afteradjusting for age and
lumbar spine BMD, with the possible exception of
clinical vertebral fracture in individuals with lower
BMI. The reason for the difference between these
results and those obtained in other studies is unclear
but may reflect statistical power as a FRAX-indepen-
dent association between TBS and incident major
osteoporotic fractures (MOFs) and hip fractures was
previously reported from the same MrOS cohort [15].

A recent meta-analysis by McCloskey et al. [17]
examined 14 prospective international cohorts, for a
total of 17 809 participants (59% women and 41%
men) between the ages of 40 and 90 (mean 72 years).
During follow up, 1109 participants experienced an
MOF, whereas 298 participants experienced a hip
fracture. TBS adjusted for age and time since baseline
showed a significant association with MOF [gradient
of risk: hazard ratio per standard deviation (SD)
reduction 1.44, 95% confidence interval (CI)
(1.35–1.53) overall; 1.50, 95% CI (1.36–1.66) men
only, 1.40, 95% CI (1.30–1.52) women only]. There
was minimal attenuation when TBS was adjusted for
the 10-year probability of hip fracture and MOF
estimated by the fracture risk assessment (FRAX)
tool [gradient of risk 1.32, 95% CI (1.24–1.41) over-
all; 1.35, 95% CI (1.21–1.49) men; 1.31, 95% CI
(1.21–1.42) women]. For hip fracture prediction,
each SD reduction in spine TBS was associated with
a significant increase in risk adjusted for time since
baseline, age and FRAX probability (1.28, 95% CI
1.13–1.45 men and women combined; 1.27, 95% CI
1.06–1.53 men only; 1.29, 95% CI 1.09–1.52
women only). The differences between sexes were
r Health, Inc. All rights reserved.

rved. www.co-rheumatology.com 413



Metabolic bone disease
not significant (P>0.10). FRAX MOF and hip frac-
ture probabilities were modified to provide a TBS-
adjusted 10-year probability [18]. The gradient of
risk using TBS-adjusted 10-year MOF probability
(1.76, 95% CI 1.65–1.87 men and women com-
bined) was greater than for FRAX probability alone
(1.70, 95% CI 1.60–1.81). Similarly, the gradient of
risk for hip fracture prediction using the TBS-
adjusted 10-year probability was 2.25 (95% CI
2.03–2.51) and was greater than the gradient of risk
1.70 (95% CI 1.60–1.81) for FRAX probability alone.

Fracture risk assessment by TBS alone has been
shown to be inferior to FRAX [19]; however, the com-
bination of TBS and FRAX is superior to either alone
[18]. In light of this, TBS should not be used to make
treatmentdecisions inisolation,butshouldbeusedin
conjunction with the FRAX tool in order to improve
fracture risk estimates, as suggested by the ISCD [2].

An alternative approach for using TBS to enhance
fracture risk assessment has recently been proposed
byLeslie et al. [20

&&

]. First, thechange in TBS thatgives
the same effect on fracture risk as a unit change in
BMD T-score was determined for the femoral neck,
total hip and lumbar spine. From this, an individual’s
TBS measurement can be used to compute an adjust-
ment to the BMD T-score that captures the indepen-
dent effect of TBS on fracture risk. In the case of the
femoral neck, when the TBS-adjusted T-score is used
as an input to FRAX the output is equivalent to
applying the TBS-adjustment to FRAX [18].
Impact on management and fracture risk
reclassification

Martineau et al. [21
&&

] estimated net reclassification
improvement (NRI) to study the impact of TBS-
adjusted FRAX on fracture risk assessment and
patient management, considering several FRAX-
based clinical practice guidelines and intervention
criteria. TBS-adjusted FRAX probability resulted in a
significant improvement in NRI under all clinical
practice guidelines considered (US National Osteo-
porosis Foundation, Osteoporosis Canada and UK
National Osteoporosis Guidelines Group). The pro-
portion of women reclassified with TBS-adjusted
FRAX was modest overall (<5%), but much greater
in patients close to a FRAX-based intervention
threshold (up to 17.9%) (Fig. 1) [21

&&

].
Trabecular bone score and degenerative
changes of the spine

Osteoarthritic changes in the spine are endemic in the
elderly and result in artifactual increases in lumbar
spine BMD values. In severe cases, osteoarthritic
changes can invalidate the lumbar spine BMD
 Copyright © 2018 Wolters Kluwer 
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measurements. Conversely, lumbar spine TBS appears
to be relatively unaffected by the presence of osteoar-
thritic [22–24]. As such, TBS may still be useful for
assessing the lumbar spine in patients for whom a
conventional BMD assessment is noncontributory.
Specific patient populations

Prolonged glucocorticoid exposure results in an
increased fracture risk, and has been shown to result
in a significant age-adjusted decrease in TBS [25,26].
For dose-equivalents of prednisone at least 5 mg/day
and durations of at least 3 months, TBS could dis-
criminate individuals with prevalent fractures from
those without, whereas BMD did not [25]. These
findings suggest that TBS may play a particularly
important role in assessing fracture risk in patients
with chronic glucocorticoid exposure, a population
whose fracture risk may be underestimated by FRAX
for those receiving glucocorticoid doses much
higher than average [27].

Patients with type 2 diabetes mellitus (DM2)
have a paradoxically increased fracture risk despite
higher BMD compared with controls. FRAX, which
does not directly account for DM2, underestimates
fracture risk in this population [28,29]. Leslie et al.
[30] examined 2356 women with diabetes (predom-
inantly DM2). Compared with controls, TBS was
significantly lower in patients with diabetes,
whereas lumbar spine and hip BMD were signifi-
cantly greater. Lumbar spine TBS predicted incident
MOF in women with diabetes as well as in those
without diabetes, and was able to account for a
larger portion of the diabetes-associated fracture risk
than BMD. The combination of lumbar spine TBS
and BMD resulted in overall improved fracture pre-
diction. The association of lower TBS values in DM2
has been confirmed by other groups [31–34,35

&

].
Other endocrinopathies have been shown to be

associated with decreased TBS and a commensurate
increase in fracture risk, including elevated evening
salivary cortisol levels [36

&

], subclinical hypercortis-
olism [37], primary aldosteronism [38] and primary
hyperparathyroidism [39–43].

The effect of renal dysfunction on TBS has been
studied, both in terms of chronic renal insufficiency
[44] and renal transplant recipients [45,46

&

]. In these
patient populations, lumbar spine TBS was shown to
be independently associated with a higher incident
fracture risk.

Looker et al. [47], using the 2005–2008 National
HealthandNutritionExaminationSurvey(NHANES),
studied the relationship between TBS, BMD, body
composition, body size variables and demographics
in 7682 individuals. Variations in TBS because of
race/ethnicity in men were relatively small and
Health, Inc. All rights reserved.
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FIGURE 1. Treatment reclassification (%) after TBS adjustment for increasing deviation from the intervention cutoff. Top:
Treatment based upon fixed 3% 10-year hip fracture probability and US National Osteoporosis Foundation guidelines.
Middle: Treatment based upon fixed 20% major osteoporotic fracture (MOF) fracture probability and Canadian guidelines.
Bottom: Treatment based upon age-dependent 10-year MOF probability and UK National Osteoporosis Guidelines Group.
The dotted vertical line indicates the treatment threshold. Reproduced with permission from [21&]. TBS, trabecular bone score.
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inconsistent; however, TBS was noted to be lower in
non-Hispanic black and Mexican-American women
whencomparedtowhitewomenacrossallagegroups.
Variations in TBS because of sex and race/ethnicity
were much less than for BMD. Jain and Vokes [13]
reported that TBS values among African American
women and men were lower than in their white
counterparts, after adjusting for age, BMI and tissue
thickness, but the difference was only statistically
significant for the age subgroup 50–69 years.

The use of TBS in patients with multiple sclerosis
(MS) has alsobeen examined byOlsson et al. [48].This
study found that, in 260 patients with MS, TBS values
 Copyright © 2018 Wolters Kluwe
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were not significantly different than age-matched
controls, despite significant decreases in BMD. Addi-
tional studies are warranted to clarify the role, if any,
that TBS might play in this patient population.
LIMITATIONS OF TRABECULAR BONE
SCORE

Trabecular bone score for monitoring
treatment response

Krieg et al. [49] studied 543 women treated
with antiresorptive agents (predominantly oral
r Health, Inc. All rights reserved.
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bisphosphonates users) and 1150 untreated women,
at least 50 years of age, over a mean follow-up period
of 3.7 years. Treated patients experienced an annu-
alized increase in BMD of 1.86%/year (P<0.002),
whereas TBS increased by only 0.2%/year
(P<0.001). In comparison, untreated patients had
similar mean decreases in both BMD and TBS (–0.36
and –0.31%/year, respectively). Only a weak corre-
lation was seen between changes in TBS and BMD.
Similar results have been reported by other groups in
patients undergoing treatment with antiresorptive
agents [50–52]. McClung et al. [53

&

] reported the
effects of denosumab on TBS in postmenopausal
women with osteoporosis. Compared to placebo,
patients receiving 60 mg of denosumab every
6 months showed statistically significant and larger
increases in BMD (5.7% at 12 months, 7.8% at
24 months and 9.8% at 36 months) than TBS (1.4,
1.9 and 2.4%, respectively).

The effect of osteoanabolic agents on TBS has
also been studied by several authors. A nonrandom-
ized comparison of 2 years of treatment with ter-
iparatide or ibandronate found a 2.9% TBS increase
in patients receiving teriparatide compared with
0.3% in those treated with ibandronate [54]. In
comparison, lumbar spine BMD showed a 7.6%
increase for the teriparatide group and a 4.3%
increase in the ibandronate group (P<0.0001).
Comparable results were reported by Di Gregorio
et al. [55], who compared the effects of calcium and
vitamin D, testosterone, bisphosphonates, denosu-
mab, teriparatide and no treatment. Significant
increases in TBS were only seen with alendronate,
denosumab or teriparatide. Saag et al. [56] compared
alendronate and teriparatide in patients receiving
chronic glucocorticoid therapy. The mean increase
in lumbar spine BMD from baseline to 36 months
was greater in the teriparatide than in the alendro-
nate group (10.3 vs. 5.5%, respectively, P<0.001),
with a significant but smaller increase in TBS of 3.7%
by 36 months (nonsignificant for alendronate).

Finally, Leslie et al. [57
&&

] examined 9044 women,
untreated at baseline, who subsequently underwent
two consecutive DXA scans. A total of 5083 were
treated with antiresorptive agents (80% bisphospho-
nates). Among treated women, increases in BMD were
substantially greater than corresponding increases in
TBS. In addition, there was a significant antifracture
effect for total hip, femoral neck and lumbar spine
BMD increases. No significant correlations were
observed between TBS change and incident fractures
in either the treated or untreated groups.

In summary, TBS increases in patients receiving
antiresorptive treatmentare much more modest than
corresponding changes in lumbar spine BMD. Fur-
thermore, changes in TBS and BMD are only weakly
 Copyright © 2018 Wolters Kluwer 
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correlated and the former does not appear to be
predictive of incident fractures. This may not apply
to osteoanabolic therapies that generate more robust
increases in both lumbar spine BMD and TBS
[53

&

,54,55,57
&&

]. In consideration of the available
evidence, the ISCD advises against using TBS for
monitoring bisphosphonate therapy [2].
Technical limitations

DXA and derived parameters including TBS are sub-
ject to the deleterious effects of image noise. Win-
zenrieth et al. [58] showed that the effect of adding
noise to DXA images resulted in a reduction in TBS.
Accordingly, DXA scanners should be maintained
within normal operating conditions and causes of
extraneous noise (e.g. aging x-ray tubes and sensor
deficiencies) addressed.

TBS is adjusted for BMI as a proxy for abdominal
soft-tissue thickness, and the use of TBS is not rec-
ommended inpatientswithBMIs outside of the range
15–37 kg/m2. It is well established that variations in
soft-tissue density can result in significant errors in
BMD measurements and a similar effect is present
with TBS, with increases in soft-tissue thickness over-
lying the spine resulting in lower TBS values [59].
Effects of body habitus

Shin et al. [60] examined 1505 Korean women aged
40 years or older and concluded that higher BMI was
associated with ‘more degraded TBS’. However, the
authors used an earlier version of the TBS algorithm.
An updated version of the TBS algorithm (v2.1)
tested by Schacter et al. [61

&

] on GE-Lunar scanners
was found to be less influenced by BMI, resulted
in higher mean TBS values for men compared to
women and gave improved fracture risk assessment.

In the Canadian Multicentre Osteoporosis study
[62

&

], 2730 individuals had lumbar spine TBS (ver-
sion 2.1) from either GE-Lunar or Holologic densi-
tometers (Fig. 2) [62

&

]. TBS and BMI values showed a
significant negative correlation in those patients
scanned on Hologic densitometers (for men, Pear-
son r¼ –0.36, P<0.0001 and in women, Pearson r¼
–0.33, P<0.0001) but not in those individuals
scanned on GE-Lunar densitometers (Pearson r ¼
0.00 in men, r ¼ –0.02 in women). Conversely,
consistent positive correlations were seen between
BMD and BMI for both GE-Lunar and Hologic scan-
ners. The relationship between TBS, BMI and body
composition was further examined in the MrOS
cohort [63] which used Hologic densitometers
(TBS software version 2.1). It was shown that the
association between TBS and volumetric BMD was
nonlinear, depending on both BMI and body com-
position.
Health, Inc. All rights reserved.
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FIGURE 2. Scatter plots and age-adjusted linear regression lines of TBS by BMI stratified by sex and manufacturer from the
Canadian Multicentre Osteoporosis study (CaMos). Reproduced with permission from [62&]. TBS, trabecular bone score.

Table 1. Factors shown to be associated with increased and decreased trabecular bone score

Factors associated with increased TBS Factors associated with decreased TBS

Non-Hispanic white women Older age

Recent osteoporosis therapy Non-Hispanic black and Mexican-American women

Higher BMD (spine or hip) Recent glucocorticoid use

Prior major fracture

Type 2 diabetes

Renal transplantation

Higher BMI and other measures of body size (weight, waist circumference,
total body fat mass, trunk fat and lean mass) (scanner/software version dependent)

TBS, trabecular bone score.

The utility and limitations of TBS Martineau and Leslie
In summary, TBS is influenced by BMI and body
composition. The updated version of the TBS algo-
rithm (since v2.1) helps mitigate the effects of these
variables, but there remain differences in sensitivi-
ties to these effects between manufacturers and
densitometers.
CONCLUSION

Lumbar spine TBS is a DXA-based technique which
provides an assessment of bone health complemen-
tary to BMD and has shown itself to be useful for
fracture risk prediction. Factors associated with
 Copyright © 2018 Wolters Kluwe
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increased or decreased TBS values are summarized
in Table 1. Ongoing research is helping to define its
expanding role in clinical practice.
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 CURRENT
OPINION Long-term treatment strategies for

postmenopausal osteoporosis

Felicia Cosmana,b

Purpose of review
Osteoporosis guidelines do not usually provide specific recommendations regarding what medication is
most appropriate for individual patients. Generic oral bisphosphonates are often considered first-line
treatment for osteoporosis, but treatment duration is limited, based on potential long-term safety concerns,
and there is no consensus about what to do after 5 years. There are no recommendations concerning long-
term management of osteoporosis over 30 or more years of postmenopausal life.

Recent findings
This review attempts to specify medication choices and provide the best clinical management strategies for
women at different stages of life and with different underlying disease severity. Because there is no
evidence that considers the entire postmenopausal lifespan, much of the discussion here will be based on
expert opinion. The review considers a role for estrogens and selective estrogen receptor modulators, oral
and intravenous bisphosphonates, denosumab and the anabolic agents, teriparatide and abaloparatide.

Summary
Optimal sequential monotherapy, over an average of 30 postmenopausal years, should be able to
minimize exposure to pharmacology while maximizing benefits on bone strength and minimizing imminent
and long-term risk of fracture.

Keywords
anabolic and antiresorptive, goal-directed therapy, long-term strategies, treatment duration, treatment sequence

INTRODUCTION

Osteoporosis treatment rates have declined in the
last decade even for the highest risk patients [1]; in
the United States, and indeed worldwide, fewer than
25% of patients with major osteoporosis-related
fractures, such as hip fractures, are treated for their
underlying disease [2]. In part, this is related to a lack
of understanding of the consequences of osteoporo-
sis and what really constitutes the highest risk
patients. Furthermore, both healthcare professio-
nals and patients have a poor understanding of
the benefits and risks of osteoporosis therapies.
Treatment recommendations by many academic
groups have not considered long-term treatment
paradigms; in fact, some have recommended a 5-
year treatment course with bisphosphonates or
denosumab; then what? [3]

Postmenopausal osteoporosis is a chronic and
progressive disease associated with low peak bone
mass and/or rapid and persistent bone loss as a
consequence of estrogen deficiency and aging. In
addition, there are superimposed effects of many
underlying chronic diseases and medications that

contribute to excessive and/or imbalanced bone
remodeling, with consequent further loss of skeletal
mass and structure. Factors such as suboptimal
nutrition and exercise as well as high-risk behaviors
(smoking and excessive alcohol consumption) also
play a role [4].

Many of our osteoporosis treatment guidelines
have highlighted when treatment for osteoporosis is
indicated, but not what medications should be uti-
lized [4]. Oral bisphosphonates are often suggested
as first-line treatments, sometimes with a suggested
duration of 5 years, but with no subsequent sugges-
tions for treatment in the near or distant future [3].
As many patients are diagnosed with osteoporosis or
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KEY POINTS

� Different osteoporosis medications may be most
appropriate at different stages in a patient’s lifetime.

� Osteoporosis treatment decisions must consider a 30-
40-year postmenopausal lifespan.

� Logical transition of osteoporosis treatments will
minimize risk and maximize benefit.

� High-risk patients, especially those with fractures,
should be considered for first-line anabolic
osteoporosis therapy.

� Comprehensive risk assessment should include vertebral
imaging to identify vertebral fractures.

Postmenopausal osteoporosis Cosman
osteopenia in their 50s and average longevity
encompasses 30 subsequent years, treatment strate-
gies, which consider the entire lifespan, must be
considered. Furthermore, goals of therapy differ
across the lifespan and should be defined at different
stages of life.

This article considers all of these factors in trying
to help formulate long-term strategies for patients at
different ages and stages of osteoporosis.
PREMENOPAUSAL WOMEN AND
UNIVERSAL MEASURES

During youth, strategies are primarily related to
lifestyle and are designed to optimize and maintain
peak bone mass. These include maintaining a
healthy weight, obtaining a diet that is calcium rich,
with abundant fruits and vegetables and adequate
vitamin D and/or sun exposure, maintaining regular
menstrual function, engaging in regular weight
bearing and muscle strengthening physical activity
and avoiding smoking and excessive alcohol intake.
These universal measures also apply to all groups
of women (below) on medication for osteoporosis.
Fall prevention strategies are also important for
older women.
EARLY POSTMENOPAUSAL WOMEN
WITHOUT FRACTURES (WOMEN IN THEIR
50S-MID/LATE-60S)

In middle-aged women with bone mineral density
(BMD) above –2 at spine, total hip and femoral neck,
and no other major risk factors, pharmacologic
treatment can usually be avoided at least for a while.
In patients who enter the menopause with low BMD
(near or below osteoporosis range), medication
should be used to prevent further deterioration of
 Copyright © 2018 Wolters Kluwe
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skeletal mass and structure, and can include estro-
gens, selective estrogen modulators (SERMSs) and
the combination of estrogen and bazedoxifene
(CEE/BZA) [5,6]. Estrogens and SERMs could be used
in logical sequence from the 50s through the mid or
late 60s, to help bridge the gap from menopause to
older age when fracture risk is much higher, and
more potent agents, with limited recommended
durations of use, should be employed.

For patients with active hot flashes, low-dose
estrogen/hormone treatment (as needed to treat
the menopausal symptoms), or CEE/BZA is most
appropriate [6]. At some point after about 5 years,
a tapering of the estrogen dose might be warranted,
particularly for those on hormone therapy (includ-
ing progestins) where long duration treatment
might increase risk of breast cancer [5]. For women
on estrogen only and those on CEE/BZA, the dura-
tion of therapy can be longer, because of fewer safety
concerns, but attempts to wean off these agents
as women approach the decade of the 60s are still
usually warranted.

For those who can successfully navigate off
estrogen, raloxifene is a reasonable second choice.
Raloxifene is also a good first choice for women in
the 50s–60s who do not have menopausal symp-
toms and therefore do not require an estrogenic
agent. Although there are no data confirming that
raloxifene reduces risk of hip and all nonvertebral
fractures, raloxifene will preserve bone mass, reduce
risk of vertebral fracture and reduce risk of estrogen
positive breast cancer. Hip fracture risk is exceed-
ingly low in women in this age group, so the lack of
hip fracture efficacy is not a significant limitation
for these patients. Because raloxifene reduces breast
cancer risk by about 50%, it would be highly rec-
ommended for women at elevated risk of breast
cancer (family history, prior breast biopsies and/or
extremely dense breast tissue).

If a woman does not respond well to raloxifene,
for example, if BMD declines significantly, then
a short-term oral bisphosphonate might be war-
ranted. Treatment for 3–4 years is likely to produce
BMD stability, after which a medication holiday
for a few years could be attempted, with continued
monitoring and reassessment of risk annually. For
those women who cannot take estrogen therapy/
hormone therapy or raloxifene, oral bisphospho-
nate therapy for a few years is reasonable as long
as it is not continued long term. For women with
particularly low hip BMD (below –3 or –3.5), even in
this young age group, a 3–4 year course of bisphos-
phonate treatment might also be reasonable to pre-
vent further deterioration for women who are not
yet ready to embark on a more definitive therapy
with anabolic medication or denosumab.
r Health, Inc. All rights reserved.
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WOMEN IN THEIR LATE 60S AND BEYOND

Mild osteoporosis, no other risk factors

For patients with moderate osteoporosis (BMD T-
Score in the range of –2.9 to –2.5, without fractures)
in their late 60s and beyond (or younger women
who cannot take estrogens/SERMS), bisphospho-
nates will improve and/or maintain BMD and
reduce risk of fracture throughout the skeleton. In
these women, it is estimated that there is about a
50% probability that women will attain a T-Score
above osteoporosis range with 3–5 years of bisphos-
phonate [7

&

]. It is reasonable to start with an oral
bisphosphonate once monthly or once weekly and
move to intravenous zoledronic acid once yearly if
there are tolerability and/or compliance issues. For
older women or those with contraindications to oral
bisphosphonates or simply for those who prefer to
avoid regular ‘pill taking’, intravenous zoledronic
acid can be the bisphosphonate of choice. After a 3–
5-year course of bisphosphonate treatment, if treat-
ment goals are met, with no fractures and BMD
above –2.5 at the main skeletal sites, a medication
break is reasonable [8,9]. Because they bind to skel-
etal mineral, bisphosphonates will provide residual
protection from fractures even after discontinuation
of the medication. Patients must be monitored dur-
ing a medication holiday for clinical fracture occur-
rence, height loss, which might suggest an incident
vertebral fracture, BMD loss and possibly biochemi-
cal turnover marker increase. Another short course
(3 years) of bisphosphonate treatment might be
warranted in those who begin to lose BMD [with
losses that exceed least significant change (3–4% in
the spine, 4–6% in the hip and femoral neck)].
Biochemical marker increments above least signifi-
cant change might also be a sign that bisphospho-
nates should be started again, but there are really
no confirmatory data at this time. Certainly, if a
fracture occurs on therapy, medication treatment
must be intensified and anabolic therapy is most
appropriate at this stage.
Mild osteoporosis without fractures but with
other major risk factors

Because fracture risk is higher in this group of
patients, a more potent medication is warranted;
denosumab is particularly appropriate here. This
type of patient might not be severe enough to
warrant anabolic therapy, but the target BMD here
might be higher than in the person with no other
major risk factors [7

&

]. Although denosumab is not
anabolic (does not stimulate bone formation), it
does result in continued BMD accrual over 10 years.
However, it needs to be continued indefinitely or, if
 Copyright © 2018 Wolters Kluwer 
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stopped, replaced with a different osteoporosis
agent [10]. Therefore, this needs to be considered
in decisions regarding when to start denosumab.

The long-term continued increase in BMD with
denosumab in both spine and hip throughout
10 years of administration [11

&

] is distinctly differ-
ent from what is observed with long-term bisphos-
phonate administration, where BMD plateaus after
3–4 years [12]. Over 10 years of denosumab treat-
ment, average BMD increased 21.7% in the spine
and 9.2% in the total hip. These changes represent
T-Score increases of almost 2 for the spine and
almost 1 for the hip. The hip BMD attained, while
patients are being treated with denosumab is a
predictor of future fracture risk [13]. Therefore, a
‘normalized T-Score’, for example of –2, or perhaps
higher in people with other risk factors, is a sign of
minimized future risk. It might be desirable to tran-
sition off denosumab in these patients; however, the
optimal approach to withdraw denosumab while
maintaining BMD and skeletal integrity is not yet
known [14

&

]. Observations so far indicate that bis-
phosphonate treatment upon withdrawal of deno-
sumab reduces but does not eliminate bone loss [15].
Stopping denosumab without starting another
antiresorptive medication is dangerous and has
been associated with multiple vertebral fractures
[16

&

,17,18–22].
WOMEN AT ANY AGE WITH RECENT
OSTEOPOROTIC FRACTURE OR MULTIPLE
OSTEOPOROTIC FRACTURES OR VERY
LOW BMD (BELOW –3 OR –3.5)

In postmenopausal patients who present with a
history of osteoporosis-related fracture, particularly
if the fracture was recent, anabolic therapy should
be considered first-line therapy. This is particularly
important in patients with recent fracture (within
the preceding 2 years); absolute fracture risk is par-
ticularly high immediately after the first incident
event, approaching 20% in the first 2 years [23

&

,24–
26]. Patients who have had multiple fractures are
also at particularly high risk of subsequent fracture
[27]. In order to comprehensively determine if a
patient falls within these high-risk categories, verte-
bral imaging must be done to find vertebral frac-
tures, which most often occur without acute
localizing symptoms at the time of the event
[28

&

]. We recommend that women at age 65 who
have a spine, total hip or femoral neck T-Score –1.5
or lower, have a vertebral imaging test as well as a
bone density test [4,29,30].

In these highest risk patients, rapid fracture risk
reduction is required. With antiresorptive agents,
nonvertebral fracture risk reductions are usually not
Health, Inc. All rights reserved.
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demonstrated before 3 years of therapy and the
magnitude of risk reduction does not exceed 20–
25% [31,32]. Furthermore, with bisphosphonates,
fracture risk reductions, particularly for the non-
vertebral skeleton, are difficult to demonstrate after
3–4 years and BMD plateaus at that time [33]. For
patients who remain within the osteoporosis range
by BMD, fracture risk remains high [8,34] and it is
not clear that continued treatment with bisphosph-
onates would have a big impact. With denosumab,
BMD continues to increase after 3 years, and fracture
rates remain low, despite an aging population [11

&

].
A modeled twin placebo study corroborated the
apparent reduction in fractures with long-term
denosumab treatment [35]. However, with both
denosumab and bisphosphonates, there are safety
concerns (atypical femur fractures, osteonecrosis of
the jaw; [36,37]) that appear to increase in frequency
with longer duration of use (more clear with
bisphosphonates than with denosumab).

In contrast to the antiresorptive agents, anabolic
therapies, which stimulate bone formation (teri-
paratide, abaloparatide and romosozumab), pro-
duce rapid reductions in risk of fracture, within
12–19 months for both vertebral and nonvertebral
skeletal sites. Furthermore, the magnitude of the
nonvertebral fracture risk reduction with these ana-
bolic therapies is 40–50%. With teriparatide, verte-
bral fracture risk is reduced by 65% and nonvertebral
fragility fracture by 53% within a median treatment
period of 19 months [38]. Over 18 months with
abaloparatide treatment, vertebral fracture risk is
reduced by 86% and nonvertebral fracture by 43%
[39]. With romosozumab, vertebral fracture risk is
reduced by 73% and nonvertebral fracture reduced
by 42% (rest of the world population) [40], with just
12 months of treatment.

There are also several powerful head-to-head
comparator studies indicating that anabolic agents
are superior to antiresorptive agents against fracture
over 1–2 years. In glucocorticoid-induced osteopo-
rosis, teriparatide reduced vertebral fractures by 90%
compared to alendronate over 18 months [41]. In
patients with acute painful vertebral fractures, ter-
iparatide reduced vertebral fractures by 50% com-
pared to risedronate over 1 year [42]. In patients
with prevalent vertebral fracture, teriparatide signif-
icantly reduced vertebral fractures and produced a
nearly significant reduction in nonvertebral frac-
tures compared to risedronate over 2 years [43

&

].
Most recently, romosozumab was compared with
alendronate in patients with prevalent fracture
(mostly prevalent vertebral fracture). Romosozumab
resulted in a significant reduction in the incidence
of vertebral, nonvertebral and hip fractures com-
pared with alendronate over 2 years [44

&

].
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Although patients who present with very low
BMD in the absence of a prior fracture may not be at
high imminent risk for fracture, remaining lifetime
fracture probability is very high. Sequential therapy
with anabolic followed by antiresorptive agents pro-
vides the greatest gain in BMD and will likely pro-
duce the greatest protection from long-term fracture
risk. In contrast, switching from bisphosphonate or
denosumab to teriparatide results in a decline in hip
BMD for at least a year, most prominently for
women previously on denosumab [45

&

,46,47].
Therefore, when possible, anabolic therapy should
be initiated first. We do not know how recently
bisphosphonates have to be administered to observe
the decline in hip BMD upon starting teriparatide;
however, it is likely that the effect will wear off
within a few years. In the subgroup analysis of the
trial comparing teriparatide with risedronate, there
was no apparent effect of recent bisphosphonate use
(yes or no) on the fracture effect of teriparatide,
which was reassuring; however, recent use was lib-
erally defined as 6 months within the preceding
3 years [48]. For patients who are currently on a
bisphosphonate or denosumab who need teripara-
tide or abaloparatide because of a fracture or declin-
ing BMD, it might be best to continue an
antiresorptive (perhaps the most potent) and add
the anabolic medication. This recommendation is
based on extrapolation from data where teriparatide
was added to ongoing alendronate [49,50] and data
where teriparatide and denosumab were combined
de novo in patients who were primarily treatment
naive [51].

When a course of anabolic therapy is followed
by antiresorptive treatment, continued fracture pro-
tection is seen in patients originally randomized to
anabolic therapy during the subsequent antiresorp-
tive period where all patients receive active therapy.
For example in the ACTIVE Extension trial, patients
randomized to either abaloparatide or placebo for
18 months were then transitioned to alendronate
for 2 subsequent years. The cumulative incidence of
vertebral and nonvertebral fractures remained lower
in the group originally treated with abaloparatide
after 6 months of alendronate [52] and throughout
the 2-year alendronate treatment period [53]. Simi-
larly, in patients randomized to treatment with
romosozumab compared with placebo for 1 year,
followed by 2 years of denosumab treatment in all,
fracture risk reductions were maintained over 2 years
[40] and over a full 3 years of therapy in the group
that originally received romosozumab, despite the
fact that all patients received active denosumab for
2 years of the 3-year study [54].

For patients at very high risk of imminent frac-
ture or long-term risk of fracture, who cannot or will
r Health, Inc. All rights reserved.
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not accept anabolic therapy, denosumab would be
the next best option. There may be no stopping
point, especially for women with multiple fractures.
For other patients, after a course of denosumab,
transition to bisphosphonate may be warranted
once evidence suggesting the best transition regi-
men is available.
MAINTENANCE OF EFFECT

Intermittent administration of intravenous zole-
dronic acid and/or oral bisphosphonates might be
a desirable strategy to help maintain BMD and bone
strength after sequential monotherapy with any of
the other agents above. There is little evidence to
guide decision making here. It is clear that the
effects of bisphosphonates do resolve over time,
though the rate of resolution is much slower with
bisphosphonates than with nonbisphosphonate
agents, and no rebound increase in bone remodeling
rates above pretreatment baseline is seen [55]. The
slow resolution of effect is particularly prominent
for bisphosphonates with greater affinity to
hydroxyapatite (zoledronic acid and alendronate).
A regimen using an infusion of zoledronic acid or
1–2 years of oral bisphosphonate treatment every
3–5 years might be an effective maintenance regi-
men with very low risk of adverse events.
CONCLUSION

In early menopausal patients with low BMD, estro-
gens and SERMs prevent further skeletal deteriora-
tion and bridge the gap to older age when fracture
risk increases. For patients with moderate osteopo-
rosis (BMD without fractures) in their late 60s and
beyond (or younger women who cannot take estro-
gens/SERMS), bisphosphonates for 3–4 years will
improve and/or maintain BMD and reduce risk of
fracture throughout the skeleton. Although deno-
sumab is not anabolic, it does result in continued
long-term BMD accrual. However, it needs to be
continued indefinitely or if stopped, replaced with
a different osteoporosis agent. Use of intravenous
zoledronic acid and/or oral bisphosphonates might
allow denosumab withdrawal, though optimal tim-
ing and dosing to maintain full skeletal integrity are
not yet known.

Anabolic agents have capability to fundamen-
tally change skeletal integrity with improved skele-
tal mass and structure, but evidence shows that the
best effects are attained when these agents are used
as first-line treatment rather than after other thera-
pies. Therefore, when possible, anabolic therapies
should be considered first line for fracture patients,
 Copyright © 2018 Wolters Kluwer 
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especially in those with recent fracture and those
with multiple fractures. Anabolic agents reduce frac-
ture risk quickly and to a greater extent than anti-
resorptive medications and provide the bone mass
and architectural foundation for greater long-term
strengthening of the skeleton. Anabolic agents
should be followed by denosumab, for greatest con-
tinued BMD gain and fracture risk reduction, or
bisphosphonates for those who appear to be already
at minimized risk after a course of anabolic treat-
ment or in whom denosumab is contraindicated or
not tolerated.

Bisphosphonates can be used at the end of a
treatment sequence to maintain skeletal benefits. It
might be necessary to repeat a course of anabolic
therapy in the future if a fracture occurs or if BMD
falls substantially. Alternatively, if BMD starts to fall
or bone turnover markers start to increase, another
1–2 years of bisphosphonate treatment might be
enough to maintain skeletal integrity.

Optimal sequential monotherapy, following a
goal-directed approach, should be able to minimize
exposure to pharmacology while maximizing bene-
fits on bone strength and reducing risk of fracture.
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 CURRENT
OPINION Primary hyperparathyroidism: recent advances

Marcella D. Walker and John P. Bilezikian

Purpose of review
The purpose of this review is to describe recent advances and changes in the evaluation and management
of primary hyperparathyroidism (PHPT).

Recent findings
Although it has long been recognized that asymptomatic PHPT is associated with bone loss, particularly at
cortical skeletal sites when evaluated with dual-energy X-ray absorptiometry, new imaging techniques
suggest that trabecular skeletal deterioration as well as clinically silent vertebral fractures and
nephrolithiasis are common. Nonclassical targets of asymptomatic PHPT as well as the effect of vitamin D
deficiency and treatment upon PHPT presentation have been the subject of recent intense investigation.
Randomized clinical trials are now available regarding the effect of parathyroidectomy (PTX) upon both
classical and nonclassical target organs. They have confirmed results from observational studies with
regard to the skeletal benefits of PTX but have not consistently shown improvements in nonclassical
symptoms.

Summary
These findings have led to recommendations for more extensive renal and skeletal evaluation and broader
criteria for PTX in PHPT. In addition to dual-energy X-ray absorptiometry, vertebral and renal imaging is
recommended. When available, trabecular imaging techniques may be helpful. PTX criteria now include
subclinical kidney stones, vertebral fractures and hypercalciuria, in addition to those based on age, serum
calcium, bone densitometry and renal function.

Keywords
arthritis, cognitive, nontraditional, primary hyperparathyroidism, quality of life

INTRODUCTION

Primary hyperparathyroidism (PHPT) is character-
ized by hypercalcemia and serum parathyroid hor-
mone (PTH) levels that are either frankly elevated or
inappropriately normal. The condition is caused by
excessive secretion of PTH from one or more of the
four parathyroid glands [1]. PHPT was first described
in the early 20th century in both Europe and the
United States [2]. At that time, PHPT typically pre-
sented in its ‘classic form’ with severe hypercalcemia
and a complex of constitutional, renal, skeletal,
gastrointestinal and neuropsychological symptoms
[1,3]. Early descriptions frequently included poly-
uria and nephrolithiasis; osteitis fibrosa cystica (char-
acterized clinically by bone pain and fractures);
anorexia, weight loss, constipation and pancreatitis;
weakness and ‘mental disturbances’ as well as lassi-
tude [2,3].

Due to the routine screening of serum calcium,
as part of multichannel autoanalysis that began in
the 1970s in the United States and many other parts
of the world, PHPT evolved in those geographic
locales from a rare and symptomatic disease to

one that, today, is common and most often presents
asymptomatically with mild hypercalcemia discov-
ered incidentally [1]. In the recent past, even further
evolution of the biochemical profile of PHPT has
occurred in some parts of the world. In the United
States, higher vitamin D intake has led to higher
serum 25-hydroxyvitamin D (25OHD) and lower
PTH levels as compared with 20 years ago [4]. Other
biochemical forms of PHPT have also been recently
recognized, such as a ‘normocalcemic variant’ in
which serum calcium levels are normal but PTH
levels are persistently elevated [5].

New data have led to recent changes in the
recommended evaluation and management of
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KEY POINTS

� Over the past half century, the clinical presentation of
PHPT has evolved from a highly symptomatic disease to
one that is typically asymptomatic, but often with
subclinical skeletal and renal manifestations.

� Several different clinical presentations of PHPT are
possible. Screening practices and the prevalence of
vitamin D deficiency all influence which clinical
phenotype of the disease will predominate.

� The most recent guidelines call for a proactive
assessment of renal and skeletal involvement in
asymptomatic PHPT as well as broader indications for
PTX due to frequent subclinical involvement of these
target organs.

� Various pharmacological treatments improve bone
mineral density or reduce serum calcium in those who
cannot undergo surgery, though no single medical
therapy can accomplish both and surgery remains the
only cure.

Metabolic bone disease
PHPT [5]. Due to advances in genetics, it is now
recognized that 5–10% of patients may have a germ-
line mutation associated with inherited PHPT. Due
to their greater availability and reduced cost, genetic
testing is clinically feasible in patients suspected of
having a genetic cause (i.e. those who are young
and/or present with a personal or family history of
multiple endocrine gland overactivity). Although
asymptomatic PHPT has long been associated with
subclinical manifestations such as low bone density
or hypercalciuria, recent investigations are noting,
in addition, clinically silent vertebral fractures and
nephrolithiasis when imaging is directed to uncover
these complications [6]. For this reason, more exten-
sive renal and skeletal assessment is now recom-
mended [5]. Newer techniques for noninvasively
evaluating the trabecular skeleton, such as vertebral
fracture assessment (VFA) and trabecular bone score
(TBS), in addition to dual-energy X-ray absorptiom-
etry (DXA), are helpful when available [5]. Criteria
for parathyroidectomy (PTX) in patients with
asymptomatic PHPT are broader and now include
evidence for kidney stones, nephrocalcinosis, verte-
bral fractures, hypercalciuria or other urinary stone
risk factors, in addition to established surgical crite-
ria based on age, serum calcium, DXA and renal
function [5].

Data from randomized clinical trials (RCTs) have
become available regarding the effect of PTX upon
both classical (skeleton) and nonclassical (psycholog-
ical function and cardiovascular health) targets.
Recent RCTs have confirmed results from observa-
tional studies with regard to beneficial effects of PTX
 Copyright © 2018 Wolters Kluwer 
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upon the skeleton but have not consistently shown
improvements in nonclassical symptoms. This is one
reason why nonclassical features of PHPT are not
generally listed as an indication for PTX [7]. Advances
in parathyroid localization and surgery allow for
minimally invasive PTX in many centers. Although
PTX remains the only cure for PHPT, medical thera-
pies can usefully address some complications such as
reduced bone mass and hypercalcemia. In this
review, we summarize the pathogenesis, diagnosis,
presentation, evaluation and treatment of PHPT with
an emphasis on recent advances in the field.
EPIDEMIOLOGY

The estimated incidence of PHPT covers a broad
range of 0.4–82 cases per 100 000 [8–10]. When
measurement of the serum calcium concentration
became routine, in the early 1970s, this disease,
which used to be considered rare, became much
more common. Along with the increase in inci-
dence, many of these individuals were discovered
incidentally and found not to have any classic fea-
tures of the disease, except for hypercalcemia [11].
Hence, the term, ‘asymptomatic’ PHPT was applied
to this increasingly large patient population. We
have witnessed, in the last several decades, yet
another increase in incidence due, in all likelihood,
to targeted screening in postmenopausal women
with osteoporosis [9,12,13]. The most common time
when PHPT is discovered is the first decade after
menopause. Indeed, about half of all patients with
PHPT are postmenopausal women and the disease
favors women by a 3 : 1 margin. Incidence increases
with age, although PHPT can occur at any age [8,14].
Incidence is also higher among African-Americans
than other racial groups [8].
CAUSE

PHPT results from excessive secretion of PTH from
one or more of the parathyroid glands. The disorder
is caused by a solitary parathyroid adenoma in 80%
of cases, while hyperplasia of all four glands occurs
in 15–20% [1,15]. In a small percentage of patients,
PHPT is due to multiple adenomas. Parathyroid
carcinoma accounts for less than 1% of all cases
of PHPT [15]. Inherited forms of PHPT are present in
5–10% of cases [16–18]. The germ-line mutations
associated with hereditary forms of PHPT are
shown in Table 1 [16–18]. A recent National Insti-
tutes of Health study found germ-line mutations in
60% of patients with a positive family history of
PHPT [19

&&

]; age 45 years old or less, male sex,
multigland disease and parathyroid carcinoma
were risk factors for having a germ-line mutation
Health, Inc. All rights reserved.
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Table 1. Genetic forms of hyperparathyroidism [1]

Disorder Clinical phenotype Genes (proteins)

FHH1 Hypercalcemia
Normal or mildly elevated PTH
Low urine calcium excretion
Generally asymptomatic

CASR (CASR)

FHH2 Hypercalcemia
Normal PTH
Low urine calcium excretion

GNA11 (G-protein subunit a-11)

FHH3 Hypercalcemia
Normal PTH
Low urine calcium excretion
Can be symptomatic; learning difficulties, pancreatitis, short stature

AP2S1 (adapter-protein 2 sigma)

NSHPT Severe neonatal hypercalcemia
Hypotonia
Respiratory distress
Bone dimineralization

CASR (CASR)
Homozygous or compound

heterozygous loss of function

FIHP Isolated PHPT MEN1 (menin)
CASR
GCM2 (GCM motif protein 2)
CDC73 (parafibromin)

MEN 1 PHPT (95%), anterior pituitary adenomas (30%), pancreatic
neuroendocrine tumors (40%); adrenal adenomas, carcinoid,
lipomas, angiofibromas and collagenomas

MEN1 (menin)

MEN 2A Medullary thyroid cancer (90%), pheochromocytoma (50%), PHPT
(20%)

RET (RET protein)

MEN 4 PHPT (�80%), anterior pituitary tumors (�40%), pancreatic
neuroendocrine tumors; carcinoid; adrenocortical tumors, thyroid
tumors, reproductive organ tumors, renal angiomyolipomas

CDKN1B (p27)

Parathyroid–jaw
tumor syndrome

PHPT (80%), often parathyroid carcinoma (>15%); jaw tumors
(>30%); renal abnormalities; uterine tumors; pancreatic
adenocarcinoma; testicular mixed germ cells; H€urthle cell thyroid
adenomas

CDC73 (parafibromin)

FHH, familial hypocalciuric hypercalcemia; FIHP, familial isolated hyperparathyroidism; HPT-JT, hyperparathyroid–jaw-tumor syndrome; MEN 1/MEN 2a/MEN 4,
multiple endocrine neoplasia types 1, 2a, and 4; NSHPT, neonatal severe primary hyperparathyroidism; PHPT, primary hyperparathyroidism. Adapted from [1].

Primary hyperparathyroidism Walker and Bilezikian
[19
&&

]. Because this study was conducted in a refer-
ral center for hereditary PHPT, it is unclear how
generalizable these findings are to other clinical
settings.

PHPT is usually, however, sporadic (without
family history, other endocrine organ tumors,
hyper-secretion or hypo-secretion or syndromic fea-
tures). Although external neck radiation and lith-
ium therapy are risk factors for the development of
sporadic PHPT, most patients do not report these
exposures [20,21]. Chronically, low-calcium intake
and higher body weight are also reported to be risk
factors [22,23]. Celiac disease is a risk factor for
PHPT, suggesting that chronic malabsorption, asso-
ciated with a secondary, compensatory hyperpara-
thyroidism, could lead to PHPT [24]. Hypertension
and furosemide are associated with greater risk of
developing PHPT, though it is possible surveillance
bias accounts for this [25]. Thiazide diuretics are
now thought to unmask the hypercalcemia of PHPT
rather than cause it [26

&

].
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DIAGNOSIS
In all forms of PHPT, there is loss of normal feedback
of serum calcium levels to suppress the synthesis
and secretion of PTH, resulting in a shift of the
calcium–PTH relationship rightward (Fig. 1) [27].
A diagnosis of PHPT is made by documenting per-
sistent or recurrent hypercalcemia with an elevated
or inappropriately normal level of PTH [28,29

&

]. A
nonsuppressed PTH level (�20 pg/ml) in the context
of hypercalcemia is compatible with the diagnosis
[1]. Biotin supplementation can cause falsely low
PTH levels in some assays and should be considered
in patients with low-normal PTH and hypercalcemia
[30

&

]. The PTH level should be repeated several
weeks after stopping biotin. Thiazide diuretics,
which can elevate serum calcium, should be discon-
tinued for 3 months before confirming the diagno-
sis. Most remain hypercalcemic off thiazides and the
diagnosis of PHPT can then be made [1]. The deci-
sion to stop lithium should be made only with the
concurrence and supervision of the patients’ mental
r Health, Inc. All rights reserved.
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FIGURE 1. Schematic indicating (a) the normal feedback of
serum calcium upon the synthesis and secretion of parathyroid
hormone and (b) the shift in the calcium–parathyroid hormone
relationship that occurs in primary hyperparathyroidism such
that higher serum calcium levels are needed to suppress
parathyroid hormone. Adapted from [1] with permission.

Metabolic bone disease
health providers. As is the case with discontinuing
thiazide diuretics, when hypercalcemia surfaces in
the context of chronic lithium therapy, patients will
in all likelihood be shown to have PHPT.

PHPT must be distinguished from familial hypo-
calciuric hypercalcemia (FHH); FHH is due to an
autosomal dominant mutation in the calcium-sens-
ing receptor (CASR) gene, which increases the set
point for serum calcium [18]. The serum biochemi-
cal profile is similar in FHH and PHPT. FHH is
considered to be a distinct entity from PHPT by
 Copyright © 2018 Wolters Kluwer 
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some experts but not others, though surgery is
virtually never indicated in FHH [31

&

]. FHH is dif-
ferentiated by a low (<0.01) 24-h calcium clearance/
creatinine clearance ratio (CCCR). Overlap of CCCR
values between FHH and PHPT occurs particularly
when PHPT coexists with vitamin D deficiency,
renal insufficiency, low-calcium intake or malab-
sorption. Genetic testing for FHH can be performed
if the diagnosis is equivocal but FHH is unlikely
when the onset of hypercalcemia occurs in older
adults because its high penetrance nearly ensures
that hypercalcemia will develop before age 30 (usu-
ally from birth) [31

&

]. Nonparathyroid causes of
hypercalcemia are distinguished from PHPT by sup-
pressed PTH levels (<20 pg/ml).

Another biochemical form of PHPT is desig-
nated normocalcemic PHPT (NPHPT), because the
albumin-adjusted total calcium and ionized calcium
are always normal while the PTH is always elevated.
Of course, such a biochemical presentation could be
due to secondary hyperparathyroidism [28]. In con-
trast to the hypercalcemic form of PHPT, in which
the serum calcium is sometimes normal, the serum
calcium level in NPHPT is always normal. To verify
NPHPT, the secondary hyperparathyroid states have
to be excluded: vitamin D deficiency, renal insuffi-
ciency (estimated glomerular filtration rate <60 ml/
min), idiopathic hypercalciuria, malabsorption and
certain medications (thiazides, bisphosphonates
and denosumab) [32]. With regard to vitamin D
deficiency, most experts feel that the 25OHD level
should be consistently more than 30 ng/ml, regard-
less of whether one considers 20 or 30 ng/ml the
normal threshold. Demonstrating a high PTH even
with a 25OHD consistently more than 30 ng/ml
helps to make vitamin D deficiency and/or resis-
tance a less likely explanation for the increase
in PTH.

Another theoretical form of PHPT has been
recently reported in which a parathyroid adenoma
is verified pathologically in the context of normal
serum calcium and PTH levels [33,34]. This ‘normo-
calcemic–normohormonal’ phenotype, however, is
not yet recognized as another variant of PHPT. With
the widespread use of thyroid ultrasound, inciden-
tally discovered parathyroid adenomas, in the
absence of biochemical confirmation of disease, will
likely become a more common issue.
CLINICAL PRESENTATION

Several different presentations of PHPT are possible
and were originally described successively in time
[3,14,32]. The classical symptomatic presentation
was described first; later, asymptomatic PHPT
emerged due to biochemical screening, and most
Health, Inc. All rights reserved.
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recently, the normocalcemic variant was discovered
due to the frequent measurement of PTH during
evaluations for bone loss or osteoporosis. However,
these three forms of PHPT contemporaneously exist
today. Which presentation predominates depends
upon population-specific and geographic-specific
screening practices. In regions (Middle East, Asia,
South Africa and Latin American) and populations
(young women and men) where biochemical screen-
ing is not routine, symptomatic PHPT is the most
common form and PHPT will appear to be uncom-
mon because it is only discovered when symptom-
atic [35–38,39,40

&

,41,42]. In areas (United States,
Western Europe and Turkey) and populations (post-
menopausal women) where screening is routine,
asymptomatic PHPT will predominate and the inci-
dence of PHPT is higher [14,43]. Changes in screen-
ing practices within populations can lead to a shift
in the relative frequency of symptomatic vs. asymp-
tomatic disease. In China, for example, there has
been a shift toward more asymptomatic disease with
introduction of the multichannel autoanalyzer
[35,44,45]. Finally, in centers where PTH is fre-
quently measured even among those with a normal
serum calcium concentration, NPHPT will emerge as
a clinical entity [32].
Classical primary hyperparathyroidism

Classical PHPT is the predominant mode of presen-
tation when calcium is not routinely measured [2,3].
In addition, severe and prolonged vitamin D defi-
ciency may contribute to development of classical
PHPT [46,47]. Classical disease is characterized by
marked hypercalcemia (typically >12 mg/dl) and
its multisystemic constitutional, skeletal, renal, gas-
trointestinal, neuropsychological and cardiovascular
manifestations [2,3]. In such patients, mortality is
increased [2,3]. Early descriptions in the UnitedStates
frequently were associated with polyuria, polydipsia,
renal failure, nephrolithiasis and nephrocalcinosis;
osteitis fibrosa cystica, characterized clinically by bone
pain and fractures, and radiographically by compres-
sion fractures, salt and pepper demineralization of
the skull, subperiosteal bone resorption, bone cysts
and brown tumors; anorexia, weight loss, constipa-
tion, peptic ulcer disease and pancreatitis; weakness,
fatigue, ‘mental disturbances’, and lassitude; short-
QT interval and cardiovascular death [2,3,48,49].
Asymptomatic and ‘mild’ primary
hyperparathyroidism

The biochemical profile of asymptomatic PHPT typ-
ically reveals modest hypercalcemia (within 1 mg/dl
above the upper assay limit) and a PTH level within
 Copyright © 2018 Wolters Kluwe
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two times above the upper limit [14]. The term
‘asymptomatic’ is useful because of its historical
roots but it is somewhat of a misnomer because
patients often have constitutional, psychological
and cognitive complaints and/or evidence of sub-
clinical end-organ (skeletal and renal) damage [50].
Whether some of these manifestations of asymp-
tomatic PHPT reflect direct effects of PTH or hyper-
calcemia on nontraditional targets including the
cardiovascular system and neuropsychological func-
tion is controversial.

Skeletal disease

DXA tends to show preferential loss of bone mineral
density (BMD) at cortical sites such as the distal one-
third site of the forearm, whereas sites rich in can-
cellous bone such as the lumbar spine are relatively
spared [51]. This pattern was thought to reflect the
catabolic vs. anabolic effects of PTH on different
skeletal compartments as seen on iliac crest bone
biopsies [52]. Newer noninvasive skeletal imaging
technologies, however, offer new insight. TBS,
which provides an indirect assessment of trabecular
microstructure from the DXA image and predicts
fracture independently of BMD, demonstrates in
PHPT trabecular deterioration despite preserved
BMD by DXA [53,54]. High-resolution peripheral
quantitative computed tomography (HRpQCT), a
technology that noninvasively and directly mea-
sures skeletal microstructure, shows trabecular def-
icits at the radius and tibia (Fig. 2) [55–57]. The
apparent high trabecular density in some studies
may result from detrimental trabecularization of
the endocortical bone surface [57]. These recent
findings, pointing to abnormalities in the trabecu-
lar compartment of bone, help to account for the
increased risk of vertebral fractures observed in
PHPT prior to the advent of these technologies
[58–61]. In cross-sectional studies, TBS has also
been associated with prevalent vertebral fracture
in PHPT [62]. The 2014 Guidelines for the Manage-
ment of Asymptomatic PHPT took these new find-
ings into account by recommending screening for
vertebral fractures (by radiographs or VFA) and PTX
if present [5,6]. Further evidence in support of this
recommendation comes from a recent RCT associ-
ating successful PTX with a reduction in vertebral
fracture risk that was of borderline statistical signif-
icance [63].

The effect of vitamin D deficiency on skeletal
manifestations of asymptomatic, mild PHPT has
also been a subject of recent investigation [53,64–
66]. Low 25OHD levels can cause high PTH levels,
based upon the known reciprocal physiological rela-
tionship between vitamin D and PTH. Lower
25OHD levels are also associated with higher PTH
r Health, Inc. All rights reserved.
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FIGURE 2. High-resolution peripheral quantitative computed
tomography imaging from a representative primary
hyperparathyroidism patient indicating trabecular and
cortical deterioration. The white arrow indicates the
trabecularization of the endocortical surface. The gray arrow
indicates the cortex and the black arrow indicates the
trabecular compartment. Adapted from [57] with permission.

FIGURE 3. Renal ultrasound image showing subclinical
6-mm renal calculus found incidentally by renal imaging in a
patient with primary hyperparathyroidism.

Metabolic bone disease
levels in PHPT. In those with 25OHD levels less than
30 ng/ml, BMD is lower at the one-third radius,
reflecting the higher PTH [65,67–69]. Significantly,
vitamin D repletion may improve BMD, particularly
at the spine [68]. Although vitamin D deficiency is
still of concern in PHPT, its prevalence has recently
declined due to widespread use of vitamin D self-
supplementation [4].

Renal disease

The most common renal effects of PHPT are hyper-
calciuria and nephrolithiasis [70]. Kidney stones are
present in 10–20% of patients when defined by
clinical ‘attacks’ [14,70,71]. Screening for subclinical
nephrolithiasis, as recommended by the most recent
guidelines, indicates that the prevalence is much
higher [5,6,70,72,73

&

]. In the United States, one
recent study indicates that occult urolithiasis
 Copyright © 2018 Wolters Kluwer 
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assessed by renal ultrasound (Fig. 3) is present in
about one-fifth of asymptomatic patients [73

&

]. An
even higher percentage of occult nephrolithiasis
(36%) was recently reported by Cipriani et al. [6]
from an Italian cohort with asymptomatic PHPT. On
the other hand, overt symptoms related to renal
manifestations of PHPT (e.g. nephrocalcinosis, poly-
uria and polydipsia) are uncommon today in the
United States [70,73

&

]. Currently, renal dysfunction
occurs only in approximately 15% and in most is not
clearly due to PHPT or its severity [74–76]. Rather,
traditional risk factors (age, hypertension, antihy-
pertensives and glucose) were associated with renal
dysfunction in a recent study of PHPT [75]. Reassur-
ingly, prospective data indicate that renal function
remains stable in asymptomatic PHPT over long
follow-up periods and, moreover, PTX does not
improve renal function [7,14,77–79].
Cardiovascular disease

Although mortality due to cardiovascular disease
has been linked to classic symptomatic and severe
PHPT [48], limited data suggest no increased mor-
tality in those with ‘mild’ or asymptomatic disease
[80,81]. Recent studies have investigated multiple
mechanisms of cardiovascular disease, including
hypertension, left ventricular hypertrophy (LVH)
and coronary artery disease (CAD) among others.
Hypertension is associated with PHPT but is not
reversible with PTX [48]. LVH has been documented
in PHPT in many studies [48]. A meta-analysis indi-
cated that PTX results in a decline in ventricular
mass and that higher preoperative levels of
PTH predict a greater cardiovascular benefit [82].
Health, Inc. All rights reserved.
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However, it was impossible to disentangle disease
severity from study design as observational and
short studies tended to include those with more
biochemically, severe PHPT compared with RCTs
and longer studies. When CAD is present in PHPT,
it is due to traditional risk factors rather than PHPT
itself, though coronary flow reserve may be affected
[83–85]. Valve calcification, seen in severe PHPT,
may be more extensive and related to PTH level
when present in those with mild PHPT but it is
not reversible with PTX [86–88]. There are inconsis-
tent data regarding intima–media thickness and
endothelial function [89–93]. Most studies have
reported increased vascular stiffness, sometimes
associated with PTH levels, in mild PHPT, but its
reversibility with PTX is variable [93–96]. Given
conflicting data regarding the cardiovascular com-
plications of PHPT and reversibility with PTX, most
experts do not recommend cardiovascular evalua-
tion solely because of PHPT or consider cardiovas-
cular disease to be an indication for PTX [5].
Neurological and psychiatric disease

Descriptions of classical PHPT include neurological
and psychiatric features, but the extent to which
these are part of the modern phenotype of PHPT is
controversial [2,3]. In addition, if there is a relation-
ship, the underlying mechanisms are unclear. The
proximal muscle weakness and atrophy seen in
classical PHPT are not seen today. Many studies
suggest, however, that even ‘mild PHPT’ is associ-
ated with depression, anxiety, lassitude, decreased
quality of life (QOL), sleep disturbances and cogni-
tive changes [97–111]. Many observational studies
have noted improvement after PTX [98–112]. Three
RCTs have investigated the reversibility of reduced
QOL and psychiatric symptoms but came to differ-
ent conclusions [7,79,113]; one RCT suggested that
PTX prevents worsening of QOL and improves psy-
chiatric symptoms [113], another RCT indicated no
benefit [7] and the third showed improvement in
QOL [7,79]. At present, most experts do not recog-
nize cognitive or psychiatric symptoms as a sole
indication for PTX due to lack of clear reversibility
in RCTs, the inability to predict improvement and a
lack of a well defined mechanism [5].
Rheumatological and gastrointestinal
features

Classical PHPT was rarely associated with hyperuri-
cemia, gout and calcium pyrophosphate crystal
deposition [114–116]. Pseudogout, or synovitis
caused by calcium pyrophosphate crystal deposi-
tion, has been reported after PTX, though the
mechanism is unclear [117]. Overt rheumatologic
 Copyright © 2018 Wolters Kluwe
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manifestations are mainly a historical phenomenon
and not part of the spectrum of modern disease
[118]. Pancreatitis and peptic ulcers are not a feature
of PHPT today due to mild hypercalcemia, although
there are conflicting data concerning constipation
[119,120].
Normocalcemic primary hyperparathyroidism

Both the Third and Fourth International Guidelines
for the Management of Asymptomatic PHPT recog-
nized NPHPT as a phenotype of PHPT [28,121,122].
Although the clinical manifestations of NPHPT
would be predicted to be milder vs. the hypercalce-
mic variant, many case series suggest high rates of
osteoporosis, fractures and kidney stones, likely due
to selection bias as NPHPT is often diagnosed after
such a clinical event [32,123,124]. Limited data
from a community cohort suggest that there is no
difference in BMD between those with NPHPT and
those with normal PTH [125]. Almost no data (ND)
exist regarding nonclassical manifestations in
NPHPT [126]. The natural history of NPHPT is vari-
able. NPHPT can evolve into typical hypercalcemic
PHPT, but cohort studies found that only 0.6–19%
become hypercalcemic [32,125,127].
EVALUATION

The recommended evaluation of a patient with
PHPT is shown in Table 2 [5]. Three-site DXA should
routinely be obtained due to low BMD or osteopo-
rosis often isolated to the forearm [128

&

]. Because
many patients with asymptomatic PHPT have com-
pression fractures, vertebral imaging should be
acquired with radiographs or VFA (a spine radio-
graph obtained on a densitometer). Other modali-
ties for assessing trabecular deterioration can be
considered (TBS, HRpQCT etc.) [5]. Due to the recent
recognition that renal stones are seen commonly in
asymptomatic PHPT, renal imaging [by abdominal
radiograph, ultrasound or computed tomography
(CT)] is recommended [5,6,72,73

&

].
TREATMENT OF PRIMARY
HYPERPARATHYROIDISM

Surgery and preoperative localization

The only cure for PHPT is surgical removal of the
overactive parathyroid gland(s) [129]. Most studies
suggest that successful PTX leads not only to nor-
malization of all biochemical indices but improve-
ment in BMD and a reduction in fractures and
kidney stones [7,14,79,130,131,132

&&

]. Although a
2016 meta-analysis of PTX vs. surveillance indicated
r Health, Inc. All rights reserved.
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Table 2. Evaluation, monitoring and indications for surgery in asymptomatic primary hyperparathyroidism [5]

Measure

Recommended or
optional at
evaluation

Criterion
for PTX

Threshold for
surgery at initial
evaluation

Schedule for
follow-up
evaluation

Threshold for
surgery at
follow-up

Demographic and Biochemical

Age Recommended Yes <50 years NA <50 years

Serum level of calcium Recommended Yes >1 mg/dl above
upper limit

Yearly >1mg/dl above
upper limit

Phosphate Recommended No

PTH Recommended No

25-Hydroxy vitamin D Recommended No

Skeletal

DXA (spine, hip
and forearm)

Recommended Yes T-score �–2.5 Every 1–2 years T-score �–2.5
or reduction
in BMD

Vertebral imaging
radiograph or VFA

Recommended Yes Presence of a
vertebral fracture

If vertebral fracture
is suspected

Development of
vertebral fracture

TBS Optional Could help support
a decision to
recommend surgery

HRpQCT Optional

Bone markers Optional No

Renal

eGFR Recommended Yes <60 ml/min Yearly Reduction in eGFR
<60 ml/min

24-h urinary calcium
level/urine
biochemical profile

Recommended Yes >400 mg/day and
increased risk by
biochemical stone
risk analysis

Repeat if kidney
stone suspected

>400 mg/day and
increased risk by
biochemical stone
risk analysis

Renal imaging Recommended Yes Presence of
nephrolithiasis
or nephrocalcinosis

Repeat if kidney
stone suspected

Development of
kidney stone

DXA, dual-energy X-ray absorptiometry; eGFR, estimated glomerular filtration rate; HRpQCT, high-resolution peripheral quantitative computed tomography; NA,
not applicable; PHPT, primary hyperparathyroidism; TBS, trabecular bone score.

Metabolic bone disease
no benefit of surgery across bone health, QOL and
neuropsychiatric symptoms, it was limited by lack of
power having excluded many relevant studies [133].
In contrast, a 2018 meta-analysis of PTX vs. obser-
vation indicated that cohort studies demonstrated a
reduced risk of fracture in PHPT patients, while RCTs
showed an increase in BMD [134

&&

]. New data using
HRpQCT indicate improved volumetric BMD, bone
microarchitecture and strength at the distal radius
and tibia, while there are conflicting data regarding
whether TBS changes after PTX [56,135,136

&&

,137
&

].
Even in NPHPT, limited data suggest that PTX may
increase BMD [124].

In patients who are symptomatic of hypercalce-
mia or who have target organ sequelae (fractures or
nephrolithiasis), PTX is indicated unless there are
medical contraindications [5]. Whether patients
with asymptomatic PHPT should undergo PTX has
been addressed by four International Workshops for
the Management of Asymptomatic PHPT. The most
recent, revised guidelines for surgery from the 4th
 Copyright © 2018 Wolters Kluwer 
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conference are summarized in Table 2 [5]. Recent
data suggest that these guidelines do, indeed, influ-
ence physician/patient decisions to undergo PTX
[138

&

]. Although evidence-based recommendations
are lacking in NPHPT, surgery is suggested if patients
become hypercalcemic and have other indications
(as shown in Table 2) for PTX; PTX is also considered
in NPHPT when there is disease progression regard-
less of hypercalcemia [5].

Surgical guidelines from other societies are more
liberal than those of the Fourth International Work-
shop for the Management of Asymptomatic PHPT
[139

&

]. The American Association of Endocrine Sur-
geons also recommend PTX in those with cognitive/
psychiatric symptoms attributable to PHPT, suggest
offering PTX to those with cardiovascular disease
(other than hypertension) and consider muscle
weakness, impaired functional capacity and abnor-
mal sleep patterns in decisions. It is important to
note that even in those not meeting PTX guidelines,
surgery is not inappropriate as long as the diagnosis
Health, Inc. All rights reserved.
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is secure and there are no medical contraindications
[5,140].

Bilateral neck exploration is the traditional sur-
gical approach and has cure rates of more than 95%
with a low risk of complications [139

&

]. Parathyroid
localization is needed if minimally invasive surgery
(in which a single parathyroid gland is removed
directed by preoperative imaging and intraoperative
monitoring of the drop in PTH) is being contem-
plated. Because sensitivity and specificity of imaging
techniques differ across centers, local expertise dic-
tates the specific studies performed. Some combina-
tion ofultrasound, technetium-labeled sestamibi and
CT is typically used [29

&

]. Imaging, however, has no
role in the diagnosis of PHPT [140]. Negative imaging,
common in multiglandular PHPT, is not inconsistent
with the diagnosis and does not preclude surgical
cure [139

&

]. Conversely, positive imaging is not
needed for diagnosis and false-positive tests occur,
particularly with nodular thyroid disease.

Although calcium and PTH will normalize in
most post-PTX, some patients have persistently ele-
vated PTH with normal calcium after PTX consistent
with secondary hyperparathyroidism. Prevalence
estimates range from 3 to 46% and this finding is
associated with higher preoperative PTH, low pre-
operative 25OHD, poorer renal function and greater
adenoma weight, but it does not seem to increase
risk for PHPT recurrence [141]. On the other hand,
hungry bone syndrome with low serum calcium
post-PTX appears to be uncommon today and
may be related to extent of preoperative PTH level
[142]. Recent data from the Mayo Clinic suggest that
patients with normohormonal PHPT (i.e. high cal-
cium with nonsuppressed PTH) may be more likely
to have negative sestamibi scans, more extensive
surgery, and have lower cure rates compared with
those with high calcium and high PTH [143

&

].
Nonsurgical management

Patients who do not undergo surgery must be moni-
tored (Table 2) [5]. If any surgical guideline is met
during follow-up, PTX should be considered. Long-
term observational data indicate that biochemistries
remain stable for many years in those followed non-
operatively [14]. However, 15-year data suggest that
BMD starts to decline at cortical sites after 10 years of
observation and almost 40% of patients developed
one or more indications for PTX over 15 years of
follow-up [130]. As noted, compared with observa-
tion, PTX is associated with a BMD benefit and frac-
ture risk reduction [7,63,79,130,131,132

&&

,144,145].
Some data also suggest that surgery is more cost-
effective than medical treatment or observation in
those not meeting guidelines for PTX [146

&

].
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If patients are monitored, the Fourth Interna-
tional Workshop recommends following the Insti-
tute of Medicine guidelines with regard to calcium
intake [147]. Guidelines further endorse replacing
vitamin D to levels of 21–30 ng/ml with conservative
doses of vitamin D (600–1000 IUdaily)on the basisof
data showing that vitamin D treatment lowers PTH
levels [147]. Higher levels of vitamin D may be bene-
ficial. A 2014 RCT of cholecalciferol (2800 IU daily vs.
placebo) indicated that treatment increased 25OHD
levels, lowered PTH and increased spine BMD with-
out increasing serum or urine calcium [68].

If PTX is not possible or is refused, various
medical therapies can be considered in those with
osteoporosis, fracture or calcium levels in the range
that would cause symptoms. Small RCTs indicate
that alendronate and HRT increase BMD at multiple
skeletal sites in PHPT compared with placebo, but
most show no change in serum calcium [147–152].
In fact, a meta-analysis indicated that antiresorptive
and surgical interventions produce similar, benefi-
cial effects on BMD in PHPT [153]. The first analysis
to assess denosumab suggests that it is effective at
increasing BMD in older women with osteoporosis
and PHPT, though the data were observational and
retrospective [154

&

]. Whether medical treatment
reduces fracture in PHPT is unclear. A large retro-
spective cohort study suggested that bisphospho-
nate therapy did not reduce fracture risk in
patients with PHPT and was no more effective than
observation, though the nonrandomized design
may have influenced this result [132

&&

]. In those
with hypercalciuria, limited data suggest that thia-
zides may decrease urinary calcium excretion with-
out increasing serum calcium, but the impact on
nephrolithiasis is unclear [155–157].

Cinacalcet, a type-2 calcimimetic, binds to the
CASR and increases its sensitivity. Cinacalcet reduces
serum calcium in PHPT and maintains long-term
normocalcemia across a wide spectrum of disease
severity [147,158,159]. Neither BMD nor urinary cal-
cium excretion improves with treatment. Further,
there are no data regarding nephrolithiasis risk reduc-
tion [147]. Cinacalcet was approved for PHPT by the
US Food and Drug Administration in 2011 for the
‘treatment of severe hypercalcemia in patients with
PHPT who are unable to undergo PTX’ [147].
CONCLUSION

Several different PHPT presentations are possible,
including classical, asymptomatic and NPHPT. Even
among those who have asymptomatic PHPT that is
discovered incidentally, signs of skeletal and renal
involvement, including low bone mass, vertebral
fractures and subclinical nephrolithiasis, can often
r Health, Inc. All rights reserved.
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be demonstrated. New imaging techniques have
documented microarchitectural deterioration in
both cortical and trabecular compartments of bone.
For these reasons, more extensive renal and skeletal
evaluation, with new imaging techniques when
available, is now recommended. Guidelines for
PTX have been broadened. Successful PTX reverses
biochemical abnormalities, increases BMD and
reduces the risk of fracture and kidney stones, but
studies to date have failed to show consistent
improvement in nonclassical features of the disease.
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