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Abstract
The objectives of this review are to describe the clinical manifestations of the growing spectrum of
monogenic autoinflammatory diseases including recently described syndromes. The
autoinflammatory diseases can be grouped based on clinical findings: 1. the three classic
hereditary “periodic fever syndromes”, familial Mediterranean Fever (FMF); TNF receptor
associated periodic syndrome (TRAPS); and mevalonate kinase deficiency/
hyperimmunoglobulinemia D and periodic fever syndrome (HIDS); 2. the cryopyrin associated
periodic syndromes (CAPS), comprising familial cold autoinflammatory syndrome (FCAS),
Muckle-Wells syndrome (MWS) and neonatal-onset multisystem inflammatory disease (NOMID)
or CINCA, and; 3. pediatric granulomatous arthritis (PGA); 4. disorders presenting with skin
pustules, including deficiency of interleukin 1 receptor antagonist (DIRA); Majeed syndrome;
pyogenic arthritis, pyoderma gangrenosum and acne (PAPA) syndrome; deficiency of interleukin
36 receptor antagonist (DITRA); CARD14 mediated psoriasis (CAMPS), and early-onset
inflammatory bowel diseases (EO-IBD); 5. inflammatory disorders caused by mutations in
proteasome components, the proteasome associated autoinflammatory syndromes (PRAAS) 6.
very rare conditions presenting with autoinflammation and immunodeficiency.
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1. Introduction
The history of “autoinflammatory diseases” dates back to the identification of the genetic
causes of the most prevalent monogenic autoinflammatory disease worldwide, the autosomal
recessive disease, familial Mediterranean fever (FMF), in 1997, and the discovery of TNF
receptor mutations in the autosomal dominant disorder, TNF receptor associated periodic
syndrome (TRAPS) in 1999 (1-3). These discoveries have marked the beginning of an
exciting journey that led not only to the molecular understanding of previously clinically
defined entities, but also to the characterization of novel diseases that were not previously
clinically described.
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The discovery that gain of function mutations in NLRP3, a component of an IL-1β
processing complex, the NLRP3 inflammasome, can cause the spectrum of clinical disorders
now called cryopyrinopathies, including familial cold autoinflammatory syndrome (FCAS),
Muckle-Wells syndrome (MWS) and neonatal-onset multisystem inflammatory disease
(NOMID) also called chronic infantile neurological and articular syndrome (CINCA) led to
the hypothesis that the proinflammatory cytokine IL-1β may play an important role in the
pathogenesis of these disorders (4, 5). Early proof of concept studies with the IL-1 blocking
agent anakinra (Kineret®) surprisingly showed impressive clinical responses in the patients
treated. These studies not only validated the role of IL-1 blockade in these disorders, but
also led to the FDA approval of now three IL-1 blocking agents for the treatment of these
disorders, the long acting IL-1 blocking agents, rilonacept (Arcalyst®) and canakinumab
(Ilaris®) approved in 2008 and 2009, respectively, and the short acting IL-1 inhibitor
anakinra (Kineret®) in 2012.

The wider use of IL-1 blocking therapies in other autoinflammatory phenotypes with
similarities to the cryopyrinopathies has led to the identification of disorders that respond
and those that do not respond to IL-1 blocking therapies and has fueled research in exploring
other inflammatory pathways that can lead to autoinflammatory phenotypes (4).

The concept of autoinflammatory diseases was initially proposed to distinguish the then
known autoimmune diseases, including systemic lupus erythematosus (SLE) and rheumatoid
arthritis (RA), disorders that were thought to be caused by adaptive immune dysregulation,
from the two hereditary fever syndromes, FMF and TRAPS that lack features of adaptive
immune dysregulation, specific autoantibodies and auto-reactive lymphocytes, and were
thus suggested to be caused by innate immune defects (5, 6). This concept has been
tremendously successful in promoting the recognition of innate immune pathway
dysregulation in the pathogenesis of the expanding spectrum of noninfectious fever
syndromes (6). However, features of innate and adaptive immune dysregulation are present
together in a number of disorders, most prevalent in the proteasome-associated disorders that
often also present with specific autoantibodies. Moreover, the discovery that SLE, a “classic
autoimmune” disease, has immune regulatory defects in the innate immune system,
illustrates the overlapping immunological features of some autoinflammatory diseases with
the classical autoimmune diseases and vice versa (4, 7).

Any classification of autoinflammatory diseases should be regarded as preliminary, and the
complex consequences of the genetic defect associated with the respective diseases are not
fully recognized and understood. In a number of diseases, the immune dysregulation is not
limited to one cytokine pathway and may vary in different cells.

In this review, we grouped the monogenic autoinflammatory diseases based on easily
identifiable clinical criteria that can be elicited from a patient's history and physical exam,
taking into account fever patterns, characteristic skin lesions and associated clinical findings
(Table 1).

2. The classic “periodic fever syndromes” presenting with recurrent
episodic fevers, non-specific maculopapular rashes and abdominal pain

Among the three disorders, FMF and MVK deficiency/HIDS present with recurrent fever
attacks of short duration (<7 days), while TRAPS presents with fever attacks of longer that
7-day duration that can last up to weeks.
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2.1 Familial Mediterranean fever (FMF)
Epidemiology and Genetics—FMF (OMIM#249100) is the most prevalent monogenic
autoinflammatory disease, affecting more than 100,000 subjects worldwide (8, 9). The first
FMF patients were reported by Janeway and Mosenthal in 1908 (10) and a case series by
Siegel in 1945 (11). FMF is most prevalent in eastern Mediterranean populations including
Sephardic Jews, Armenian, Turkish and Arabian descendants, with a disease prevalence of
up to 1:248 in Libyan Jewish populations (12-14) and a carrier rate of 1:3-1:7 in North
African Jews, Iraq Jews, Armenians and Turks (15)

FMF is caused by autosomal recessive, mostly missense mutations in the MEFV gene (1, 2).
In the last 15 years, over 50 disease-causing MEFV variants have been reported (16).
Almost half of these mutations are in exon 10, encoding the B30.2 (SPRY) domain, a
regulatory protein-protein domain found in nearly 100 human proteins (17). The most
common missense mutations detected in FMF patients are: M694V, M680I, M694I and
E726A (1, 14). Genetic variants found in exons 2 and 3 are often associated with nonspecific
inflammatory manifestations and are of uncertain clinical significance. Although the amino
acid change E148Q encoded by a missense mutation in exon 2 is commonly found in
MEFV, it has an allele frequency of 0.5–5% in Caucasians and up to 23% in Japanese and
has been suggested to be a benign polymorphism (18, 19).

Clinical Presentation and Diagnosis—Most of the FMF patients develop symptoms
before the third decade of life (20). The disease typically presents with recurrent episodes of
fever, associated with acute abdominal pain and large joint arthritis that last 1 to 3 days (20).
Flares recur periodically between once a week and once a year with symptom free intervals
in between flares (8, 17, 21). The fever attacks occur suddenly with high-grade fever
(38.5-40°C) and severe asthenia (22). Moderate to severe abdominal pain occurs in 95% of
the patients and is secondary to an acute generalized peritonitis (23). On physical
examination patients often have abdominal distension and intense rebound pain, mimicking
an acute abdomen, which has been estimated to lead to abdominal surgery (appendectomy or
cholecystectomy) in 30 to 40% of FMF patients (23). Other gastrointestinal symptoms such
as constipation and diarrhea may occur (13).

Articular involvement is present in up to three quarters of FMF patients, typically presenting
as acute monoarthritis of large lower extremities joints (20, 24). However, chronic arthritis
of hips, knees or ankles may occur in about 5% of the patients (25). During the flares,
myalgia is observed in 10% of the patients, typically in lower limbs and triggered by
physical exercise (20, 26). Refractory febrile myalgia can rarely be observed and is thought
to be due to vasculitis. It typically presents with severe bilateral lower limb pain with normal
CK levels, and with fever and abdominal pain that can last up to 6 weeks (26, 27).

Besides peritonitis, other areas of serositis include pleuritis and pericarditis in about 39%
and 2% of the patients, respectively (28-30). Scrotal pain due to tunica vaginalis, a remnant
of the peritoneum, involvement is found in 9% of the subjects (31).

Overall skin involvement is more variable and often absent. The most common cutaneous
manifestation in FMF is erysipelas-like erythema, reported in 7 to 40% of patients in some
cohorts of patients and characterized by lower limb erythematous and rash that are
frequently misdiagnosed as cellulitis (20, 21).

The diagnosis of FMF has been based on clinical criteria that include frequent symptoms
such as abdominal and thoracic pain, family history and response to treatment with
colchicine (32). An original set of diagnostic criteria from 1997 had a high sensitivity (99%)
and low specificity (55%) and a newer set of criteria requiring the presence of at least two of
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the following five criteria: fever > 38oC, abdominal pain, chest pain, arthritis and family
history of FMF had an improved specificity to 94% with a sensitivity of 86% for FMF
diagnosis in the Turkish population, and was created in a study that included 170 affected
children and 141 healthy controls. (33). Nevertheless, the finding of mutations in MEFV
gene is mandatory for a definitive FMF diagnosis (16).

During FMF flares, laboratory exams typically indicate leukocytosis and increased acute
phase reactants, such as ESR and CRP (20). In most patients, the inflammatory markers
normalize in between the attacks. Type AA secondary amyloidosis is the most frequent
complication that varies between counties (34). In a multicenter study the country of
recruitment was the most important risk factor for the occurrence of renal amyloidosis and,
from the 260 patients with amyloidosis evaluated, 74% of them were recruited in Armenia
(28.1%), Israel (24.2%) or Turkey (21.5%) (34). The prevalence of FMF secondary
amyloidosis has not been reported, except by in Turkish patients where is reported to be
13% (35). Kidneys are the most affected organs and these patients present with progressive
proteinuria, nephrotic syndrome leading to chronic renal failure (35). Secondary AA
amyloidosis is caused by the tissue deposition of persistently elevated serum amyloid A
(SAA) levels. The development of AA amyloidosis is unlikely with low serum
concentrations of this protein (<4mg/L) (36).

Treatment—Colchicine remains the first choice treatment for FMF, it in many cases
induces a complete remission or diminishes the frequency, length or severity of the flares
(37). Additionally, colchicine use can prevent, delay or revert renal amyloidosis and is
considered safe even during pregnancy (38). Side effects include: diarrhea, abdominal pain,
skin rash, leukopenia, thrombocytopenia, neuropathy, myopathy and liver damage (37, 39).
For patients that are unresponsive or do not tolerate colchicine, depending on the center,
IL-1 inhibition is an evolving second choice (40, 41). A randomized placebo-controlled trial
has recently suggested that the long acting IL-1 inhibitor rilonacept, is a treatment option for
FMF patients that are refractory or intolerant to colchicine (41). Other treatment regimes
that have been reported include treatment with interferon-alpha (42, 43), thalidomide (44)
and TNF inhibiting drugs such as etanercept (45, 46) and infliximab (47, 48).

2.2 Mevalonate kinase deficiency (MVK) / Hyperimmunoglobulinemia D with periodic fever
syndrome (HIDS)

Epidemiology and Genetics—HIDS (OMIM#260920), an autosomal recessive disease,
is caused by mutations in MVK (mevalonate kinase gene) (49). Of the more than 100
variants in MVK have been described only about one third are thought to be disease causing
(16)(50). Although the V377I variant is found in about 50% of HIDS patients, it has been
suggested that the presence of this mutation in homozygosity is associated with mild or
asymptomatic HIDS clinical phenotypes (51). Mutations in MVK can also cause a more
severe and rare phenotype called mevalonic aciduria (MA) (52, 53); the severity of the
disease phenotype is correlated with the residual enzymatic function of the mutated protein
(54). Whereas in HIDS MVK activity is reduced to 1 to 10% of normal, in MA this activity
is below 1% (55). MA is clinically characterized by periodic fever, severe neurological
impairment, severe growth retardation and early death (52, 53).

Clinical Presentation and Diagnosis—HIDS fever episodes last 3 to 7 days and
typically recur every 4 to 6 weeks (54, 56). Most HIDS patients present with their first HIDS
attack in early childhood, 78% have the first fever attack before 12 months of age and 94%
before the age of 4 years (57). Fever episodes may recur for many years and are more
frequent during childhood and adolescence (58). The flares are generally triggered by
immunizations, trauma, surgery or stress and are characterized by high-grade fever with
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chills (21, 56). Bilateral, tender, cervical lymphadenopathy is a common feature in HIDS
(94%) (58). Abdominal pain is also frequent (72%) and can be associated with diarrhea
(82%) or vomiting (56%) (58, 59). Other clinical findings can include headache,
splenomegaly and hepatomegaly (56). Polyarthralgia is present in 80% of the patients and
68% of them have non-erosive arthritis of large joints (60). Over 80% of the patients present
with a variety of skin lesions, such as papular, urticarial, nodular or purpuric rash (58, 60).
Rarely observed features are serositis, myalgia, and oral and genital ulcers (58).

During flares, laboratory findings include increased acute phase reactants (ESR and CRP),
leukocytosis and neutrophilia. Elevated urinary mevalonic acid levels during the crisis have
been used in the past to corroborate a HIDS diagnosis (21). IgD serum levels are persistently
elevated (≥ 100 U/mL) in more than 90% of HIDS patients, and 80% of them present with
concomitant increased IgA (≥ 260 mg/dL) (61). However, IgD concentrations may be
normal, especially in children under 3 years of age (62). Furthermore, increased IgD levels
are not a HIDS specific finding and can be found in other autoinflammatory conditions
including FMF and TRAPS, although in these syndromes, IgD concentrations usually are
below 100 U/mL (61, 62). Serum IgD levels are not specific for a diagnosis of HIDS (62). A
definitive diagnosis is only established by mutations in MVK gene (16).

Nevertheless, in order to avoid unnecessary genetic tests clinical criteria have been proposed
for the HIDS investigation in patients with recurrent fevers (63), Genetic screening for
HIDS is suggested for children with recurrent fever who are below the age of 5 years, or in
children presenting with arthralgia and fever lasting less than 14 days (63).

In most instances, HIDS has a benign evolution and the frequency of flares progressively
diminishes during adulthood (21, 57). Amyloidosis is rarely observed and there have only
been five patients reported (64-67). Interestingly, seven cases of secondary macrophage
activation syndrome have been reported (58).

In a multicenter study including 18 countries, the frequency of HIDS crises decreased with
age, and amyloidosis was found in 3 out of the 103 (2.9%) patients evaluated (57). The
mortality in this study was 2.9% with pneumococcal sepsis being the cause of death in one
of the 3 patients (57) The other two deaths did not seem to be associated with HIDS
complications (suicide and cerebral hemorrhage) (57).

In a French survey of disease outcomes in 50 HIDS patients, 3 patients deceased and the
causes of death were macrophage activation syndrome secondary to staphylococcal sepsis in
one patient and multiple organ failure secondary to undefined cause in two patients (58).
From the 31 surviving symptomatic patients that were followed up for more than 5 years, 14
patients became asymptomatic or had the disease activity decreased over time and 17
remained with active disease (58). The mean age at disease onset was similar between these
two groups of patients (8.2 vs. 12.2 months, p>0.05) (58). Strikingly, recurrent infections
were observed in 27% of the patients, including severe pneumococcal infections, suggesting
that HIDS might also present with an immunodeficiency leading to an increase in
occurrence of infections (58).

Treatment—Most of the usual therapies, such as NSAIDs, corticosteroids, colchicine and
thalidomide, are not efficacious in controlling HIDS symptoms (58). Because mevalonate
kinase plays a role in cholesterol and other isoprenoids synthesis pathways, simvastatin has
been used for HIDS treatment (68). However, in the 50-patient French survey, 8 out of 8
patients treated with simvastatin did not respond (58), and in the International HIDS Study
Group multicenter study comprising 103 patients, 12 of 18 simvastatin treated patients did
not respond to this therapy (57). Etanercept (57, 69-72) and anakinra (57, 73, 74) have also
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been used in individual cases with satisfactory responses. Recently, the efficacy of anti-IL-1
drugs (anakinra and canakinumab) was assessed in a study that included 11 HIDS patients.
Complete and partial remission was observed in 4 and 7 patients, respectively (74).

2.3 TNF receptor associated periodic syndrome (TRAPS)
Epidemiology and Genetics—TRAPS (OMIM#142680) is the second most common
autoinflammatory disease (75). It is caused by autosomal dominant mutations in the
TNFRSF1A gene, which encodes the p55 TNF receptor (TNFR1) (3). Over 100 mutations
have been found to cause TRAPS (16). Variants affecting cysteine residues are associated
with a more severe disease phenotype and a higher risk of the development of amyloidosis
(3, 75, 76). The prevalence of TRAPS has not been well established, however, the incidence
of this disease among children in Germany was estimated as 5.6 per 106 person-years (77).

Clinical Presentation and Diagnosis—The clinical manifestations of TRAPS start
more commonly during childhood and adolescence (mean age 10 years-old), but the age at
disease onset can vary from 1 to 63 years old (21). The mean length of the fever episodes in
a TRAPS attack is around 14 days with a maximum duration of many weeks (78).
Abdominal pain is frequently present (77%) with the fever episodes (79). Similarly to FMF
patients, the sudden onset and severe abdominal pain is often mistaken for an acute abdomen
and about one third of patients with abdominal pain undergo abdominal surgery (75, 76, 78).

Myalgia is a frequent musculoskeletal symptom in TRAPS (64%) and, in an instance when
biopsied, was associated with monocytic fasciitis that can also be seen on magnetic nuclear
resonance imaging (80). The pain is typically migratory and is associated with an overlying
tender erythematous skin rash (78). The rash can be macular, edematous or urticarial (81)
but can also be reticular or serpiginous (78). Half of the patients have ocular manifestations
presenting with recurrent conjunctivitis or anterior uveitis (76, 81). Periorbital edema is a
feature that may suggest the diagnosis of TRAPS when consistent with the other clinical
findings (81).

Other common symptoms in TRAPS are arthralgia or arthritis (51%) and pleuritis (32%)
(78). Neurological manifestations including headache (68%), aseptic meningitis, optic
neuritis and behavioral alterations are also seen in TRAPS (82, 83). Other rarely reported
features are scrotal pain, pericarditis, pharyngitis and cervical lymphadenopathy (78). In
three published cases, genetically confirmed TRAPS patients denied a fever history and the
presenting feature was renal amyloidosis in one patient, recurrent migratory myalgia,
arthritis and exanthema in one patient, and recurrent localized myalgia and erythema in
another patient (84, 85).

During the febrile episodes, laboratory exams demonstrate increased acute phase reactants
(ESR, CRP and SAA), leukocytosis and thrombocytosis (3). According to the severity of the
disease, inflammatory markers may remain increased in the symptoms-free intervals and
chronic normocytic normochromic anemia is also common in the severe cases, who do not
normalize the inflammatory markers between attacks (3, 81). The presence of a mutation in
TNFRSF1A is mandatory to make the diagnosis of TRAPS (3).

Amyloidosis is a feared complication of TRAPS and may occur in up to 24% of the patients
with mutations in cysteine residues and in 2% of patients with non-cysteine mutations, who
are not appropriately treated (86). In a US cohort, 14% of TRAPS presented with systemic
amyloidosis and 93% of them had cysteine residues mutations (86).

Treatment—The genetic defect leading to the expression of mutant TNFR1 receptor (87)
suggested that patients with TRAPS may benefit from TNF inhibition. In a prospective
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study that enrolled 15 TRAPS patients, treatment with the recombinant soluble TNF
receptor etanercept, that targets TNF, reduced but not completely normalized the frequency
and severity of the inflammatory episodes and the laboratory markers (88). In other studies,
etanercept efficacy often diminishes after prolonged use (89) and paradoxical development
of an inflammatory flare after administration of the chimeric anti-TNF antibody infliximab
has been seen in some TRAPS patients (90). In some centers, anti- IL-1 therapy with either
the recombinant IL1Ra anakinra or the longer acting agent canakinumab have been used
with satisfactory responses (91-93), and have become the treatment of choice. However,
failure to treatment with anakinra has also been reported in individual cases (94). In
refractory cases, combinations of IL-1 and TNF inhibitions are used with extreme caution
(Dr. Daniel Kastner personal communication).

3. Syndromes presenting with neutrophilic urticaria (The
cryopyrinopathies)

The cryopyrinopathies or cryopyrin associated periodic syndromes (CAPS) comprise a
clinical continuum of three previously defined diseases: familial cold autoinflammatory
syndrome (FCAS), Muckle-Wells syndrome (MWS) and neonatal-onset multisystem
inflammatory disease (NOMID) also called chronic infantile, neurological, cutaneous and
articular (CINCA) syndrome (95-97). Although clinical similarities between these disorders
exist, the discovery that these diseases are all caused by mutations in NLRP3/CIAS1 forged
the concept of a common underlying pathogenic mechanism. While the inheritance pattern
in FCAS and MWS is usually familial (98), the disease is sporadic in patients with the
clinically severe phenotype of NOMID/CINCA (95). The sporadic inheritance pattern in
NOMID/CINCA is likely due to the severe phenotype of untreated patients, which results in
the inability to reproduce (95). The NLRP3 gene encodes the protein cryopyrin, a
component of an IL-1β activating complex, the NLRP3 inflammasome, which led to the
hypothesis that IL-1β may play a major role in the inflammatory disease manifestations of
CAPS.

Epidemiology and Genetics
CAPS is caused by autosomal dominant gain of function mutations in NLRP3/CIAS1 and
over 130 mutations have been reported, of which 90% are located in exon 3 (16, 98). The
diagnosis of NOMID/CINCA is made clinically, based on the presence of characteristic
features, and about 40% of patients with “clinical NOMID” are mutation negative by Sanger
sequencing. Recently, 70% of these Sanger sequencing “mutation negative” NOMID
patients were found to have somatic mosaicism in NLRP3. In the majority of cases, the
disease severity seems to be milder than in patients with germline mutations (99-102).

Clinical Presentation and Diagnosis
The spectrum of characteristic overlapping features that are associated with the entire
spectrum of CAPS include fever, urticarial rash, conjunctivitis, articular involvement and a
marked increase of acute phase reactants (21, 103). The urticaria-like rash can start as a
maculopapular lesion that rapidly evolves into wheels, it is migratory and, in contrast to the
pruritic rash seen in allergic urticaria, patients describe the rash typically as burning or
stinging (Figure 1, panel A1) (104). Histologically, skin biopsy shows a dermal
polymorphonuclear perivascular infiltrate, which is distinct from the lymphocytic and
eosinophilic infiltrate found in classical allergic urticaria (104). The fever pattern in these
disorders varies with the disease severity. While in FCAS the inflammatory attacks are
induced by cold exposure and subside within several hours often to a state without residual
inflammation, NOMID patients have continuous often low-grade fever with disease
exacerbations (105).
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3.1 Familial cold autoinflammatory syndrome (FCAS)—FCAS (OMIM#120100) is
at the milder end of the spectrum of CAPS (96). FCAS clinically presents with recurrent
flares of low-grade fever triggered by cold exposure (93%), polyarthralgia (96%) and
urticarial rash (100%) that start 1 to 2 hours after exposure to cold and last 12 to 48 hours
(21, 106). Other symptoms in FCAS patients are as follows: conjunctivitis (84%), profuse
sweating (78%), dizziness (67%), headache (58%), nausea (51%) and excessive thirst (53%)
(106). Rarely, FCAS patients present with recurrent fever as the only manifestation, mild
arthralgia, inflammatory myocardiopathy, nephropathy and thyroiditis (107). A definitive
diagnosis is typically established through the finding of genetic mutations in NLRP3(16).
Secondary amyloidosis is not frequent and can occur in 2% of the cases (26).

3.2 Muckle-Wells syndrome (MWS)—In 1962, Muckle & Wells described a familial
syndrome with urticaria, hearing loss and amyloidosis in 9 subjects (108). Patients with
MWS (OMIM#191100) usually present in childhood with urticarial rash, low-grade fever
and arthralgia (109). Recurrent arthritis and conjunctivitis episodes frequently occur (109,
110). During severe attacks, patients often complain of headache and aseptic meningitis and
some MWS patients present with papilledema. Sensorineural hearing loss is the most typical
clinical feature in MWS and is due to chronic inflammation of the inner ear, likely leading to
damage of the Corti organ (110, 111). Abnormal laboratory findings include marked
leukocytosis with neutrophilia and thrombocytosis, anemia and increased acute phase
reactants, such as erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP) (110).
In contrast to patients with FCAS, secondary amyloidosis is frequently observed in patients
with MWS living in Europe and affects 25 to 33% of the untreated patients (112). Although
the majority of patients with MWS carry germline mutations in NLRP3, detected by Sanger
sequencing, the diagnosis of MWS can often be made on clinical grounds. The diagnosis of
MWS should particularly be considered in patients presenting with classical neutrophilic
urticarial and familial disease. As discussed, CAPS can be caused by somatic mosaicism that
can currently only be assessed in research settings. Given the significant benefit from IL-1
blocking therapies, a treatment challenge might help to confirm the clinical suspicion of
CAPS.

3.3 Neonatal-onset multisystem inflammatory disease (NOMID)/ Chronic
infantile neurologic cutaneous and articular syndrome (CINCA)—NOMID
(OMIM#607115) is at the most severe end of the CAPS spectrum and was first described in
1981 (113). NOMID is diagnosed clinically and is characterized by continuous often low-
grade fever, cutaneous rash, aseptic meningitis and arthropathy, starting in the first weeks of
life (114). Neutrophilic urticarial skin lesions are found in almost all patients (104).
Neurological involvement is a diagnostic feature of NOMID and is characterized by chronic
aseptic neutrophilic meningitis that causes chronic irritability, headache, seizures, transitory
hemiplegia and rarely lower limb spasticity (114, 115).

If untreated, NOMID patients develop permanent organ damage as a consequence of
persistent inflammation in the affected organs (116). Ongoing cochlear inflammation leads
to sensorineural hearing loss. Chronic aseptic meningitis leads to the development of
increased intracranial pressures and hydrocephalus, brain atrophy, and chronic papilledema
that leads to optic nerve atrophy and progressive vision loss (Figure 1, panels A2 and A3).
Patients with hydrocephalus often present with a “typical facies” with frontal bossing, large
cephalic perimeter and the appearance of a “saddleback nose” (114, 115). The most common
inflammatory eye manifestation is conjunctivitis. Anterior and rarely posterior uveitis, can
contribute to the progressive vision loss that is primarily caused by optic nerve atrophy
(114). Cognitive delay is multifactorial and due to perinatal insult, and the degree of CNS
inflammation and brain atrophy.
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Thirty to forty percent of NOMID patients present with a deforming arthropathy that results
in abnormal epiphyseal calcification, cartilage overgrowth and joint deformities (117).
Premature patellar ossification and patellar overgrowth is a typical finding in NOMID (115).

Laboratory findings are not specific but include a marked leukocytosis with mainly mature
neutrophils, normocytic normochromic anemia, thrombocytosis and increased ESR and CRP
(21, 114).

The diagnosis of NOMID is based on the clinical characteristics including neutrophilic
urticaria, neutrophilic aseptic meningitis and/or characteristic bone deformities and variable
symptoms described above. The presence of CIAS1/NLRP3 mutations is confirmatory but
not necessary to make the diagnosis and initiate appropriate therapy as “mutation positive
and negative patients” equally respond to IL-1 blocking therapy (114). Somatic mosaicism is
the cause NOMID in about 70% of Sanger sequencing “mutation negative” NOMID
patients. However, subcloning or deep sequencing are required to establish a genetic
diagnosis. Thus making a genetic diagnosis is currently not clinically established and would
unnecessarily hold up a therapeutic intervention (99-102).

Complications observed in NOMID are described above and are related to physical
disability due to joint deformities, cognitive impairment, hearing and vision loss and
secondary renal amyloidosis, that is mainly observed in Europe. To prevent development of
many of these complications, therapeutic intervention should not be delayed. (111, 114,
116).

Treatment of CAPS—IL-1 inhibition is the standard treatment for patients with CAPS
(111, 114, 118). While treatment of some patients with FCAS is geared to improve the cold
induced symptoms which can be achieved by preventing cold exposure, optimal treatment
with the IL-1 blocking agents (anakinra, rilonacept or canakinumab) leads to complete
resolution of symptoms in most cases (92, 119). In patients with MWS and NOMID who
develop organ damage from untreated disease, optimal IL-1 inhibiting therapy needs to be
initiated early to prevent the development and progression of organ damage (116). The rapid
responses of CAPS to IL-1 blocking agents have led to the approval of three agents for
CAPS: the long acting IL-1 inhibitors rilonacept (120, 121) and canakinumab (122), and the
short acting IL-1 receptor antagonist anakinra (116). Recombinant IL1Ra (anakinra) has
been used for NOMID treatment for over 10 years (114). All patients show a rapid response
to anakinra with dramatic improvement of inflammatory symptoms, fever, skin rash, and
acute phase reactants (114). However dose escalation to control organ inflammation,
particulary CNS and inner ear inflammation, is required to achieve appropriate disease
control. Doses of IL-1 blocking agents needed to treat FCAS patients are lower than those
needed to treat NOMID patients.

Responses to IL-1 blocking therapies are sustained, follow up on anakinra up to 5 years
(111, 116, 123), and up to 2 years on rilonacept (121, 124) and canakinumab (125) have
recently been published.

4. Syndromes presenting with granulomatous skin lesions and minimal or
low-grade fever attacks
4.1 Blau syndrome / early onset sarcoidosis (pediatric granulomatous arthritis)

Epidemiology and Genetics—Pediatric granulomatous arthritis (PGA)
(OMIM#186580) is caused by autosomal dominant gain of function mutations in the
NACHT domain (exon 4) of NOD2/CARD15(16, 126). PGA can be inherited in an
autosomal dominant pattern and familial cases have traditionally been called Blau
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syndrome. However mutations can occur sporadically and in these instances the disease has
been referred to as early-onset sarcoidosis (127, 128). The identification of the same
mutations led to the recognition that these two disorders are the same disease. So far 12
disease causing mutations in NOD2 gene, have been reported to cause PGA (16). PGA
symptoms occur due to a granulomatous inflammation of eyes, joints and skin leading to an
early-onset (before 4 years of age) classical triad of disease manifestations comprising
chronic uveitis, arthritis and dermatitis (129).

Clinical Presentation and Diagnosis—Chronic arthritis is seen in 100% of patients,
who mainly present with polyarthritis (96%) (129). A symmetric hypertrophic tenosynovitis
is observed in approximately 40% of the patients (129). Ocular involvement is very frequent
(84%) and is usually chronic and persistent (129, 130). Uveitis presents more commonly as
panuveitis (50%), but 25% of the subjects may present with anterior uveitis (Figure 1, panel
B1) (129, 130). Most of the subjects have bilateral eye involvement, and cataract and
glaucoma occur in 50% and 30% of them, respectively (128, 129). Up to 40% of the
untreated patients with PGA uveitis develop irreversible blindness (130). Typical PGA
exanthema is described as ichthyosis-like and occurs in 88% of the patients (Figure 1, panel
B2) (127, 128). Less commonly observed findings include fever, camptodactyly and central
neuropathy (127).

Laboratory exams demonstrate persistent leukocytosis, thrombocytosis and increased ESR
and CRP (129). Synovial, skin and liver biopsies may show non-caseating granulomata,
even though a definitive diagnosis is only achieved with DNA sequencing showing NOD2/
CARD15 mutations (16, 130).

Treatment—Optimal therapy for PGA has not been established. NSAIDs can be used for
mild clinical manifestations, whereas severe symptoms are treated with systemic
corticosteroids (131). Immunosupressant (methotrexate and cyclosporine) and biologics
targeting TNF and IL-1 (etanercept, infliximab and anakinra) have been reported to result in
clinical benefit, especially in patients with refractory uveitis (128, 130).

5. Syndromes presenting with pustular skin rashes and episodic or
continuous fever

This group of disorders presents the most pathogenically heterogeneous group. Although all
patients present with pustular skin lesions, the underlying pathogenic mechanism and the
other clinical organ manifestations differ between the entities. Treatment is also different
among the diseases. While the DIRA and Majeed syndromes present with sterile
osteomyelitis that is IL-1 mediated, PAPA syndrome presents with pyogenic arthritis and
pustular lesions that rapidly develop into pyoderma gangrenosum lesions. Bloody diarrhea
and abdominal symptoms associated with inflammatory bowel disease are the characteristics
of disorders caused by absent IL-10 signaling; and, predominantly skin lesions without other
organ manifestations are seen in disorders presenting with mutations in the IL-36 pathway
and with mutations in CARD14, a regulator of the NFκB pathway.

5.1 With inflammatory bone disease
5.1.1 Deficiency of interleukin 1 receptor antagonist (DIRA)
Epidemiology and Genetics: DIRA (OMIM#612852) was first described in 2009 and it is
caused by autosomal recessive loss of function mutations in IL1RN gene, which encodes the
IL-1 receptor antagonist (IL-1Ra) (132, 133). Nine disease-causing mutations have been
reported in DIRA, three missense mutations, three non-sense mutations, two small deletions
(2 and 15bp) and one large genomic deletion (175Kb) (16, 134).
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Clinical Presentation and Diagnosis: DIRA patients present with early-onset pustular
dermatitis and multifocal osteomyelitis and periosteitis, associated with marked elevations
of acute phase reactants (132, 133). Pustular skin lesions may be sparse, occur in crops or
develop into a severe generalized pustular dermatitis that at times can be ichthyosis-like
(Figure 1, panel C) (132, 135). Histological findings on the skin biopsy include corneal
pustules, acanthosis and hyperkeratosis (132, 135). Nail changes presenting with
onychomadesis, are seen in very young untreated children (132). All DIRA patients
identified so far present with osteomyelitis, which is clinically characterized by pain on
manipulation and periarticular swelling. TypicaI radiographic manifestations show widened
ribs and clavicles, and multifocal osteolytic lesions are mainly seen in long bones (132, 133,
135-137). Heterotopic ossification or periosteal cloaking around the proximal femoral
metaphysis are seen in very young children.

Fever is often low grade or can be absent in DIRA and can be related to secondary skin
infections in the untreated patients (132, 136). Less frequently observed manifestations in
DIRA include interstitial lung disease, atlantoaxial subluxation due to odontoid destruction
(135) and, rarely, CNS vasculitis.

Treatment: Recombinant IL-1Ra (anakinra) has been used in DIRA with impressive results
(132, 133, 135-138). Treatment with anakinra leads to rapid resolution of symptoms and
normalization of the acute phase reactants and prevents the recurrence of both skin and bone
manifestations (132, 133, 135-138).

5.1.2 Majeed syndrome
Epidemiology and Genetics: Majeed syndrome (OMIM#146462) is a pyogenic
autoinflammatory disease caused by autosomal recessive loss of function mutations in
LPIN2 gene (16, 139, 140). Twelve mutations have been so far described in LPIN2(16).

Clinical Presentation and Diagnosis: Majeed syndrome is clinically characterized by
neonatal-onset recurrent multifocal osteomyelitis, neutrophilic dermatosis and congenital
dyserythropoietic anemia (141). Pustular dermatitis is the most common skin manifestation,
although psoriasis-like lesions have already been reported (141). The most frequent sites of
osteomyelitis are clavicles, sternum and long bones, whereas mandible and vertebral bodies
are rarely affected (139, 142). Bone biopsy studies usually show a neutrophilic infiltrate
(140, 142).

Treatment: Majeed syndrome is unresponsive to treatment with antibiotics and patients
may respond to NSAIDs, corticosteroids, interferon gamma, bisphosphonates, and anti-TNF
drugs (139-141). Recently, the efficacy of IL-1 inhibition with either anakinra or
canakinumab was shown in two brothers with Majeed syndrome who were refractory to
anti-TNF therapy (143), suggesting that the pathogenesis of Majeed syndrome may be IL-1β
mediated.

5.2 With pyogenic arthritis
5.2.1 Pyogenic sterile arthritis, pyoderma gangrenosum and acne (PAPA)
syndrome
Epidemiology and Genetics: PAPA syndrome (OMIM#604416) is a pyogenic
autoinflammatory disease caused by autosomal dominant mutations in the PSTPIP1 gene
(144). Seven disease-causing variants have been described in PSTPIP1, so far (16).

Clinical Presentation and Diagnosis: Fever is rarely observed in PAPA patients, who
present with early-onset flares of painful sterile and deforming arthritis (Figure1, panel D1),
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cutaneous ulcers (pyoderma gangrenosum) (Figure1, panel D2) and pathergy, cystic acne or
skin abscesses at the injections sites (54, 144, 145). Laboratory findings are non-specific and
include leukocytosis and increased ESR and CRP during flares (144, 145). PAPA syndrome
symptoms usually persist into adulthood and significant joint destruction with an impaired
quality of life related to physical disability is observed (146). In a recent report of five
PAPA syndrome patients, three patients had A230T, one had E250Q and one had a novel
E250K mutation. All patients presented with sterile arthritis and pyoderma gangrenosum,
three patients had sterile skin abscesses and two had cystic acne. Other clinical findings
were one osteomyelitis episode in one patient, recurrent otitis in two patients and
lymphadenopathy, splenomegaly, thrombocytopenia, hemolytic anemia, pharyngeal
papillomatosis and T cell large granular lymphocytosis in one patient (146).

Treatment: Treatment of PAPA syndrome is challenging and corticosteroids, thalidomide,
cyclosporine, dapsone, tacrolimus and IVIG have been used with variable individual
responses (146, 147). Regarding biologics, two case reports showed that etanercept was
efficacious in PAPA syndrome treatment (147, 148). Responses to infliximab were observed
in one patient, to adalimumab in two patients and to anakinra in one case (146). On the other
hand, two patients did not respond to anakinra, one did not respond to infliximab and
another did not respond to etanercept therapy (146). In general, monoclonal anti-TNF
antibodies (infliximab and adalimumab) were considered more effective in treating skin
manifestations of PAPA syndrome (146).

5.3 With inflammatory bowel disease
5.3.1 Early onset inflammatory bowel disease (EO-IBD)
Epidemiology and Genetics: Infantile IBD is caused by autosomal recessive mutations in
IL-10R (OMIM#613148) (OMIM#612567) and IL-10 (OMIM#612381) encoding genes
(149, 150). Glocker et al. first reported that autosomal recessive mutations in IL10RA and/or
IL10RB in 4 out of 9 patients with severe IBD presenting in the first year of life (149). In
2010, the same group found an autosomal recessive mutation in IL10 gene in two unrelated
patients with refractory early-onset IBD (150). In total, six disease causing mutations in each
of the IL-10 receptor genes (IL10RA and IL10RB) and two mutations in the IL-10 gene
have been described. (16).

Clinical Presentation and Diagnosis: Patients with EO-IBD present with severe
enterocolitis, characterized by bloody diarrhea, colonic abscesses, perianal fistula and oral
ulcers (149, 151). Symptoms usually start in the first year of life, before 3 months of age
(151). Additionally, they present with impaired weight and height development and
recurrent fever (151). Musculoskeletal manifestations include acute recurrent arthritis of
large joints, especially affecting knees (151). Remarkably, recurrent folliculitis has been
observed in 75% of the patients (151). Recurrent infections, such as otitis media, bronchitis,
pneumonia, septic arthritis and renal abscesses may indicate a defect in the immune
responses in patients with EO-IBD (149, 151).

Treatment: Because EO-IBD is a severe disease and frequently refractory to standard
immunosuppressants, hematopoietic stem cell transplantation (HSCT) has been proposed as
a curative treatment (152). HSCT was performed in 9 out of the 29 patients with IL-10
deficiency described and complete clinical remission was achieved in all but one of the
patients (151-153).
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5.4 Without other organ manifestation
5.4.1 Deficiency of interleukin 36 receptor antagonist (DITRA)
Epidemiology and Genetics: Recently 16 family members of nine Tunisian families with
generalized pustular psoriasis were found to be homozygous for a mutation in IL36RN gene,
L27P, indicating a founder mutation in Tunisia leading to this disease (16, 154). Most of the
patients described (75%) developed the disease during childhood (7 days to 11 years of age)
(154). Additionally, three unrelated English patients with a similar phenotype presented with
mutations in IL36RN, two patients were homozygous for the S113L mutation and one
patient was a compound heterozygous for S113L and R48W mutations (155).

Clinical Presentation and Diagnosis: Clinically, these patients presented with recurrent
and sudden onset flares of generalized erythematous and pustular skin rash, associated with
fever (40-42°C), asthenia and increased CRP and white blood cell counts (154, 155).
Secondary skin infections and sepsis may also occur (154). In all patients, the disease flares
are thought to be triggered by viral or bacterial infections (14/16 patients), but withdrawal of
retinoid therapy (n=7), menstruation in (n=6), and pregnancy in (n=4) were also triggers
(154, 155). Skin biopsy demonstrates spongiform pustules, acanthosis and parakeratosis in
the stratum corneum, and infiltration of the skin by CD8 and CD3 T cells and macrophages
(154). Because the IL36RN mutation described results in a decrease or absence of the IL36
receptor antagonist, the resulting disease was proposed to be called deficiency of the IL-36
receptor antagonist (DITRA - OMIM#614204) (16, 154).

Treatment: Definitive treatment for this disease has not been established yet. Acitretin was
used as treatment in 12 of the 19 patients described so far (154, 155). Other therapeutic
regimens tried with variable individual responses were oral steroids in 4 patients,
methotrexate in 3 patients, cyclosporin in 3 patients, adalimumab in 2 patients, infliximab in
2 and etanercept in one subject (154, 155). Topical steroids were used in 3 patients (154).

5.4.2 CARD14 mediated psoriasis (CAMPS)
Epidemiology and Genetics: Autosomal dominant gain of function mutations in CARD14
gene cause plaque psoriasis in two families and severe generalized pustular psoriasis in an
unrelated child (156). Mutations in CARD14 were also shown to cause familial pityriasis
rubra pilaris in 15 family members of 3 families (157). In addition to the 3 mutations
reported to cause familial disease, additional variants were found in a cohort of patients with
psoriasis. The contribution of those variants to psoriasis is not fully understood, but some of
these mutations are NFkB activating and likely constitute rare variants with a large effect
size, most likely leading to the sporadic development of psoriasis. (156, 158).

Clinical Presentation and Diagnosis: Patients with CARD14 mutations present with
typical plaque psoriasis with variable severities and one 3 year-old female patient presented
with generalized pustular psoriasis (Figure 1, panel E) (156-158). Fever and other systemic
manifestations are generally not present but can occur with superinfections of the skin in
patients with CAMPS (OMIM#602723) (156, 158).

Treatment: The therapeutic approach in CAMPS includes drugs used for the treatment of
moderate-to-severe psoriasis, such as, methotrexate, cyclosporine and anti-TNF agents, and
more recently including biologics targeting IL17 and IL23 (159-161). Familial pityriasis
rubra pilaris is considered refractory to the standard therapies and a partial response has
been described with retinoids, cyclosporine and etanercept (157, 162).
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6. Syndromes with atypical neutrophilic dermatosis with histiocytic-like
infiltrate Proteasome associated autoinflammatory syndromes (PRAAS)
Epidemiology and Genetics

In 2010, four patients with early-onset recurrent fever, violaceous cutaneous rash, periorbital
edema and erythema, lipodystrophy and increased acute phase reactants were reported and
the syndrome was proposed to be called chronic atypical neutrophilic dermatosis with
lipodystrophy and elevated temperature (CANDLE) (163). In 2011, several studies showed
that a number of disorders referred to as joint contractures, muscle atrophy, microcytic
anemia and panniculitis-induced lipodystrophy (JMP) syndrome (164), Nakajo-Nishimura
syndrome (165), Japanese autoinflammatory syndrome with lipodystrophy (JASL) (166),
and CANDLE (167) (OMIM#256040) are caused by mutations in proteasome subunit β type
8 (PSMB8) gene, indicating that these disorders are disease phenotypes along the same
disease spectrum (163, 167, 168). Currently, three mutations have been described in PSMB8
(T75M, C135X and G201V).

Clinical Presentation and Diagnosis
All patients reported presented with recurrent fever, skin rash characterized by diffuse
annular plaques (Figure 1, panel F1), violaceous eyelids, lipodystrophy (Figure 1, panel F2),
arthritis or arthralgia, and increased acute phase reactants (ESR and CRP) (167). Other
common clinical findings were finger swelling, hepatomegaly, lymphadenopathy, prominent
abdomen and low weight and height, in 7 out of 9 patients (167). Muscle atrophy was
observed in 4/9 and splenomegaly in 3/9 patients (167). Other laboratory findings included
hypochromic anemia and increased liver function tests (LFT) in 8 out of 9 patients (167).
Less frequent clinical and laboratory findings observed were perioral swelling, parotitis,
conjunctivitis or episcleritis, acanthosis nigricans (Figure 1, panel F2), hypertrichosis, ear
and nose chondritis, lymphocytic aseptic meningitis, basal ganglia calcifications, recurrent
otitis or sinusitis, epididymitis, thrombocytosis, hypertriglyceridemia, neutropenia and
thrombocytopenia (167). Long term sequela from untreated patients who survive into
adulthood include the development of muscle atrophy, cardiac arrhythmias and dilated
cardiomyopathy (165, 166).

Treatment
Considering the 9 patients previously mentioned, most clinical symptoms partially
responded to high doses of steroids (1–2 mg/kg/day)(167). NSAIDs, colchicine, dapsone,
methotrexate, tacrolimus and azathioprine were not effective in most of the patients (167). A
variable response was observed to anti-TNF, anti-IL-1 and anti-IL-6 agents, but complete
disease remission was not achieved with any of the therapies described (167). Additionally,
lipodystrophy progressed in all patients despite immunosuppressive and cytokine targeted
therapy (167). Increased STAT-1 phosphorylation was seen as well as a strong interferon
response signature, which led to a compassionate use protocol with the JAK1/JAK2
inhibitor baricitinib (clinicaltrials.gov/NCT01683409). Preliminary observations showed a
down-regulation of IFN-induced genes.

7. Syndromes presenting with autoinflammation and with
immunodeficiency

The description of additional monogenic diseases has led to the identification of conditions
that present with autoinflammatory phenotypes but also with features of
immunodeficiencies. The “mixed phenotype” is determined by the impact the mutation can
have in different immune cells. Immunodeficiencies have also been suggested to be present
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in patients with HIDS and EO-IBD. Two recently described conditions caused by autosomal
dominant mutations in PLCG2, PLCγ2-associated antibody deficiency and immune
dysregulation (PLAID) and autoinflammation and PLCγ2-associated antibody deficiency
and immune dysregulation (APLAID) were described (169, 170). Another condition is
caused by autosomal recessive mutations in HOIL, a component of the linear ubiquitination
chain assembly complex (LUBAC)(171). These mutations result in impairment of LUBAC
stability leading to reduced NF-κB activation in response to interleukin 1β (IL-1β) in
fibroblasts but hyper-responsiveness to IL-1 in mononuclear leukocytes, particularly
monocytes (171). While PLAID leads to cold induced urticaria, autoimmune manifestations
and susceptibility to infections, APLAID leads to early-onset recurrent erythematous
plaques and vesicopustular skin lesions associated with arthralgia, corneal erosions and
interstitial pneumonia (170). The two patients identified with APLAID so far develop
recurrent sinopulmonary infections presumed due to a lack of class-switched memory B
cells on lymphocyte immunophenotyping (170). Both patients described, were partially
responsive to anakinra and to high-dose corticosteroids (170).

Of the 3 patients with HOIL deficiency who have been described, two of them were siblings
born to non-consanguineous parents (171). All 3 patients presented with early-onset
recurrent fever, hepatosplenomegaly and increased acute phase reactants (171). Two patients
presented with chronic bloody diarrhea and two had eczema and diffuse erythroderma.
These patients showed severe recurrent pyogenic, fungal and viral infections and all three
patients had a fatal outcome (171). Additionally, all three patients had cardiomyopathy, and
two patients had amylopectinosis in cardiomyocytes (171). The autoinflammatory
manifestations in two of the three patients were partially responsive to corticosteroids but
refractory to colchicine, anti-TNF and anti-IL-1 agents. The third patient had an allogeneic
HSCT performed at the age of 13 months but deceased 3 years after the transplant (171).

Table 2 shows the clinical features and Table 3 emphasizes distinctive characteristics and
clues for diagnosis of the monogenic autoinflammatory diseases described herein.

8. Conclusion
The past 15 years were marked by the discovery of monogenic causes for a number of
immune dysregulatory disorders, many presenting with fever, systemic and organ specific
inflammation. Not only new insights into the genetics and the pathogenesis of these
syndromes were gained, but a number of new clinical phenotypes have been described, thus
growing the spectrum and heterogeneity of this group of autoinflammatory diseases/
phenotypes. The discovery of novel diseases led to the recognition that some disorders are
IL-1β mediated, but the unresponsiveness of others to IL-1 blockade suggested that
additional signaling and cytokine pathways are affected. It is necessary that primary care
physicians and those who are likely to see young infants and children be familiar with the
clinical aspects of these diseases in order to recognize them and start early
immunosuppressive therapy when needed, and make a prompt referral. In many of these
syndromes, early treatment is mandatory to prevent physical sequela, prevent mortality and
guarantee a better quality of life for these patients.
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Highlights

• The spectrum of monogenic autoinflammatory diseases has grown over the
years.

• We grouped the autoinflammatory diseases (AID) according to clinical
manifestations.

• AID clinical findings should be recognized by primary care physicians.

• Early referral and treatment is mandatory to improve morbi-mortality.

De Jesus and Goldbach-Mansky Page 27

Clin Immunol. Author manuscript; available in PMC 2014 June 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 1.
A1 – Urticarial rash in neonatal-onset multisystem inflammatory disease, (NOMID), A2 –
Severe hydrocephalus in NOMID syndrome, A3 – Papilledema in NOMID syndrome, B1 –
Anterior synechiae in Blau syndrome chronic uveitis, B2 – Left arm ichthyosis-like
exanthema in Blau syndrome, C1 – Generalized pustulosis in deficiency of interleukin-1
receptor antagonist (DIRA), C2 – Amplified image of DIRA skin rash, D1 – Sagittal image
in fat suppressed T1 sequence showing synovial thickening and enhancement with moderate
fluid in the right elbow joint in pyogenic arthritis, pyoderma gangrenosum and acne (PAPA)
syndrome, D2 - Extense left lower leg pyoderma gangrenosum lesion in (PAPA) syndrome,
E – Generalized psoriasis in CARD14 mediated psoriasis (CAMPS), F1 – Erythematous,
annular and nodular rash in chronic atypical neutrophilic dermatosis with lipodystrophy and
elevated temperature (CANDLE) syndrome, F2 - Lipodystrophy (black arrows) and
acanthosis nigricans (red arrow) in CANDLE syndrome
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