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ABSTRACT. Autoinflammatory disease (AID) is a vast spectrum of disorders characterized by recurrent attacks of sterile 
inflammation. Since the first cloning of the familial Mediterranean fever gene in 1997, there has been a rapid 
rate of discovery of new AIDs. As of 2022, there have been 485 inborn errors of immunity documented 
by the International Union of Immunological Societies, for which many display aspects of autoinflamma-
tion. The pathophysiology of AIDs is complex. Although many are caused by rare mutations in genes that 
govern innate immunity, others are polygenic, where disease expression is thought to be triggered by envi-
ronmental factors in genetically predisposed hosts. AIDs range in prevalence from common entities like 
gout to ultrarare monogenic diseases. Whereas AIDs were initially studied in pediatric populations, it is now 
apparent that they can present in adulthood and even in the elderly. AIDs can be clinically challenging given 
their rarity, as well as the heterogeneity in presentation and underlying etiology. Although the care of AIDs 
can span medical disciplines, the rheumatologist often plays a central role given the inflammatory nature of 
these illnesses. In this review, we explore the current understanding of the pathophysiology of these complex 
conditions and propose a classification system for AIDs. We place an emphasis on AIDs that present to the 
adult rheumatologist and discuss important AIDs that can mimic more classic rheumatic diseases such as 
systemic lupus erythematosus and inflammatory arthritis. Finally, we offer an approach to the clinical assess-
ment, diagnosis, and management of AIDs. 
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fevers, recurrent fevers 
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Introduction
Historically, the term “autoinflammation” was coined at the turn 
of the century with the identification of the monogenic disorders 
familial Mediterranean fever (FMF) and tumor necrosis factor 
(TNF) receptor–associated periodic syndrome (TRAPS).1,2 
The concept of autoinflammatory diseases (AIDs) has evolved 
with time and is currently understood as dysregulation of the 
innate immune system that occurs in predisposed hosts, some-
times with secondary activation of adaptive immunity, resulting 
in inappropriate inflammation.3 
 The advent of next-generation sequencing has demonstrated 
that many AIDs arise from single gene mutations in compo-
nents of the innate immune system. There has been a rapid pace 
of discoveries in AIDs, with 17 described in the past 2  years 
(Table  1). These discoveries have shed light on the complex 

immunopathophysiology of rare monogenic AIDs, as well as 
more common polygenic conditions such as adult-onset Still 
disease (AOSD) and periodic fever, aphthous stomatitis, phar-
yngitis, and adenitis (PFAPA).
 Clinically, AIDs typically present with multifaceted symp-
toms such as fever, joint pain, abdominal pain, and ocular and 
skin inflammation. The exact incidence and prevalence of AIDs 
varies widely depending on the exact condition and population 
studied. Although AIDs are generally perceived to be rare, the 
prevalence of some AIDs can be relatively more common, such 
as FMF being present in up to 1:400 individuals in certain 
ethnicities.4 Although most AIDs were initially described in 
pediatric cohorts, we are also increasingly recognizing adults 
presenting with AIDs.5-8 Some may have had childhood-onset 
symptoms and experienced significant delays in diagnosis, 
whereas others have true adult-onset disease. This review places 
a focus on AIDs in adults, which can be diagnostically chal-
lenging for physicians due to the complex presentations of 
these diseases.

Pathophysiology
Autoimmune and autoinflammatory conditions are often 
confused with each other as both result from the inappropriate 
activation of the immune system. Autoimmune diseases are 
predominantly driven by T and B lymphocytes that recognize 
and react to self-antigens,9 and usually occur in the setting of 
several other simultaneous lapses in immune tolerance. 
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 In contrast, AIDs are driven by innate immune cells of the 
myeloid lineage such as macrophages, monocytes, neutro-
phils, and dendritic cells.9 Disease often results from defects in 
 germline-encoded elements of innate cells.10 These include pattern 
recognition receptors, which recognize  pathogen-associated 
molecular patterns (PAMPs) and damage-associated molecular 
patterns (DAMPs), signal transduction molecules, or intracel-
lular effector structures (such as inflammasomes) that produce 
inflammatory cytokines. Gain-of-function (GOF) variants in 
positive regulators, or loss-of-function (LOF) variants in negative 
regulators in signal transduction pathways of innate leukocytes, 
may result in inappropriate immune activation. Autoimmunity 
and autoinflammation are compared and contrasted in Table 2.

The multifaceted nature of immune dysregulation disease
The components of the immune system are densely intertwined. 
Depending on the pathways affected, autoinflammation can 
overlap with other major axes of immunity including autoimmu-
nity, atopy, immune deficiency, or lymphoproliferation.11 
 Autoimmunity represents a reaction to harmless endoge-
nous self-antigens. Although the effectors are B and T lympho-
cytes, their activation is often initiated by innate immune cells 
and components. On the other hand, some AIDs character-
ized by high levels of type I interferons (IFNs) have concur-
rent T and B cell activation with autoantibody production.9 
These include the monogenic diseases stimulator of IFN 
genes  (STING)-associated vasculopathy with onset in infancy 
(SAVI) and Aicardi-Goutières syndrome (AGS), and polygenic 

 disorders such as systemic lupus erythematosus (SLE) and juve-
nile dermatomyositis ( JDM).12 
 Atopy represents a reaction to harmless exogenous antigens 
and can be seen in numerous autoinflammatory disorders. For 
example, defects in cytoskeleton components and regulators 
such as WASP, WDR1, ARPC1b can lead to complex immune 
dysregulation syndromes manifesting in autoimmunity, autoin-
flammation, immune deficiency, hematologic abnormalities, as 
well as atopy.13,14 
 Immune deficiency may be a seemingly paradoxical compo-
nent of autoinflammatory conditions. The nuclear factor 
(NF)-κB pathway is integral to numerous immune processes, 
and dysfunction can lead to simultaneous inflammation and 
immune deficiency.9 The same genetic variant can also affect 
leukocytes differently, such as that seen in linear ubiquitin 
assembly complex (LUBAC) deficiency.14 The loss of LUBAC 
in innate monocytes results in enhanced proinflammatory 
cytokine production, whereas the same mutation in adaptive 
lymphocytes dampens NF-κB activation, resulting in immune 
deficiency.15,16

 Immune dysregulation diseases can sometimes exhibit 
nonmalignant lymphoproliferation. This may be caused by LOF 
mutations in genes that mediate lymphocyte apoptosis, such 
as CASP8/10 or FAS/FASL.9 GOF mutations in genes that 
promote lymphoproliferation such as NRAS and KRAS can also 
lead to a similar phenotype.17 Patients with inappropriate lymph-
oproliferation can display autoimmune manifestations due to 
autoreactive lymphocytes that have escaped deletion. 

Table 2. A comparison of autoimmunity and autoinflammation.

  Autoinflammation Autoimmunity

Etiology Genetics Mutations in germline encoded elements  Generation of self-reactive lymphocyte
  of innate immune system  receptors by somatic recombination
  Monogenic > polygenic Polygenic > monogenic
 Immunology Failure of autoinhibitory mechanisms ±  Failure of immune tolerance and
  constitutive inflammatory cytokine   lymphocyte-driven tissue damage
  signaling Self-reactive lymphocytes and autoantibodies
Demographics Age of onset Pediatric > adult Adult > pediatric
 Family history +++ +/–
Clinical features Triggers Stress, infections, cold, physical exertion or  Stress, infections, pregnancy
  trauma, vaccination, menses, pregnancy 
 Recurrent fevers +++ Usually not the presenting complaint
 Ocular Conjunctivitis, periorbital edema Episcleritis/scleritis, retinitis, iritis
 Oral/genital ulcers +++ +
 Gastrointestinal Colitis in children, peritonitis IBD in adults
 Bone inflammation ++ –
 Other  Rashes, synovitis, neurologic and renal involvement
Tests Elevated inflammatory  During attacks Low grade at baseline
     markers
 Autoantibodies – +++
 Yield of genetic testing +++ –
Response to treatment Colchicine, IL-1 blockers +++ +
 Antimetabolitesa, HCQ,  – +++
     CSA, tacrolimus
 JAKi/TNFi, steroids  +++ 

+ and - indicate presence and absence, respectively. a Leflunomide, mycophenolate, methotrexate, azathioprine. CSA: cyclosporine A; HCQ: hydroxychloro-
quine; IBD: inflammatory bowel disease; IL: interleukin; JAKi: Janus kinase inhibitor; TNFi: tumor necrosis factor inhibitor. 
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Case vignettes
Here we present 3 unique cases that represent the most common 
classes of autoinflammatory diseases.
Case 1. A 40-year-old female individual born to nonconsanguin-
eous Turkish parents presented with a lifelong history of episodic 
fevers > 38 °C, concurrent knee and ankle arthritis, and perito-
nitis. The frequency of episodes varied from weekly to monthly. 
The fevers lasted 2 to 3 days, but the pain and fatigue would 
resolve over a week. She had multiple emergency room visits for 
this over the years and received an appendectomy at the age of 
18, which did not resolve her symptoms. Nonsteroidal antiin-
flammatory drugs (NSAIDs) did not help and occasionally she 
was treated with opioids. She had an uncle who died of unex-
plained renal failure at age 40. She was eventually evaluated at a 
specialist pediatric center at 19 years old. Her physical examina-
tion was unremarkable. Investigations revealed normal complete 
blood count (CBC), liver and renal function tests, abdominal 
radiograph, and ultrasound. She exhibited elevated inflam-
matory markers including a maximal erythrocyte sedimenta-
tion rate (ESR) of 102 mm/h and C-reactive protein (CRP) of 
127 mg/L during flares. Single gene testing for MEFV revealed 
homozygous variants c.2080A>G (p.Met694Val), which led to 
her diagnosis of FMF. Subsequent urine albumin–creatinine 
ratio was elevated at 58.3 and renal biopsy revealed amyloidosis. 
She could not tolerate colchicine due to diarrhea and was started 
on anakinra 100  mg subcutaneously (SC) daily, which signifi-
cantly reduced the frequency and severity of flares. She remained 
clinically well at 1-year follow-up, with stable proteinuria.
Case 2. An 18-year-old male individual was referred to an adult 
rheumatologist for ongoing management. He was initially seen 
at the age of 7 for possible vasculitis.18 At the age of 1, he devel-
oped intermittent conjunctivitis and painful chilblains over the 
extremities and helices of the ears (Figure  1C). He had devel-
opmental delay in gross and fine motor activities, speech, and 
learning. His Amish parents were nonconsanguineous and of 
Swiss-German background. There were no similar symptoms in 
family members. On examination, height and weight were below 
the third percentile. Scattered erythematous macules and plaques 
were present on the dorsum of his hands. The helices of both ears 
were crusted and ulcerated. There was bilateral swelling of the 
toes. Over the next decade, his chilblains worsened and he devel-
oped symmetrical small joint nonerosive polyarthritis. Magnetic 
resonance imaging (MRI) of the brain was performed due to his 
developmental delay and was unremarkable. Laboratory testing 
showed negative antinuclear antibodies (ANAs), antineutro-
phil cytoplasmic antibodies (ANCA), and rheumatoid factor. 
He had intermittent mild neutropenia, persistent elevation of 
ESR ranging from 13 to 55  mm/h and a consistently normal 
CRP. He had elevations in IgG (maximum 18.7  g/L) and IgA 
(maximum 4.2 g/L). Panel testing for AGS in 2014 did not 
reveal any variants in TREX1 or RNASEH2A/B/C. Years later, 
exome sequencing revealed a homozygous variant in SAMHD1 
(c.1411-2 A>C) consistent with type 5 AGS. Both parents were 
heterozygous for this variant. His polyarthritis did not respond 
to NSAIDs, intraarticular corticosteroids, or methotrexate. 
Etanercept was eventually started, with improvement of arthritis.

Case 3. A 29-year-old White female individual presented with 
monthly oral ulcers since early childhood and vaginal ulceration 
at the age of 20.19 At age 25, she developed recurrent facial rashes, 
arthralgias, myalgias, and subjective fevers (< 38 °C) occurring 
every 2 months and lasting 2 weeks. Her physical examination 
was unremarkable. Investigations revealed elevated CRP ranging 
from 57 to 231  mg/L during flares. Her CBC, creatinine, 
 urinalysis, ANAs, and liver enzymes were normal or negative. 
Workup for infection was negative. She was diagnosed previ-
ously with Behçet disease (BD) and despite methotrexate 20 mg 
SC weekly, she continued to have flares of severe oral ulcerations 
leading to hospitalizations requiring intravenous corticosteroids. 
A targeted gene panel revealed a heterozygous variant of uncer-
tain significance in NLRP3 (p.Thr954Met) associated with 
cryopyrin-associated periodic fever syndrome (CAPS), which 
was inconsistent with the patient’s phenotype. Further genetic 
sequencing as part of a research program revealed a heterozygous 
variant in RELA (c.1153C>T, p.Gln385*). On a closer review of 
her family history, several other family members across 4 genera-
tions were identified who shared similar symptoms, as well as the 
same variant on segregation analysis. They were diagnosed with 
RELA-associated inflammatory disease (RAID). The patient 
was switched to colchicine and etanercept, which resolved her 
oral ulcers.

Classification
There are currently different classification schemes that cate-
gorize AIDs by manifestations as well as by pathophysiology.20 
Multifactorial disorders are driven by multiple genes exerting 
small individual effects, combined with environmental factors 
such as infection or trauma.14 In contrast, monogenic disorders 
are driven by single highly penetrant and usually rare gene vari-
ants. Monogenic disorders may result from a pathogenic variant 
carried by all cells (germline) or by only some (somatic), in 
which the variant arises following the earliest zygotic divisions 
in embryogenesis.21 Somatic and germline disorders can then 
be further classified according to the predominant signaling 
pathway or immune components that are dysregulated, such as 
the inflammasome, IFN, or NF-κB pathways.20 
Major classes of monogenic AIDs. We describe the main classes 
of germline monogenic AIDs below  according to the mecha-
nism of innate immune pathway activation. Note that these are 
generalized classifications, whereas in reality, AIDs can fall into 
multiple different categories due to crosstalk between immune 
pathways. For example, mevalonate kinase deficiency (MKD) 
may fall under inflammasomopathies as well as enzyme defi-
ciencies. The regulation of inflammasomes, IFN, and NF-κB are 
depicted in Figure 2. 
• Inflammasomopathies. The inflammasome is a cellular struc-
ture that senses danger signals reflective of pathogen infiltration 
or tissue damage.22 Inflammation is induced through the aggre-
gation of inflammasome subunits and activation of caspase-1, 
which converts prointerleukin (IL)-1β and pro-IL-18 into their 
active forms for release. Different inflammasomes exist, which 
are distinguished and named according to their sensor subunit.
 Case 1 above exemplifies a typical inflammasomopathy that 
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arises from pathogenic variants in genes encoding inflammasome 
components or proteins that directly or indirectly interact with 
inflammasomes. Typical clinical features include recurrent 
fevers, neutrophilic rashes, arthritis, and serositis.23 Some inflam-
masomopathies are predominantly IL-1–mediated, and so they 
respond to IL-1 inhibition. These include FMF, CAPS, Majeed 
syndrome, and NLRP12-related AID. Some conditions involve 
the IL-1 pathway but are not technically inflammasomopathies 
given the absence of mutations affecting the inflammasome 
itself. Examples include deficiency of IL-1 receptor antagonist 
(DIRA; Figure 1D) caused by loss of endogenous IL-1 inhibitor, 
and X-linked inhibitor of apoptosis protein (XIAP) deficiency, 
whereby loss of XIAP results in disinhibited NLRP3 inflam-
masome signaling.24,25

 Some inflammasomopathies can also present with hemo-
phagocytic lymphohistiocytosis and are characterized by 
elevated IL-1826 such as NLRC4 GOF disease.26-28 
• Interferonopathies. The type 1 IFNs include IFN-α and IFN-β, 
and signal through the IFN receptor. Interferonopathies 
arise from mutations in genes that regulate the sensing and 
processing of nucleic acid, resulting in the inappropriate and 
excessive production of type 1 IFN.12,29 These include AGS 
(TREX1, SAMHD1, RNASEH2A, RNASEH2B and ADAR1), 
STAT2 GOF,  USP18-related pseudo–toxoplasmosis, other, 
rubella, cytomegalovirus, and herpes simplex (TORCH), 
SAVI (TMEM173), Singleton-Merton syndrome (IFIH1 
and DDX38), and coatomer protein subunit alpha (COPA) 
syndrome.12,30 Further, mutations in genes (such as PSMB8, 
PSMB10, PSMC5, POMP) that impair proteosome func-
tion can lead to the accumulation of aberrant proteins and the 
unfolded protein response, which drives IFN signaling.31-33 
 Case 2 discussed above exemplifies a typical interferonop-
athy. Although clinical manifestations vary, classic features of 
interferonopathies include panniculitis, lipodystrophy, leuko-
cytoclastic vasculitis, interstitial lung disease, and intracranial 
calcifications.12 Acute-phase reactants (eg, CRP) may not be 

elevated. The IFN gene expression score is available at some 
research centers and can be diagnostically helpful by quantifying 
the expression level of genes induced by type 1 IFN.34 Treatment 
with Janus kinase ( JAK) inhibitors has been effective in these 
AIDs.35,36 
• NF-ϰB–opathies. The NF-κB pathway is central to many 
inflammatory processes. It consists of upstream receptors, inter-
mediary signaling complexes, and transcription factors that 
translocate into the nucleus to drive proinflammatory gene 
expression. Some NF-κB–opathies, such as haploinsufficiency 
of A20 (HA20), arise from LOF mutations in enzymes that 
normally inhibit NF-κB activation.37 Other examples of AIDs 
driven by NF-κB dysregulation include RAID, RNF31 defi-
ciency, RIPK1 deficiency or GOF, otulipenia (FAM105B), Blau 
syndrome (NOD2), and CARD14-mediated pustular psoriasis 
(PsO).19,38 
 Case 3 above exemplifies a typical NF-κB–opathy. Due to 
the ubiquitous nature of the NF-κB pathway, the spectrum of 
clinical manifestations is broad but typically includes rashes, 
mucocutaneous ulceration, and arthritis.39 More serious features 
can also occur such as uveitis, inflammatory bowel disease, and 
immune deficiency. In addition to corticosteroids, TNF inhibi-
tors (TNFi) can be effective.39

• Cytoskelopathies. Beyond the orchestration of leukocyte mobility 
and phagocytosis, the actin cytoskeleton is also critical in forming 
immune synapses and thus in regulating inflammatory responses.40 
Mutations in genes that regulate the actin cytoskeleton hence 
lead to cytoskelopathies (sometimes referred to as actinopathies) 
marked by frank immune dysregulation. Autoinflammatory 
conditions under this category include neonatal onset of 
pancytopenia, autoinflammation, rash, and hemophagocytosis 
(NOCARH), as well as deficiencies of ARPC1B, NCKAP1, and 
WDR1. Overlapping with some inflammasomopathies, pyogenic 
arthritis, pyoderma gangrenosum, and acne syndrome (PAPA) 
and cytoskelopathies mediated by WDR1 and CDC42 mutations 
can also exhibit increased IL-18.41-43 

Figure 1. Clinical images of select AIDs. Patient consent was obtained to publish these images. (A) A 68-year-old man with Sweet 
syndrome related to VEXAS. (B) A 21-month-old girl with urticaria-like lesions characteristic of Muckle-Wells syndrome. (C) A 
10-year-old boy with Aicardi-Goutières syndrome (compound heterozygous variants in SAMHD1) showing chilblain lesions of the 
hands and pinna. (D) Severe psoriatic rash in a 2-year-old boy with DIRA. (E) Extensor tenosynovitis in a 3-year-old girl with Blau 
syndrome. (F) A glomerulus with segmental mesangial amyloid deposition; salmon pink staining of amyloid with Congo red in a 
10-year-old boy with TRAPS. (G) Purpuric subcutaneous nodules in a 15-month-old boy with DADA2. AID: autoinflammatory 
disease; DADA2: deficiency of adenosine deaminase 2; DIRA: deficiency of IL-1 receptor antagonist; TRAPS: tumor necrosis factor 
receptor–associated periodic syndrome; VEXAS: vacuoles, E1 enzyme, X-linked, autoinflammatory, somatic. 
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Figure 2. The regulation of NF-κB, IL-1, and type 1 IFN pathways and associated pathologies. AIM2: absent in melanoma 2; ASC: adaptor molecule apopto-
sis-associated speck-like protein containing a CARD; BAFFR: B cell–activating factor receptor; cAMP: cyclic adenosine 3,5-monophosphate; cGAMP: cyclic 
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• Enzymatic deficiencies and intersection with metabolism. LOF 
variants in genes that encode enzymes can lead to AID. These 
include MKD, deficiency of adenosine deaminase 2 (DADA2), 
sideroblastic anemia, immunodeficiency, fevers and develop-
mental delay (SIFD), purine nucleoside phosphorylase (PNP) 
deficiency, PLCG2-associated antibody deficiency and immune 
dysregulation (PLAID), and the related autoinflammation and  
PLAID (APLAID) syndrome, which has a prominent auto-
inflammatory component. The mechanism by which enzyme 
deficiencies lead to autoinflammation varies depending on the 
enzyme involved, but it generally remains an area under active 
investigation. 

Somatic monogenic AID
Mosaic diagnoses are important to consider in adults as they 
present later in life, sometimes with attenuated or atypical symp-
toms. Somatic mosaicism in NLRP3 could account for up to 
35% of patients with CAPS.44,45 Mosaicism in NLRC4 causes a 
late-onset autoinflammatory disease characterized by arthritis, 
recurrent fever, and skin rashes.46 Mosaicism has also been 
reported in Blau syndrome, TRAPS, and SAVI.47-49 
 Vacuoles, E1 enzyme, X-linked, autoinflammatory, somatic 
(VEXAS) syndrome, a new multisystem inflammatory condi-
tion first reported in 2020, is caused by somatic variants in 
UBA1.50 Typical autoinflammatory symptoms including fever, 
chondritis, eye inflammation, myocarditis, colitis, and arthritis 
are observed, in addition to neutrophilic dermatosis and vascu-
litis. Hematologic abnormalities are also common, including 
cytopenias, myelodysplastic syndrome, multiple myeloma, and 
vacuoles in myeloid cells on bone marrow aspirates. VEXAS 
should be suspected in elderly male individuals with autoin-
flammation and macrocytic anemia. Morbidity and mortality 
with this condition is high, as the only definitive therapy is bone 
marrow transplant. Treatment otherwise consists of corticoste-
roids and immunosuppression as used in more common rheu-
matic diseases. Hypomethylating agents such as azacytidine has 
shown efficacy in some cases of VEXAS.51 We anticipate many 
more somatic monogenic autoinflammatory diseases will be 
discovered in the future. 

Polygenic diseases
AOSD is a systemic inflammatory disorder and the adult coun-
terpart of systemic juvenile idiopathic arthritis ( JIA). The 
presentation and diagnosis are usually familiar to adult rheuma-
tologists and are discussed elsewhere.52 The pathophysiology is 
multifactorial and is thought to involve the activation of Toll-
like receptors (TLRs) and inflammasomes in monocytes. This 
can lead to the release of IL-1 and IL-18, which can result in 

macrophage activation syndrome, an important complication to 
monitor for, given its high morbidity and mortality.53,54 Systemic 
JIA is similar in presentation and pathophysiology, but occurs 
in children.55 Systemic JIA differs from the other subtypes of 
JIA in that its epidemiology, clinical features, and pathogen-
esis resemble a systemic AID more than a classic autoimmune 
arthritis. Studies have shown that the genetic architecture of 
systemic JIA is unique and differs from other subtypes of JIA, 
further supporting a shift in how it may be classified and concep-
tualized in the future.56

 PFAPA syndrome occurs primarily in young children, 
although it is being increasingly recognized as an important 
cause of fever of unknown origin in adults as well.57-59 Although 
family clustering of periodic fevers can occur in PFAPA, a mono-
genic etiology has not been found.14 Diagnosis is ultimately clin-
ical but can be guided by the Marshall or Eurofever criteria. These 
specify the clockwork periodicity of fevers and cardinal features 
specified in the syndrome name, duration of 3 to 6 days, exclu-
sion of other conditions, elevated inflammatory markers during 
flares, and normalization of clinical and laboratory abnormali-
ties between flares.60,61 Diagnosis is based on the clockwork peri-
odicity of fevers and cardinal features specified in the syndrome 
name, duration of 3 to 6 days, exclusion of other conditions, 
elevated inflammatory markers during flares, and normalization 
of clinical and laboratory abnormalities in between. Prednisone 
is helpful in aborting attacks, and colchicine may reduce the 
frequency and severity of attacks. Tonsillectomy can be curative 
in some cases.
 Some patients with systemic inflammation do not have 
an identifiable monogenic cause and do not fit the criteria for 
AOSD or PFAPA.62,63 There are various diagnostic labels for 
this patient population in the literature, such as the syndrome 
of undifferentiated recurrent fever (SURF), which are applicable 
when recurrent fevers are the predominant feature.62 Otherwise, 
these patients are also described as having unclassified systemic 
autoinflammatory disease (USAID). Age of onset is variable, and 
adult-onset disease is common. These patients often present with 
flares of inflammation in various organ systems and may have 
milder ongoing symptoms between attacks. In our cohort (An, 
unpublished data, June 2024), most patients report a trigger that 
preceded disease onset or clinical worsening. Some, but not all, 
have elevated inflammatory markers. Common variants in auto-
inflammatory genes (eg, MEFV, NOD2, NLRP3) are sometimes 
uncovered, of which their pathogenic contribution remains 
unclear.63 Some studies suggest that these variants of uncertain 
significance may be risk factors that predispose an individual to 
developing autoinflammation.64 Depending on the phenotypic 
manifestations, trials of colchicine, disease-modifying antirheu-

guanosine monophosphate–adenosine monophosphate; cGAS: cyclic GMP-AMP synthase; CIAP: cellular inhibitor of apoptosis; IFI: interferon γ-inducible 
protein; IFN: interferon; IKK: IκB kinase; IL: interleukin; IRF: interferon regulatory factor; JAK: Janus kinase;  LTBR: lymphotoxin-β receptor; LUBAC: 
linear ubiquitin assembly complex; MDA: melanoma differentiation–associated protein 5; mROS: mitochondrial reactive oxygen species; NF: nuclear factor; 
NIK: NF-κB-inducing kinase; P/DAMP: pathogen/damage associated molecular patterns; PLT: platelet; RANK: receptor activator of NF-κB; RIG: retinoic 
acid-inducible gene; STING: stimulator of IFN genes; TBK: TANK-binding kinase 1; TLR: Toll-like receptor; TNF: tumor necrosis factor; TNFR: tumor 
necrosis factor receptor; TRADD: tumor necrosis factor receptor–1 associated death domain; TRAF: tumor necrosis factor receptor–associated factor; TYK: 
tyrosine kinase; WBC: white blood cell; ZBP: Z-DNA-binding protein.
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matic drugs, corticosteroids (short courses), IL-1 inhibitors, or 
TNFi may be beneficial.62,65 
 Gout is an inflammatory malady well known to adult rheu-
matologists that spans the domains of metabolism and auto-
inflammation. It is a polygenic condition, and polymorphisms 
have been identified in genes that regulate urate production, 
excretion, and innate immunity. Specifically, these include vari-
ants in genes encoding TLRs, CARD8, IL1β, PPARGC1B, 
and components of the NLRP3 inflammasome.66 Its patho-
genesis involves monosodium urate (MSU) crystals acting as 
DAMPs, and activating leukocytes through TLR2 and TLR4 
leading to endocytosis and subsequent activation of the NLRP3 
inflammasome and release of active IL-1 and IL-18.67,68 Like 
many other AIDs, gout flares are self-limited. This process of 
self-resolution has been linked to the production of neutrophil 
extracellular traps that sequester MSU crystals and cytokines, 
as well as promote neutrophil death.69 Although the metabolic 
aspects are addressed by urate-lowering agents, the autoinflam-
matory component responds well to colchicine. This may act 
through disrupting the cytoskeletal machinery that traffics crys-
tals to the inflammasome and the ASC subunit to the NLRP3 
sensor during inflammasome formation.67,70 IL-1 inhibitors have 
also been shown to be effective.71 
 Chronic recurrent multifocal osteomyelitis (CRMO)/
chronic nonbacterial osteomyelitis (CNO) is an inflamma-
tory disease of bone characterized by recurrent attacks of 
bone pain with or without swelling.72 The usual age of onset is 
8-12 years and female individuals are slightly more commonly 
affected than male individuals. Typical sites of involvement 
include metaphyses of long bones, medial clavicle, mandible, 
and vertebral bodies. Extraosseous manifestations are common 
and include PsO, palmoplantar pustulosis, acne, and inflam-
matory bowel disease. Adults have similar bony lesions as 
part of synovitis, acne, pustulosis, hyperostosis, and osteitis 
(SAPHO) syndrome.73 IL-1 appears to be central to the patho-
genesis of CRMO, as similar bony lesions also occur in certain   
IL-1–mediated monogenic diseases such as PAPA syndrome, 
DIRA, and Majeed syndrome.24,74,75 Recently, classification 
criteria have been proposed for CRMO/CNO.76

 Pericarditis is a frequent manifestation of classic autoinflam-
matory diseases such as FMF and TRAPS. However, it most 
frequently occurs in an isolated fashion and the vast majority of 
patients do not have a detectable underlying etiology. Pericarditis 
can be recurrent in 20% to 40% of cases. When common etiol-
ogies such as infection, malignancy, trauma (including post 
surgery), and autoimmune diseases have been excluded, a diag-
nosis of idiopathic recurrent pericarditis can be made.77 This 
is defined as a relapse of disease after a documented first acute 
episode followed by a symptom-free interval of at least 4 weeks.78 
Idiopathic recurrent pericarditis is considered an AID mediated 
by IL-1, supported by the excellent clinical response to treat-
ment with colchicine and IL-1 blocking agents.79-81

Mimics of classic rheumatic disease
Inflammatory arthritis (IA) can be a nonspecific manifestation 
of monogenic inflammasomopathies, interferonopathies, and 

disorders affecting the NF-κB pathway.13 For example, Blau 
syndrome is characterized by tenosynovitis (Figure 1E), arthritis, 
and uveitis, among other features, and thus is often mistaken for 
JIA.82 Monogenic autoimmune lymphoproliferative syndrome 
(ALPS) and complex immune dysregulation diseases such 
as CTLA4 and lipopolysaccharide-responsive and beige-like 
anchor protein (LRBA) haploinsufficiency may also cause IA.13 
Paradoxically, IA can be seen in immune deficiency disorders 
such as chronic granulomatous disease.83 
 BD can be mimicked by mutations in genes involved in the 
NF-κB pathway such as NFΚB1, TNFAIP3, OTULIN, and 
RELA.19,84 These disorders may present with mucosal ulcer-
ations, ocular lesions, pathergy, and vasculitis. Interestingly, 
BD has also been associated with myelodysplastic syndrome in 
patients with acquired trisomy 8.85 
 SLE is another highly variable phenotype for which over 30 
monogenic causes have been documented.86 These involve genes 
that encode early complement proteins, or those that repair and 
remove damaged DNA such as DNASE1L3 and DNASE2.87 
Mutations in nucleic acid sensing genes such as TREX1 and 
type 1 IFN responsive genes such as IFIH1 can also drive SLE 
development. 
 Vasculitis can be caused by monogenic AIDs such as DADA2 
(Figure 1G), COPA syndrome, hemopoietic cell kinase (HCK) 
AID, and SAVI.29,30,88,89 For example, DADA2 can present 
as vasculopathy resembling polyarteritis nodosa as its major 
manifestation, and may also be associated with cytopenias and 
immune deficiency.89 SAVI is also a classic autoinflammatory 
cause of vasculitis and has been reported to exhibit positive 
ANCA titers in some patients.90

 As discussed earlier, VEXAS is an important mimic of 
relapsing polychondritis, IA, and Sweet syndrome (Figure 1A). 
More rarely, it can also present with polyarteritis nodosa and 
giant cell arteritis.50 
 Rheumatologic disorders mimicked by monogenic immuno-
logic diseases are summarized in Table 3. 

Clinical approach
Clinical suspicion. Given the potentially severe effect on quality 
of life and threat of organ damage, it is important to maintain 
a high index of suspicion for AID in appropriate patients. AID 
should be considered in patients with recurrent documented 
fevers where more common causes such as infection, malig-
nancy, and autoimmune diseases have been excluded. However, 
it is important to note that absence of fevers does not rule out 
autoinflammation. Features such as ethnicity, consanguinity, 
or close family members having similar symptoms may raise 
suspicion, as well as early age of disease onset. AID should be 
considered in the presence of stereotyped flares of inflammatory 
manifestations including rash, arthritis, pleuritis, peritonitis, 
lymphadenopathy, pharyngitis, or ocular inflammation. Initial 
symptom- free intervals may coalesce into more chronic features 
later in the disease course if left untreated.91 
 Patients with monogenic AID may exhibit syndromic features 
(eg, developmental delay, dysmorphic facies), or other aspects of 
dysregulated immunity, such as immune deficiency, atopy, auto-
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immunity, lymphoproliferation, or cell line dyscrasias. Typical 
rheumatic diseases with unusual manifestations should also raise 
suspicion for AID (eg, a man with relapsing polychondritis but 
also skin nodules and macrocytic anemia should raise suspicion 
for VEXAS). Laboratory features that should prompt suspicion 
of AID include markers of inflammation such as elevated CRP, 
ESR, or ferritin.11 Similarly, normocytic anemia and hypoalbu-
minemia may indicate inflammation. Proteinuria may be a sign 
of amyloidosis (Figure 1F) and reduced hearing thresholds may 
reflect sensorineural hearing loss in longstanding untreated AID. 
AID should be considered in patients exhibiting a response to 
colchicine, which can be seen in AIDs driven by IL-1, or who are 
unusually refractory to standard medications.92 
Investigation and diagnosis. The first step in the investigation of 
autoinflammation is the exclusion of noninflammatory disorders 
such as infection and malignancy. The physician should then 
consider the features discussed earlier that raise clinical suspi-
cion for AID. 
 If there is clinical suspicion for AID, the second step is to 
carry out deep phenotyping. A detailed personal and family 
history should be conducted, including the construction of a 
comprehensive pedigree to delineate inheritance patterns and 
identify additional affected family members. A thorough phys-
ical examination should be performed, followed by laboratory 
testing to establish objective evidence of inflammation, such 
as with acute-phase markers and serum amyloid A. Laboratory 
testing may also provide clues to the category of AID. For 

example, CRP may be significantly elevated in inflammasomop-
athies but normal in interferonopathies. Serum amyloid A can 
be used to detect and monitor inflammation in AIDs such as 
FMF. Metabolite testing can be helpful in some disorders, such 
as urine mevalonate acid in MKD, and enzyme activity levels 
in others, such as adenosine deaminase 2 in DADA2. Imaging 
with positron emission tomography or enhanced MRI can help 
uncover hidden foci of inflammation and guide potential tissue 
sampling, which can shed light into the underlying etiologies 
driving inflammation. For example, biopsy showing neutrophilic 
infiltration in an atypical urticarial lesion (Figure 1B) favors an 
autoinflammatory rather than an atopic process.
 The third step involves genetic testing, often with panels, 
which include some AID-associated genes as outlined above. 
If panel testing is nondiagnostic, clinicians can consider exome 
or genome sequencing, which is becoming increasingly avail-
able as a clinical test. A genetic diagnosis is confirmed when the 
phenotype matches the genotype, and a correlation is made by 
the clinician. Such a precise diagnosis allows for personalized 
therapy and familial testing to inform recurrence risk where 
appropriate. If genetic testing is nondiagnostic, more advanced 
cytokine profiling can be obtained in some tertiary centers to 
reveal the immune pathways affected and, in turn, help guide 
treatment. 
Treatment. The treatment of AIDs hinges on establishing a 
molecular diagnosis, which can guide the selection of thera-
pies to block the aberrant immune component itself, or other 

Table 3. Autoinflammatory mimics of classic rheumatic diseases. 

 Autoinflammatory Mimics Notes

Inflammatory arthritis ALPS, Blau, AOSD, FMF, Majeed syndrome,  IA can be seen in virtually any autoinflammatory
 TRAPS, MWS, VEXAS, PAPA, COPA, LACC1 condition
Juvenile dermatomyositis CANDLE, SAVI, PAAND, DADA2 –
Behçet disease HA20, RAID, NFKB1, otulipenia, trisomy 8, PFIT,  There are many monogenic causes of very
 veoIBD, PAPA, PFAPA, MKD, NLRP12, DITRA,  early-onset IBD
 cryopyrinopathies, VEXAS, CAPS  
Systemic lupus erythematosus C1q/r/s, C4, C2, DNASE1L3, DNASE2, IKZF2,  List is not exhaustive; there are many other
 SOCS1, AGS, HA20, RAID, ALPS, Castleman  monogenic causes of SLE
 disease, SPENCD, DNASE1, UNC93B  
Vasculitis DADA2, COPA, SAVI, VEXAS, PAAND, AGS5,  –
 SPENCD, otulipenia, HCK, ARPC1B, FMF 
Relapsing polychondritis VEXAS VEXAS can also cause Sweet syndrome, vasculitis, 
  and arthritis
Spondyloarthritis FMF, CRMO FMF is associated with many inflammatory 
  conditions, for which the most common is SpA
Polymyalgia rheumatica Protracted FMF, TRAPS –

Italicized terms represent genes (eg, DNASE1L3) where pathogenic variants cause diseases that do not have names or acronyms (eg, FMF, TRAPS). Specific 
details and full names of diseases under column “autoinflammatory mimics” can be found in Table  1. AGS: Aicardi-Goutières syndrome; ALPS: autoim-
mune lymphoproliferative syndrome; AOSD: adult-onset Still disease; CANDLE: chronic atypical neutrophilic dermatosis with lipodystrophy and elevated 
temperature; CAPS: cryopyrin-associated periodic fever syndrome; COPA: coatomer protein subunit alpha; CRMO: chronic recurrent multifocal osteomy-
elitis; DADA2: deficiency of adenosine deaminase 2; DITRA: deficiency of the IL-36 receptor antagonist; FMF: familial Mediterranean fever; HA20: hap-
loinsufficiency of A20; IBD: inflammatory bowel disease; MKD: mevalonate kinase deficiency; MWS: Muckle-Wells syndrome; PAAND: pyrin-associated 
autoinflammation with neutrophilic dermatosis; PAPA: pyogenic arthritis, pyoderma gangrenosum, and acne syndrome; PFAPA: periodic fever, aphthous sto-
matitis, pharyngitis, and adenitis; PFIT: periodic fever, immunodeficiency, and thrombocytopenia syndrome; RAID: RELA-associated inflammatory disease; 
SAVI: stimulator of interferon genes–associated vasculopathy with onset in infancy; SPENCD: spondyloenchondrodysplasia; TRAPS: tumor necrosis factor 
receptor–associated periodic syndrome; VEXAS: vacuoles, E1 enzyme, X-linked, autoinflammatory, somatic. 
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elements of the relevant pathway to modulate the inflammatory 
response. 
 Colchicine is a well-established treatment for FMF, BD, gout, 
idiopathic recurrent pericarditis, and PFAPA. In FMF, it has 
been shown to reduce frequency and severity of flares, as well as 
in preventing amyloidosis. Response to colchicine thus supports 
an autoinflammatory etiology and can also be helpful diagnosti-
cally in patients with SURF who lack a genetic diagnosis.93 
 Inhibiting the action of ILs can be helpful for AIDs. IL-1 
blockers are effective for inflammasomopathies such as FMF, 
CAPS, and gout.92 They are also used to treat MKD and DIRA. 
For patients who have infrequent attacks, on-demand anak-
inra can be a helpful strategy to minimize chronic medication 
burden. Anakinra, rilonacept, and canakinumab have also shown 
benefit in other conditions with a complex pathophysiology that 
may not be directly or solely driven by IL-1, such as TRAPS, 

AOSD, idiopathic recurrent pericarditis, and USAID.65 Work 
is underway to develop oral agents, such as NLRP3 blockers in 
CAPS, that can more selectively target the defective immune 
component.94 
 IL-6 blockers can be useful in a variety of AIDs including 
AOSD, VEXAS, multicentric Castleman disease, cytokine 
storm secondary to coronavirus disease 2019 (COVID-19), and 
some immune dysregulatory conditions such as signal transducer 
and activator of transcription 3 (STAT3) GOF disease.51,52,95-97

 Anti–IL-17 or anti–IL-12/IL-23 inhibition is useful in 
the treatment of generalized pustular PsO (deficiency of IL-36 
receptor antagonist [DITRA], CARD14). IL-18 inhibitors (eg, 
recombinant IL-18BP) may be helpful in NLRC4 GOF and 
XIAP deficiency.27 
 TNFi can be helpful in conditions of dysregulated NF-κB 
signaling such as HA20, RAID, and Blau syndrome.93 TNFi are 

Figure 3. Algorithm in the management of AID from clinical and laboratory evaluation to treatment. Clinical features to raise suspicion of AID are 
detailed in box 1. Clinical assessment should include those outlined in box 2. Laboratory testing can be ordered as detailed in box 3. Genetic testing can 
be ordered according to what is available clinically or via research as outlined in box 4. Diagnosis is optimally made by molecular testing, but if genetic 
testing is not definitive then other variables can be used to help classify the type of AID as outlined in box 5. Treatment may be targeted to a molecular 
diagnosis, but otherwise, first- and second-line empiric therapy may be initiated as outlined in box 6. AID: autoinflammatory disease; CBC: complete 
blood count; CRP: C-reactive protein; ESR: erythrocyte sedimentation rate; IFN: interferon; IL: interleukin; JAK: Janus kinase; NF: nuclear factor; 
NSAID: nonsteroidal antiinflammatory drug; SPEP: serum protein electrophoresis; TNF: tumor necrosis factor.
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also the first-line treatment in patients with DADA2 and have 
been shown to reduce inflammatory manifestations as well as 
recurrence of strokes.98 
 JAK inhibition is effective in the treatment of interferonop-
athies such as SAVI, AGS, and proteasome disorders.93 Higher 
doses are often required to treat patients with interferonopathies
compared to patients with rheumatoid arthritis.36 This class of 
medications is also effective in VEXAS and certain immune 
dysregulatory disorders.51,95 Potential adverse effects include BK 
viremia and viruria, herpes virus, as well as upper respiratory and 
gastrointestinal infections.29

 The clinical approach from suspicion to investigation and 
treatment is summarized in Figure 3. 
 As research reveals further insights into the pathophysi-
ology of immune dysregulatory disorders, novel therapeutics 
can be developed to target aberrant immune pathways. For 
example, elevated levels of granulocyte-colony stimulating factor 
(G-CSF) were recently found in serum of patients and mouse 
models with APLAID.99 Treatment with anti–G-CSF reversed 
autoinflammation as well as immune deficiency, highlighting its 
potential to be a disease-altering therapy. 

State of current genetic services and future directions
A common barrier for patients with systemic AIDs includes 
restriction of higher-tier genetic testing (ie, beyond panels) to 
clinical geneticists, coupled with long wait times for genetics 
consultations. Although panel testing can usually be ordered 
by any physician, it is limited by the number of included genes, 
which may not always reflect the newest discoveries. One possible 
solution is enrollment into research studies for exome or genome 
sequencing, as well as transcriptomic profiling to evaluate gene 
expression. As technology continues to improve and costs for 
genetic services further decrease, we hope that widened acces-
sibility to clinical genetic tests will ultimately reduce diagnostic 
delay and improve diagnostic yield along with patient outcomes.

ACKNOWLEDGMENT
We would like to thank Dr. Dilan Dissanayake for sharing his expertise and 
review of our manuscript. We are grateful to all the patients and families who 
have provided us with permission to anonymously share their clinical cases. 

REFERENCES
 1. McDermott MF, Aksentijevich I, Galon J, et al. Germline mutations 

in the extracellular domains of the 55 kDa TNF receptor, TNFR1, 
define a family of dominantly inherited autoinflammatory 
syndromes. Cell 1999;97:133-44.

 2. French FMF Consortium. A candidate gene for familial 
Mediterranean fever. Nature 1997;17:25-31.

 3. Wekell P, Berg S, Karlsson A, Fasth A. Toward an inclusive, 
congruent, and precise definition of autoinflammatory diseases. 
Front Immunol 2017;8:497.

 4. Ben-Chetrit E, Touitou I. Familial Mediterranean fever in the world. 
Arthritis Rheum 2009;61:1447-53.

 5. Delplanque M, Fayand A, Bousier G, Grateau G, Savey L,  
Georgin-Lavialle S. Diagnostic and therapeutic algorithms for 
monogenic autoinflammatory diseases presenting with recurrent 
fevers among adults. Rheumatology 2023;8:2665-72.

 6. Hua Y, Wu D, Shen M, Yu K, Zhang W, Zeng X. Phenotypes and 

genotypes of Chinese adult patients with systemic autoinflammatory 
diseases. Semin Arthritis Rheum 2019;49:446-52.

 7. Rigante D, Vitale A, Natale MF, Cantarini L. Lights and shadows 
in autoinflammatory syndromes from the childhood and adulthood 
perspective. Clin Rheumatol 2016;35:565-72.

 8. Hernández-Rodríguez J, Ruíz-Ortiz E, Tomé A, et al. Clinical and 
genetic characterization of the autoinflammatory diseases diagnosed 
in an adult reference center. Autoimmun Rev 2016;15:9-15.

 9. de Jesus AA, Canna SW, Liu Y, Goldbach-Mansky R. Molecular 
mechanisms in genetically defined autoinflammatory diseases: 
disorders of amplified danger signaling. Annu Rev Immunol 
2015;33:823-74.

 10. Schnappauf O, Aksentijevich I. Current and future advances 
in genetic testing in systemic autoinflammatory diseases. 
Rheumatology 2019;58 Suppl 6:vi44-55.

 11. Nigrovic PA, Lee PY, Hoffman HM. Clinical reviews in allergy and 
immunology monogenic autoinflammatory disorders: conceptual 
overview, phenotype, and clinical approach. J Allergy Clin Immunol 
2021;146:925-37.

 12. Crow YJ, Manel N. Aicardi-Goutières syndrome and the type I 
interferonopathies. Nat Rev Immunol 2015;15:429-40.

 13. Köstel Bal SK, Pazmandi J, Boztug K, Özen S. Rheumatological 
manifestations in inborn errors of immunity. Pediatr Res 
2020;87:293-9.

 14. Hashkes PJ, Laxer RM, Simon A. Textbook of autoinflammation. 
Berlin: Springer; 2019.

 15. Boisson B, Laplantine E, Dobbs K, et al. Human HOIP and 
LUBAC deficiency underlies autoinflammation, immunodeficiency, 
amylopectinosis, and lymphangiectasia. J Exp Med 2015; 
212:939-51.

 16. Tokunaga F, Sakata S, Saeki Y, et al. Involvement of linear 
polyubiquitylation of NEMO in NFκB activation. Nat Cell Biol 
2009;11:123-32.

 17. López-Nevado M, González-Granado LI, Ruiz-García R, et 
al. Primary immune regulatory disorders with an autoimmune 
lymphoproliferative syndrome-like phenotype: immunologic 
evaluation, early diagnosis and management. Front Immunol 
2021;12:671755.

 18. Wang BX, Grover SA, Kannu P, et al. Interferon-stimulated gene 
expression as a preferred biomarker for disease activity in  
Aicardi–Goutieres syndrome. J Interferon Cytokine Res 
2017;37:147-52.

 19. An JW, Pimpale-Chavan P, Stone DL, et al. Case report: novel 
variants in RELA associated with familial Behcet’s-like disease. Front 
Immunol 2023;14:1127085.

 20. Georgin-Lavialle S, Ducharme-Benard S, Sarrabay G, Savey L, 
Grateau G, Hentgen V. Systemic autoinflammatory diseases: clinical 
state of the art. Best Pract Res Clin Rheumatol 2020;34:101529.

 21. Hoffman HM, Broderick L. Editorial: it just takes one: somatic 
mosaicism in autoinflammatory disease. Arthritis Rheumatol 
2017;69:253-6.

 22. Guo H, Callaway JB, Ting JPY. Ting JP. Inflammasomes: 
mechanism of action, role in disease, and therapeutics. Nat Med 
2015;21:677-87.

 23. Lancieri M, Bustaffa M, Palmeri S, et al. An update on familial 
Mediterranean fever. Int J Mol Sci 2023;24:1-24.

 24. Aksentijevich I, Masters SL, Ferguson PJ, et al. An autoinflammatory 
disease with deficiency of the interleukin-1-receptor antagonist.  
N Engl J Med 2009;360:2426-37.

 25. Mudde ACA, Booth C, Marsh RA. Evolution of our understanding 
of XIAP deficiency. Front Pediatr 2021;9:660520.

 26. Krei JM, Møller HJ, Larsen JB. The role of interleukin-18 
in the diagnosis and monitoring of hemophagocytic 

 www.jrheum.orgDownloaded on April 19, 2025 from 

http://www.jrheum.org/


860 Autoinflammatory diseases

lymphohistiocytosis / macrophage activation syndrome - a 
systematic review. Clin Exp Immunol 2021;203:174-82.

 27. Canna SW, Girard C, Malle L, et al. Life-threatening  
NLRC4-associated hyperinflammation successfully treated with  
IL-18 inhibition. J Allergy Clin Immunol 2017;139:1698–1701. 

 28. Wada T, Kanegane H, Ohta K, et al. Sustained elevation of 
serum interleukin-18 and its association with hemophagocytic 
lymphohistiocytosis in XIAP deficiency. Cytokine 2014;65:74-8.

 29. Sanchez GAM, Reinhardt A, Ramsey S, et al. JAK1/2 
inhibition with baricitinib in the treatment of autoinflammatory 
interferonopathies. J Clin Invest 2018;128:3041-52.

 30. Watkin LB, Jessen B, Wiszniewski W, et al. COPA mutations impair 
ER-Golgi transport and cause hereditary autoimmune-mediated 
lung disease and arthritis. Nat Genet 2015;47:654-60.

 31. Ebstein F, Poli Harlowe MC, Studencka-Turski M, Krüger E. 
Contribution of the Unfolded Protein Response (UPR) to the 
Pathogenesis of Proteasome-Associated Autoinflammatory 
Syndromes (PRAAS). Front Immunol 2019;10:2756.

 32. Poli MC, Ebstein F, Nicholas SK, et al. Heterozygous truncating 
variants in POMP escape nonsense-mediated decay and cause 
a unique immune dysregulatory syndrome. Am J Hum Genet 
2018;102:1126-42.

 33. Papendorf JJ, Ebstein F, Alehashemi S, et al.. Identification  
of eight novel proteasome variants in five unrelated cases of  
proteasome-associated autoinflammatory syndromes (PRAAS). 
Front Immunol 2023;14:1190104.

 34. Rice GI, Forte GMA, Szynkiewicz M, et al. Assessment of 
interferon-related biomarkers in Aicardi-Goutières syndrome 
associated with mutations in TREX1, RNASEH2A, RNASEH2B, 
RNASEH2C, SAMHD1, and ADAR: a case-control study. Lancet 
Neurol 2013;12:1159-69.

 35. Vanderver A, Adang L, Gavazzi F, et al. Janus kinase Inhibition in 
the Aicardi—Goutières syndrome. N Engl J Med 2020;383:981-9.

 36. Kim H, Brooks KM, Tang CC, et al. Pharmacokinetics, 
pharmacodynamics and proposed dosing of the oral JAK1 and JAK2 
inhibitor baricitinib in pediatric and young adult CANDLE and 
SAVI patients. J Clin Invest. 2018;104:364-73.

 37. Takagi M, Ogata S, Ueno H, et al. Haploinsufficiency of 
TNFAIP3 (A20) by germline mutation is involved in autoimmune 
lymphoproliferative syndrome. J Allergy Clin Immunol 
2017;139:1914-22.

 38. Aksentijevich I, Zhou Q. NF-κ B pathway in autoinflammatory 
diseases: dysregulation of protein modifications by ubiquitin defines 
a new category of autoinflammatory diseases. Front Immunol 
2017;8:399.

 39. Schnappauf O, Aksentijevich I. Mendelian diseases of dysregulated 
canonical NF-kB signaling: from immunodeficiency to 
inflammation. J Leukoc Biol 2020;108:573-89.

 40. Papa R, Penco F, Volpi S, Gattorno M. Actin remodeling defects 
leading to autoinflammation and immune dysregulation. Front 
Immunol 2020;11:604206.

 41. Stone DL, Ombrello A, Arostegui JI, et al. Excess serum 
interleukin-18 distinguishes patients with pathogenic mutations in 
PSTPIP1. Arthritis Rheumatol 2022;74:353-7.

 42. Kim ML, Chae JJ, Park YH, et al. Aberrant actin depolymerization 
triggers the pyrin inflammasome and autoinflammatory disease that 
is dependent on IL-18, not IL-1β. J Exp Med 2015;212:927-38.

 43. Lam MT, Coppola S, Krumbach OHF, et al. A novel disorder 
involving dyshematopoiesis, inflammation, and HLH due to 
aberrant CDC42 function. J Exp Med 2019;216:2778-99.

 44. Rowczenio DM, Gomes SM, Aróstegui JI, et al. Late-onset 
cryopyrin-associated periodic syndromes caused by somatic 
NLRP3 mosaicism-UK single center experience. Front Immunol 
2017;8:1410.

 45. Lasigliè D, Mensa-Vilaro A, Ferrera D, et al. Cryopyrin-associated 
periodic syndromes in Italian patients: evaluation of the rate of 
somatic NLRP3 mosaicism and phenotypic characterization.  
J Rheumatol 2017;44:1667-73.

 46. Wang J, Ye Q, Zheng W, et al. Low-ratio somatic NLRC4 mutation 
causes late-onset autoinflammatory disease. Ann Rheum Dis 
2022;81:1173-8.

 47. de Inocencio J, Mensa-Vilaro A, Tejada-Palacios P, et al. Somatic 
NOD2 mosaicism in Blau syndrome. J Allergy Clin Immunol 
2015;136:484-7.e2.

 48. Kontzias A, Zarabi SK, Calabrese C, et al.. Somatic mosaicism in 
adult-onset TNF receptor-associated periodic syndrome (TRAPS). 
Mol Genet Genomic Med 2019;7:e791.

 49. Liu Y, Jesus AA, Marrero B, et al. Activated STING in a vascular and 
pulmonary syndrome. N Engl J Med 2014;371:507-18.

 50. Beck DB, Ferrada MA, Sikora KA, et al.. Somatic Mutations in 
UBA1 and Severe Adult-Onset Autoinflammatory Disease. N Engl 
J Med 2020;383:2628-38.

 51. Bourbon E, Heiblig M, Gerfaud Valentin M, et al. Therapeutic 
options in VEXAS syndrome: insights from a retrospective series. 
Blood 2021;137:3682-4.

 52. Giacomelli R, Ruscitti P, Shoenfeld Y. A comprehensive review on 
adult onset Still’s disease. J Autoimmun 2018;93:24-36.

 53. Feist E, Mitrovic S, Fautrel B. Mechanisms, biomarkers and targets 
for adult-onset Still’s disease. Nat Rev Rheumatol 2018;14:603-18.

 54. Gerfaud-Valentin M, Jamilloux Y, Iwaz J, Sève P. Autoimmunity 
reviews adult-onset Still’s disease. Autoimmun Rev 2014;13:708-22.

 55. Martini A. Systemic juvenile idiopathic arthritis. Autoimmun Rev 
2012;12:56-9.

 56. Ombrello MJ, Arthur VL, Remmers EF, et al. Genetic architecture 
distinguishes systemic juvenile idiopathic arthritis from other forms 
of juvenile idiopathic arthritis: clinical and therapeutic implications. 
Ann Rheum Dis 2017;76:906-13.

 57. Hofer M, Pillet P, Cochard MM, et al. International periodic fever, 
aphthous stomatitis, pharyngitis, cervical adenitis syndrome cohort: 
description of distinct phenotypes in 301 patients. Rheumatology 
2014;53:1125-9.

 58. Cantarini L, Vitale A, Bartolomei B, Galeazzi M, Rigante D. 
Diagnosis of PFAPA syndrome applied to a cohort of 17 adults with 
unexplained recurrent fevers. Clin Exp Rheumatol 2012;30:269-71.

 59. Cantarini L, Vitale A, Sicignano LL, et al. Diagnostic criteria for 
adult-onset periodic fever, aphthous stomatitis, pharyngitis, and 
cervical adenitis (PFAPA) syndrome. Front Immunol 2017;8:1018.

 60. Marshall GS, Edwards KM, Lawton AR. PFAPA syndrome. Pediatr 
Infect Dis J 1989;8:658-9.

 61. Gattorno M, Hofer M, Federici S, et al. Classification criteria for 
autoinflammatory recurrent fevers. Ann Rheum Dis 2019; 
78:1025-32.

 62. Papa R, Penco F, Volpi S, Sutera D, Caorsi R, Gattorno M. 
Syndrome of undifferentiated recurrent fever (SURF): an 
emerging group of autoinflammatory recurrent fevers. J Clin Med 
2021;10:1963.

 63. Papa R, Rusmini M, Volpi S, et al. Next generation sequencing 
panel in undifferentiated autoinflammatory diseases identifies 
patients with colchicine-responder recurrent fevers. Rheumatology 
2020;59:344-60.

 64. Nomani H, Deng Z, Navetta-Modrov B, et al. Implications of 
combined NOD2 and other gene mutations in autoinflammatory 
diseases. Front Immunol 2023;14:1265404.

 65. Harrison SR, Mcgonagle D, Nizam S, et al. Anakinra as a diagnostic 
challenge and treatment option for systemic autoinflammatory 
disorders of undefined etiology. JCI Insight 2016;1:e86336.

 66. Major TJ, Dalbeth N, Stahl EA, Merriman TR. An update on 

 www.jrheum.orgDownloaded on April 19, 2025 from 

http://www.jrheum.org/


861An et al

the genetics of hyperuricaemia and gout. Nat Rev Rheumatol 
2018;14:341-53.

 67. Martinon F, Pétrilli V, Mayor A, Tardivel A, Tschopp J.  
Gout-associated uric acid crystals activate the NALP3 
inflammasome. Nature 2006;440:237-41.

 68. Szekanecz Z, McInnes IB, Schett G, Szamosi S, Benkő S, Szűcs 
G. Autoinflammation and autoimmunity across rheumatic and 
musculoskeletal diseases. Nat Rev Rheumatol 2021;17:585-95.

 69. Schauer C, Janko C, Munoz LE, et al. Aggregated neutrophil 
extracellular traps limit inflammation by degrading cytokines and 
chemokines. Nat Med 2014;20:511-7.

 70. Nagar A, Rahman T, Harton JA. The ASC speck and NLRP3 
inflammasome function are spatially and temporally distinct. Front 
Immunol 2021;12:752482.

 71. So A, De Smedt T, Revaz S, Tschopp J. A pilot study of IL-1 
inhibition by anakinra in acute gout. Arthritis Res Ther 2007;9:R28.

 72. Cox AJ, Zhao Y, Ferguson PJ. Chronic recurrent multifocal 
osteomyelitis and related diseases-update on pathogenesis. Curr 
Rheumatol Rep 2017;19:18.

 73. Firinu D, Garcia-Larsen V, Manconi PE, Del Giacco SR. SAPHO 
syndrome: current developments and approaches to clinical 
treatment. Curr Rheumatol Rep 2016;18:35.

 74. Ferguson PJ, El-Shanti H. Majeed syndrome: a review of the clinical, 
genetic and immunologic features. Biomolecules. 2021;11:367.

 75. Ferguson PJ, Laxer RM. New discoveries in CRMO: IL-1β, the 
neutrophil, and the microbiome implicated in disease pathogenesis 
in Pstpip2-deficient mice. Semin Immunopathol Verlag 
2015;37:407-12.

 76. Zhao Y, Naden R, Oliver M, et al. Comparison of clinicopathologic 
and imaging features between chronic nonbacterial osteomyelitis 
and its mimickers: a multinational 450 case-control study [abstract.]. 
Arthritis Rheumatol 2020;72. 

 77. Adler Y, Charron P. The 2015 ESC Guidelines on the diagnosis and 
management of pericardial diseases. Eur Heart J. 2015; 
36:2873-2874.

 78. Andreis A, Imazio M, Casula M, Avondo S, Brucato A. Recurrent 
pericarditis: an update on diagnosis and management. Intern Emerg 
Med 2021;16:551-8.

 79. Imazio M, Bobbio M, Cecchi E, et al. Colchicine as first-choice 
therapy for recurrent pericarditis: results of the CORE (COlchicine 
for REcurrent pericarditis) trial. Arch Intern Med 2005; 
165:1987-91.

 80. Brucato A, Imazio M, Gattorno M, et al. Effect of anakinra on 
recurrent pericarditis among patients with colchicine resistance and 
corticosteroid dependence: the AIRTRIP randomized clinical trial. 
JAMA 2016;316:1906-12.

 81. Klein AL, Imazio M, Cremer P, et al. Phase 3 trial of interleukin-1 
trap rilonacept in recurrent pericarditis. N Engl J Med 2021; 
384:31-41.

 82. Ellis JC, Faber BG, Uri IF, J Emerson S. Early onset sarcoidosis 
(Blau syndrome): erosive and often misdiagnosed. Rheumatology 
2020;59:1179-80.

 83. AlKhater S. A novel mutation in NCF2 resulting in very-early-onset 
colitis and juvenile idiopathic arthritis in a patient with chronic 
granulomatous disease. Allergy Asthma Clin Immunol 2019;15:68.

 84. Perazzio SF, Allenspach EJ, Eklund KK, et al. Behçet disease (BD) 
and BD-like clinical phenotypes: NF-κB pathway in mucosal 
ulcerating diseases. Scand J Immunol 2020;92:e12973.

 85. Shen Y, Ma H, Luo D, Cai J, Zou J, Guan JL. High incidence of 
gastrointestinal ulceration and cytogenetic aberration of trisomy 8 
as typical features of Behçet’s disease associated with myelodysplastic 
syndrome: a series of 16 consecutive Chinese patients from the 
Shanghai Behçet’s disease database and comparison with the 
literature. BioMed Res Int 2018;2018:8535091.

 86. Al-Mayouf SM, Akbar L, Abdwani R, et al. Performance of the 
EULAR/ACR 2019 classification criteria for systemic lupus 
erythematous in monogenic lupus. Clin Rheumatol 2022; 
41:2721-7.

 87. Lo MS. Monogenic Lupus. Curr Rheumatol Rep 2016;18:71.
 88. Kanderova V, Svobodova T, Borna S, et al. Early-onset pulmonary 

and cutaneous vasculitis driven by constitutively active SRC-family 
kinase HCK. J Allergy Clin Immunol 2022;149:1464-1472.e3.

 89. Hashem H, Kelly SJ, Ganson NJ, Hershfield MS. Deficiency of 
adenosine deaminase 2 (DADA2), an inherited cause of polyarteritis 
nodosa and a mimic of other systemic rheumatologic disorders. Curr 
Rheumatol Rep 2017;19:70.

 90. Staels F, Betrains A, Doubel P, et al. Adult-onset ANCA-associated 
vasculitis in SAVI: extension of the phenotypic spectrum, case 
report and review of the literature. Front Immunol 2020;11:575219.

 91. Jamilloux Y, Belot A, Magnotti F, et al. Geoepidemiology 
and immunologic features of autoinflammatory diseases: a 
comprehensive review. Clin Rev Allergy Immunol 2018;54:454-79.

 92. Hoffman HM, Simon A. Recurrent febrile syndromes: what a 
rheumatologist needs to know. Nat Rev Rheumatol 2009;5:249-56.

 93. Nigrovic PA, Lee PY, Hoffman HM. Monogenic autoinflammatory 
disorders: conceptual overview, phenotype, and clinical approach.  
J Allergy Clin Immunol 2020;146:925-37.

 94. Coll RC, Schroder K, Pelegrín P. NLRP3 and pyroptosis blockers 
for treating inflammatory diseases. Trends Pharmacol Sci 
2022;43:653-68.

 95. Leiding JW, Vogel TP, Santarlas VGJ, et al. Monogenic  
early-onset lymphoproliferation and autoimmunity: natural history 
of STAT3 gain-of-function syndrome. J Allergy Clin Immunol 
2023;151:1081-95.

 96. Yoshizaki K, Murayama S, Ito H, Koga T. The role of interleukin-6 
in Castleman disease. Hematol Oncol Clin North Am 2018; 
32:23-36.

 97. Salama C, Han J, Yau L, et al. Tocilizumab in patients hospitalized 
with Covid-19 pneumonia. N Engl J Med 2021;384:20-30.

 98. Ombrello AK, Qin J, Hoffmann PM, et al. Treatment strategies for 
deficiency of adenosine deaminase 2. N Engl J Med 2019; 
380:1582-4.

 99. Mulazzani E, Kong K, Aróstegui JI, et al. G-CSF drives 
autoinflammation in APLAID. Nat Immunol 2023;24:814-26.

 www.jrheum.orgDownloaded on April 19, 2025 from 

http://www.jrheum.org/

