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Autoinflammatory syndromes:
Fever is not always a sign of infection

B ABSTRACT

Autoinflammatory syndromes are a newly understood
group of conditions characterized by recurrent episodes
of fever, rash, and serositis. Generalists and specialists
should know about and consider these syndromes in

the differential diagnosis of recurrent fever. This article
reviews the genetics, pathophysiology, clinical presenta-
tion, and treatment of several of these relatively recently
discovered diseases.

B KEY POINTS

In many of the autoinflammatory syndromes, genetic
abnormalities and consequent disordered regulation of
the innate immune system lead to overactivity of pro-
inflammatory cytokines and subsequent inflammatory
symptoms.

Early recognition and treatment with immunoregulatory
agents may improve quality of life and reduce the risk of
disease sequelae.

Abnormal regulation of the innate inflammatory pathway
has also been implicated in the pathogenesis of condi-
tions as phenotypically diverse as gout, type 2 diabetes,
atherosclerosis, and epilepsy.

doi:10.3949/ccjm.79a.11184
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A 22-YEAR-OLD MAN of Turkish ancestry
presents to your office for an urgent vis-
it. One day before the visit, he abruptly de-
veloped a fever with temperatures as high as
104°F (40°C), abdominal pain, joint pain, and
a red rash on the lower right leg. He has no
cough, nasal congestion, rhinorrhea, ear or eye
pain, oral ulcers, vomiting, or diarrhea. After
reviewing his chart, it becomes apparent that
he has experienced similar intermittent, ran-
dom, and self-limited episodes over the last 4
years.

On examination, he is febrile with diffuse
abdominal tenderness and guarding. Bowel
sounds are normal, and there is no rebound.
The left knee is slightly swollen and limited
in range of motion, and there is a large, non-
palpable, blanching, erythematous lesion over
the anterior lower leg.

While pondering diagnostic possibilities,
you remember reading about autoinflam-
matory syndromes that result in recurrent
episodes of fever and multisystemic inflam-
matory symptoms but cannot recall the
evaluation and therapeutic options for these
conditions.

These syndromes pose diagnostic chal-
lenges for physicians. Although these con-
ditions are uncommon and may mimic
malignancy or infection, they should be
considered in patients who have recurrent
febrile illness. While the autoinflammatory
syndrome of familial Mediterranean fever
(FMF), the diagnosis in the case above, is
well known, our growing understanding of
genetics and the immune system has un-
earthed a growing number of autoinflamma-
tory syndromes.
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Abbreviations used in this article

CAPS—cryopyrin-associated periodic syndromes
DIRA—deficiency of interleukin 1 receptor antagonist
FCAS—familial cold autoinflammatory syndrome

FMF—familial Mediterranean fever

HIDS—hyperimmunoglobulin D syndrome

HLA—human leukocyte antigen

HMG-CoA reductase—3-hydroxy-3-methyl-glutaryl-CoA reductase
IgD—immunoglobulin D

IgG—immunoglobulin G

IL-1—interleukin 1

IL-6—interleukin 6

MVK—mevalonate kinase

MWS—Muckle-Wells syndrome

NOMID—neonatal-onset multisystemic inflammatory disorder
NLRP3— NOD-like receptor family, pyrin domain

PAPA—pyogenic arthritis, pyoderma gangrenosum, and acne (syndrome)

PFAPA—operiodic fever, aphthous stomatitis, pharyngitis, and adenopa-
thy (syndrome)

TNF—tumor necrosis factor

TRAPS—tumor necrosis factor receptor-associated periodic syndrome

@ A GENETICALLY DIVERSE BUT CLINICALLY
SIMILAR GROUP OF CONDITIONS

The autoinflammatory syndromes are a group
of genetically diverse but clinically similar
conditions characterized by recurrent attacks
of fever, rash, serositis, lymphadenopathy,
and musculoskeletal involvement. This cat-
egory of diseases is rapidly expanding and was
built on the discovery of the genetics behind
FME hyperimmunoglobulin D syndrome
(HIDS), tumor necrosis factor receptor-as-
sociated periodic syndrome (TRAPS), and
the cryopyrin-associated periodic syndromes
(CAPS). More recent additions to the list
include Blau syndrome and the syndrome of
pyogenic arthritis, pyoderma gangrenosum,
and acne (PAPA).

In autoinflammatory syndromes, genetic
mutations lead to dysregulation of the innate
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immune system and to episodic manifesta-
tions of systemic inflammation. Many pa-
tients have first- or second-degree relatives
with similar symptoms, reflecting the genetic
abnormalities underlying this class of condi-
tions. Unlike patients with other rheumatic
diseases, patients with autoinflammatory
diseases do not have autoreactive T lympho-
cytes, and they typically lack pathogenic au-
toantibodies.

The characterization of genetic autoin-
flammatory syndromes shows the importance
of a well-regulated innate immune system and
sheds light on the role of the innate immune
system in common medical conditions such as
gout and type 2 diabetes (see below).

I THE INNATE IMMUNE SYSTEM:
OUR FIRST LINE OF DEFENSE

The innate immune system is the first line
of immune defense. It is evolutionarily con-
served. Unlike the adaptive immune re-
sponse, the innate immune response is not
antigen-specific, and its activation does
not produce a memory response. Generally
speaking, it is composed of certain white
blood cells (neutrophils, dendritic cells, mac-
rophages, natural killer cells), proinflamma-
tory signaling proteins (cytokines), and the
complement system. Interleukin 1 (IL-1), in-
terleukin 6 (IL-6), and tumor necrosis factor
(TNF) alpha are the critical and most potent
proinflammatory cytokines of the innate im-
mune system.

To date, nearly all mutations that have
been linked to the autoinflammatory syn-
dromes disrupt regulation of inflammatory sig-
naling within the innate immune system. This
disruption generates a proinflammatory state,
often leading to a final common pathway end-
ing with activation of the inflammasome.

The inflammasome is a complex of distinct
proteins which, when brought together, serve
to convert inactive prointerleukin 1 beta to
the active proinflammatory cytokine IL-1
beta.! Formation of the inflammasome can be
mediated by multiple different signals includ-
ing microbial products, endogenously pro-
duced substances such as cholesterol and uric
acid, or by proinflammatory cytokines and
chemokines (FIGURE 1).
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B The innate immune system
in monogenic autoinflammatory syndromes

In autoinflammatory syndromes, genetic mutations lead to dysregulation of the innate immune system
and to episodic manifestations of systemic inflammation.

CAPS, FMF, HIDS, AND PAPA

In cryopyrin-associated periodic syndromes (CAPS),
familial Mediterranean fever (FMF), hyperimmuno-
globulin D syndrome (HIDS), and the syndrome of
pyogenic arthritis, pyoderma gangrenosum, and acne
(PAPA), mutations stimulate inflammasomes, resulting
in caspase-1 stimulation and the formation of pro-
inflammatory IL-1 beta.

Drug therapy

Anakinra (Kineret), canakinumab (llaris), and rilonacept
(Arcalyst) inhibit interleukin 1 (IL-1) and have shown
efficacy in treating Blau syndrome, CAPS, and PAPA.
Titrating doses of the TNF antagonist etanercept (Enbrel)
may be efficacious in TRAPS.
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FIGURE 1
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@ FAMILIAL MEDITERRANEAN FEVER

FMF is the most common and well character-
ized autoinflammatory syndrome. Described in
1949, its etiology was not understood until the
genetic mutation that causes it was discovered
in 1997.2+

The Mediterranean fever gene MEFV en-
codes pyrin, a protein with an important role
in controlling IL-1 production. Mutations in
MEFV affect pyrin-mediated regulation, and
IL-1 production increases.

Classically, FMF is described as autosomal
recessive, although many patients have only
one abnormal allele.’ Possibly, the abnormal
allele confers an evolutionary advantage in re-
sisting an endemic pathogen, an idea reflected
in the carrier frequencies of different MEFV
mutations in certain Mediterranean and Mid-
dle Eastern ethnic populations (Sephardic
Jews, Turks, Arabs, Armenians).®” Also, car-
riage of mutations in MEFV in patients with
Crohn disease has been associated with a
higher risk of extraintestinal manifestations
and colonic stricture,® and their carriage in
patients with multiple sclerosis has been asso-
ciated with a rapid progression of that disease.’

Brief episodes of fever and serositis
Although FMF usually presents at ages 5 to 15,
about 20% of patients with FMF suffer their
first inflammatory attack after age 20 years.

Attacks are characterized by brief episodes
of fever with temperatures higher than 102°F
(38.9°C), lasting less than 72 hours, accompa-
nied by intense serositis. Abdominal serositis
may be severe enough to mimic appendicitis
and lead to exploratory surgery.

About 70% of patients experience arthritis
(predominantly in the legs), and 40% develop
erysipeloid erythema, an intensely erythema-
tous, warm, tender, and plaque-like lesion on
the lower extremities. Biopsy of involved skin
shows a diffuse, primarily neutrophilic, inflam-
matory cell infiltrate.

Laboratory examination reveals marked
elevation of acute-phase reactants, which may
normalize between episodes. The diagnosis
can be made using a combination of clini-
cal suspicion, sequencing of the MEFV gene,
and a positive response to a trial of colchicine

(Colcrys).
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Without treatment, repetitive attacks of
inflammation may result in amyloidosis of the
kidneys or liver. The risk of amyloidosis is re-
lated to several discrete risk factors, such as
country of residence, MEFV genotype, and se-
rum amyloid A genotype.!®!? Patients should
be monitored for physical manifestations of
amyloidosis at least annually.

FMF patients have also been described
who develop vasculitides such as Henoch-
Schénlein purpura, polyarteritis nodosa, or
Behget disease.

Colchicine is the mainstay of FMF treatment
Colchicine has been the mainstay of therapy
for patients with FMF for almost 40 years.-?>
[ts benefits in FMF are clear: symptoms cease
in nearly 70% of patients treated with colchi-
cine, and an additional 25% have a reduction
in the severity and frequency of attacks.

Only 5% to 10% of patients have no re-
sponse to colchicine; this may be partially due to
individual dose limitations imposed by common
drug-associated gastrointestinal side effects.!¢18
For these patients, newer biologic drugs that
inhibit IL-1 activity, such as anakinra (Kineret)
and rilonacept (Arcalyst), offer great promise.

Typically, FMF attacks become less fre-
quent and less severe with age. However, the
overall prognosis in FMF is related mainly to
the individual’s genotype and the associated
risk of amyloidosis."

B HYPERIMMUNOGLOBULIN D SYNDROME

HIDS is another autosomal recessive autoin-
flammatory syndrome.?

The genetic defect underlying HIDS lies
within the mevalonate kinase gene MVK.?!
Mevalonate kinase, an enzyme, plays an impor-
tant role in the cholesterol biosynthesis path-
way, following the initial step by 3-hydroxy-
3-methyl-glutaryl-CoA (HMG-CoA) reductase.
Mutations are primarily missense mutations
in highly conserved areas of protein that result
in decreased MVK activity (1% to 5% of nor-
mal).?*# Decreased production of geranylgeranyl
pyrophosphate resulting from disruption in the
HMG-CoA reductase pathway subsequently
leads to increased release of IL-1 beta from pe-
ripheral blood mononuclear cells and triggers
inflammatory symptoms.?*
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Attacks of HIDS begin early in life

HIDS attacks begin early in life, with more
than 70% of patients suffering their first
attack before age 2, but adult-onset disease
has been reported. Patients may report
that routine childhood vaccinations trig-
gered attacks, a historical finding unique
to HIDS.

Attacks typically last 4 days; a longer dura-
tion can help the clinician differentiate HIDS
from FME

More than 90% of patients have cervi-
cal lymphadenopathy, and 80% have an ery-
thematous rash characteristically located on
the palms and soles. About 70% of patients
have headache, arthritis, and abdominal
pain.

During attacks, laboratory examination
reveals elevated acute inflammatory reac-
tants. As the name implies, serum levels
of immunoglobulin D (IgD) are elevated.
However, this finding is not specific to HIDS
and may also be found in patients with Still
disease or FMF or in those who smoke ciga-
rettes. Serum IgD levels fluctuate through-
out life, and the sensitivity of commercially
available IgD test kits is variable.

Assessment of mevalonic acid levels in the
urine during febrile attacks offers a more sen-
sitive, specific, and reliable diagnostic test for
HIDS.” While genetic sequencing is the gold
standard of diagnostic testing, close to 30%
of patients meeting clinical criteria for HIDS
have no definable mutation.?

Treatment of HIDS can be challenging
Oral corticosteroids are effective in HIDS, but
their long-term side effects are undesirable.
Patients rarely respond to colchicine, differ-
entiating them from FMF patients.

Etanercept (Enbrel), a fusion protein
composed of the soluble TNF receptor and
the Fc portion of the human IgG1 protein,
has been efficacious in some patients.?”?
IL-1 inhibitors have also been used with in-
creasing efficacy in the treatment of HIDS
attacks.?°

Although the frequency of attacks decreas-
es with age, long-term follow-up of 28 Dutch
HIDS patients found that their quality of life
was still lower than that in country-matched
controls.’!
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M TUMOR NECROSIS FACTOR RECEPTOR-
ASSOCIATED PERIODIC SYNDROME

In 1982, a large multiplex family from Scot-
land and Ireland was described who had a
newly recognized syndrome termed familial
Hibernian fever, characterized by recurrent fe-
ver, rash, and abdominal pain.”? In 1998, the
genetics of this autosomal dominant condition
were characterized,”’and it is now known by
the acronym TRAPS.

TRAPS has a variable presentation owing
to a variety of mutations in the gene encod-
ing the cell surface receptor for TNF (TN-
FRSF1A). TNFRSFIA mutations affecting
conserved cysteine residues important for pro-
tein folding correspond to severe disease phe-
notypes.

The R92QQ mutation has an allele frequen-
cy of up to 4% of the population. It has no
impact on the structure and function of the
TNF receptor protein and is associated with a
heterogeneous disease course. In contrast, the
P46L mutation has an allele frequency of 1%
of the population and typically is associated
with a milder disease course characterized by
older age of onset, shorter episodes, and a low
frequency of amyloidosis.**’

The R92QQ and T61I mutations, which ahdominal

have low penetrance, have been increasingly
reported in adult patients with the autoim-
mune diseases systemic lupus erythematosus,
theumatoid arthritis, and multiple sclero-
sis.%42 Their influence is believed to contrib-
ute to proinflammatory responses but not to
provide additional genetic susceptibility as
provided by human leukocyte antigen (HLA
genotypes for susceptibility for these autoim-
mune diseases.

TRAPS attacks last longer
than FMF and HIDS attacks
TRAPS attacks last 7 days or more, differen-
tiating TRAPS from FMF and HIDS. Patients
may present from infancy into adulthood, but
more typically present in the toddler period.
Most patients experience intense myalgia
as well as abdominal and pleuritic chest pain.
A single-center series in 2002 described close
to half of patients diagnosed with TRAPS as
having had an intra-abdominal surgical pro-
cedure; in 10% necrotic bowel was identified,
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yet the biopsy typically revealed only a serosal
mononuclear infiltrate.”

Like FMF and HIDS, TRAPS can cause an
erythematous rash. The rash usually appears
on an extremity, is centrifugal, and travels
proximal-to-distal in concert with symptoms of
myalgia. Deep tissue biopsy often demonstrates
an intense, neutrophilic fasciitis sparing the
underlying musculature. Painful conjunctivitis
with periorbital edema also may occur.

Laboratory values reflecting widespread sys-
temic inflammation and elevated acute-phase
reactants are encountered during attacks and
in some cases may persist between episodes.

Genetic testing can be used to confirm the
diagnosis. The probability of finding a muta-
tion in TNFRSF1A depends highly on wheth-
er the patient has affected relatives. In a series
of 28 patients with recurrent inflammatory syn-
dromes and TNFRSF1A mutations, 9 (32%)
had a family history of recurrent inflammatory
syndromes, while in 176 patients with sporad-
ic, nonfamilial “TRAPS-like” symptoms, TN-

FRSF1A mutations were uncommon.?”®

Etanercept is effective for TRAPS

Systemic corticosteroids may be effective for
treating TRAPS, but ever-increasing doses are
often required.

Etanercept’s ability to bind both soluble
and bound TNF explains its relative efficacy
in treating TRAPS even though other TNF
inhibitors have proven ineffective.#% With
etanercept, the prognosis of TRAPS patients
is typically good. Etanercept has even been ef-
fective in treating cases of renal amyloidosis
from long-standing TRAPS, although it has
not been shown to facilitate regression of re-
nal amyloid mass.**” However, responses to
treatment with etanercept may wane with
time, and resistant cases have been reported.

IL-1 blockade with anakinra has been shown
to be effective in the short term and long term in
small case series, providing a reasonable alterna-
tive for patients who are difficult to manage.

I CRYOPYRIN-ASSOCIATED
PERIODIC SYNDROMES

e Perhaps the most clinically diverse heredi-
tary autoinflammatory syndromes are the
cryopyrin-associated periodic syndromes
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(CAPS). There are three overlapping phe-
notypes: Familial cold autoinflammatory
syndrome (FCAS)
Muckle-Wells syndrome (MWS)

e Neonatal-onset multisystemic inflamma-

tory disorder (NOMID).

Mutations in NLRP3

CAPS symptoms stem from mutations within
the NLRP3 gene (NOD-like receptor family,
pyrin domain), which encodes the protein,
cyropyrin.® NLRP3 mutations result in an
abnormal cryopyrin structure, abnormal in-
flammasome activity, and increased IL-1 beta
production.*»%

There is poor genotype-phenotype associa-
tion in CAPS; the same NLRP3 point muta-
tion can result in variable features, typically
of either FCAS and MWS or MWS and NO-
MID overlapping phenotypes, supporting the
hypothesis that modifier genes play a role in
phenotypic expression.

Inheritance patterns in CAPS are auto-
somal dominant, but spontaneous mutations
are also common. In fact, approximately two-
thirds of patients with mutation-negative
NOMID have somatic NLRP3 mutations, in-
dicating that somatic NLRP3 mosaicism con-
tributes to the clinical syndrome.’!

Clinical features of the CAPS

The hallmarks of the CAPS include recur-
rent fevers, urticarial rash, and central ner-
vous system inflammation. Characteristically,
CAPS patients present in the neonatal period
through early childhood, but adult-onset cas-
es, which may have less typical features, have
been reported.

Patients with FCAS develop brief episodes
(< 24 hours) of fever, joint pain, and urticarial
rash when exposed to sudden drops in ambi-
ent temperature.

Patients with MWS have more frequent,
prolonged attacks, which may or may not be
related to changes in ambient temperature.
They also develop fever and urticarial rash
and may develop arthritis and headaches from
aseptic meningitis.

Patients with NOMID often present with
fever and persistent urticarial rash shortly af-
ter birth and suffer from chronic aseptic men-
ingitis, which can lead to papilledema and op-
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tic nerve atrophy. Frontal bossing of the skull
and overgrowth of the epiphyseal regions of
long bones with accompanying growth delay
are also characteristic of NOMID.

IL-1 antagonists offer relief from CAPS
Many patients with FCAS do not require
treatment and may move to a warmer cli-
mate to avoid rapid swings in ambient tem-
perature. Otherwise, control of IL-1 beta ac-
tivity is essential to the successful treatment
of CAPS. Patients with MWS and NOMID
require treatment with IL-1 antagonists, and
the biologic drugs anakinra, rilonacept, and
canakinumab (Ilaris) offer the possibility of
symptomatic relief and long-term control of
the disease.”>™*

Prognosis depends on the phenotype
The overall prognosis for patients with CAPS
largely depends on phenotype.

Patients with FCAS generally have pro-
gressive improvement in attack frequency and
severity over time and are at minimal risk of
amyloidosis.

Patients with MWS have a relatively good
prognosis when treated with IL-1 antagonists,
making them at low risk of amyloidosis and
sensorineural hearing loss.

However, patients with NOMID are at
high risk of sensorineural hearing loss, growth
delay, and amyloidosis unless the condition
is recognized and treated early in its course.
Mortality rates historically are as high as 20%
in untreated patients with NOMID.»

@ OTHER AUTOINFLAMMATORY SYNDROMES

More recently, other autoinflammatory syn-
dromes of known genetic etiology have been

described.

NLRP12-associated autoinflammatory
disorders

A subset of patients with clinical manifesta-
tions attributable to CAPS but without mu-
tations at the NLRP3 locus have mutations
in another NLRP family member expressed
in peripheral blood mononuclear cells on the
NLRPI12 gene. They are therefore labeled as
having an NLRP]2-associated autoinflamma-
tory disorder.’®>

CLEVELAND CLINIC JOURNAL OF MEDICINE

Deficiency of interleukin 1 receptor antagonist
IL-1 receptor antagonist is a naturally occur-
ring antagonist of IL-1 alpha and IL-1 beta. In
patients with deficiency of IL-1 receptor an-
tagonist (DIRA), the action of these potent
proinflammatory proteins is unopposed, lead-
ing to severe pustular rash and osteitis.”>>’

Pyogenic arthritis, pyoderma gangrenosum,
and acne syndrome

Patients with PAPA syndrome also have in-
creased IL-1 production, in this case due to a
mutation in the cytoplasmic adapter protein
proline-serine-threonine phosphatase-interact-
ing protein (PSTPIPI) gene, leading to the
development of the symptoms included in the
PAPA acronym.®

Majeed syndrome

Majeed syndrome is caused by a mutation in
the LPIN2 gene, resulting in the early onset
of chronic recurrent multifocal osteomyelitis,
neutrophilic dermatosis, and dyserythropoi-
etic anemia.®!

Blau syndrome
Some patients with Blau syndrome (granulo-

matosis, arthritis, and uveitis) have NOD2/ The duration

CARDI5 gene mutations.”” Cases of DIRA,
PAPA, and Blau syndrome have been report-
ed that responded favorably to treatment with
IL-1 antagonists.

Periodic fever, aphthous stomatitis,
pharyngitis, and adenopathy syndrome
Although symptoms of the periodic fever,
aphthous stomatitis, pharyngitis, and adenop-
athy (PFAPA) syndrome typically begin in
childhood, adult-onset cases have been re-
ported.®

Patients with PFAPA syndrome develop
predictable, stereotypic febrile attacks that
last on average 5 days and occur approximate-
ly every 4 weeks. Between attacks, patients
are healthy; during attacks, they may experi-
ence oral ulceration (aphthous stomatitis),
exudative or nonexudative pharyngitis, and
enlarged and tender cervical lymph nodes. Up
to 60% of PFAPA patients also experience ab-
dominal pain.

No single genetic mutation has been
identified, although it has been shown that
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45% of PFAPA patients have a parent or
sibling with recurrent fever and 12% have
a parent or sibling with a PFAPA-like phe-
notype, suggesting that the disease has a
genetic basis.** Recent studies have demon-
strated that T-cell-regulated complement
activation and IL-1 production are altered
in PFAPA patients, thus supporting the hy-
pothesis that PFAPA is an autoinflamma-
tory syndrome.®

Treatment. In view of the syndrome’s self-
limited nature, treatment is reserved for pa-
tients with a severe presentation or for patients
whose condition is especially burdensome.

The fever’s height may partially respond
to nonsteroidal anti-inflammatory drugs, but
these drugs have little effect on the duration
or frequency of fever.

One or two doses of prednisone (1 mg/kg)
within 6 hours of fever onset is effective in
aborting the febrile episode in 90% of patients;
however, up to 50% of patients may experi-
ence an increased frequency of attacks after
treatment with systemic corticosteroids.®®¢7

Additional options include daily colchi-
cine, which may lengthen the time between
attacks, and cimetidine (Tagamet), which has
been shown to prevent PFAPA attacks in ap-
proximately one-third of patients.®™*

The prognosis of PEFAPA is quite favorable,
and without intervention 40% of patients ex-
perience a significant reduction in the severity
and frequency of fever attacks within 5 years
of diagnosis. To date, there have been no re-
ports of amyloidosis or hearing loss in PFAPA
patients.

I DIAGNOSTIC EVALUATION OF SUSPECTED
AUTOINFLAMMATORY DISEASE

The autoinflammatory syndromes pose a true
diagnostic challenge for physicians. Tremen-
dous advances have been made in molecular
and genetic testing. Nevertheless, the history
and careful physical examination can lead the
astute clinician to the proper diagnosis when
evaluating a patient with a suspected autoin-
flammatory syndrome.

Critical elements in the history include
age at the onset of attacks, duration of attacks,
associated symptoms (serositis, adenopathy,
myalgias, arthralgias, arthritis, ocular symp-
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toms, central nervous system symptoms, rash),
family members with similar symptoms, and
ethnic background.

Internists should remember that autoin-
flammatory syndromes are part of the differ-
ential diagnosis in adult patients with a re-
current febrile illness. A vigorous search for
malignancy and infection (especially tuber-
culosis) should be conducted in all patients.
However, the repetitive, stereotypic nature
of autoinflammatory syndromes differentiates
them from typical confounders.

The utility of acute-phase reactants in the
diagnostic evaluation is limited, as many con-
ditions result in abnormal values. However,
serial monitoring of inflammatory markers
such as the erythrocyte sedimentation rate
and C-reactive protein level in patients with
a formally diagnosed autoinflammatory syn-
drome can be useful in tracking disease activ-
ity, identifying flares, and monitoring the ef-
ficacy of therapy.

In cases of suspected HIDS, assessment of
IgD levels is not recommended, since IgD can
be elevated in a number of autoinflammatory
and rheumatologic conditions. Instead, pref-
erence should be given to testing mevalonic
acid levels in the urine in patients with HIDS
or suspected HIDS.

Patients with central nervous system symp-
toms should undergo a thorough examination,
including a formal ophthalmologic evalua-
tion, imaging, and possibly lumbar puncture
to assess intracranial pressure and inflamma-
tory changes in the cerebrospinal fluid.

Dermatologic manifestations should be
examined firsthand and assessed as needed
with magnetic resonance imaging to elucidate
fascial inflammation or with full-thickness bi-
opsy.

Gross bony abnormalities should be evalu-
ated with plain radiography.

Audiologic testing may be indicated in the
diagnostic evaluation of patients with recur-
rent fever.

Renal or hepatic biopsy may be indicated
in the evaluation for amyloidosis; amyloid de-
position has been reported in patients with
TRAPS and clinical FMF not presenting with
fever. 0™

Genetic testing is commercially available
for patients with suspected hereditary autoin-
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Diagnostic algorithm for patients with suspected

autoinflammatory conditions

Patient with recurrent episodes of fever and stereotypic symptoms

not explained by infectious or oncologic etiologies

Fever < 3 days, painful serositis, in patient Yes  Consider familial Mediterranean fever (FMF)
of Jewish, Near-Eastern, or Mediterranean Send for MEFV analysis
descent? Consider trial of colchicine (Colcrys)
No
\/
Fever > 7 days, periorbital edema, migratory Yes _ Consider tumor necrosis receptor-associated
rash? periodic syndrome (TRAPS)
Send for TNFRSF1A analysis
No Trial of twice-weekly etanercept (Enbrel)
\/
Cold-induced urticaria, sensorineural hearing Yes  Consider Muckle-Wells syndrome
loss, or other central nervous system symp- Send for NLRP3 analysis
toms? Trial of anakinra (Kineret)
No
Prominent lymphadenopathy, rash on palms Yes  Consider hyperimmunoglobulin D syndrome
and soles, attacks triggered by vaccinations? Check serum IgD and urinary mevalonic acid
Send for MVK analysis
No
Neonatal onset with urticarial rash and bony Yes  Consider neonatal-onset multisystemic
overgrowth? > inflammatory disorder
Consider lumbar puncture and funduscopic
examination
Trial of anakinra
No
Consider periodic fever, aphthous stomatitis, No  Assess for rash, eye inflammation, atypi-

pharyngitis, and adenopathy (PFAPA) syndrome
(if aphthous stomatitis or cervical adenopathy is
present); systemic lupus erythematosus; vasculi-
tis; inflammatory bowel disease

cal arthritis or osteomyelitis (deficiency of
interleukin 1 receptor antagonist [DIRA],
Blau, Majeed, pyogenic arthritis, pyoderma
gangrenosum, and acne [PAPA] syndromes)

FIGURE 2

flammatory syndromes. However, clinicians
should be cautioned that up to 30% of patients
with phenotypic manifestations characteristic
of a given autoinflammatory syndrome have
normal results on genetic testing. In addition,
the results of genetic testing may take sev-
eral months to return and may cost patients
and families up to several thousand dollars, as
some insurers refuse to cover this procedure.
Genetic testing may ultimately be indicated

CLEVELAND CLINIC JOURNAL OF MEDICINE

for proper counseling of reproductive risk.

Responses to short courses of medications
such as colchicine, prednisone, and IL-1 re-
ceptor antagonists also represent diagnostic
tools.

FIGURE 2 provides a proposed diagnostic al-
gorithm for patients with suspected recurrent
fever syndromes. TABLE 1 summarizes clinical
and genetic features of the common autoin-
flammatory syndromes.
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Treatment
of PFAPA
syndrome
is reserved
for severe
cases
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TABLE 1

Quick reference guide to common autoinflammatory syndromes

SYNDROME®  CLINICAL DURATION MODE OF GENE THERAPY RISK OF
FEATURES OF ATTACKS INHERITANCE AMYLOIDOSIS
FMF Serositis <72 hours Recessive MEFV Colchicine +++
Arthritis (Colcrys)
Rash IL-1 inhibition
HIDS Cervical adenopathy  3-5 days Recessive MWK Prednisone -
Rash Etancercept
Arthritis (Enbrel)
Headache IL-1 inhibition
Attacks triggered Anti-IL-6
by vaccination
TRAPS Myalgia 7-10days  Dominant TNFRSF1A Prednisone ++
Serositis Etancercept
Periorbital edema IL-1 inhibition
Traveling rash Anti-IL-6
CAPS
FCAS Urticaria <24 hours Dominant NLRP3 Cold avoid- -
Joint pain ance
MWS Urticaria 5-7 days Dominant  NLRP3 IL-1 inhibition ~ ++
Arthritis
Headache
Advances in Hearing loss
understanding NOMID Urticaria Constant Dominant NLRP3 IL-1 inhibition  +
thei t Arthritis
€ Innate Headache
immune system Hearing loss
. Papilledema
WI" Iead tO Bony changes
Improvement 2FMF = familial Mediterranean fever
H HIDS = hyperimmunoglobulin D syndrome
n the care TRAPS = tumor necrosis factor receptor-associated periodic syndrome
we give CAPS = cryopyrin-associated periodic syndromes

FCAS = familial cold autoinflammatory syndrome
MWS = Muckle-Wells syndrome
NOMID = neonatal-onset multisystemic inflammatory disorder
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B NEW INSIGHT INTO
MORE COMMON CONDITIONS

Advances in the understanding of the auto-
inflammatory syndromes have provided new
insight into the role of the innate immune
system in other, more common conditions.”
Indeed, abnormal regulation of the innate in-
flammatory pathway has been implicated in
the pathogenesis of conditions as phenotypi-

VOLUME 79 « NUMBER 8

cally diverse as gout, type 2 diabetes, athero-
sclerosis, and epilepsy.”™™

TABLE 2 presents examples of the innate
immune system’s involvement in the patho-
genesis of several common chronic condi-
tions.

Further study of autoinflammatory syn-
dromes will add to our understanding of
the innate immune system. These advances
will lead to continued improvement in the
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TABLE 2

Role of the innate immune system
in common chronic conditions

Atherosclerosis

Crystals containing cholesterol are deposited in vessel walls and
directly stimulate NLRP3, leading to increased tissue levels of inter-
leukin 1 (IL-1) beta and inflammation®64

Gout

Monosodium urate crystals trigger localized inflammatory response
by activating the NLRP3 inflammasome; blockade of IL-1 beta
activity leads to significant improvement in gout symptoms®*€¢

Osteoarthritis
Calcium phosphate crystals directly stimulate IL-1 beta production
via activation of the NLRP3 inflammasome®’

Type 2 diabetes

Hyperglycemia indirectly activates the NLRP3 inflammasome, leading to
increased levels of IL-1 beta; prolonged increased levels of IL-1 beta can
lead to insulin resistance, hyperglycemia, and beta cell death®©

ZEFT AND SPALDING

care we give patients, both for the classic
autoinflammatory syndromes and for other,
more common, genetically complex condi-
tions.

Our 22-year-old patient’s fever, abdominal
pain (presumed peritonitis), erysipelas-like
skin lesion, and arthritis are typical of FME
Therefore, genetic testing was performed,
which revealed a single MEFV gene mutation
(M694V). Colchicine has been efficacious in
preventing flares of his disease. |
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