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Abstract:

Cryopyrin-associated periodic syndromes (CAPS) are char-

acterized by apparently unprovoked attacks of fever, rashes, and musculo-
skeletal and sensorineural inflammation accompanied by high acute-phase
reactants. Excessive interleukin-1 (IL-1) signaling appears to be a constant
feature in the pathomechanism of the disease, driven by a gain-of-function
mutation in the NLRP3 gene. Herein, we present the case of a 9-month-old
boy with recurrent nonpruritic rashes and episodes of fever. The difficulties
of early diagnosis due to initially mild clinical symptoms and the dramatic
response to anti-IL-1 therapy after diagnosis emphasize the practical rele-
vance of considering CAPS as a differential diagnosis in these patients.

Hereditary autoinflammatory diseases describe an
expanding group of conditions affecting the innate im-
mune system leading to apparently unprovoked inflam-
mation with fever, cutaneous and musculoskeletal
involvement. Cryopyrin-associated periodic syndromes
(CAPS) are characterized by mutations in the NLRP3
gene with constitutive activation of the inflammasome,
which results in high levels of interleukin-1f (IL-1p), the
major cytokine in the pathomechanism.

CASE PRESENTATION

A 9-month-old boy presented with a 5-month history of
recurrent fever and nonitching, urticaria-like rashes
(Fig. 1). Laboratory examination revealed elevated lev-
els of C-reactive protein (CRP; 6.5-10.0 mg/dL) and a
high erythrocyte sedimentation rate (ESR: 1 hour, 45—
67 mm). All other parameters, including complete blood
cell count, electrolytes, hepatic and renal laboratory
parameters, serum immunoglobulin (Ig)E, antinuclear
antibodies, antineutrophil cytoplasmic antibodies,
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immunoglobulin counts, complement and rheumatoid
factors, antistreptolysin titer, and serum amyloid A were
within normal limits on several occasions.

The family history was unremarkable, and the child
was not affected in growth or development. Diagnosis of
chronic urticaria was assumed and therapy with systemic
antihistamines and antipyretics was initiated; however,
the symptoms remained unchanged.

Eight months later the patient developed aseptic
arthritis of his left knee and recurrent episodes of head-
ache. Magnetic resonance imaging examinations and
lumbar puncture with examination of cerebrospinal fluid
(CSF) revealed aseptic meningitis (opening pressure 40—
45 mm H,0). A low-grade hearing loss was detected by
audiometry.

The neonatal onset of apparently unprovoked gener-
alized inflammation with chronic recurrent fever, urti-
carial skin rashes, aseptic arthritis, and aseptic meningitis
is strongly indicative of CAPS. Thus, several molecular
genetic examinations were performed, which disclosed a
mutation withinexon 3 of the VLRP3 gene. Thismutation
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Figure 1. Nine-month-old infant with generalized nonpruritic,
urticaria-like rash.

has been described as a characteristic and diagnostic
molecular feature of Muckle-Wellssyndrome (MWS)and
familial cold autoinflammatory syndrome (FCAS) (1).

At the age of two years, treatment with anakinra, a
recombinant interleukin-1 (IL-1) receptor antagonist in a
dosage of 2 mg/kg of body weight daily was established.
Within days, fever episodes and urticarial rashes ceased,
aseptic arthritis and aseptic meningitis resolved, and
CRP levels and ESR levels normalized.

To date, after 5 years of effective therapy, no de-
crease in drug efficacy and no adverse effects except
slight injection site reactions were noticed.

DISCUSSION

CAPS are a group of rare hereditary autoinflammatory
syndromes that commonly display a gain-of-function
mutation in the NLRP3 gene encoding for cryopyrin (2).
In the cytoplasm, cryopyrin interacts with several other
proteins (ASC, CARDINAL, and procaspase 1) to form
the inflammasome. This complex activates caspase-1 and
subsequently results in cleavage of pro-IL-1 to its active
form IL-1p (Fig. 2) (3). Cryopyrin is expressed in neu-
trophils, monocytes, and chondrocytes (4). The exact
pathomechanism leading to neurologic symptoms in
CAPS needs to be fully characterized. Reports indicate
sensorineural hearing loss due to cochlear inflammation
in up to 60% of patients with MWS, resulting in atrophy
of the cochlear nerve in the long term (5). Little is known
about intracranial inflammation, with reports showing
high cytokine levels and numbers of neutrophils in CSF
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Figure 2. Pathomechanism in cryopyrin-associated periodic syndrome: Hereditary activation of NLRP3 (i) results in binding to
components of the NLRP3 inflammasome (adaptor proteins ASC, CARDINAL, and procaspase 1) (ii) leading to its activation.
Release of caspase 1 (iii) catalyses the cleavage of pro-interleukin (IL)-1/ to its active form IL-1/ (iv), which is liberated from the cell
(v) and drives the inflammatory process (vi). IL-1 also binds to corresponding IL-1 receptors (vii), initiating a positive feedback
loop. Downstream signaling pathways interact with nuclear factor kappa B (NFxB) and induce upregulation of pro-IL-1/ tran-

scription (viii) (3).



Clinically, CAPS can appear as three phenotypes:
FCAS being a moderate form, MWS being an interme-
diate type, and neonatal-onset multisystem inflamma-
tory disease (NOMID) being the most severe form (7).

Several other autoinflammatory syndromes with dif-
ferent genetic backgrounds, such as familial Mediterra-
nean fever and pyogenic sterile arthritis with pyoderma
gangrenosum and acne and pediatric granulomatous
arthritis are also characterized by molecular changes
affecting the innate immune system. Most of them display
typical characteristics and can be differentiated clinically;
however, molecular genetic examination is required for
diagnosis and to enhance the knowledge of the genetic
background in autoinflammatory syndromes (8,9).

Our patient displayed symptoms and a mutation
characteristic for MWS, but aseptic meningitis is more
often a symptom of the NOMID variant. Clinical over-
laps for MWS and NOMID have been reported previ-
ously (7). Although genetic examination confirmed the
diagnosis of MWS in our patient, mutations of NLRP3
can be absent in up to 40% of cases with clinical CAPS
(6,10).

Levels of acute-phase proteins such as CRP and serum
amyloid A (SAA) are frequently elevated in CAPS. High
titers of SAA may lead to systemic amyloidosis affecting
approximately 25% of patients as a long-term compli-
cation predominantly involving the kidneys (7,11). Thus,
early diagnosis and therapy is crucial for preventing
organ damage. As with our patient, inflammatory
markers can be normal in up to 25% of patients with
MWS, indicating the possibility of additional, not-yet-
identified (genetic) factors (7,12).

Skin manifestations of CAPS are an important key to
early diagnosis. Rashes are typically nonitching, urti-
caria-like eruptions that persist in the same location for
longer than 24 hours. These clinical findings can help to
distinguish CAPS from various types of acute and
chronic urticaria. Additional tests such as the ice cube
test (for cold contact urticaria), pressure challenge test
(for pressure urticaria), or the skin prick and radioaller-
gosorbent tests facilitate excluding physically and (non)
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immunologically induced urticaria. Histology, which
reveals a dermal neutrophilic infiltrate, excludes urti-
caria vasculitis. Although the true pathomechanism of
the skin rash is not known, it is most likely secondarily
induced by IL-1p released from neutrophils.

Other differential diagnoses of CAPS and MWS are
systemic onset juvenile idiopathic arthritis (Still disease)
and the Schnitzler syndrome. Whereas Still disease may
also present with polyarthritis, fever episodes, and non-
pruritic skin rash, the rash is usually salmon colored and
characterized by a reticular distribution pattern. Schnit-
zler syndrome is rare in children (mean onset of disease
51 yrs). Moreover, the diagnosis requires monoclonal
gammopathy (IgM) (13).

Similar to CAPS, the recently described autoinflam-
matory syndrome deficiency of the interleukin-1-recep-
tor antagonist (DIRA) also results in enhanced IL-1
signaling. The distinct phenotype of DIRA with fetal
distress, cutaneous pustulosis, oral mucosal lesions, bone
and joint manifestations, and the absence of fever epi-
sodes allow the differentiation from CAPS clinically (14).

Antihistamines are ineffective in MWS since the ur-
ticaria-like rash is not driven by mast cell degranulation
and the release of histamines. Several immunosuppres-
sive and immunomodulatory agents have been used to
control persistent inflammation including intravenous
immunoglobulin, methotrexate, azathioprine, thalido-
mide, and colchicine (15). Long-term use of most of these
medications is not feasible by reason of limited response
or unfavorable side effects. Corticosteroids have some
effect on disease severity and may be used temporarily in
acute episodes.

New therapeutics target IL.-1, which is assumed to be
the leading cytokine involved in disease activity.
Anakinra, a recombinant IL-1 receptor antagonist is
administered daily using subcutaneous injection and has
been considered a safe and effective treatment (16).
Alternatively, new biologics with a longer half-life such
as rilonacept, a dimeric fusion protein injected weekly
and canakinumab, a human monoclonal antibody
targeting IL-1f, have been successfully used in the

TABLE 1. Characteristics of Current Drugs Targeting IL-1 Signaling in CAPS

Active component  Brand name  Characteristics Target Half-life period Administration
Anakinra Kineret Recombinant IL-1 receptor antagonist ~ IL-loo + f8 4-6 hours Daily sc
Rilonacept Arcalyst Fusion protein: extracellular domain IL-lo + B 6.3 days (children)  Weekly sc
of human IL-1 receptor and 8.6 days (adults)
FC-domain of human IgGl1
Canacinumab Ilaris Human monoclonal antibody Selective IL-15  22.9-25.7 days Every 6-8 weeks sc
Under Investigation
Gevokizumab - IgG2 humanized monoclonal antibody  Selective IL-1 23 days Monthly sc
(XOMA-052)
VX765 - Selective ICE/caspase-1 inhibitor ICE/caspase-1  — Orally

sc, subcutaneous; IL-1, interleukin-1; ICE, interleukin-converting enzyme.
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treatment of CAPS (Table 1). Canacinumab has a half-
life of 23-26 days in children and leads to sustained
control of symptoms using subcutaneous injections every
8 weeks (17).

Summarizing our data, we present a young patient
whose clinical symptoms were misinterpreted initially.
Only additional symptoms such as aseptic arthritis or
meningitis contributed to the clinical diagnosis of CAPS,
supported by complementing molecular genetic exam-
inations. As in this case, early recognition can be chal-
lenging. We suggest considering the differential diagnosis
of CAPS for children with recurrent, nonpruritic, urti-
caria-like rashes and relapsing fever episodes. Rapid
initiation of interleukin-1 antagonist therapy is a
prerequisite for successful long-term outcome.
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