Familial cold autoinflammatory
syndrome: Phenotype and genotype of
an autosomal dominant periodic fever
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Background: Familial cold autoinflammatory syndrome
(FCAS), commonly known as familial cold urticaria, is a rare
autosomal dominant inflammatory disorder with episodic
symptoms precipitated by exposure to cold.

Objective: The goal of this study was to formulate clinical diag-
nostic criteria for FCAS in a large cohort in whom the diagnosis
of FCAS was supported by genetic linkage to chromosome 1q44.
Methods: We assessed 45 affected and 68 unaffected members
from 6 American families. DNA analysis was performed to
confirm linkage to chromosome 1q44. Clinical characteristics
were determined by means of analysis of detailed question-
naires and medical histories.

Results: Pedigree and genetic analyses confirmed autosomal
dominant transmission and linkage to chromosome 1q44 in all
families. The most consistent symptoms during attacks were
rash (100%), fever (93 %), arthralgia (96 %), and conjunctivitis
(84%). Age of onset was within the first 6 months of life in
95% of affected subjects. The average delay between cold
exposure and onset of symptoms was 2.5 hours, and the aver-
age duration of an episode was 12 hours. Renal disease with
amyloidosis occurs infrequently in FCAS (2%).

Conclusion: The most consistent clinical characteristics of
FCAS that discriminate it from other periodic fevers are asso-
ciation with cold exposure, conjunctivitis, age of onset, dura-
tion of episodes, and an autosomal dominant inheritance pat-
tern. On the basis of the analysis of genotype and phenotype of
FCAS, we formulated clinical diagnostic criteria that can be
used to distinguish FCAS from other hereditary periodic fever
syndromes. (J Allergy Clin Immunol 2001;108:615-20.)
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Familial cold autoinflammatory syndrome (FCAS),
also known as familial cold urticaria, familial polymor-
phous cold eruption, and cold hypersensitivity (MIM
120100), was first described in 1940 as a rare autosomal
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dominant disorder characterized by intermittent episodes
of rash, fever, and arthralgia.! Although the exact preva-
lence of FCAS is unknown, approximately 20 different
families with FCAS, primarily from Europe and North
America, have been reported in the literature.!-20 In this
study we objectively identify the clinical characteristics
of this syndrome and show that conjunctivitis, previous-
ly described in only 3 of 15 reports, is a common symp-
tom. In addition to a comprehensive description of the
phenotype, we also provide new genotype information
and propose clinical diagnostic criteria.

FCAS has been previously classified as one of the phys-
ical urticarias and is frequently compared with the more
common cold-induced condition of acquired cold urticaria
(ACU). It is important to distinguish between FCAS and
ACU because they are not directly related and are distinct-
ly different in their inheritance pattern, age of presentation,
natural history, type of cold exposure, timing of symp-
toms, rash, additional symptoms, laboratory findings, and
response to a diagnostic ice cube test (Table I).

The most consistent laboratory finding in patients with
FCAS during attacks is polymorphonuclear leukocytosis,
with white blood cell counts of up to 36,000/mm3 report-
ed.5 Studies with serial white blood cell counts before,
during, and after attacks have shown that leukocytosis
precedes and accompanies symptoms, with a peak
approximately 10 hours into an attack.> Erythrocyte sed-
imentation rates can be moderately elevated during
attacks, as are acute-phase reactants, such as C-reactive
protein, o, antitrypsin, and haptoglobin.!8 IL-6 and gran-
uloctye colony-stimulating factor were measured in the
serum from one patient and shown to be elevated during
an attack.2! Other laboratory values are within normal
limits, and the ice cube test result is negative. Skin biop-
sies during attacks classically show an intense polymor-
phonuclear leukocyte infiltrate, with moderate edema in
the upper part of the dermis. The inflammatory infiltrate,
including neutrophils, eosinophils, and lymphocytes, is
concentrated around vascular walls of dilated capillar-
ies.16.22 There is no increase in mast cell numbers or tis-
sue histamine levels.5:13
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TABLE I. Distinguishing features of FCAS and ACU

J ALLERGY CLIN IMMUNOL
OCTOBER 2001

FCAS

ACU

Autosomal dominant

Infancy and early childhood
Throughout life

Generalized

Usually hours

Several hours to days
Nonurticarial macular papular

Inheritance pattern

Age of presentation
Natural history

Cold exposure

Onset of symptoms
Duration of symptoms
Rash

Additional symptoms
Laboratory findings
Diagnostic ice cube test

Polymorphonuclear leukocytosis
Negative

Fever, arthralgia, and conjunctivitis

Usually sporadic

Usually adulthood

Often spontaneously resolves within months or years
Local

Minutes

Minutes to several hours

Urticaria

Angioedema, wheezing, hypotension

Increased serum histamine

Positive

Many patients with FCAS are quite incapacitated and
have moved to warmer climates in an attempt to reduce
the frequency of attacks.!2 Anti-inflammatory agents
(sodium aurothromalate [gold], anabolic steroids [stana-
zol], and high-dose corticosteroids) have shown benefit
in selected patients.10:16.17 In our experience colchicine
has no apparent beneficial effect. Because there is no
consistently effective treatment, patients with FCAS typ-
ically resort to self-remedies, such as sleep and warming
treatments, and often must live with chronic intermittent
episodes of incapacitation.

FCAS has recently been classified as an autoinflam-
matory syndrome, a relatively new classification
describing conditions in which recurrent inflammatory
symptoms occur in the absence of autoantibodies or
antigen-specific T cells.23 FCAS is one of the hereditary
periodic fever syndromes, a subgroup of the autoinflam-
matory syndromes characterized by intermittent attacks
of fever associated with rash and arthralgia. These dis-
eases include familial Mediterranean fever, hyper-IgD
syndrome, TNF receptor—associated periodic syndrome,
Muckle-Wells syndrome (MWS), and other autosomal
dominant periodic fevers (ADPFs).24.25 However, in the
periodic fever syndromes other than FCAS, there is lit-
tle or no correlation between cold exposure and the
onset of symptoms.

We describe the clinical characteristics of 45 subjects
with FCAS derived from 6 American families in whom
the diagnosis is supported by linkage to chromosome
1g44. Contrary to previous reports on the basis of indi-
vidual cases or single families, this report is a compre-
hensive study of a large number of patients with FCAS,
allowing for the development of clinical diagnostic crite-
ria distinguishing FCAS from other hereditary periodic
fever syndromes.

METHODS
Subjects

Six different American families were recruited through physi-
cian referral. Members of families 1, 2, 3, and 6 have been the sub-
jects of previous individual case reports.!-7:10.12 A total of 113 sub-
jects were studied (62 male and 51 female subjects), of whom 45
(20 male and 25 female subjects) were affected with FCAS. Ages
ranged from 1 to 87 years of age. Multigenerational pedigrees were
established for all families to confirm mode of inheritance.

Genotyping

Genomic DNA was isolated, primers for polymorphic short-
tandem repeat markers were synthesized, and PCR and automated
genotyping were performed, as previously described.20

Clinical assessment

After informed consent was obtained, subjects were evaluated
for the presence of clinical characteristics associated with FCAS by
using a protocol approved by the University of California-San
Diego Institutional Review Board. Detailed medical histories were
obtained from all subjects both with and without FCAS. Most were
interviewed in person, and subjects not available for face-to-face
evaluations were interviewed by telephone. Physical examinations
were performed on subjects with FCAS when possible. All subjects
completed questionnaires to characterize age of presentation, symp-
toms during attacks, timing of symptoms in relation to cold expo-
sure, and frequency and severity of attacks. Written answers were
compiled and averaged when appropriate. A presumptive diagnosis
of FCAS was made on the basis of a history of recurrent episodes
of characteristic rash precipitated by cold beginning in early child-
hood. Environmental cold challenges at temperatures of less than
10°C were performed on 2 affected subjects from families 1 and 3.
Skin biopsies were also performed on these probands 3 hours after
cold exposure. Diagnosis of FCAS was confirmed by genotyping.

Clinical diagnostic criteria

We developed clinical diagnostic criteria for FCAS on the basis of
the phenotype of the affected subjects from 5 families (27 affected
and 44 unaffected subjects) that we reported previously in a linkage
analysis study.?0 The suggested criteria for the diagnosis of FCAS are
similar to those proposed for the diagnosis of other hereditary peri-
odic fevers, such as familial Mediterranean fever and familial Hibern-
ian fever.26.27 We validated the utility of the criteria by using subjects
from family 6 (18 affected and 24 unaffected subjects).

Statistical analysis

Data were expressed as proportions, means, and ranges. Compar-
isons of proportions were made using the z test, with an o value of .01.

RESULTS
Autosomal dominant inheritance

All pedigrees demonstrated an autosomal dominant pat-
tern of inheritance of FCAS, with male and female sub-
jects equally affected and with vertical transmission of the
disease (Fig 1). Approximately half (53%) of all children
with one affected parent were affected, demonstrating
complete or near-complete penetrance. No increase in dis-
ease severity with each successive generation was seen.
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FIG 1. Pedigrees of 6 American families with FCAS. Filled symbols designate affected family members, open
symbols indicate unaffected individuals, and asterisks indicate family members with late-onset renal dis-
ease. Genetically uninformative individuals were not included.

Linkage to chromosome 1q44

In our previous report we identified a single locus on
chromosome 1q44 for all 5 families. Using polymorphic
short-tandem repeat markers, we defined a critical
region of 10.5 cM at this locus on the basis of observed
crossover events that commonly occur during meiosis.
This locus was supported by a 2-point lod score of 8.13
and a multipoint lod score of 10.92. All 45 subjects with
a presumptive diagnosis of FCAS on the basis of clini-
cal characteristics possessed haplotypes (ordered group
of specific marker genotypes in a defined area) on chro-
mosome 144 cosegregating with the disease in their
family. None of the 68 unaffected family members pos-
sessed the affected haplotypes. These haplotypes were
specific for FCAS-affected subjects and are not
observed in other inflammatory diseases that are not
linked to chromosome 1q44.

Age of onset

Age of onset was within the first 6 months of life in
95% of affected subjects and within the first few days of
life in 60% of affected subjects. Mean age of presenta-
tion was 47 days, with a range of 2 hours to 10 years
(Table II). Symptom severity does not appear to vary on
the basis of the age of onset.

Clinical characteristics of acute episodes

The recurrent characteristic rash was the most consis-
tent trait occurring in all affected subjects. Additional
common symptoms included recurrent fever and chills
(93%), recurrent arthralgia (96%), and recurrent con-
junctivitis (84%). Other commonly reported symptoms
after exposure to cold include profuse sweating (78%),
drowsiness (67%), headache (58%), extreme thirst
(53%), and nausea (51%, Table III). None of these symp-

TABLE Il. Onset and duration of symptoms after cold
exposure

Mean Range
Age of onset 47d 2h-10y
Cold exposure required to evoke symptoms 52 min 5 min-3 h
Delay of symptoms after cold exposure 25h 10 min-8 h
Length of attacks 12h 30 min-72 h

toms were reported in unaffected family members,
except for in one subject with a diagnosis of rheumatoid
arthritis who reported recurrent arthralgia that occasion-
ally worsened with cold exposure.

Dermatologic features

A third of subjects describe the rash as “only itchy,” a
third describe it as “only burning,” and a third describe it
as “itchy and burning.” The rash presents first on the
extremities alone in 45% of subjects, extremities and face
in 30%, and extremities and buttocks in 11%. A majority
of subjects report generalization of the rash to the
remainder of their body during most episodes. Infre-
quently, subjects reported localized extremity swelling.
Skin biopsies on 2 probands performed 3 hours after cold
challenge showed neutrophil efflux from vessels and pro-
gressive microvascular damage, including endothelial
cell swelling, smudging, vacuolization, and near-total
luminal obliteration.28

Joint symptoms

Polyarthralgia is one of the most incapacitating symp-
toms reported by subjects. The most commonly involved
joints are hands (88%), knees (68%), and ankles (54%).
Other joints involved include feet (42%), wrists (32%),
and elbows (24%). Arthritis with joint swelling and ten-
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TABLE lll. Symptoms after cold exposure in FCAS-affected patients and unaffected relatives

FCAS-affected patients

Symptoms during from families 1-5,

Non-FCAS-affected relatives
from families 1-6,

FCAS-affected patients
from family 6,

acute episode % (n = 27) % (n = 18) % (n = 68)
Rash 100 100 0
Arthralgia 93 100 2
Fever-chill 89 100 0
Conjunctivitis 85 83 0
Profuse sweating 82 72 0
Drowsiness 63 67 0
Headache 56 61 0
Extreme thirst 67 33 0
Nausea 56 44 0

FCAS-affected (families 1-5) versus FCAS-affected (family 6) patients: all nonsignificant at o value of .01.
FCAS-affected (families 1-5) versus non-FCAS—affected patients: all significant at o value of .01.
FCAS-affected (family 6) versus non-FCAS-affected patients: all significant at o value of .01.

TABLE IV. Proposed diagnostic criteria for FCAS

1. Recurrent intermittent episodes of fever and rash that primarily
follow natural, experimental, or both types of generalized cold
exposures.

. Autosomal dominant pattern of disease inheritance.

. Age of onset <6 months of age.

. Duration of most attacks <24 hours.

. Presence of conjunctivitis associated with attacks.

. Absence of deafness, periorbital edema, lymphadenopathy, and
serositis.

AN AW N

The above diagnostic criteria are strongly suggestive of FCAS and are help-
ful in distinguishing it from other hereditary periodic fevers.

derness was not reported in any of our subjects. Several
subjects also reported myalgia.

Ocular symptoms

Ocular symptoms were reported by 84% of affected
subjects. Red eyes were the most commonly reported
symptom; however, subjects also described increased
watering, blurred vision, and ocular pain. Periorbital
edema was not reported by any subjects.

Cold exposure required to provoke
symptoms

Subjects reported the mean duration of cold exposure
required to provoke symptoms was 52 minutes (range, 5
minutes to 3 hours), with symptoms appearing after a
shorter exposure at colder temperatures (Table II). Sub-
jects reported a direct correlation between symptom sever-
ity and length of cold exposure. The temperature that was
required to induce symptoms varied widely, but subjects
reported consistently that colder temperatures produced
more severe reactions. Many subjects reported more
severe symptoms on damp and windy days, and exposure
to air conditioning was also reported to be particularly
problematic. In 2 probands, symptoms were reproduced
by an experimental generalized cold exposure.

Patterns of symptom onset, duration, and
severity

Subjects reported the mean time between cold expo-

sure and onset of symptoms was 2.5 hours, with a range
of 10 minutes to 8 hours. The initial symptom of an
attack was rash in 41% of subjects, joint and muscle pain
in 27% of subjects, and chills in 23% of subjects. The
average length of an attack was 12 hours, with a range of
30 minutes to 72 hours, and 94% of subjects reported that
the majority of their attacks lasted less than 24 hours
(Table II). Most subjects reported a daily pattern of fluc-
tuation in symptom severity, with worsening of symp-
toms in the evening and resolution by morning. There is
significant interepisode variability in duration and sever-
ity of symptoms. Neither the symptoms nor their severi-
ty varied consistently with sex or age. There were no
consistent differences in symptom severity between fam-
ilies. In the member of family 2 who had renal amyloi-
dosis, symptoms and severity were not significantly dif-
ferent from those of other subjects.

FCAS and amyloidosis

One 72-year-old affected subject from family 2 had
late-onset end-stage renal disease with amyloidosis (con-
firmed by rectal and renal biopsy). This condition had
been reported in at least 4 of her FCAS-affected ances-
tors (Fig 1) but interestingly was not present in her
FCAS-affected monozygotic twin (monozygosity deter-
mined by genotyping greater than 20 markers from 3
chromosomes).

Diagnostic criteria

Diagnostic criteria were formulated by using the clin-
ical characteristics of families 1 to 5 (Table IV). By using
demonstrated linkage to chromosome 1g44 as the diag-
nostic standard, all 18 FCAS-affected members from
family 6 met 5 of the 6 criteria proposed (14 subjects met
all 6 criteria). None of the unaffected subjects from any
of the families met more than 1 of the 6 criteria.

DISCUSSION

The data reported in this study confirm that the most
consistent symptoms seen in patients with FCAS are recur-
rent episodes of rash, polyarthralgia, and fever. Ocular find-
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TABLE V. Hereditary periodic fever syndromes
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Consistent Length of Age of Inheritance Chromosome Gene

Disease symptoms* attacks onset pattern location (protein) Treatments
Familial Monoarticular arthritis, 2-3d 90%, <20y  Autosomal 16p13 MEFYV (pyrin) Colchicine

Mediterranean peritonitis, pleuritis, recessive

fever amyloidosis
Hyper-IgD Polyarthralgia, abdominal 3-7d 96%, <10y  Autosomal 12q24 MVK NSAIDs

syndrome pain, lymphadenopathy recessive (mevalonate

kinase)

TRAPS Polyarthralgia, abdominal >7d ~80%, <20y  Autosomal 12p13 TNFRSFIA Corticosteroids
pain, periorbital edema, dominant (pS5 TNF Etanercept
conjunctivitis, myalgia receptor)

MWS Polyarthralgia, deafness, 2-3d ~85%, <20y Autosomal 1q44 ? NSAIDs?
amyloidosis dominant

ADPF Polyarticular arthritis, >7d ? Autosomal 1q44 ? Colchicine?
conjunctivitis, periorbital dominant
edema, amyloidosis

FCAS Polyarthralgia, 1-2d 95%, <6 mo  Autosomal 1q44 ? NSAIDs?
conjunctivitis dominant

*Fever and rash are seen consistently in all of these syndromes. TRAPS, TNF receptor—associated periodic syndrome; NSAIDs, nonsteroidal anti-inflammatory

drugs.

ings are present in 84% of our affected subjects, whereas
this symptom was only reported in 3 (7.5%) of 40 previ-
ously reported patients with FCAS. Previous studies of the
FCAS clinical phenotype defined affected and unaffected
individuals solely on the basis of clinical symptomatology.
By using a formal symptom survey and confirming the
diagnosis with genotyping, we were able to demonstrate
consistency in FCAS symptoms among affected individu-
als and formulate and validate clinical diagnostic criteria
(Table IV). Retrospective analysis of several selected clini-
cal reviews showed that 90% of patients with other period-
ic fever syndromes met 2 or less of the proposed diagnos-
tic criteria for FCAS.26.27.29 The proposed diagnostic
criteria will require a formal statistical analysis to deter-
mine the specificity and sensitivity for differentiating
FCAS from other periodic fever syndromes.

As with FCAS, the periodic fever syndromes present
with self-limited episodes of fever with synovial and
cutaneous inflammation. However, patients with FCAS
have not been reported to have serosal inflammation,
such as sterile peritonitis or pleurisy, which is often seen
in several of the periodic fever syndromes. The duration
of symptoms during an episode is another feature that
can be used to differentiate these disorders. In FCAS the
majority of attacks are less than 24 hours, which is short-
er than the duration of episodes in familial Mediterranean
fever and MWS (2-3 days), hyper-IgD syndrome (3-7
days), and TNF receptor—associated periodic syndrome
(>1 week, Table V).24

The similarities and differences between FCAS and
other periodic fever syndromes, especially MWS, are
intriguing. In our study one FCAS-affected member of
family 2 had renal amyloidosis, a phenotype more con-
sistent with MWS. Late-onset renal disease with amyloi-
dosis was also reported in 2 additional FCAS families.19
McDermott et al3 recently reported a family from India

with an ADPF, with recurrent prolonged attacks lasting
greater than 1 week and characterized by rash, arthralgia,
fever, conjunctivitis, and periorbital edema.30 Some of
these patients also have AA amyloidosis. Patients with
FCAS or MWS have leukocytosis and elevated serum IL-
6 levels.2131 Patients with FCAS have symptoms primar-
ily after and proportional to an exposure to cold, but
patients with MWS only rarely report onset of symptoms
in response to cold exposure.32:33 Some patients from the
reported family with ADPF have noted worsening of
their symptoms with cold exposure.3? One patient with
MWS displayed the same daily pattern of symptoms that
is commonly seen in patients with FCAS.3! Patients with
MWS variably express late-onset sensorineural deaf-
ness,2%31 but none of our patients with FCAS have
reported deafness. Although there is a distinct constella-
tion of symptoms that these autoinflammatory syn-
dromes share, the strong correlation between cold expo-
sure and symptoms is unique to FCAS, nerve deafness is
unique to MWS, and periorbital edema is unique to the
ADPF in the Indian family.

FCAS, MWS, and the ADPF reported in the Indian
family have all been genetically linked to chromosome
1q44. We identified linkage of FCAS to chromosome
1g44 in 5 American families?? and confirmed linkage
reported in 2 Canadian families and 1 German family.!9
MWS has been linked to chromosome 144 in 3 fami-
lies,3# and the autosomal dominant periodic fever report-
ed by McDermott et al30 was also linked to chromosome
1q44. The phenotype similarity and genetic linkage to
the same region may suggest a single gene with different
mutations or variable expression caused by genetic or
environmental factors. Other possibilities include sepa-
rate genes that are related and closely linked, microdele-
tions of different sizes, or variable mutations in a com-
mon promoter for 2 or more genes.
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The sensitivity to cold, which is unique to FCAS
among the autoinflammatory disorders, is a factor in a
number of other inflammatory disease processes, such as
cryoglobulinemia and ACU. In these diseases it has been
proposed that cold temperature affects the molecular
assembly of protein complexes,35 such as cryoglobu-
lins, 36 skin antigens,37 or autoantibodies.38 Cold expo-
sure has been shown to increase the binding activity of
the transcription factor AP-1, which regulates gene
expression and causes synthesis of secretory proteins
from inflammatory cells.3° Cold can also have direct
effects on cellular-mediated immunity by increasing sup-
pressor macrophages that may decrease lymphocyte
responses.40

Our development of diagnostic criteria on the basis of
a comprehensive evaluation of a large cohort will facili-
tate accurate diagnosis and differentiate between FCAS
and other periodic fever syndromes. Our comparison of
FCAS with other autoinflammatory syndromes highlights
similarities and differences that may reveal underlying
molecular and genetic mechanisms of inflammation.
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Kolodner, Webster Cavenee, Michael McDermott, Barrie Ross, and
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