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Does this patient with urticaria/

angioedema have anaphylaxis?

GP Spickett, consultant clinical
immunologist; C Stroud, consultant clinical
immunologist

Royal Victoria Infirmary, Newcastle upon
Tyne

Anaphylaxis has been defined as an
acute, life-threatening systemic reaction
with varied mechanisms, clinical pre-
sentations and severity that results from
the sudden systemic release of media-
tors from mast cells and basophils.! It is
rapid in onset and may cause death.’
Anyone may develop anaphylaxis, but
patients with a personal or family his-
tory of atopic disease are at greatest risk.
The problem may be much more
common than realised. Figures of
12-15% of the US population being
affected have been produced,® and an
estimated one in 1,333 of the English
population has experienced anaphy-
laxis.* This figure is based on prescrip-
tions for adrenaline (epinephrine) for
self-injection and may therefore overes-
timate the number of true systemic
reactions. Fatal reactions appear rare,
perhaps less than one per five million
population per year, but the published
figures may not be reliable as there is no
report
deaths due to anaphylaxis.’ The figure

requirement specifically to

was acquired after self-injection devices
were introduced so it is not known what
difference the devices have made to out-
comes in terms of deaths prevented.
Clinical experience suggests that adren-
aline is being administered unneces-
sarily for localised reactions without
airway compromise, and that too many
patients are being issued with adrena-
line for self-administration. It is essen-
tial that self-injection devices are issued
only to those patients with a clinical
indication and that they are shown how
to use them correctly and that the tech-
nique is rechecked when prescriptions
are reissued.

Urticaria and angioedema

Urticaria is characterised by a red, raised
itchy rash resulting from vasodilatation,
increased blood flow and increased vas-
cular permeability consequent upon
mediator release from mast cells.
Urticarial wheals can vary in size (from a
few mm to large lesions (10-20 cm), they
may be single or numerous and are
intensely itchy. Urticaria occurs in the
superficial dermis while angioedema
refers specifically to localised deep tissue
swelling.

Urticaria and angioedema may occur
together and as a part of an anaphylactic
reaction, but either may occur alone and

Adrenaline for self-injection is frequently given inappropriately for non life-threatening

localised reactions

Adrenaline for self-injection should only be prescribed for patients who have had systemic
reactions and where there is a high probability of reoccurrence

The most common causes of chronic urticaria are stress and underlying medical problems,

not immunoglobulin (IgE)-mediated allergy

Angioedema accompanied by urticaria is not due to hereditary angioedema

Angioedema triggered by angiotensin-converting enzyme inhibitors (ACE-I) may occur at

any time after the initiation of therapy

KEY WORDS: adrenaline (epinephrine), anaphylaxis, angioedema, urticaria
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may not be due to non-immunoglobulin
(IgE) mechanisms, although almost all
urticaria is non-IgE mediated. Urticaria
is common: at least 20% of the popula-
tion will have it at some point in their
life. Adrenaline is not indicated for the
management of urticaria.

Anaphylaxis

Anaphylaxis due to the presence of IgE
antibodies (type 1 hypersensitivity) rep-
resents the most severe form of imme-
diate allergic reaction. The immune
system must have been exposed previ-
ously to the allergen for IgE antibodies to
form and anaphylaxis occur.

The reaction is due to release of media-
tors from mast cells, stimulated by allergen
cross-linking of membrane-bound spe-
cific IgE antibodies. There is immediate
release of histamine from preformed gran-
ules in the mast cells, the mast cells are
then activated leading to increased syn-

thesis of other mediators such as
leukotrienes. This synthetic process builds
up over 4-6 hours, and is thought to be
responsible for late reactions which may
occur some hours after the initial imme-
diate reaction has subsided.

Clinically similar reactions can be
caused by substances that directly acti-
vate mast cells without the presence of
specific IgE (previously termed anaphy-
lactoid reactions). Substances well
known to trigger this type of reaction
include strawberries, radiographic con-
trast media and opiates (codeine and
morphine derivatives). Direct ingestion
of histamine through eating foods rich in
histamine (tomatoes, shrimps, lobster)
or foods that have undergone bacterial
spoilage (scombroid poisoning) will
rarely give clinically similar reactions.

The swelling of angioedema is caused
by uncontrolled activity of bradykinin
(Fig 1) and, to a lesser extent, comple-
ment breakdown products such as C2-
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kinin. Rarely, angioedema may be hered-
itary, due to defects in Cl-esterase
inhibitor (types I and 1I)® and gain of
function mutations in coagulation factor
XII (Hageman factor, type III).”
Angioedema may occur in the context of
specific IgE-mediated responses but
most cases are not associated with any
identifiable external trigger.

There should not be an assumption
that all cases of urticaria and angioedema
are allergic in nature, and these should be
distinguished from the systemic response
of anaphylaxis. The treatment is very
different.

Signs and symptoms

Anaphylaxis is a systemic reaction.
Typical features include a feeling of
doom, hypotension, often with loss of
consciousness, diarrhoea, vomiting and
abdominal cramps, laryngeal oedema
and bronchospasm. Urticaria may be

Bacterial phospholipid, uric acid, collagen, exposed basement membrane
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Fig 1. Diagram of factors involved in generation of angioedema and the roles of Cl-esterase inhibitor and angiotensin-converting enzyme

(HMW = high molecular weight).
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present, but up to 50% of reactions may
not be accompanied by this rash.?
Urticaria, with or without angioedema,
especially when chronic, is almost never
due to IgE-mediated mechanisms.
Patients with underlying asthma are at
greater risk of severe reactions with
bronchospasm. Risk factors for a fatal
outcome to anaphylaxis may include age
(and age-related comorbidities such as
hypertension, ischaemic heart disease
(IHD)) and drug therapy (particularly
angiotensin-converting enzyme inhibi-
tors (ACE-I)). Summers et al ° have
examined risk factors for anaphylaxis in
peanut and tree nut allergic patients and
found that severe pharyngeal oedema
was more likely to be present in patients
with severe rhinitis and those with low

levels of ACE (<37 mmol/l). Life-
threatening bronchospasm was more
likely in patients with severe asthma,
while altered consciousness was more
likely in those with severe eczema. There
has been debate about whether beta-
blockers have an adverse effect on out-
come, but their cardioprotective effect
may actually lessen the risk.!

Causes

Almost any substance is capable of trig-
gering an IgE-mediated anaphylactic
reaction. Table 1 lists the most common
causes of anaphylaxis and Table 2 the
differential diagnosis.

Onset of anaphylaxis is rapid.
Attempts by the patient (or doctor!) to

Table 1. Causes of anaphylaxis.

Causes Examples

Foods Nuts, fish, shellfish, fruits

Latex Medical and dental products, clothing, condoms

Drugs Antibiotics, anaesthetics (NB: rare to local anaesthetics), biological agents
Venoms Bees, wasps (fire ants in USA)

FDEIA Commonly wheat, other foods may be involved

Food + drug Reactions only with combination of NSAID plus a food (altered gut permeability)
Idiopathic No identifiable cause: often frequent and may require continuous steroids

and recurrent  (exclude mastocytosis)

FDEIA = food-dependent exercise-induced anaphylaxis; NSAID= non-steroidal anti-inflammatory drug.

Table 2. Differential diagnosis of anaphylaxis.

Diagnosis Features

Anaphylaxis

Systemic reaction: angor animi, hypotension, tachycardia, bronchospasm,

laryngeal obstruction, diarrhoea, vomiting, abdominal cramp, urticaria,

angioedema (only 50%)

Mastocytosis
syncope

Baseline tryptase elevated

Vasovagal
syncope

Hyperventilation

Cutaneous lesions, chronic bowel symptoms, recurrent attacks, often with

No rash or swelling, bradycardia and hypotension, no breathing difficulty
(unless hyperventilation or globus hystericus)

Dizziness, chest pains, shortness of breath (no objective evidence for

bronchospasm or laryngeal obstruction)
Circumoral and finger tip paraesthesiae, tetany: responds to rebreathing

from paper bag

Tachycardia and hypertension (anxiety). Check blood gases for respiratory

Acute exogenous histaminosis from eating spoiled fish, bowel symptoms and

alkalosis
Scombroid
poisoning rash predominate
Carcinoid Recurrent flushing, no evidence for laryngeal involvement
syndrome Bowel symptoms may be significant
392

blame foods eaten the day before are
erroneous. Although textbooks say that
anaphylaxis may occur up to six hours
after ingestion/exposure this is, in prac-
tice, exceptionally rare and two hours is
really the outside limit. History should
include the contribution of exercise, as
symptoms may rarely become apparent
only when consumption is followed by
exercise!! — this is an increasingly impor-
tant problem. Non-steroidal anti-inflam-
matory drugs (NSAIDs) make it worse
by increasing the passage of allergen
through the gut into the blood stream in
an undigested and immunoreactive
form.!!

Not all cases of anaphylaxis are easily
resolved, and a group of patients with idio-
pathic anaphylaxis remain. These patients
often have repetitive attacks and may
require continuous steroids to control
them. It is important to identify mastocy-
tosis, as this can predispose to severe and
recurrent episodes of anaphylaxis. Patients
with mastocytosis must be warned of the
risks of drug administration, especially
anaesthetics. Within the group of patients
with a history of recurrent anaphylactic
reactions are a small number of patients
with somatoform disorders.!?

Angioedema

Localised angioedema, even with
involvement of the tongue and pharynx
with no systemic features, is not anaphy-
laxis although frequently erroneously so
labelled in accident and emergency
(A&E) departments and medical admis-
sions units. Angioedema is not accompa-
nied by systemic features. Whatever the
cause, it is often preceded by a premoni-
tory prickling at the site, but is never
itchy unless urticaria is also present.
Urticaria when affecting the face and
especially around the eyes can give the
impression of angioedema, but the dis-
tinguishing itch will be present.

Hereditary angioedema

Hereditary angioedema (HAE) is a very
rare genetic condition, affecting approxi-
mately one in 100,000. There will be a
family history in most but not all cases.

© Royal College of Physicians, 2011. All rights reserved.



Idiopathic, non-allergic angioedema is at
least 100 times more common and usu-
ally has a much more rapid onset than
HAE. Complement abnormalities during
an attack will distinguish the two. HAE
typically demonstrates very slow devel-
opment of angioedema, without
urticaria. In this condition, bowel
oedema may occur, causing severe
abdominal pain frequently mistaken for
an acute abdomen. Failure to recognise
this may lead to inappropriate laparo-
tomies, often on more than one occasion.
Almost all cases of angioedema pre-
senting to A&E or admissions units will
be due to causes other than HAE.

Causes

The most common identifiable causes of
angioedema without urticaria are drugs,
particularly ACE-Is, statins, proton-
pump inhibitors and NSAIDs (Table 3).
A proper drug history is therefore essen-
tial. ACE-Is cause angioedema by pre-
venting the breakdown of bradykinin.
Figures vary for the number of patients
developing angioedema on ACE-Is, but it
may be as high as 5%. Of patients pre-
senting to a tertiary referral clinic with
angioedema, 11% had ACE-I induced
angioedema.!® The attacks may com-
mence at any time after the initiation of
therapy and may persist for up to three
months after drug withdrawal.

Angioedema frequently develops
during the night or in the early hours of
the morning, waking the patient. This
effectively excludes foods and other trig-
gers consumed the day before. The
predilection for angioedema to develop
at this time is unknown. HAE should be
considered (see above).

In older patients presenting with
angioedema alone, it is important to look
for rare acquired angioedema secondary
to paraproteins which block Cl-esterase
inhibitor function (acquired
angioedema). This is usually associated
with splenic villous lymphomas. In
younger patients, usually with systemic
lupus erythematosus autoantibodies
against Cl-esterase inhibitor have been
reported rarely.

No cause for the angioedema is identi-
fied in many patients and is frequently
labelled as ‘idiopathic. However, it is
important to recognise the major role
that psychosocial stressors play in the
development of all types of pseudo-
allergic reactions, including angioedema.
Failure to identify these and advise the
patient appropriately will ensure that the
problem continues unabated.

Suspected anaphylaxis:
investigations

Where there is doubt about the diagnosis
of anaphylaxis, measurement of serum

Table 3. Causes of angioedema.

Urticaria present

Urticaria absent

Common Stress-induced Drug-induced
Physical (water, heat, cold, light vibration, pressure) (ACE-I, statins,
Histamine-releasing foods (strawberries) PPIs, NSAIDs)
Infections Stress-induced
Thyroid disease
Chronic infections (helicobacter, dental, sinus, gallbladder)

Iron deficiency
B12/folate deficiency
Rare Scombroid poisoning (high histamine foods) HAE Types I, Il, 11l

Malignancy
Familial cold urticaria

Acquired angioedema
secondary to
lymphoma or
autoimmune disease

ACE-| = angiotensin-converting enzyme inhibitor; HAE = hereditary angioedema; NSAID = non-steroidal

inflammatory drug; PPl = proton pump inhibitor.

© Royal College of Physicians, 2011. All rights reserved.
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mast cell tryptase (MCT) levels can be
valuable. MCT is a protein released into
the circulation when histamine is
released from mast cells. Levels increase
within 15 minutes and decay with a half-
life of 1.5-2.5 hours. In severe anaphy-
laxis, levels may remain raised for up to
24 hours and may also be raised in post
mortem samples from patients dying
from anaphylaxis. A clotted blood
sample taken as early as possible during
the reaction, preferably within 2—4 hours
of onset can be helpful. Most cases of
urticaria and angioedema will have
normal MCT levels. An elevated MCT
does not, however, distinguish between
IgE and non-IgE mediated mast cell
degranulation nor does a normal level
exclude the possibility of an allergic reac-
tion. Elevated baseline tryptase levels are
found in mastocytosis.

In light of the studies suggesting that
ACE levels are a risk factor for pharyngeal
oedema, checking the ACE level would
seem to be a sensible step. Tests to specific
allergens are most appropriately per-
formed in the allergy clinic either by using
skin-prick tests or by taking blood sam-
ples to measure specific IgE. If wheat-
dependent, exercise-induced anaphylaxis
is suspected, checking for specific IgE to
omega-5-gliadin has been found to be a
useful predictive test. In patients pre-
senting with attacks of hereditary
angioedema, serum C4 levels during an
episode will be low/undetectable.

Immediate management of
anaphylaxis

Much of the management of anaphylaxis
has never been evaluated in controlled
clinical trials for obvious reasons and
treatment is therefore pragmatic. The
UK Resuscitation Council produced
guidelines on the emergency treatment
of anaphylactic reactions in 2008.1

Adrenaline

The treatment of anaphylaxis involves
the prompt administration of adrena-
line, which must be given by the intra-
muscular (im) route. First-response dose
of adrenaline is usually 0.3-0.6 mg im
for adult patients. A recent Cochrane
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review concluded that the use of adrena-
line in anaphylaxis is based on tradition
and on evidence from fatality series in
which most individuals dying from ana-
phylaxis had not received prompt adren-
aline treatment."

Many patients will have self-injection
devices such as Epipen or Anapen.
Prescribers should be aware that the
mechanisms for triggering these devices
are different and therefore they should not
be used interchangeably. If intravenous
(iv) adrenaline is used, it must be diluted
via an infusion pump (10 ml 1 in 10,000
adrenaline, diluted with 100 ml normal
saline) with ECG monitoring. Significant
complications can occur from using iv
adrenaline including cardiac ischaemia,
arrhythmias and death. It should be used
only in a hospital setting by experienced
specialists.

Steroids

Steroids should be administered at the
earliest opportunity, not for any imme-
diate benefit but to prevent both the pro-
duction of leukotrienes and late-phase
reactions (rare but preventable). The
optimal dose of steroid is not known.
Current guidelines suggest a dose of
200 mg hydrocortisone iv for adults.!*
An attempted meta-analysis of the use of
steroids identified no suitable studies so
the actual value is uncertain.!® Until
appropriate studies are done, custom and
practice indicate that steroids should be
administered.

Antihistamines

Chlorphenamine 10 mg iv is usually
given. Its value is dubious once there
has been massive histamine release, par-
ticularly as it is a weak antihistamine
compared with third-generation anti-
histamines such as cetirizine or fexofe-
nadine. It is sedating, which may be
valuable in reducing anxiety. Oral
administration of cetirizine 20 mg may
be better if the patient can swallow. A
Cochrane Review!” has found no satis-
factory trials addressing the value of
antihistamines in this setting. It is prob-
able that there never will be any trials
because of the logistic difficulties.
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Observation

A patient who has had an anaphylactic
reaction must be kept under medical
observation for a minimum of six hours
in case of late-phase reactions. After a
period of observation, the patient may be
discharged if fully recovered. (Admission
to hospital is not required unless there are
continuing problems.) Adrenaline for
self-injection should be prescribed only
for patients who have had a severe sys-
temic reaction to an unknown or
unavoidable allergen, and then only if full
training of the patient is given (Table 4).
Patients who have had reactions to drugs
should not receive injectable adrenaline
devices, but instead clear instructions
about drug avoidance, backed up by
information to GPs.

Immediate management of
angioedema

The management of urticaria and
angioedema has been well-reviewed.!®
Adrenaline is not indicated for
angioedema unless
evidence of laryngeal involvement.
Administration of a large dose of a long-
acting, non-sedating antihistamine, such
as cetirizine 20-40 mg stat or fexofena-
dine 180-360 mg stat, together with a

there 1is clear

single oral dose of prednisolone 20 mg
is usually sufficient for the management
of symptoms. The dose of both can be
repeated after 24 hours. It is best to
avoid long courses of steroids. If a
patient is taking ACE-Is, these must be
stopped at once and, if necessary, an
alternative given. Angiotensin receptor
blockers and the newer renin antagonists
are usually, but not always, safe. Other
drugs well known to cause angioedema,
such as NSAIDs and statins, should be
avoided or stopped pending specialist
review.

Hereditary angioedema

Hereditary angioedema does not
respond well to adrenaline, steroids or
antihistamines. Treatment has largely
been with purified Cl1-esterase inhibitor,
but new treatments are now available.
Management should be discussed with a

clinical immunologist.

Immediate management of
urticaria

The acute management of urticaria is
similar to angioedema: high doses of
oral non-sedating, long-acting antihist-
amines should be used. Oral chlor-
phenamine should be given only at

Table 4. When to give adrenaline for self-injection.

Requirements

Severe systemic allergic reaction
with airway involvement

Allergen known and risk of accidental
re-exposure
Risk factors for severe reactions exist

No contraindications

Full training can be given

Comments

Do not give to patients with localised
angioedema, urticaria (even if widespread)

Do not give for reactions to avoidable drugs

Low ACE level, raised basal tryptase, asthma,
severe rhinitis

Caution required in patients with IHD (including
elderly with potential cryptic heart disease),
patients on tricyclic antidepressants, cocaine
abusers, those with uncontrolled hypertension

Prescribe paediatric dose for patients on beta-
blockers (at risk of unopposed adrenergic activity
leading to hypertension)

Do not prescribe without providing full
information on correct use, together with
written information (including advice on medical
alert device)

ACE = angiotensin-converting enzymes; IHD = ischaemic heart disease.

© Royal College of Physicians, 2011. All rights reserved.



night because of its sedating effect.
Continuous oral steroids are inappro-
priate, but a single dose to treat acute
flares is acceptable. Doses of antihista-
mines in excess of those recommended
in the British National Formulary
(BNF) will frequently be required.
Safety data exist for cetirizine and fex-
ofenadine in doses up to fourfold higher
than normally used. This is preferable to
the use of steroids.

Follow-up management
Anaphylaxis

For a patient not previously known to
suffer from anaphylaxis, it is essential
that rapid follow-up is arranged with a
clinical service experienced in the
investigation and management of ana-
phylaxis. This may be carried out either
by a clinical immunologist or an aller-
gist and can be undertaken as an out-
patient once the patient is stable and
can be discharged from hospital. Any
information about food exposure at
the time of the reaction should be pre-
served or noted until this review as it
may give valuable clues to further
investigation.

If there is deemed to be a risk of fur-
ther systemic reactions and the allergen is
unavoidable, a self-treatment kit with
adrenaline for self-injection (minimum
of two pens), together with cetirizine 20
mg and prednisolone 20 mg as stat oral
doses should be provided (Table 4).
Clearly, patients with risk factors such as
asthma, severe rhinitis, elevated serum
tryptase levels and low ACE levels should
be prioritised to receive adrenaline.
Caution should be observed in giving
adrenaline to patients with known or
suspected THD, uncontrolled hyperten-
sion, or those taking tricyclic antidepres-
sants or cocaine, due to the risks of
ventricular arrhythmias. The dose of
adrenaline in those on beta-blockers
should be reduced by 50% to prevent
unopposed alpha activity and paradox-
ical hypertension. Whether beta-blockers
should be stopped is debatable and
should involve a discussion between the
patient’s cardiologist and immunolo-
gist/allergist.!0

© Royal College of Physicians, 2011. All rights reserved.

Urticaria and angioedema

Patients with recurrent urticaria and
angioedema who have frequent attacks
may benefit from regular preventative
antihistamines, using long-acting, non-
sedating antihistamines. Doses may
need to be escalated above those nor-
mally recommended in the BNF (<30
mg bd for cetirizine). For nocturnal
symptoms, sedating antihistamines
including chlorphenamine and hydrox-
yzine may be considered. Cimetidine,
which has unusual immunosuppressive
properties, has been suggested as an
additional treatment but benefit appears
to be limited. It is unclear whether other
H,-blockers have the same effect.
Doxepin has potent antihistaminic
activity but is very sedating. Mirtazipine
is also very effective and has fewer side
effects. As noted, long-term steroids
should be avoided. For angioedema
alone without urticaria, antihistamines
may be effective, but better results may
often be obtained with tranexamic acid
(=<1 g qds). Monitoring of liver func-
tion is necessary and regular ultrasound
scans of the liver (every three years) are
recommended if treatment is long-term.

Conclusions

Anaphylaxis is now a common and
serious, but fortunately rarely fatal, med-
ical health problem and it is crucial that
patients receive appropriate acute and
follow-up treatment. It is however essen-
tial that it is distinguished from benign
non-allergic urticaria and angioedema
(which is at least 100 times more
common), and that adrenaline is used
only in those patients that truly require
it. A good working definition of anaphy-
laxis is a reaction which involves one or
both of the two severe features:

e respiratory difficulty, which may be
due to laryngeal oedema or asthma,
and/or

e hypotension, which may present as
fainting, collapse, or loss of con-

sciousness.!®

The Resuscitation Council use similar
criteria (airway, breathing and circula-
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tion problems) in addition to the
rapidity of onset of symptoms and the
presence of skin/mucosal changes,
although recognising that these latter
changes may be absent or subtle.!*

Using these definitions, patients can be
correctly identified as having anaphylaxis
and early treatment with im adrenaline
given appropriately, whilst avoiding
unnecessary prescriptions in those who
do not require it. Delay in administration
of adrenaline has been identified as a risk
factor for a poor outcome.?’ However,
giving a patient a diagnosis of anaphy-
laxis inappropriately can not only lead to
unnecessary prescriptions of adrenaline
but may also lead to increased anxiety
levels for patients and family. Therefore
the clinician should be confident of the
diagnosis before management is insti-
tuted.
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Does this patient have periodic fever

syndrome?

S Savic, consultant clinical immunologist;
P Wood, consultant clinical immunologist

Clinical Immunology Department, St
James’s University Hospital, Leeds

Periodic fever syndromes are the
founding members of a larger family
of conditions known as autoinflam-
matory syndromes. Following the dis-
covery of the genetic basis for TRAPS,
the concept of autoinflammation was
first proposed in 1999 to differentiate
between the immunopathogenesis
of PFS and that of classical autoim-
mune diseases.! (See glossary on page
400 for explanation of abbreviations.)

The term autoinflammation has
subsequently been expanded to
encompass a number of immunologi-

cally mediated conditions that develop
due to pathological inflammation
mediated chiefly by the
immune system. This is in contrast to

innate

autoimmune conditions where the dis-
ease process is principally due to aber-
rant adaptive immune responses and
involvement of antigen-specific T and
B cells. The appreciation that inflam-
mation may be driven separately by
either the innate or the adaptive
immune system has led to some of the
autoimmune diseases being reclassi-
fied as autoinflammatory conditions,
whilst recognising that in a number
of diseases with an intermediate
phenotype there is a significant
overlap.? The discovery of the genetic
causes of various PFS has transformed
the approach to immunologically

Table 1. Hereditary autoinflammatory syndromes: genetic and immunopathological

Protein Immunopathology

Pyrin Decreased macrophage
apoptosis, reduced negative
feedback on IL-1 processing

MVK Unclear

TNFRSF1A Decreased receptor shedding,
defective TNF-induced apoptosis,
constitutive NF-kB signalling,
impaired receptor trafficking

Cryopyrin Increased spontaneous IL-1

(NLRP3) processing and release

NLRP12 Increased production of IL-1beta

Other inherited autoinflammatory syndromes of interest

features.

Periodic

fevers Inheritance Gene
MF AR MEVF
HIDS AR MVK
TRAPS AD TNFRSF1A
CAPS: AD

FCAS

MWS CIAS1
CINCA/ Majority

NOMID de novo

NAPS12 AD NLRP12
DIRA AR ILIRN
PAPA AR IPSTPIP1
CRMO AR LPIN2
Blau AD CARD15

IL-1 receptor a
ntagonist
proline/serine/ Disordered actin reorganisation

Deficiency of IL-ra

threonine resulting in abnormal
phosphatase-  inflammatory response
interacting

protein 1

Lipin 2 Unclear

NOD2 Increased NF-kB activation

© Royal College of Physicians, 2011. All rights reserved.



