
REVIEW
 CURRENT
OPINION The overlap between allergy and immunodeficiency
 Copyright 

www.co-pediatrics.com
Kristin Sokol and Joshua D. Milner
Purpose of review

The mechanisms underlying the overlap of, and relationship between, atopy and immunodeficiency are just
beginning to be recognized, through the identification of novel genetic conditions and the reexamination of
well known primary immunodeficiencies. The present review seeks both to frame the topic and to highlight
the most recent literature combining allergy in the context of immunodeficiency.

Recent findings

The true prevalence of atopic disorders in the setting of primary immunodeficiency as a whole is difficult to
pinpoint, however there have been recent attempts to measure prevalence. Individual immunodeficiency
disorders have been more carefully dissected for atopic disease and the mechanisms underlying the atopic
phenotypic, whereas several newly described immune deficiencies because of single gene mutations are
highly associated with atopic phenotypes. Finally, a number of novel genetic conditions with atopy being
the primary feature, even in the absence of overt immune deficiency, have been described, providing
instrumental clues into the diagnostic dilemmas these syndromes create.

Summary

Defining and examining diseases with primary features of atopy and infection allow for a better
understanding of the interplay between the two in rare disease, and hopefully sheds light on fundamental
pathways involved in atopy and host defense in the general population.
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INTRODUCTION

Allergy has long been an observable component of
immune deficiency, though for good reasons, the
life-threatening infections tend to garner more of
the attention than the atopic symptoms. Con-
versely, infection in the context of the highly atopic
patients can sometimes be missed or dismissed as
simply secondary to the allergic inflammation.
Regardless, the overlap between the two provides
an opportunity to better understand the underlying
immune (and often genetic) defect that simulta-
neously causes impaired host defense and failure
to regulate atopic responses.

Fundamentally, allergy in the context of primary
immunodeficiency (PID) has always been a curious
combination given that the patient must have
impairment of the immune system sufficient enough
to lead to infectious susceptibility, but intact enough
to allow for the allergic response. Development of
symptoms of allergic disease in the context of
immune deficiency is the result of disruption of
the complex balance within the immune system of
effector and regulatory cells, perhaps also contrib-
uted to by differences in microbial colonization and
infection patterns. Proposed reasons for how such
© 2018 Wolters Kluwer 
dysregulation occurs have included a failure of cen-
tral thymic tolerance, mismatch between effector
and regulatory T-cell function, failure of production
of counter regulating interferon-gamma (IFNg) pro-
duction and others [1,2]. One illustrative case for a
number of these mechanisms is perhaps the first
identified PID associated with atopic symptoms,
Omenn Syndrome. Although complete T-cell dys-
function leads to classic SCID, partial or hypomor-
phic T-cell function can lead to autoimmune or
allergic phenotypes with Omenn syndrome as a
prime example [3]. Patients with Omenn syndrome
present in infancy with symptoms consistent with
classic SCID such as chronic viral respiratory infec-
tions, opportunistic infections, failure to thrive and
diarrhea, but they also exhibit lymphadenopathy,
hepatosplenomegaly, and widespread erythroderma
Health, Inc. All rights reserved.
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KEY POINTS

� Atopy in the setting of immunodeficiency can be
common but is often overlooked.

� There are several novel genetic conditions, both with
and without immunodeficiency that have been
identified in recent years.

� The overlap of allergy and infection can provide a
unique opportunity to study the complexities of the
immune system and microbial colonization and
infection patterns in humans.
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and exfoliativedermatitis associated witholigoclonal
T-cell expansion. These children also have elevated
total serum immunoglobulin E (IgE) and eosino-
philia, caused by the expanded and unregulated
T cells that consistently secrete Th2 cytokines like
interleukin (IL)-4, IL-13, and IL-5 [3]. However, these
patients do not typically have environmental or food
allergies as it has been suggested that their highly
limited T-cell repertoire precludes mounting a spe-
cific response to these antigens [3].

Atopy in the setting of PID and as a result
of single gene defects has become a more apparent
phenotype. By recognizing these patients, there
can be a better understanding of the complexities
that are involved in regulating the atopic
response, and how atopic responses impact host
defense. The present review will summarize the
significant recent discoveries in the overlap of atopy
and immunodeficiency.
When atopy and immunity intertwine

In understanding allergic disease in the context of
immune deficiency it is important to point out how
symptoms of either can contribute to one another
and/or be confused with one another. For example,
allergic nasal inflammation could potentially lead to
secondary infection [4], though the association is
complex and a direct causal relationship is difficult
to establish [5]. In addition, cytokines associated
with allergic inflammation such as IL-13 in the
context of atopic dermatitis can inhibit natural
mucosal surface antimicrobial peptides leading to
increased skin infection [6]. This is noteworthy
because treatment of atopic dermatitis with newly
approved dupilumab not only improves the eczema
and itch, but also diminishes the number of skin
infections, both viral and bacterial [7]. Primary skin
barrier defects can also directly lead to infectious
predilection, such as the case of patients with defi-
ciency of Filaggrin, a key skin barrier protein, who
have increased rates of molluscum contagiosum [8].
 Copyright © 2018 Wolters Kluwe
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It is likely that the interplay between skin infection,
both viral and bacterial, and atopic dermatitis is
heterogeneous in that an underlying genetic lesion
could lead to a host defense defect which also
directly leads to atopy. The atopic mucosal surface
could create the milieu for infectious predilection as
is the case for defense inhibition, and/or the infec-
tion could drive the atopic phenotype [9,10

&

]. This
theory is further buttressed by a recent study show-
ing amelioration of atopic disease in patients topi-
cally treated for their skin microbial dysbiosis [11

&&

]

Prevalence data

How much allergic disease can there be found in
classical immune deficiencies? There have been lim-
ited studies that measure the burden of allergic
diseases across a broad spectrum of primary immune
deficiencies, with widely variable results. A recent
US Immunodeficiency Network (USIDNET) study
found the overall prevalence of both food allergy
and atopic dermatitis in patients with PIDDs to be
lower than that in the general population. However,
there were certain PIDDs that were found to have a
higher rate of patients with food allergy, specifically
CD40 ligand deficiency, primary hypogammaglobu-
linemia, hyper IgE syndrome, combined immuno-
deficiency (CID), and selective IgA deficiency
(SIgAD). Similarly, there were certain PIDDs that
presented with higher rates of atopic dermatitis than
the general population, specifically nuclear factor-
kB essential modulator deficiency, Wiskott–Aldrich
syndrome (WAS), CID, selective IgM deficiency, and
patients with STAT3 loss-of-function (LOF; the auto-
somal dominant hyper-IgE syndrome) [12].

Additional studies have attempted to character-
ize allergic disease within specific immunodefi-
ciency diseases. One retrospective review of
patients with common variable immunodeficiency
(CVID) revealed 60/160 (37.5%) had a diagnosis of
asthma for which most were prescribed a controller
medication. Symptoms consistent with rhinitis were
reported in 89/160 (55.5%), again for whom most
were prescribed controller medications. A docu-
mented (but not oral challenge confirmed) food
allergy was found in 18/160 of their patients with
CVID. IgE-mediated allergic disease was proven in
only 11% of patents with CVID and rhinitis, and
only 10% of patients with CVID and asthma,
although specific allergy testing was limited [13].
A single-center cohort study of patients with early
onset ADA-SCID showed that atopy was present in
10/18 (56%) of the patients. The most common
atopic manifestations were allergic rhinitis (50%)
and asthma (22.2%), followed by food allergy
(11.1%), mild atopic dermatitis (11.1%), and
r Health, Inc. All rights reserved.
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urticaria (11.1%). Even in the absence of clinical
allergy, many of the patients were found to have
increased CD4þ Th2 cytokine production [14].

Reports from other countries regarding atopic
features in PID have also revealed variable results.
One Iranian report found 9/41 (20%) of hypogam-
maglobulinemia patients with asthma, 10/41 (22%)
with rhinitis, and 4/41 (9%) with atopic dermatitis
[15] whereas in another report, atopic dermatitis was
present in 52% of patients with SIgAD [16]. Atopic
dermatitis was found in only 2.3% of Brazilian
patients with SIgAD [17], whereas in a Swedish
report, parentally reported eczema was not associ-
ated with SIgAD [18]. A report from Kuwait on skin
manifestations in PIDs found that 19% of patients
with PIDs have atopic dermatitis [19]. A study from
Poland reported a high rate of food allergy (74%) in
their pediatric patients with hypogammaglobuline-
mia, but the reported symptoms of food allergy were
wider than typical, including eczema, reflux,
abdominal cramping, and diarrhea [20]. The various
discrepancies above could be because of differing
environmental exposures but more likely differing
algorithms for atopic dermatitis diagnosis plays a
substantial role [12].

Because poor counterregulatory IFNg produc-
tion is a proposed explanation for allergy in PIDs,
one particularly relevant population is patients with
mutations in the IFNg receptor or IL-12 signaling
pathway. Curiously, although clinical atopy and
total serum IgE levels were generally higher in
patients with IFNGR mutations than those with
IL-12R mutations, the prevalence of atopic disease,
including asthma, eczema, and allergic rhinocon-
junctivitis, was similar to that of a normal compar-
ator population derived from worldwide ISAAC
data. Only 9/29 had ever experienced symptoms
of clinical allergic disease, and none of them had
severe or difficult-to-control allergic disease [21].

From all of these reports, it is clear that more
careful phenotypic study of allergic disease in a wide
range of PIDs in a variety of environments would be
most helpful in better delineating the allergic bur-
den to anticipate for different PIDs.
Primary immunodeficiencies classically
associated with atopy

There are several PIDs known to be typically associ-
ated with atopy, especially eczematous dermatitis
and elevated serum IgE. Study of the atopic mani-
festations of these diseases can help shed light
on fundamental pathways involved in atopy and
the control thereof. Wiskott–Aldrich Syndrome
(WAS), characterized by eczema, thrombocytope-
nia, and recurrent infection, because of mutations
 Copyright © 2018 Wolters Kluwer 
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in actin-cytoskeleton-related gene WASP, is one
such classic example. Although the mechanism
for atopy in WAS is not fully defined, it is thought
that regulatory T-cell dysfunction is a likely contrib-
utor [22–24]. Food allergies were recently examined
in a cohort of 25 patients with mutations in the
WASP gene. Food allergen-specific IgE was detected
in 33% (4/12) of WAS and 20% (2/10) of patients
with X-linked thrombocytopenia (XLT), whereas
the prevalence of physician-diagnosed food allergy
among WAS and patients with XLT in childhood (20
and 30%, respectively) was increased. Notably none
of the patients reported a history of anaphylaxis
potentially explained by mouse model data within
the same study, which showed that absence of
WASP within regulatory T cells alone actually led
to worse reactions to food, suggesting that other
effector mechanisms for allergy are actually
impaired when WASP is mutated [25]. Indeed, it
has been previously shown that WASP is important
in mast cell degranulation [25,26].

A series of reports have recently identified a
disorder related to WAS because of mutations in
the Arp 2/3 complex [27

&

–29
&

], which is critical for
actin cytoskeleton remodeling and is activated by
WASP. Mutations in ARPC1B, the gene encoding a
member of the ARP 2/3 complex, have been
described in two brothers with a WAS-like clinical
phenotype, including severe infections, eczema-
tous dermatitis, and elevated IgE levels [29

&

]. An
additional patient was recently reported with CID
with recurrent infections, symptoms of immune
dysregulation, and a mild bleeding tendency, also
with a mutation in ARPC1B. Allergic disease in this
patient manifested as severe eczema in addition to
anaphylaxis after ingestion of nuts. Elevated total
serum IgE and eosinophilia were observed [28

&

].
Finally, a report of three patients from two different
families, all with homozygous mutations in
ARPC1B, revealed a phenotype of platelet abnor-
malities, cutaneous vasculitis, predisposition to
inflammatory diseases, an eczema-like rash, and
eosinophilia [27

&

]. The mechanism of allergic dis-
ease seen in this disorder is unknown but as with
WAS, regulatory T cells are abnormal in ARP2/3
mutant mice [30].

A number of other PIDs associated with allergy
often have been described as ‘Hyper-IgE Syn-
dromes’. Although originally described in patients
with Job’s Syndrome who ultimately were found to
have the autosomal dominant hyper-IgE Syndrome
due to STAT3 mutations, the term can be confusing,
as any marked elevation in IgE could be considered a
‘hyper-IgE’ syndrome. Multiple additional syn-
dromes have since been found to be associated with
high IgE, with and without comorbid infection, but
Health, Inc. All rights reserved.
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syndromic nonetheless. In addition to STAT3 LOF,
these disorders include ZNF341 mutations, DOCK8
deficiency, PGM3 deficiency, and CARD11 domi-
nant negative mutation.

It is noteworthy that despite the marked IgE
elevation, patients with STAT3 LOF mutations are
relatively protected from severe allergic reactions
because of defects in mast cell degranulation and
vascular responses to histamine caused by the STAT3
mutation itself [31–33].

DOCK8 deficiency is a CID associated with
severe atopy and high IgE which is distinguished
from the others by a significantly elevated rate of
viral skin infections and malignancy [34]. The skin,
viral and neoplastic phenotypes overlap with WAS
and the similarities have been proposed to be due to
direct interactions of DOCK8 with WASP [35]. Simi-
larly, the phenotypic overlap with STAT3LOF
including very high IgE, B-cell defects, infection
and others may be due to direct interactions
between DOCK8 and STAT3, and/or joint participa-
tion in pathways involved in lymphocyte signaling
[36–38].

Mutations in PGM3, a gene encoding a protein
involved in glycosylation required for many cellular
functions, lead to a variety of atopic diseases and
recurrent bacterial and viral infections, but also
autoimmunity and developmental disorders
because of abnormal myelination. Interestingly,
PGM3 deficiency is variable as well in that it does
not always lead to an atopic phenotype – sometimes
it manifests as more typical SCID and without devel-
opmental abnormalities [39–43].

Recently described, recessive ZNF341 mutations
[44

&

,45
&

] were found in multiple patients with recur-
rent and severe infections, some skeletal abnormal-
ities as seen in STAT3LOF, atopy, and elevated IgE.
ZNF341 appears to control STAT3 expression itself,
likely explaining some of the overlap between these
patients and those with STAT3LOF. Although there
is still no clear explanation for how the loss of STAT3
function leads to allergic symptoms, this syndrome
provides another opportunity to attempt to better
understand the association.

Although complete LOF mutations in CARD11
can lead to SCID, dominant, hypomorphic CARD11
mutations have recently been described to be associ-
ated with severe atopy, with and without infections
beyond the skin. CARD11 (also known as CARMA1)
is an important scaffold protein and is required for
both B-cell receptor and T-cell receptor signaling
to the NF-kB pathway [46]. Eight patients from
four different families were described with mutations
in CARD11 and all had severe atopic disease
and viral skin infections. Many, but not all, also
had respiratory infections [47

&&

]. Subsequently, four
 Copyright © 2018 Wolters Kluwe
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additional related patients with a mutation in
CARD11 were reported with CID, asthma, atopic
dermatitis, food allergies, and autoimmunity, and
all with elevated total serum IgE levels [48]. The
mutations described lead to a decrease in IL-2 and
IFNg secretion as well as T-cell proliferation because
of effects on the NF-kB and mTORC1 pathways.
Interestingly, the impairment of mTORC1 signaling,
which was observed in CARD11 mutant mouse mod-
els, and known to be important for normal IFNg

production and prevention of Th2-associated pheno-
types [49–52] could be partially restored in vitro by
exogenous glutamine supplementation. How the
atopic phenotype emerges in this setting is not as
clear, but the findings are noteworthy as CARD11
mutations have been found to be associated with
‘typical’ atopic dermatitis by genome-wide associa-
tion studies [53], and a trial of glutamine supplemen-
tation in an unselected population of premature
infants showed long-term protection from atopic
dermatitis [54].
Novel atopic diseases without primary
immunodeficiency

As some of the CARD11 mutant patients illustrate, it
should be noted that syndromic atopic disease
which could present to the pediatrician or aller-
gist/immunologist does not always have accompa-
nying host defense defects that would typically be
associated with a PID. This nonetheless can create
confusion given that the patient is ‘syndromic’
because of any number of comorbidities, and also
may have ‘hyper-IgE’ because of the elevation in
serum IgE, or any other striking atopic phenotype
such as eosinophilia, severe dermatitis, urticaria,
and so on. There have been several such recently
described examples. One such example can be noted
in a novel gain-of-function (GOF) mutation in the
critical cytokine signaling molecule Janus kinase 1
(JAK1), which was found in a mother and two
children with a syndrome of immune dysregulation
including severe atopic dermatitis, environmental
allergies, asthma, eosinophilia, liver cysts, hepatos-
plenomegaly, autoimmune thyroid disease, and fail-
ure to thrive. Interestingly, their total serum IgE
levels were normal. The condition of the two chil-
dren improved dramatically with the administra-
tion of a JAK inhibitor [55

&&

], illustrating the
power and utility of investigating severe atopic dis-
ease as a potential monogenic disorder. Just down-
stream of JAK1 is STAT5b, whose loss leads to short
stature, recurrent infection autoimmunity and
atopy [56]. Interestingly, somatic GOF mutations
in STAT5b were found to lead to a syndrome not
so different from the JAK1GOF, including very early
r Health, Inc. All rights reserved.

rved. www.co-pediatrics.com 851



Allergy, immunology and related disorders
onset nonclonal eosinophilia, atopic dermatitis,
urticarial rash, and diarrhea [57].

A novel variant in ADGRE2 (also known as
EMR2) was recently discovered as the basis of auto-
somal dominant vibratory urticaria in three unre-
lated families who presented with lifelong histories
of localized, erythematous, edematous, pruritic
hives after repetitive mechanical stimulation of
the skin. The mutation causes the inhibitory inter-
action between the subunits of its receptor to
weaken, thereby lowering the threshold of vibra-
tion-induced mast cell degranulation [58].

There are additional examples of defined genetic
disorders associated with allergic disease, not always
associated with infection. These include Plcg2-asso-
ciated antibody deficiency and immune dysregula-
tion, which leads to cold urticaria almost universally,
as well as more variable humoral immune deficiency,
cutaneous granuloma formation, and autoimmunity
[59,60]; Loeys–Dietz syndrome, a genetic disorder of
the vasculature and skeletal system caused by muta-
tions in the genes encoding receptor subunits for TGF
(transforming growth factor) b [61], which is strongly
associated with a variety of atopic disorders [62];
physical skin barrier defect disorders including severe
dermatitis, multiple allergies, and metabolic wasting
(SAM syndrome) attributed to LOF mutations in
corneodesmosin, desmosomal plaque protein des-
moglein 1 gene, and desmoplakin [63–65], Nether-
ton syndrome caused by a mutation in SPINK5 [66]
and ichthyosis vulgaris caused by a mutation in the
filaggrin gene (FLG) [67,68]; and hereditary alpha-
tryptasemia syndrome caused by duplications in
TPSAB1 causing a variety of symptoms including
those associated with acute mast cell degranulation,
as well as functional gastrointestinal disorders, con-
nective tissue abnormalities, and dysautonomia [69].
CONCLUSION

Allergic disease can be a common component of a
primary immune deficiency, and can even be the
presenting sign and characteristic of certain specific
PIDs. In other cases, it may have a syndromic asso-
ciation and comorbidities independent of PIDs. The
era of next-generation sequencing will expand the
pool of diseases of both types, potentially easing
some diagnostic difficulties. At the same time, clini-
cal presentations which can confuse atopic versus
infectious manifestations will continue to cause
diagnostic and therapeutic quandaries, requiring
an open mind to the presence of both in highly
affected patients when presenting with focal symp-
toms, and when assessing the patient as whole from
an underlying diagnostic perspective.
 Copyright © 2018 Wolters Kluwer 
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