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The large majority of classified primary immune deficiency
(PID) diseases present in childhood. Yet, most patients with
PID are adults, with a large proportion experiencing onset of
symptoms beyond their childhood years. Most of these are
diagnosed predominantly with antibody defects, but cellular
and other disorders are increasingly being identified in older
patients as well. Moreover, advances in clinical immunology
are allowing pediatric patients, even those with severe
disease, to reach adulthood. Because of differences in the
physiology and pathophysiology of children and adults, the
presentation, diagnosis, and management of a complex
chronic disease could differ significantly between these
patient populations and therefore require modifications in
approach. � 2016 American Academy of Allergy, Asthma &
Immunology (J Allergy Clin Immunol Pract 2016;4:1101-7)
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To date, more than 200 primary immune deficiency (PID)
diseases have been identified and classified,1 with most of these
diseases usually presenting and being diagnosed in childhood.
However, taken together, most patients with PID are actually
adults—some are diagnosed as adults, whereas others are diag-
nosed in childhood and survive into adulthood. In either case,
and as with any chronic disease, the management of a PID may
significantly differ between adults and children, necessitating
alterations in the diagnostic approach, follow-up strategies,
monitoring techniques, and treatment modality.

Allergist/immunologists stand in the forefront of diagnosing
and managing PID. Some cases are treated at the community
level, whereas other—usually more complex—cases are referred
to tertiary medical centers or dedicated academic PID centers. In
either case, it is imperative that the practicing community
allergist/immunologist possess maximal awareness of the broad
scope of PID in the adult. Moreover, in some instances, the
presentation of a PID in an adult may be complex and multi-
systemic. In such cases, even the initial referral to an allergy/
immunology specialist may be delayed, with the patient being
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Abbreviations used

CGD- C
hronic granulomatous disease

CVID- C
ommon variable immune deficiency

HSCT- H
ematopoietic stem cell transplant

IVIG- In
travenous immunoglobulin

PID- P
rimary immune deficiency
initially managed by a nonimmunologist. To expedite proper
management of these patients, a deep understanding of the
extent of PID in the adult must be established among non-
immunologists as well. Other reviews have focused on the
approach to diagnosis of PIDs in adults2-4 and this will not be
reiterated here. This review will highlight recent epidemiological
research regarding the prevalence of PID diseases in adults and
focus on new findings unique to the adult with PID, empha-
sizing dissimilarity of PID in the adult from PID in the child. It
will discuss the distinctive issues facing older patients and their
physicians in the diagnosis and treatment of PID, whether the
PID initially presents in adulthood or whether the PID is diag-
nosed in childhood and the patient matures into adulthood. The
long-term, adult-age outcome of PID diagnosed in childhood
will also be reviewed.

THE BURDEN OF PID IN ADULTS
Studies performed in the past decade have corrected com-

mon underestimations about the prevalence of PID in adults.
These have demonstrated that the burden of PID in adults is
not less than that in children. A study compiling and analyzing
various national registries to extrapolate the worldwide prev-
alence of PID5 has shown that although the estimated inci-
dence of PID was highest in children (reaching 21.9/100,000
in the 0-4-year age range), overall 69.4% of all new worldwide
PID cases are diagnosed at age over 15 years and more than
50% are diagnosed at ages over 25 years. In a telephone survey
of American households,6 it was found that of patients living
with PID, more than half (57%) are older than 18 years.
Reflecting this, a high percentage (>30%) of general internists
practicing in the community will have encountered a subject
with PID within a time frame of 5 years.7 Moreover, if an
adult is referred to a dedicated PID clinic (by an allergist/
immunologist or other associated subspecialists) for assessment
of a potential PID, the likelihood of identifying one is sur-
prisingly high. In a Canadian study,8 of 381 adult patients
referred to the Immune Deficiency Treatment Center of the
McGill University Health Center over a 10-year period, more
than half (210) of the patients were found to have a PID. In
an earlier study,9 of 237 patients of all ages referred to the
Mount Sinai Immunology Center, 113 were diagnosed with
PID, and within this group, the mean age of diagnosis was
31.5 years. PIDs have been shown to exist in the elderly
populations as well with an unexpectedly high prevalence. In
the European Society for Immunodeficiency registry, 8% of all
patients with PID are 65 years and older.10 Even the very old
may not be spared, with one report of a new diagnosis of
common variable immune deficiency (CVID) in a 92-year-old
man.11

Although much of the incidence of adults with PID is
driven by predominantly antibody deficiencies,1,12,13 rarer
nonepredominantly antibody deficiency entities can also
present themselves in adulthood and must be taken into ac-
count. Moreover, the increasing survival of children with
serious immunodeficiencies is expected to alter the distribu-
tion of PID classes in adults, making a scenario of an aging
patient with a disease such as chronic granulomatous disease
(CGD) or hyper-IgE syndrome more common. Taken
together, it is clear that the distribution of PID subgroups in
adult patients is dynamic and is expected to change over the
foreseeable future.
DIAGNOSING PID IN ADULTS

Diagnosis of a PID beyond childhood generally occurs in 2
scenarios: the first is when the disease manifests only in later
years. This can be further divided into PID diseases that usually
present late in life and diseases that generally tend to be diag-
nosed in early years but on occasion do not present until
adulthood (Figure 1).14-40 The second scenario is when symp-
toms and signs do appear in childhood, but they have such
poorly defined clinical and immunological phenotypes that the
possibility of PID is not considered or explored.

A PID disease in which symptoms develop after a normal
childhood is not uncommon. This occurs most commonly with
predominantly antibody deficiency (and especially with diseases
such as CVID and IgA deficiency) yet can occur with various
cellular defects as well, although much less frequently. Interest-
ingly, the latter category can include severe defects in cellular
immunity with combined immunodeficiencies, such as late-onset
combined immunodeficiency. The mechanism(s) underlying late
expression of (mono) genetic mutation involving immune
function is unclear, though various explanations exist. These
include the existence of hypomorphic mutations, age-related
thymic involution, age-related skewing in random X-chromo-
some inactivation, somatic mutations, and a possible require-
ment for concurrence of environmental factors for phenotypic
expression.41

The more perplexing and challenging reason for the diagnosis
of PID in adulthood is when the final diagnosis is deferred
because of an atypical clinical and immunological presentation in
childhood. Sometimes, this can simply manifest as mild recurrent
infections that commence in early childhood with gradual
worsening in frequency and severity as the patients age, until full
presentation in adulthood leads to assessment and diagnosis. An
example of such a condition is type 2 hyper-IgM syndrome with
the R112C mutation of activation-induced cytidine deaminase,
which tends to be diagnosed in later life because the childhood
infectious disease history can be so mild as to not warrant an
immune workup.42 However, the childhood presentation might
also be extremely complex and not necessarily include significant
recurrent infections. Instead, various complex combinations of
failure to thrive, chronic diarrhea, nonspecific dermatitis, auto-
immune manifestations, or abnormal facies and other congenital
defects are found, leading to the underrepresentation of PID in
the differential diagnosis of these patients resulting in delayed
diagnosis. Under these circumstances, diseases such as adenosine
deaminase deficiency have been diagnosed in adulthood after
years of workup for ill-defined clinical manifestations, including
nonspecific dermatitis, frequent febrile convulsions, pneumo-
nitis, hepatitis, furunculosis, and diarrhea. In these patients,
novel heteroallelic missense mutations in the adenosine deami-
nase gene have been found.23 In another example, MHC-1
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FIGURE 1. Examples of various PID diseases and their age of onset. Each schema approximates the relative incidence per age. Several
PID diseases are commonly diagnosed in the adult years (in blue), such as CVID, Good syndrome, and idiopathic CD4þ lymphocytopenia.
Most other PID diseases are diagnosed in childhood (in purple), but it is not rare for some of these diseases to present in later years. Some
pediatric-onset PID diseases have only very rare presentation in adult years at the “case report” level (in gray). Some of the recently
described, novel, PID diseases were discovered in adults (red circles), yet because of their rarity, their full epidemiology is still unknown.
ADA, Adenosine deaminase; APECED, autoimmune polyendocrinopathy candidiasis ectodermal dystrophy; HLH, hemophagocytic lym-
phohistiocytosis; LAD, leukocyte adhesion deficiency; LOCID, late-onset combined immunodeficiency; SCID, severe combined immu-
nodeficiency; STAT1, signal transducer and activator of transcription 1; WHIM, warts, hypogammaglobulinemia, infections, and
myelokathexis; XLA, x-linked agammaglobulinemia; XLP, x-linked lymphoproliferative disease.
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deficiency due to a novel transporter associated with antigen
processing mutation was diagnosed in a 20-year-old woman after
several years of being thought to have granulomatous poly-
angiitis. Her initial symptoms included recurrent leg ulcers,
bronchiectasis, and chronic sinusitis as well as a positive anti-
neutrophil cytoplasmic antibody.43 Such cases exemplify how
diversely PID can present, thus delaying diagnosis. In an attempt
to counter the potential of hindered diagnosis of complex PIDs,
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new sets of “warning signs” are being developed and validated to
include the broader noninfectious manifestations of PID in
children44 and are applicable, for the most part, to adults. Flow
charts45 aiding diagnoses in children can be useful with adults as
well.

Another aspect of the evolving complexity of PID diagnosis is
that advances in technology and powerful next-generation
sequencing tools have allowed for later-life correction of an
erroneous PID diagnosis in childhood. For instance, a recent
report published 2 cases of young adults with what was assumed
to be CVID. These patients presented in early life with a history
of recurrent bacterial sinopulmonary infections, viral infections,
and autoimmune disease as well as progressive hypogamma-
globulinemia, abnormal antibody responses, and lymphopenia.
However, because of their atypical clinical picture, the diagnosis
of CVID was revisited and genome sequencing was performed.
This revealed that these patients actually harbored compound
heterozygous mutations in recombination activation gene 1,46

which, in fact, is consistent with a combined immunodeficiency.
IMPROVED PROGNOSIS OF PIDs—IMPLICATIONS

FOR THE IMMUNOLOGIST
Contemporary medical research in PID is allowing patients to

enjoy a better prognosis. Even patients with severe cellular
defects less frequently succumb to their disease, allowing them to
reach older years. However, this presents both the clinician and
the patient with additional challenges as they move into these
clinically “uncharted territories.” Maturing patients with PID are
now prone to the ill-defined long-term sequelae of their condi-
tion and/or of their treatment. To complicate matters, as these
patients age, they may develop non-PID age-related comorbid-
ities as well. Unfortunately, the interactions between comorbid
conditions common in the adult population (such as diabetes or
cardiovascular disease) and PID have not been explored.

With regard to long-term data on a PID, the disease about
which there is the most information—by far—is CVID, most
likely due to its relatively high prevalence. Various regis-
tries19,20,47-49 have mapped late complications that develop in
these patients, despite therapy with intravenous immunoglobulin
(IVIG). It is beyond the scope of this review to discuss these
complications in detail, but briefly outlined, they include (be-
sides infection) autoimmunity, impaired lung function, gastro-
intestinal disease, lymphoid and solid-organ malignancies,
malabsorption, and granulomatous disease. Screening and
workup to detect these complications as early as possible is
prudent and indeed various biomarkers have been explored to
determine prognosis (reviewed by Jolles50). In this regard,
reduction of class-switched memory B cells (IgD�IgM�CD27þ)
has emerged as an important biomarker that correlates with
increased risk of granulomatous complications.51

As opposed to the wealth of data on CVID outcomes, for
many PID diseases diagnosed in childhood, the long-term nat-
ural history is still unclear, even in a treated patient. However, a
recent retrospective European study52 on CGD has shed some
light on this issue. Approximately 60% of patients with CGD
diagnosed in childhood reached adulthood. Of these, two-third
of patients were found to have pulmonary complications, with
infectious issues being the most prominent, despite prophylactic
antibiotic treatment. Interestingly, fungal infections were found
to be not uncommon (0.11 per year per patient) and relatively
asymptomatic, requiring diagnosis through lung biopsy. In this
registry, pulmonary complications were by far the most preva-
lent, with cutaneous and digestive manifestations appearing in
less than 50% of patients. The research points to the importance
of diligent respiratory monitoring in adult patients with CGD;
the authors suggest a chest computed tomography every 2 years,
even in asymptomatic patients.
LONG-TERM COMPLICATIONS OF TREATMENT

FOR PID
Severe PID diseases that were deadly in the past are now

curable with hematopoietic stem cell transplant (HSCT). Recent
prospective work53 has shown excellent short-term (up to 5-year)
outcomes for patients with Severe Combined Immunodeficiency
who had a transplant in infancy, and it can be assumed that
many of these patients are now able to reach adulthood. How-
ever, little has been published about the longer-term outcome of
these survivors and the potential late complications of HSCT
therapy in PID. A single-center retrospective analysis done on 90
patients with severe combined immunodeficiency transplanted
over a few decades is the only long-term study looking at out-
comes that include complications in adult years54 (up to 20 years
after transplant). These can be divided into 3 main groups: the
first, and interestingly, the largest in adult post-HSCT patients,
includes those that develop recurrence of severe chronic human
papilloma virus infection (up to 20%). The second includes
those who suffer from recurrent, nonopportunistic infections,
seen in up to 10% of transplant recipients in both childhood and
adult years. The third group is characterized by graft versus host
disease (and associated autoimmunity and/or inflammation). It is
of interest to note that although chronic graft versus host disease
affects up to 12% of transplanted patients in the first years after
transplant and is the most dreaded and frequent post-HSCT
complication, its prevalence seems to gradually taper off, reach-
ing nil by 20 years after transplant.

Although there is a paucity of information on the long-term
effects of HSCT in patients with PID, it might be possible to
extrapolate additional data from the extensive information pub-
lished in the literature on patients undergoing HSCT for
hematological malignant and nonmalignant disorders. Informa-
tion on the status of these patients decades after transplantation is
readily available,55,56 and it can be assumed that complications
found in the post-HSCT survivors of blood diseases might
appear in the post-HSCT survivors of severe PIDs as they mature
and age, requiring the treating immunologist to be attuned to
intervene. Examples of such complications include solid-organ
tumors, endocrinopathies, musculoskeletal impairment, avas-
cular osteonecrosis, and various infections.

In this regard, it is important to note that the use of HSCT
has expanded beyond infancy or early childhood, and there are
now cases in which HSCT is implemented for PID in the adult
years. A recent multicenter study examined the outcome of
HSCT for patients with CVID who suffer from extreme
manifestations of immune dysregulation including profound
autoimmunity and recurrent lymphoproliferative diseases.
Twenty-five post-HSCT patients were retrospectively assessed.
Although HSCT was found to be beneficial in most surviving
patients, there was a high mortality of more than 50% associated
with the procedure, leading to the recommendation that this
therapeutic approach be used only for carefully selected patients
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in whom there has been extensive characterization of the
immunologic and/or genetic defect underlying the CVID diag-
nosis.57 In another study, HSCT was reported to be successfully
applied in 3 adults with CGD.58 These patients were selected for
transplantation on the basis of their severe disease-related com-
plications, which included overt pneumonia, liver abscess,
granulomatous colitis, diabetes, restrictive lung disease, renal
insufficiency, and epilepsy. All 3 demonstrated favorable out-
comes with normal granulocyte function, general immune
reconstitution, and minimal graft versus host disease.

Another common treatment for PID is IVIG, extensively used
for conditions associated with hypogammaglobulinemia. This
treatment is not without complications, which can occur in all
age groups. However, one complication—the increased risk of
thromboembolic events—is directly related to the existence of
comorbidities common in the adult population (such as older
age, arteriosclerosis, and low cardiac output). Various reports
have been published demonstrating stroke or myocardial
infarction during IVIG infusion in patients with such coexisting
conditions.59,60 Therefore, it is imperative for the treating
immunologist to take these conditions into account when
administering IVIG in an older patient, especially those with
other medical conditions.
DISEASE PHENOTYPE: CHILDHOOD VERSUS

ADULTHOOD
A particular monogenic PID may present in an adult with a

different phenotype than the same condition in the pediatric
population. Two examples for such differences are x-linked
agammaglobulinemia and ataxia telangiectasia. In the case of x-
linked agammaglobulinemia, the general phenotype of the adult-
onset and childhood-onset disease is similar, with the major
difference being severity.33 No particular differences in BTK
mutations were found between these groups, leaving the question
of why a given BTK mutation will lead to a childhood presen-
tation in one individual and to adult onset in another unan-
swered. In ataxia telangiectasia, the difference in disease
phenotype is beyond severity of the immunodeficient state, with
the neurological manifestations being somewhat different
between the 2 groups.34 This can partially be explained by dif-
ferences in ATM mutation type. Truncating ATM mutations are
more commonly seen in pediatric-onset disease, whereas
missense or splice-site ATM mutations are more common in
adult-onset disease.

Another aspect of the difference between the clinical picture of
PID in children compared with adults is the fact that manifes-
tations of some PID tend to stabilize as the patients age.61

Examples include diseases involving mechanisms of innate
signaling through the Toll-like receptor pathways (mutations
in Toll-like receptor 3, interleukin-1 receptor-associated
kinase 4, myeloid differentiation primary response gene 88, and
UNC3B1) and mutations in IL12B or IL12RB1. A noneinnate-
related PID, Autoimmune Lymphoproliferative Syndrome-Fas,
has also been shown to stabilize in severity as the patient reaches
adulthood.62 Why the signs and symptoms of a genetic defect
would improve as the patient ages is unclear, but it can be hy-
pothesized that the maturation of the adaptive immune system
provides compensation for the innate immune deficiency.

Aging might also influence the molecular pathogenesis of a
PID resulting in evolution of disease phenotype. A fascinating
example is type II leukocyte adhesion deficiency, which is caused
by a defect in fucose metabolism. In this disease, the childhood
manifestations tend to revolve around immunodeficiency and
recurrent infections due to impaired leukocyte migration.
However, as the patient ages and enters adulthood, the metabolic
consequences of the defect in fucose metabolism govern the
clinical picture, with the development of severe intellectual
deficieny, autistic features, and short stature.63
ON THE FRINGE OF IMMUNODEFICIENCY
The ever-increasing understanding of disease mechanisms in

all fields of medicine has led to another facet of PID in adults: the
recognition that various disorders —not classically thought to
have a defect in immune function—indeed encompass important
components of immunodeficiency in their pathogenesis.64

Examples include atypical hemolytic uremic syndrome, Crohn
disease, and pulmonary alveolar proteinosis. Practically speaking,
despite being labeled as potential immunodeficiencies (although
not listed in PID classification codes), these diseases will still be
treated by hematologists, gastroenterologists, and respirologists,
respectively. However, as understanding of the pathogenesis of
these—and potentially other—diseases increases, the role of an
immunologist in assessment and management might increase.

Acquired pulmonary alveolar proteinosis is an interesting
example because it highlights a unique pathogenesis for immu-
nodeficiency especially evident in the adult population: the
production of anticytokine autoantibodies. Such antibodies have
been described to exist against GM-CSF (as in acquired pul-
monary alveolar proteinosis), INF-g (resulting in disseminated
mycobacterial infections) as well as other cytokines.65 Therefore,
this form of immunodeficiency should be taken under consid-
eration when assessing an adult with late-onset symptoms
characteristic of innate immune defects.
CONCLUSIONS
A high percentage of patients with PID develop symptoms

and are diagnosed in adult years. Even when the disease manifests
in infancy/childhood, and, because of advances in treatment, the
patient survives into adulthood, there still remains a risk of
sustaining the long-term effects of the disease and its treatment,
effects that might differ from the shorter-term ones of childhood.
In addition, physiological differences between children and
adults may manifest as distinct phenotypes of a given PID in
each of these populations. These circumstances emphasize dif-
ferences in the approach of PID management in the adult as
compared with a child. The clinical immunologist must take
these differences into consideration when providing care to adults
with PID.

As demonstrated throughout this article, PID can present in
the adult with diverse symptoms (as with children). Therefore,
beyond specialists in allergy/immunology, all internal-medicine
subspecialties should be made aware of the possibility of PID
as they might be consulted on a patient with a perplexing
presentation before an immunologist. In this regard, general
warning signs for PID in adults66 and warning signs per
subspecialty have been published.67 Workup guidelines for
nonimmunologists were published as well.68 These should be
disseminated to enhance prompt referral of such patients to
professionals dedicated to PID management.
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As the field of clinical immunology moves forward in both
diagnosis and management of PID, more data are required on
the long-term prognosis of these conditions. The multitude of
worldwide PID registries could be harvested to better define the
adult-age outcomes of patients diagnosed in their earlier years.
Registries should also begin to collect data on non-PID comor-
bidities common in the adult years (such as cardiovascular
and metabolic diseases) to allow for future assessment of the
interactions between these disease groups and PID and their
overall impact on morbidity, mortality, and quality of life.
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