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Abstract

In the last decades, the spectrum of primary immunodeficiency diseases (PIDs) has greatly widened,
including disorders that can variably impair different immune functions. Although several case series
have been published for each disorders, no data is available on how these changes have reflected in the
clinical practice of pediatric departments.

Aim of the study: Based on the analysis of registry data, we evaluated the distribution of diagnoses
among different PID categories, the clinical features and diagnostic investigations at disease onset in
two pediatric departments, namely in Slovenia and in Italy.

Results: 136 patients have been diagnosed at the two centers, with a widespread distribution into
different disease categories. Considering the 109 patients who were still alive at the last follow-up, preva-
lence of pediatric-onset-PID in our area was roughly estimated to be around 31 per million inhabitants.
Diagnosis was genetically confirmed in 79 cases (58.1%), with 29 different genes found mutated.
The most common presenting symptoms were: recurrent infections (52.2%), inflammatory manifesta-
tions (36.7%), specific syndromic features (30.8%), unusual infections (1.6%) and failure to thrive/growth
retardation (22.8%). Treatments at follow-up include antimicrobials (20), hematopoietic stem cell trans-
plantation (17), immunoglobulin replacement therapy (16), and immunosuppressants (9).

Conclusions: A huge number of different PIDs are encountered in pediatric departments, often pre-
senting with complex clinical pictures. Our results suggest that the identification of PID may be improved
by a multidisciplinary approach, attaching importance not only to infections but also to other symptoms
arising from a defective immune function.
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immune dysregulation.

Introduction

In the last few decades, the spectrum of primary immuno-
deficiencies (PIDs) has greatly widened, including more
than 150 different definite entities [1], and this is slowly
being reflected in the distribution of PID in international
registries [2]. Besides classical PIDs, new disorders are
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being increasingly diagnosed, which are associated with
complex defects of immune functions [3]. Nowadays, it is
a well accepted concept that the clinical spectrum of PID
includes inflammatory, autoimmune and lymphoprolifera-
tion symptoms as well as recurrent or severe infections.
Indeed, even disorders classically characterized by infec-
tions may present at first with non-infectious symptoms [4].
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As a consequence, warning signs developed many years ago
to improve the recognition of PIDs — such as the 10 signs
promoted by the Jeffrey Modell Foundation — may be insuf-
ficient today, in particular in pediatric practice [5]. The
European Society for Immunodeficiencies (ESID) proposed
a different set of warning criteria that should include inflam-
matory, autoimmune and lymphoproliferative features, as
well as other long-established criteria, to allow a better iden-
tification of PIDs by non immunologists [6]. However, the
consequences of these developments in the daily clinical
practice of pediatric departments have not been analyzed
so far. On the other hand, according to recent data, the spe-
cific training of physicians on PID seems to have a major
role in improving recognition and diagnosis of these disor-
ders [7, 8].

Herein, we are discussing the experience with PIDs at
two neighboring pediatric centers, in Slovenia and in North-
East Italy, serving together an area of about 3.5 million
inhabitants. Clinical records were analyzed to estimate the
prevalence of each disorder, the clinical features at disease
onset, the laboratory investigations that led to diagnosis and
the treatment at last follow-up.

Material and methods
Study design

Analysis of all patients included in the two registries of
PID from two neighboring pediatric centers. Trieste reg-
istry was created in June 2007 and included all patients diag-
nosed with a PID in the Friuli Venezia Giulia area, in North-
East Italy. The Slovenian National registry was established
in November 2007 and includes all patients diagnosed with
a PID in Slovenia. At the time of the establishment of the
two registries, medical records of all patients previously
diagnosed with a PID were retrospectively reviewed by one
of the authors. Since the registries were established, the data
of all new patients were prospectively collected until Jan-
uary 2011.

To be eligible for enrollment into this study, patients had
to be diagnosed as having PID before the age of 18. We
selected only patients coming from Slovenia and Friuli
Venezia Giulia, to allow a rough estimate of the real preva-
lence of each disorder. A further series of patients referred
for diagnosis from other areas has been analyzed separate-
ly. Our patients were classified into the following eight cat-
egories, according to the International Union of Immuno-
logical Societies classification [1]: predominantly antibody
disorders; predominantly T-cell deficiencies; phagocytic
disorders; complement deficiencies; other well defined PIDs
(also indicated as “syndromic PIDs”); autoimmune &
immune dysregulation syndromes; autoinflammatory syn-
dromes; unclassified immunodeficiency diseases.

The diagnosis of PID was based on clinical features and
on laboratory investigations, including analyses of lym-
phocyte subsets by cytometry, studies of lymphocyte acti-
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vation, proliferation and apoptosis, studies of the reactive
burst of neutrophils, analyses of complement levels of
immunoglobulins and specific antibodies, and sequence
analyses of candidate genes.

In some cases, blood samples of patients were sent to the
different laboratories within the ESID network for further
immunological investigation or specific genetic analysis.

Our analysis particularly focused on serious immunode-
ficiency diseases requiring complex therapeutic approaches.
Patients presenting transient infancy’s hypogammaglobu-
linemia, immunoglobulin G (IgG) subclasses deficiency
and/or selective IgA deficiency were not included in our study
because these disorders are too common and in most cases
characterized by mild and non-specific complaints.

For each patient, clinical data at the time of diagnosis
and during the follow up were recorded. Manifestations con-
sidered suspicious of PID were analyzed in each patient and
compared with the eight warning criteria suggested by the Cli-
nical Working Party of the European Society for Immuno-
deficiencies [6]. The familial history was considered a cri-
terion of PID too, even though it is not specifically included
in the ESID criteria set.

All patients were directly evaluated by, at least, one of
the authors. All symptoms that occurred before diagnosis
were recorded as “presenting symptoms”. For analytical
convenience, the following groups of symptoms were con-
sidered: 1) autoimmune chronic inflammatory disease
and/or lymphoproliferation, which included the following:
autoimmune disorders; non-infectious enlargement of lym-
phnodes/spleen/liver; chronic inflammatory disorders of the
intestine, joint, vessels; diffuse dermatitis; alopecia; autoim-
mune cytopenias; 2) infection-related criteria included:
recurrent ear, nose, throat and airway infections (mainly due
to extracellular bacteria, enterovirus or Giardia); recurrent
pyogenic infections; unusual infections (mainly due to intra-
cellular bacteria or fungi) or unusually severe course of
infections; recurrent infections with the same type of
pathogen; 3) failure to thrive from early infancy or growth
retardation not explained otherwise; 4) characteristic com-
binations of clinical features in eponymous syndromes (see
[9]). The genetic examinations performed in the diagnostic
path were also recorded.

The study was approved by the independent Ethics
Committees of the IRCCS Burlo Garofolo, Trieste and the
Slovenian Ministry of Health.

Results

In the period from January 1975 to December 2011,
a total of 176 patients (104 males) were diagnosed with
a PID at the two Institutes; of these 136 (85 males) come
from the reference area. At the time of the study, 109
patients were still alive.

The incidence of diagnoses progressively increased until
the last decade, and as much as 45.6% of the patients have
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been diagnosed in the last 4 years, after the two PID reg-
istries were established. A summary of the patients’ char-
acteristics is given in Table 1.

Considering a population of about 3.5 million inhabitants
in the local area, and considering that the two Institutes are
the only referral centers in this area, a rough prevalence of
pediatric onset PID is estimated to be around 31 per million.

Overall, 36 different disorders have been diagnosed, dis-
tributed in all eight categories (predominantly antibody
defects 9.6%, combined defects 13.2%, phagocyte defi-
ciencies 18.4%, other well defined (or syndromic) PIDs
23.5%, dysregulatory disorders 19.9%, complement defects
5.9% and autoinflammatory diseases 9.6%).

A genetic diagnosis was obtained in 79 cases (58.1%),
with mutations identified in 29 different genes. This com-
plexity of the case series is resumed in Table 2.

Chronic granulomatous disease (15 cases, 11.0% in 14
unrelated families, with X-linked inheritance in 11 cases)
was the most common single disorder. Autoimmune poly-
endocrinopathy candidiasis ectodermal dystrophy -
APECED (10 cases in 9 unrelated families) and familial
hemophagocytic lymphohistiocytosis — fHLH (8 cases in
7 unrelated families) were also common disorders in this
series and they were never attributable to consanguinity.

Average delay in diagnosis from the first symptoms was
17 months. Children with 22q11 deletion syndrome, severe
combined immunodeficiency (SCID), f-HLH and Wiskott
Aldrich syndrome showed a shorter average delay in diagno-
sis. Patients with X-linked agammaglobulinemia, milder com-
bined deficiencies, APECED and X-linked lymphoprolifera-
tive disease showed the longest average delay in diagnosis.

Unusual and/or recurrent infections contributed to the
clinical picture before diagnosis in 96 patients (overall 70.6%;
recurrent infections in 52.2% and unusual infections in 30.9%
of cases) (Fig. 1). Inflammatory, autoimmune or lympho-
proliferation symptoms were present in 74 cases (overall
54.4%: chronic inflammation in 35.3%, autoimmunity in
14.7% and lymphoproliferative disorders in 9.5%). Specific
syndromic features were present in 29.4% of patients (dys-
morphic features in 10 patients; ectodermal anomalies in §;
micro-thrombocytopenia in 6; neurodevelopmental defects
in 7; other syndromic features in 9; angioedema in 1). Fail-
ure to thrive or growth retardation were reported in 30 patients
(22.1%) and neoplasm in 7 (5.1%).

A familial history of primary immunodeficiency was
present in 9 patients (6.6%; 7 patients with an autosomal
recessive pattern and 2 with X-linked transmission). In no
case consanguinity was reported.

Inflammatory bowel disease (IBD) was the most com-
mon inflammatory complaint (12.5% of patients), followed
by unexplained long lasting or recurrent fevers (10.3%),
rheumatic diseases (5.9%) and dermatitis (5.1%). While
IBD and dermatitis were more common in children younger
than 1 year of age, unexplained fever was registered at all
ages but rheumatic disorders only in older children.
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with complex clinical presentations

At follow-up, 20 patients were treated with antimicro-
bials, 17 had a stable engraftment of hematopoietic stem
cell from donors, 16 were given immunoglobulin replace-
ment therapy, and 9 patients were treated with immuno-
suppressants and/or biological agents.

Discussion

We herein described how new knowledge on PIDs
impacted on the clinical experience of two medium-sized
pediatric centers.

We roughly calculated a prevalence of PID of around
31 cases per million inhabitants. This is probably underes-
timated, considering that a percentage of PID can still go
undiagnosed or that some cases can be referred to other cen-
ters for any reason. However, considering that we only col-
lected PID reported in pediatric age, this percentage is con-
sistent with the expectations [10-15].

In our series, primary immune deficiencies are widely
distributed in all eight disease categories according to the
most commonly used international classification [1]. In par-
ticular, the disease categories of “dysregulatory disorders”
and “auto-inflammatory disorders” — which were poorly
represented or completely absent in previous series — includ-
ed cumulatively 29.5% of patients, while “predominantly
antibody deficiencies” — which constitute the largest group
in most published series — includes as little as 9.6% of
patients. This is probably due to several causes.

Firstly, common variable immunodeficiency is in
absolute terms the most common immunodeficiency and is
responsible for the largest part of antibody defects. This dis-
order, however, is typically present in adults and, as a con-
sequence, is scarcely represented in our series.

Secondly, the epidemiology of PIDs is changing, thanks
to an increased awareness of the problem and to the avail-
ability of new immunological and genetic assays. As a mat-
ter of fact, recent registries present a wider distribution of
diagnoses in all categories [2].

Thirdly, some disorders classified as PID are primarily
cared for by different specialists (rheumatologists, hema-
tologists, endocrinologists, dermatologist) and are more
likely to be under-represented in registries held by immu-
nologists. This was not the case in our study, as the prac-
tice of multiple disciplines in the same pediatric department
easily allowed to collect all cases together. For example,
APECED seemed to be more common in our series com-
pared to other PID registries. However, the prevalence of
this disorder is not so high when data are compared to reg-
istries held by endocrinologists [16].

Lastly, some disorders, such as auto-inflammatory dis-
eases, are probably still under-diagnosed in many centers.
Indeed, auto-inflammatory and dysregulatory disorders rep-
resent the most common PID diagnoses among patients
referred to our clinics from other areas (overall, 70% of the
patients referred from other areas, data not shown).
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One of the aims of our study was to analyze the preva-
lence of different symptoms at disease presentation in each
PID category. This was possible thanks to the fact that all reg-
istered patients had been cared for by at least one of the
authors and that near half of the cases had been collected

prospectively. For a better analysis, we decided to refer each
symptom to one of the six ESID warning criteria for PID [6].
As expected, recurrent or unusual infections represented the
most common presenting symptom in patients affected by
PIDs, being reported in 70.4% of patients. The detection of

Table 1.
Patients (%) Male Age at Delay to Positive  Alive in Diagnosis %
presentation; diagnosis;  genetic follow-up in the last
median median results 4 years
and range and range
(months) (months)
Prevalent antibody deficiencies 13 9.6 8 24 (1-144) 48 (4-71) 6 12 38.5%
common variable immune deficiency 7 5.1 2 120 (6-144) 12 (7-60) 0 6
X-linked agammaglobulinemia 6 4.4 6 16 (1-84) 54 (4-71) 6 6
Combined immunodeficiencies 18 13.2 11 2 (0-48) 12 (0-66) 7 14 55.6%
combined immune deficiencies 12 8.8 6 2 (0-48) 53 (2-66) 2 9
severe combined immune deficiencies 6 4.4 5 2 (1-16) 5 (0-20) 5 5
Phagocyte deficiencies 25 18.4 21 4(0-60) 15 (0-120) 15 20 36.0%
chronic granulomatous disease 15 11.0 15 5 (1-60) 23 (0-120) 11 10
Shwachman-Diamond syndrome 5 3.7 3 3 (0-36) 14 (3-120) 4 5
others 5 3.7 3 6 (3-20) 4 (0-128) 1 5
Complement deficiencies 8 59 3 42 (8-186) 6 (0-10) 5 8 50.0%
Other well defined ID 32 23.5 19 6 (1-135)  9(0-179) 16 24 46.9%
Wiskott-Aldrich syndrome 6 4.4 6 2 (1-5) 6 (0-49) 6 4
ataxia telangectasia 5 3.7 3 21 (2-30) 28 (6-66) 0 3
22q11-deletion syndrome 5 3.7 0 0(0-7) 1(0-1) 5 5
hyper IgE syndrome 3 2.2 2 7 (0-10) 17 (0-32) 1 3
Njimegen breakage syndrome 3 22 2 36 (24-135) 36 (2-78) 1 1
others 10 7.4 6 3(1-11) 24 (0-179) 4 6
Immune dysregulation syndromes 27 19.9 19 18 (0-132) 39 (0-120) 18 19 33.3%
APECED 10 7.4 5 42 (36-90) 102 (48-120) 9 10
familial hemophagocitic lympho 8 5.9 6 3 (0-6) 4 (1-13) 5 3
histiocytosis
autoimmune lymphopriliferative 3 2.2 3 63 (9-132) 39 (0-60) 1 3
syndrome
X-linked lymphoproliferative disease 3 2.2 3 32(0-74) (42-84) 2 1
others 3 22 23(1-7) 24 (5-84) 1 1
Autoinflammatory disorders 13 9.6 4 9(1-132) 15 (8-105) 11 12 76.9 %
mevalonate kinase deficiency 7 5.1 2 6 (1-30)  30(8-105) 5 5
familial mediterranean fever 5 3.7 1 30 (3-132) 12 (12-121) 5 4
TRAPS 1 0.7 1 72 12 1 3
Total 136 100.0 84 7 (1-144) 17 (0-179) 78 109 45.6%
368 Central European Journal of Immunology 2012; 37(4)
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with complex clinical presentations

Table 2. Complexity of the PID series

36 different
disorders

22q11 deletion syndrome, autoimmune lymphoproliferative syndrome (ALPS), autoimmune polyendocrinopathy

candidiasis ectodermal dysplasia (APECED), ataxia telangiectasia (AT), Barth syndrome, bare lymphocyte syndrome (BLS),
C2 deficiency, C4 deficiency, C8 deficiency, chronic granulomatous disease (CGD), Chediak Higashi syndrome, cartilage
hair hypoplasia (CHH), combined immunodeficiency (CID), common variable immunodeficiency (CVID), familial
hemophagocytic lympho-histiocitosis (fHLH), familial mediterranean fever (FMF), Hannekam syndrome, hereditary
angioedema, hyper IgE syndrome (HIES), immunodysregulation polyendocrinopathy enteropathy X-linked (IPEX),
mevalonate kinase deficiency (MKD), Netherton syndrome, Nijmegen syndrome, Omenn syndrome, osteopetrosis,

Schimke disease, severe combined immunodeficiency (SCID), severe congenital neutropenia (SCN), Shwachman syndrome,
trichohepatoenteric syndrome (THES), TNF receptor associated periodic fever (TRAPS), Wiskott Aldrich syndrome (WAS),
X-linked hypohidrotic ectodermal dysplasia with immunodeficiency (X-EDA-ID), hyper IgM syndrome X-linked (XHIM),

X-linked lymphoproliferative syndrome (XLP)

29 different
genes
UNCI13D, WASP, 22q11 deletion

AIRE, BTK, C2, C8, CYBA, CYBB, FAS, FOXP3, IKK-y, IL2RG, IRAK4, MEFV, MUNC13-4, MVK, p47phox,
genetic findings perforin, RAG1, RMRP, SBDS, SERPII, SH2D1A, SMARCALL, STA3, TAZ, TNFRS1A, TTC37,

opportunistic pathogens such as Pneumocystis jiroveci,
Aspergillus or Serratia was always considered highly sug-
gestive of a PID (a combined immunodeficiency or a phago-
cyte deficiency), as already well known in literature [17-20].

Unexpectedly, inflammatory, autoimmune and lym-
phoproliferation symptoms were very common as well
(54.4% of cases), not only in patients with dysregulatory or
auto-inflammatory disorders, but through all the categories.
The early onset of multiple autoimmune disorders, the pres-
ence of inflammatory symptoms poorly responsive to ther-
apies and an unexplained lymphoproliferation were always
considered highly suspicious of a PID.

The risk of developing autoimmune or chronic inflam-
matory diseases and/or lymphoproliferation in PIDs has been
widely described [21-25]. However, few studies have eval-
uated the frequency of these symptoms at disease presenta-
tion. Furthermore, it has been increasingly reported that some
PIDs, including Wiskott Aldrich disease, severe combined
immunodeficiencies and chronic granulomatous disease can
present first with inflammation rather than with infections
[4, 24, 26-28]. We herein showed that this could be even
more common than we thought. Taking into account these
results, we would stress the importance of considering symp-
toms arousing from a dysregulated immunity if a PID is sus-
pected. A practical example of common dysregulatory fea-
tures associated with PID is given in a recent review [5].

Failure to thrive and poor growth are also important signs
supporting the suspect of a PID, as they are present in 22.1%
of patients. Indeed, in one patient affected by a SCID, fail-
ure to thrive was the sole symptom before diagnosis.

Presentation symptoms of PID were evaluated in a recent
retrospective series in the UK, in order to assess the effec-
tiveness of the 10 warning signs of PID proposed by the Jef-
frey Modell Foundation (JMF). The authors found that
among the JMF warning signs, “positive family history of
PID”, “intravenous antibiotic for sepsis” and “failure to
thrive” predict at least 89% of children with T-lymphocyte,
complement and neutrophil PID [29]. On the other hand, the
same group discussed in a following review that this set of
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warning signs is not suitable to identify a huge number
of PID associated to dysregulatory symptoms and thus a new
paradigm should be proposed for the 215t century [5].
Addressing this issue could significantly shorten the diag-
nostic delay in many patients with PID. In fact, for the “old-
er” PID, such as SCID and well defined syndromic defects
— which are easily recognized thanks to typical clinical fea-
tures — we observed a shorter delay from disease presenta-
tion to diagnosis. Furthermore, only one patient with a clas-
sical immunodeficiency syndrome was referred to us from
other areas, suggesting that knowledge of these disorders is
widespread in pediatric departments (data not shown).
However, diagnostic delay is still too long for “new
immunodeficiencies”, suggesting an insufficient awareness
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Fig. 1. Symptoms related to infection, immune dysregulation
and other symptoms at presentation
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of these disorders among pediatricians and/or a lack of sim-
ple diagnostic assays.

In our series, we noticed that in recent decades the diag-
nostic delay for many diseases has shortened, probably due
to an increased awareness of the problem and to the avail-
ability of new immunological and genetic examinations
(data not shown).

Another point that clearly emerges from our experience
is the growing complexity of PID, with several specific dis-
orders and genes involved. Actually, the application of
warning signs may not be sufficient to cope with these
changes, unless it is associated to a specific training of the
specialist in PID.

In our experience, the best strategy to optimize diagno-
sis in this field is based on sharing clinical experience (e.g.
with case studies) and networking among pediatric depart-
ments involved in the field of PID. The analysis of our reg-
istries confirms a tendency to an increasing complexity of
PIDs in the pediatric population. Careful consideration of
immune dysregulation/inflammation symptoms, failure to
thrive and familial history, as well as infectious symptoms,
is particularly important to avoid delays in diagnosis. We
finally suggest that establishment of a formal PID registry
can be a precious tool to increase awareness and recogni-
tion of these rare disorders.

The authors declare no conflict of interest.
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