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Abstract

Objectives To report the distribution pattern of various categories of primary immunodeficiency disorders (PIDs) in children
from North India, frequency of warning signs and critical parameters for evaluation.

Methods In this retrospective study, 528 children below 18 y of age after clinical assessment and presentation suggestive of PID
were further screened by immunophenotyping for immune cell markers by flow cytometry.

Results A total of 120 (23%) children were diagnosed with PID with median age at diagnosis being 2.5 y in males and 3.5 y in
females and an average delay in diagnosis from onset of symptoms being approximately 5 y. Chronic lower respiratory tract
infections, gastrointestinal symptoms like persistent diarrhea and failure to thrive were amongst the most common warning signs
in these patients. PIDs were classified according to the International Union of Immunological Societies’ (IUIS) criteria. The
diagnosis of index study subjects included combined humoral and cellular immunodeficiency (29%), phagocytic defects (29%),
followed by predominantly antibody deficiency (18%), innate immunity and dysregulation (17%) and other well-defined syn-
dromes (7%). A family history of PID (23%), consanguineous marriage (8%) and previous sibling death (23%) were observed as
major clinical predictors/clues for underlying PID. All children received prophylactic antibiotics and/or antifungals in addition to
specific therapy for underlying immune deficiency.

Conclusions The field of PIDs in India remains largely unexplored and we are faced with various challenges in the diagnosis of
PIDs due to lack of awareness as well as absence of equipped immunological laboratory support. The authors propose a
methodical step-wise laboratory diagnostic approach that can facilitate early diagnosis and timely intervention of these mis/
underdiagnosed disorders.

Keywords Primary immunodeficiencies - X-linked agammaglobulinemia - Common variable immune deficiency - Hyper IgM
syndrome - Severe combined immune deficiency - Leukocyte adhesion deficiency - DHR

Introduction

Primary immunodeficiency disorders (PIDs) comprise of
300 rare chronic disorders which primarily affect the com-
ponents of immune system and in some cases, non-
immunological abnormalities. The International Union of
Immunological Societies (IUIS) Expert Committee catego-
rized PIDs into 9 groups based on the genetic and molecular
diagnosis of patients [1]. The initial cases of PIDs reported
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from India almost 50 y ago were based on clinical manifes-
tations [2, 3]. In the last two decades, a transition in the
diagnoses of PIDs has been based on flow cytometric anal-
ysis, in selective cases by mutational analysis and is evolv-
ing towards deep sequencing approaches [4—10].

Of the 10 warning signs of PIDs, family history is the
strongest predictor and parental consanguinity along with
previous sibling mortality are strongly associated [11]. The
distribution pattern of PIDs in India varied significantly from
those reported by western studies [12]. There is an urgent
need for development of more advanced facilities for diag-
nosis and management of PID in India and also the need for
establishing population, hospital based registries [13, 14]
and awareness programs [11].

The authors report here, the distribution pattern of various
categories of PIDs in children from North India, frequency of
warning signs and critical parameters for evaluation.
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Material and Methods

Children less than 18 y of age with suspected PID [15, 16],
seeking either inpatient or outpatient care with well-
established clinical and diagnostic features since January
2014 through December 2016, in authors’ tertiary care hospi-
tal were included. PID was classified according to the IUIS
criteria [1]. The diagnosis was established based on character-
istic clinical manifestations and corroborated by immunolog-
ical markers using flow cytometry analyses. All children with
PID were assessed for any new infection, development of any
new sign or symptom and monitored for growth during each
follow-up visit every 12—16 wk. The Institute Ethics
Committee approved the study protocol (Reference No.
IEC-55/03.03.2017).

Laboratory investigations included complete blood
count, peripheral blood smear, measurement of serum im-
munoglobulin (IgG, IgA, IgM, and IgE) in all cases and
isohemagglutinins, peripheral blood lymphocyte subsets in-
cluding T cell subsets (CD3, CD4 and CD8), B cells
(CD19, CD20) and natural killer cells (CD56/16) by flow
cytometry and CH50 complement assay by ELISA.
Specific immunological tests performed included CD56,
perforin and CD107a, Double negative TCRx[3 subset,
Dihydrorhodamine (DHR), CD18/CD11b & CDllc, intra-
cellular STAT-3/IL-17 and Btk protein expression in mono-
cytes by flow cytometry assay, as needed.

Results

Of the 528 patients evaluated for suspected PID, 120 (total
23% of which 71% were boys) cases were identified with
PID (Fig. 1a). Eighty six percent of the cases had a varied
age at presentation of PID after 3 mo till 17 y of age. A
substantial number of patients (14%) however, presented
with severe clinical manifestations before 3 mo of age.
The mean duration in delay of diagnosis from onset of
symptoms was 5 y and varied with the underlying PID;
antibody predominant deficiencies [X-linked agammaglobu-
linemia (XLA), Common variable immunodeficiency
(CVID)] were diagnosed on an average after 5 y of disease
onset, whereas the gap between onset of clinical symptoms
and diagnosis was within 3 mo in SCID. Eighty percent of
PID cases had a family history of consanguinity and in 23%
cases previous sibling deaths were noted.

Half of the patients presented primarily with repeated lower
respiratory tract infections i.e., pneumonia requiring multiple
antibiotics (Fig. 1b). Other symptoms noted were gastrointes-
tinal, like persistent diarrhea and failure to thrive that was also
seen in CVID cases. Recurrent deep skin abscess was noted in
15% of the cases. One case of Hyper IgM syndrome presented
with disseminated cryptococcosis.

The screening and diagnosis of PID was achieved by analyz-
ing the absence or reduced expression of various immunological
markers by flow cytometry based assays. The prevalence of PID
positive cases were divided into 5 broad categories. The com-
bined T and B cell deficiency and phagocytic defects occupied
majority of the cases followed by predominantly antibody defi-
ciency and diseases of immune-dysregulation. Well-defined de-
ficiencies were rare in the present patient cohort (Table 1).

At authors’ center, 29% of patients were diagnosed with
combined T and B cell immunodeficiency. Phagocytic cell
defect, chronic granulomatous disease (X-linked and
carriers) was diagnosed by Dihydrorhodamine (DHR) flow
cytometry assay in 30 children with PID. Reduced (<5%) or
absent neutrophil oxidative index (NOI) was considered as a
X-linked CGD against a healthy control that showed more
than 85-90% NOI. Carrier females usually showed mosaic
pattern with 2 subsets of neutrophils, one with normal NOI
and the other population with reduced NOI. Ten cases (six
males) of LAD I were diagnosed based on CD18, CDI11b
and CDl11c¢ deficiency on surface of leucocytes.

In this cohort, the diagnosis of XL A was based on marked-
ly reduced or absent B cells (<1%), markedly reduced serum
immunoglobulin levels and lack of expression of Brutons ty-
rosine kinase (Btk) protein in the monocytes. Ten male pa-
tients (two siblings from two families) who presented to au-
thors’ hospital with recurrent severe infections with onset of
symptoms before 1 y of age were diagnosed with XLA. These
patients showed profound reduction in serum immunoglobu-
lin levels and absent or reduced Btk protein expression in the
monocytes by flow cytometry.

The authors also identified three male pediatric cases of CVID
(diagnosed after 15 y) who had onset of clinical symptoms at 3—4
y of age. All patients had reduced serum immunoglobulins with
normal B cell frequency. The baseline immunological workup
carried out in authors’ laboratory showed markedly reduced se-
rum immunoglobulin levels (IgG, IgA and IgM), normal T, B
and NK cell frequency with reversal of CD4:CDS ratio (1:1) and
profoundly decreased (<1%) class switched memory B cells
(CD19 + CD27 +IgD-) by flow cytometry.

Twenty PID positive cases were of primary Hemophagocytic
lymphohistiocytosis (HLH) [18 Familial hemophagocytic
lymphohistiocytosis type 2 (FHL2) and 2 Griscelli syndrome].
FHL2 patients had perforin deficiency and normal CD107a de-
granulation in NK and T cells whereas Griscelli patients
expressed reduced CD107a degranulation marker but normal
perforin levels. Four cases of autoimmune lymphoproliferative
syndrome were detected to have increased levels of CD3 double
negative (TCRxf3+CD4-CDS-) T cells (constituting >2.5% of
total lymphocytes).

Other Well defined immunodeficiency syndromes or disor-
ders were rare comprising 7% of the total PID cases. These
included ataxia telangiectasia (1 case), Wiskott Aldrich syn-
drome (2 cases) and Hyper IgE syndrome (7 cases). Of the 7
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cases of Hyper IgE (5 were males), authors performed intra-
cellular STAT-3 and phospho-STAT3 staining in the CD3+ T
cells and assessed positivity by flow cytometry. Phospho-
STAT3 expression was reduced in all 7 cases with Hyper
IgE syndrome.

Discussion

Primary immunodeficiencies still remain underdiagnosed in
the less affluent regions of the world lacking state-of-the-art
facilities for its diagnosis and leave clinicians in dilemma for
its treatment. Till date, scarcity of epidemiological data on PID
in India is primarily attributed to early mortality because of
undiagnosed disease in absence of reliable screening assays.
In the past decade, India has witnessed significant advance-
ment in the field of PID diagnosis [17]. Here, authors present a
retrospective analysis of children after clinical and immuno-
logical assessment for PID.

According to the predominance of the five PID cate-
gories in the present study (summarized in Table 1),
Category I of IUIS classification of PIDs include
Combined B and T cell immunodeficiency, also called
as Severe combined immune deficiency (SCID), which
is a heterogeneous group of PID conditions. Accurate
incidence of SCID in India is unknown but is postulated
to be similar to the rest of the world [5]. One of the
subtype of SCID with distinctive clinical features is
Hyper IgM syndrome (HIGM) caused by defects of im-
munoglobulin class switch recombination (CSR) and so-
matic hyper mutation (SHM) [18]. The commonest X-
linked type of Hyper IgM syndrome has defective expres-
sion of CD40 ligand (CD40L, CD154) on T cells upon
activation which was noted in three of index cases [19].

The next PID category with comparable frequency to
combined immune deficiency was Category V in IUIS
PID classification, which includes congenital defects of
phagocytes number, function or both. Chronic granulo-
matous disease (CGD) and leukocyte adhesion deficiency
(LAD) syndromes are the two broad sub-categories in
phagocytic defects [20]. The frequency, clinical presenta-
tion and treatment of these patients were as per the pro-
tocols (Table 1). Jindal et al. reported a comparative
study between 153 vs. 122 cases of PID from major in-
stitutes of Chandigarh and Mumbai, respectively. The
spectrum of PIDs reported at these centres varied because
of the regional differences in the population of North and
West India. However, in the present study patients from
all over India were enrolled hence the regional bias was
precluded. The present data reflects a more uniform dis-
tribution of cases and combined and phagocytic defects
were found as commonest PIDs followed by antibody
deficiencies and diseases of immune dysregulation as

compared to previous studies from India, which reflected
skewed distribution in patterns and number of referrals to
other centers [17].

Antibody deficiencies, are enlisted under category III of
IUIS PID classification and include X-linked agammaglobu-
linemia, which is caused by mutations involving gene mapped
on chromosome Xq21.3-Xq22, coding for Btk protein [21,
22]. The incidence of XLA is reported to be around
1/200,000 male births [23]. Individuals affected by this disor-
der present with severe, recurrent bacterial infections involv-
ing various organ systems after the protective maternal anti-
bodies start declining in the infant circulation. On the other
end of the spectrum is CVID, most common symptomatic
humoral primary immunodeficiency disorder that presents in
late childhood or in adults [24-26]. It is a condition marked by
defect in maturation and differentiation of naive B cells to
memory B and plasma cells. Patients are prone to chronic
sinusitis, pneumonias, gastrointestinal complications and au-
toimmune features. Initial diagnosis of CVID was established
based on European Society for Immunodeficiencies (ESID)
2014 diagnostic criteria in the present cases [27]. The frequen-
cy, clinical presentation and management of these cases is as
summarized in Table 1.

Diseases of immune dysregulation comprising of 17% of the
cases were clubbed in category IV of TUIS classification, which
included hemophagocytic lymphohistiocytosis (HLH), autoim-
mune lymphoproliferative syndrome (ALPS), immune dysregu-
lation with colitis and type I interferonopathies [1].
Hemophagocytic lymphohistiocytosis, is a hyperinflammatory
syndrome induced by uncontrolled activation and proliferation
of histiocytes/ macrophages and T cells with defect in cytotoxic
pathways [28]. The frequency of disorders of immune dysregu-
lation ranked as the fourth category, similar to global frequency
reported by Modell et al. [12].

Rare syndromes included Hyper IgE syndrome also
known as Job’s syndrome, is a rare primary immunodefi-
ciency characterized by a distinct clinical syndrome and mo-
lecular pathophysiology. Patients present with skin eczema,
staphylococcal skin and lung abscesses, fractures, dental ab-
normalities and a high serum IgE levels (>2000 IU/ml).
Wiskott—Aldrich syndrome (WAS) is an X-linked primary
immunodeficiency disorder that is characterized by the clas-
sic triad of severe immunodeficiency, eczema and a bleeding
diathesis due to microthrombocytopenia that affects approx-
imately one to four cases per 1,00,000 live male births [29].
As documented by Modell et al. in their data of global
overview of primary immunodeficiencies, antibody mediated
deficiencies showed the highest frequency followed by other
well defined immunodeficiency syndromes and combined T
and B cell defects [12].

The complement system is a part of the innate immune
system that facilitates clearance of microbes and damaged
cells from an organism. The authors performed complement
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assay in forty cases over the period of this study. However,
no patient was identified with complement deficiency.

In the present study, consanguineous marriage and family
history of previous sibling deaths emerged as strong indica-
tors of PID. The authors defined a diagnostic algorithm for
screening of PIDs in pediatric population visiting their center
in North India (Fig. 1c), as early diagnosis may allow timely
intervention and reduce morbidity and mortality associated
with these diseases. Hematopoietic stem cell transplant
(HSCT) remains the only curative option and if intervened
early after disease onset, can offer long term survival bene-
fits. Unfortunately, lack of early diagnosis, awareness and
late referral for HSCT are likely contributory factors to the
hitherto poor outcome in these children. At authors’ centre
too, most cases were diagnosed relatively late after disease
onset and hence succumbed to the disease. Several patients
are on regular follow-up in pediatric OPD and few
underwent successful HSCT.

The present study depicts the wide spectrum of com-
monly encountered PIDs from an apex tertiary care referral
hospital equipped with laboratory workup of children with
suspected primary immune deficiencies. This report high-
lights the importance of suspecting PIDs in children often
managed under the broad rubric of infectious disorders.
Although the limitation of the present study is that it is
cross-sectional, therefore the long-term outcome of these
cases are not available. The diagnosis of most PIDs in this
study is based mainly on clinical, laboratory parameters
including flow cytometry studies, however the genetic con-
firmation of the underlying disease is lacking. The exhaus-
tive TUIS classification system of Primary immune deficien-
cies enunciate the plethora of gene defects that can mani-
fest in patients as well as reiterates the importance of hav-
ing facilities of mutational analysis by whole exome/whole
genome sequencing and advanced genomic techniques like
Next Generation Sequencing for the early diagnosis of
these conditions. The authors admit that the lack of genetic
tests and Enzyme assays during this study limited the spec-
trum of diagnosis. Nonetheless, scientific awareness about
PID disorders among clinicians in different specialties ac-
companied by a methodical step-wise laboratory diagnostic
approach can facilitate early diagnosis and timely interven-
tion. A routine immune screening for PIDs and increased
awareness among clinicians and researchers alike is strong-
ly recommended.
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