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Children; Background: Primary immunodeficiency diseases (PID) usually presents itself with recurrent,
Primary severe, and unusual infections, along with autoimmunity and various other malignancies. But,
immunodeficiency; the diversity of PID often makes the diagnosis of patients difficult for physicians other than
Infection; clinical immunologists. This study aimed to describe the characteristics of patients diagnosed
Severe combined with PIDs during the inpatient treatment for infectious diseases, and to highlight the cases in
immunodeficiency; which a PID diagnosis should be considered.

SCID Methods: The clinical, immunological, and molecular features of 81 pediatric patients treated

for infectious diseases, who were diagnosed with a PID during hospitalization was retrospec-
tively analyzed. The diagnosis was based on the PID criteria of the International Union of
Immunological Societies.

Results: The five main PID sub-types were identified. Predominantly, antibody deficiencies
were the most common (61.7%) group. The average delay in diagnosis was 34.6 months, and
the positive family history rate was 24.7%, while the consanguineous marriage rate was 45.7%.
Around thirty-five (43%) patients were found to have mutated PID-related genes. While lower
respiratory tract infections were the most common symptom, a fever of unknown origin was
another remarkable diagnosis. Eight (9.9%) patients underwent allogeneic hematopoietic stem
cell transplantation.

Conclusions: Clinicians should consider a PID diagnosis, especially in the cases of recurrent,
severe, or atypical infections. Increased knowledge of the alarm features of PID can promote
early diagnosis.
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Introduction

Primary immunodeficiency diseases (PID) are a heteroge-
neous group of inherited immune system disorders that
predispose the patients to recurrent infections, allergies,
autoimmunity, and other malignancies. PIDs comprise of
more than 400 disorders, which the International Union of
Immunological Societies (IUIS) expert committee has cate-
gorized into 10 groups based on the patients’ genetic and
molecular characteristics.'

PIDs are common, and their prevalence may be consid-
erably higher than generally thought. It is estimated that
1 in 1,200 people worldwide lives with a PID.2 In Turkey,
the estimated prevalence of PIDs among the general pop-
ulation has been estimated to be 30.5/100,000 people.?
The prevalence of PIDs has increased significantly over the
years."*> Higher number of patients are diagnosed with PID
every year, and more immunodeficiency syndromes are
described every year.?

The diagnosis of PID was based on the updated criteria
of the IUIS (2019)', according to which the PIDs are classi-
fied into 10 groups: immunodeficiencies affecting cellular
and humoral immunity, combined immunodeficiency (CID)
with associated or syndromic features, predominantly anti-
body deficiencies, diseases of immune dysregulation, con-
genital defects of phagocyte number, function, or both,
defects in intrinsic and innate immunity, auto-inflammatory
disorders, complement deficiencies, bone marrow failure,
and phenocopies of PID."

To reduce PID-associated morbidity and mortality
rates, early diagnosis is the most important step. This can
be achieved by increasing the physicians’ awareness of
warning signs. This study is aimed to describe the clinical
features of PID patients, and highlight the cases in which a
PID diagnosis should be considered.

Materials and Methods

The clinical and laboratory features of PID patients (n=81)
who received inpatient treatment at the Division of
Pediatric Allergy and Immunology of Istanbul Cerrahpasa
Medical School between 2007 and 2017 was retrospec-
tively analyzed. The patients who were hospitalized for any
infectious disease and diagnosed with PID were included in
the study.

The data on the demographic characteristics, parental
consanguinity status, family history for PID, clinical man-
ifestations (age at onset of the disease, age at diagnosis,
and infection history), laboratory investigations (immuno-
logical and hematological parameters), treatment modal-
ity, and follow-up were retrieved from patient files and
electronic records. Time to diagnosis (diagnostic delay) in
PID diagnosis was defined as the time between the initial
presentation and the time of diagnosis.

Complete blood count analyses (white blood cell, lym-
phocyte, and neutrophil counts) were performed using
a Beckman Coulter LH 780 device. CD3+, CD4+, and CD8+
T cell, CD19+ B cell, and CD16/56+ natural killer (NK)
cell counts were performed with a Beckton Dickinson
FACSCalibur flow cytometer using monoclonal antibodies.
Serum immunoglobulin (IgG, IgA, IgM, and IgE) measure-
ments were also performed. The serum immunoglobulin

levels and leukocyte counts were evaluated by comparing
it with the local age-related normal range values.®’ Nitro
blue tetrazolium dye tests and assessments of the expres-
sion of CD18/CD11 on neutrophils were performed using flow
cytometry. The chromosome 22q11.2 deletion in DiGeorge
syndrome patients was detected using the fluorescence
in situ hybridization method. The genetic diagnoses of all
patients except severe combined immunodeficiency (SCID)
patients were performed by whole exome sequencing
(WES) in outer research laboratories. A previously designed
custom-made targeted NGS panel which contains 18 SCID
related genes was performed on SCID patients.?

The study was approved by the Ethics Committee of the
Faculty of Medicine of Istanbul Cerrahpasa University (deci-
sion number 1791; February 2018). Informed consent was
obtained from all participants’ parents or legal guardians.

Results
General features of the patients

Eighty-one patients hospitalized for infectious diseases
and diagnosed with PID were included in the study. Of
those, 35 (43.2%) were female and 46 (56.8%) were male.
The patients were categorized into five groups according
to the IUIS classification.! Predominantly antibody defi-
ciency (PAD) patients were the most common group in our
cohort, including 22 (27.2%) patients with common vari-
able immune deficiency (CVID), 26 (32.1%) patients with
IgA deficiency, and two (2.5%) patients with hyper-lgM
syndrome (Group 1). The second common group was the
one with congenital defects of phagocyte number or func-
tion (Group 2), which included 11 (13.6%) chronic granulo-
matous disease (CGD) and two (2.5%) leukocyte adhesion
deficiency type 3 (LAD3) patients. The immunodeficiencies
affecting cellular and humoral immunity group, the most
severe form of PID, comprised of 9 (11.1%) SCID patients
(Group 3). About five (6.2%) patients with DiGeorge syn-
drome and 1 (1.2%) patient with the hyper-IgE syndrome
were grouped as combined immune deficiency (CID) with
associated or syndromic features group (Group 4). Lastly,
three patients were included in the defects in the intrinsic
and innate immunity group (Group 5).

The median age at the onset of symptoms was eight
months (range: 1-192 months), and the median age at diag-
nosis was 48 months (range: 1-216 months). The mean time
to diagnosis was 34.6 months. The longest mean time to
diagnosis was observed in the PAD group (51.7 months),
whereas the shortest was observed in DiGeorge syndrome
and SCID patients. The average delay between onset of
symptoms and diagnosis differed between the groups: 48.7
months in Group 1, 22 months in Group 2, 3.6 months in
Group 3, 3.5 months in Group 4, and 11 months in Group
5. The clinical and immunological features of the patients
according to their classification is shown in Table 1.

Genetic diagnosis in PID patients

Whole exome or targeted panel sequencing was performed
on our cohort, and the genetic diagnoses were archived
in 35 (43%) patients (Figure 1). Whole exome sequencing
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Table 1. General features of patients according to PID sub-type
Age at Age at
onset diagnosis Time to Family
(month, (month, diagnosis history
Patient Gender median median, (month) Mortality Consanguinity of PID  HSCT
Diagnosis number  (F/M) range) range) average n (%) rate (%) (%) (%)
Group 1
CVID 22 10/12 12 (1.5-192) 49.5 (48-216) 51.7 0 36.4 31.8 0
IgA deficiency 26 12/14 27 (6-156) 96 (12-216) 48.7 0 42.3 3.8 0
Hyper-IgM syndrome 2 0/2 7.5 (7-8) 16 (14-18) 8.5 0 0 0 0
Group 2
CGD 1 1/10 4 (1-60) 24 (3-168) 249 1(9.1) 36.4 45.5 9.1
LAD3 2 1/1 1 6.5 (1-12) 5.5 1 (50) 100 100 100
Group 3
SCID 9 4/5 2 (1-6) 5 (1.5-12) 3.6 4 (44.4) 88.9 44.4 55.6
Group 4
DiGeorge syndrome 5 5/0 4 (2-9) 4 (2-16) 3 0 20 0 0
Hyper-IgE syndrome 1 1/0 4 10 6 0 100 0 0
Group 5
IRAK4 deficiency 1 0/1 9 22 13 0 100 100 0
MyD88 deficiency 1 1/0 2 14 12 0 0 0 0
IFN-gammaR1 1 0/1 6 14 8 0 100 0 0
deficiency
Total 81 35/46 8 (1-192) 48 (1-216) 34.6 6 (7.4) 45.7 24.7 9.9

B Groupl M Group2 M Group3 & Group4 M Group5

Figure 1 Mutation rates in primary immunodeficiency
patients Group1: Predominantly antibody deficiency PAD;
Group 2: The congenital defects of phagocyte number or
function; Group 3: Immunodeficiencies affecting cellular and
humoral immunity; Group 4: Combined immune deficiency
(CID) with associated or syndromic features; Group 5: The
defects in intrinsic and innate immunity.

was performed in all the groups except SCID, and the
disease-causing variants were detected in all the members
of groups 2, 4, and 5.

In the congenital defects of phagocyte number or
function (Group 2) group, 11 patients were diagnosed as
CGD, 10 patients were diagnosed with CYBA and 1 patient
had an NCF1 variant. In the intrinsic and innate immunity
group (Group 5), all the patients were diagnosed with IFN-
gammaR1, IRAK4, or MYD88 deficiency. In the CID group
(Group 4), there were four patients with DiGeorge syn-
drome and one Hyper IgE patient with a STAT3 gene vari-
ant. In the PAD group (group 1), seven patients carried
CD40LG, PGM3, TNFRSF13B, and NFKB1 variants.

For the SCID group (group 3), a targeted-NGS panel was
previously created, and ADA, CD3E, RAG1, and ATM gene
variants were identified in out seven of 10 patients.

Clinical presentations and outcomes

The most common reason for hospitalization was found
to be lower respiratory tract infection (LRTI), which was
observed in five (60%) of our cohort, followed by fever of
unknown origin (FUO) in 9.9%, sepsis in 4%, gastroenteritis
in 3.7%, arthritis in 3.7%, meningitis in 3.7%, lymphadenitis
in 3.7%, liver abscess in 3.7%, 1 osteomyelitis, 1 myocar-
ditis, 1 omphalitis, and 1 perianal abscess in our cohort.
The leucocyte counts, hemoglobin values, platelet counts,
and serum immunoglobulin levels in each group is shown in
Table 2, and the reasons for hospitalization that eventually
led to PID diagnosis is shown in Table 3.

In the SCID cohort, 5 patients were hospitalized with an
LRTI diagnosis, three had sepsis, and one had gastroenteri-
tis. The blood culture of one of the patients diagnosed with
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Table 2 Leucocyte counts, hemoglobin values, platelet counts, serum immunoglobulin levels, and peripheral blood lymphocyte subsets.

Group 5
22,400 (12,800-26,700)

Group 4
12,250 (7,300-18,700)

Group 3
10.25 (9.5-11.7)

2,400 (1400-6,300)

Group 2
22,000 (8,400-49,300)

Group 1
6,850 (1,169-22,700)

Laboratory

Leucocytes (/mm?)
Hgb (g/dL)

10.5 (10.2-10.8)

10 (9-11.1)
286 (209-430)
1,150 (600-4,200)

9.4 (7.3-11.8)

11.7 (8.1-15.2)

380 (360-440)
17,600 (8,200-22,700)

285 (260-380)
3,658 (2,000-8,800)

495 (31-780)
14,000 (3,000-43,398)

254 (52-476)
3,300 (500-13,900)
2,200 (600-7,100)

Platelets (x 10°)

Neutrophils (/mm?)

3,800 (3,200-7,300)

6500 (2,555-9,400)
300 (100-1,100)

800 (300-2,200)
740 (150-1,100)
190 (73-340)

5,600 (2,800-11,000)

Lymphocytes (/mm?)
Eosinophils (/mm?3)

G (gr/dL)
IgA (gr/dL)

130 (100-150)

400 (100-2,200)
1,090 (535-2,132)

100 (100-1,100)

254 (60-557)
8.65 (0-125)

740 (560-820)
110 (66-110)

390 (314-530)
32.4 (10.7-70)

0 (0-16)

68 (14.6-462)
164 (31.2-431)

160 (110-180)

58 (19.3-120)

24 (19-63)
1,100 (17-1,600)

27 (2.9-206)
39 (2-5,100)
1,803 (510-6,106)

IgM (gr/dL)
IgE (kU/L)

17 (17-17)
2,280 (2,272-4,453)

1,232 (1,056-2,200)

17 (17-2,300)
2,557 (1,200-6,670)

18 (16-5,100)
3,180 (1,792-6,882)

1,978 (882-9,108)

308 (0-1,122)
120 (0-319)

CD3 (/mm?3)
CD4 (/mm?3)
CD8 (/mm?3)

1,815 (264-3,535)

736 (122-2,440)
706.5 (91-3,840)

704 (616-1,100)

767 (108-1,555)
2154 (300-3,618)
348 (248-540)

77 (0-297)

1,008 (444-1,848)

380 (352-730)
228 (192-365)

616 (230-1,554) 95 (49-576)
24 (12-660)

256 (112-555)

175 (20-1,540)
107 (25-848)

CD19 (/mm?)

CD16-56 (/mm?3)

All values are medians (ranges). Hgb: haemoglobin; Ig: immunoglobulin.

Table 3 Causes of hospitalization.

Diagnosis n %

LRTI 49 60.5
FUO 8 9.9
Sepsis 6 7.4
Gastroenteritis 3 3.7
Arthritis 3 3.7
Meningitis 3 3.7
Lymphadenitis 3 3.7
Liver abscess 2 2.5
Osteomyelitis 1 1.2
Myocarditis 1 1.2
Omphalitis 1 1.2
Perianal abscess 1 1.2
Total 81 100

FUO: fever of unknown origin; LRTI: lower respiratory tract
infection; n: number

sepsis showed Klebsiella pneumoniae growth. About eight
of the nine patients had cytomegalovirus viremia (CMV).

In DiGeorge syndrome patients, three were hospital-
ized with an LRTI diagnosis, one had sepsis, and one had
FUO. The blood culture of the patient with sepsis showed
Pseudomonas aeruginosa growth.

In CVID patients, the most common symptom was LRTI
(81.8%), followed by sepsis, meningitis, and FUO. One
patient was diagnosed with pulmonary tuberculosis in a
follow-up examination. The patients with IgA deficiency
were mostly hospitalized with an LRTI diagnosis (61.5%). It
was found that three patients were presented with arthritis.

Three patients were admitted with an LRTI diagnosis,
two had a liver abscess, two were diagnosed with lymphad-
enitis, one had a perianal abscess, one had sepsis, one had
myocarditis, and one had osteomyelitis in CGD patients.
Salmonella growth was observed in the blood and stool
cultures of the patient with sepsis. Methicillin-resistant
Staphylococcus aureus was isolated from four patients with
liver and perianal abscesses and lymphadenitis. Aspergillus
fumigatus was detected in the sputum sample of one
patient. One patient with a LAD3 variant was admitted
with an LTRI. The other LAD3 deficiency patient was diag-
nosed with omphalitis.

The patients with IFN-gammaR1 deficiency was hospi-
talized for tuberculosis lymphadenitis. The patients diag-
nosed with IRAK4 and MyD88 deficiency were followed up
with a diagnosis of streptococcal pneumococcal meningitis.

Alarm features suggesting PID

Recurrent upper and lower respiratory tract infection his-
tories were found in 63% of the patients, while recurrent
acute gastroenteritis was found in 11.1% of the patients.
These findings were seen mostly in Group 1. Oral candidi-
asis was observed in nearly all patients (88.9%) in Group 3.
Bronchiectasis was found only in Group 1 (n = 21, 25.9%).
The failure to thrive and growth retardation were observed
in 50 (61.7%) patients. Bacillus Calmette-Guérin (BCG)
vaccine complications (BCGitis) were found in nine (11.1%)
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Table 4 Warning signs of PID.

Group 1 Group 2 Group 3 Group 4 Group 5 Total
Sign n (%) n (%) n (%) n (%) n (%) n (%)
Recurrent URTI 42 (84) 4 (30.8) 2 (22.2) 1 (16.7) 2 (66.7) 51 (63)
Recurrent LRTI 34 (68) 7 (53.8) 5 (55.6) 3 (50) 2 (66.7) 51 (63)
Recurrent AGE 6 (12) 2 (15.4) 1 (11.1) 0 (0) 0 (0) 9 (11.1)
Oral candidiasis 0 (0) 0 (0) 8 (88.9) 0 (0) 0 (0) 8 (9.9)
Bronchiectasis 21 (42) 0 (0) 0 (0) 0 (0) 0 (0) 21 (25.9)
Growth retardation 30 (60) 6 (46.2) 7 (77.8) 5 (83.3) 2 (66.7) 50 (61.7)
BCGitis 0 (0) 4 (30.8) 3(33.3) 1 (16.7) 1(33.3) 9 (11.1)
Eczema 6 (12) 2 (15.4) 5 (55.6) 1(16.7) 0 (0) 14 (17.3)
Hypereosinophilia 6 (12) 6 (46.2) 8 (88.9) 2 (33.3) 0 (0) 22 (27.2)
Hyper-IgE 19 (38) 4 (30.8) 8 (88.9) 1(16.7) 0 (0) 32 (39.5)
Recurrent hospitalization 18 (36) 10 (76.9) 7 (77.8) 2 (33.3) 3 (100) 40 (49.4)
Family history of PID 8 (16) 7 (53.8) 4 (44.4) 0 (0) 1(33.3) 20 (24.7)
Hepatomegaly 9 (18) 6 (46.2) 5 (55.6) 1 (16.7) 2 (66.7) 23 (28.4)
Splenomegaly 18 (36) 6 (46.2) 5 (55.6) 1(16.7) 2 (66.7) 32 (39.5)
Allergic disease 18 (36) 2 (15.4) 5 (55.6) 1(16.7) 0 (0) 26 (32.1)

AGE: acute gastroenteritis; BCG: Bacillus Calmette-Guérin; IgE: immunoglobulin E; LRTI: lower respiratory tract infection; PID: pri-
mary immunodeficiency disease; URTI: upper respiratory tract infection.

patients. Recurrent hospitalizations were seen in nearly
half (49.4%) of the patients. The alarm features of the
patients are shown in Table 4.

The parental consanguinity rate was 45.7% overall and
was highest in Group 3. The rate of family history of PID
was 24.7% overall and was highest in Groups 2 and 3.

Treatment and follow-up

Prophylactic antibiotic and intravenous immunoglobulin
replacement (IVIG) therapies were the most administered
therapies (n = 55, 67.9%, and n = 33, 40.7%, respectively).
Antifungal prophylaxis was administered to 20 (24.7%)
patients. CGD patients received IFN-gamma and antifungal
agents.

Eight patients (9.9%) underwent allogeneic hematopoi-
etic stem cell transplantation (HSCT). Among the eight,
five had SCID, two had LAD3, and one had CGD. After HSCT,
two patients (one with LAD3 and one with SCID) died. The
mortality rate was 7.4% overall, and was the highest in
Group 1 (44.4%).

Discussion

Primary immunodeficiencies are a heterogeneous group
of inborn errors of immunity characterized by recurrent,
severe, or atypical infections, autoimmunity, develop-
mental delays, allergic diseases, and malignancies.’ In
the present study, more than half of the patients were
diagnosed with PID. This finding is consistent with previ-
ous studies.>'®" Moreover, the number of male patients
was higher than females. Similar ratios which suggest an
X-linked inheritance of some PIDs have been reported by
other studies"3*"3

In PID, the rate of consanguineous marriages is higher
than in the general population."" Nevertheless, it varies

widely between geographic regions, ranging from 15% to
80%.45111314 A family history of PID is another important
warning sign that should be kept in mind. Previous stud-
ies have reported rates between 23% and 43%."%''* In our
study, the positive family history rate was found 24.7%, and
the consanguineous marriage rate was found to be 45.7%.

Diagnostic delay in PID is a common event that causes
high morbidity and mortality in patients. Diagnostic delay
is considerably shorter in combined T and B cell defi-
ciency.? In our cohort, the average time between the onset
of clinical symptoms and PID diagnosis was 34.6 months,
but was only approximately four months in Groups 1 and
4. In the literature, diagnostic delay varies between 19 and
60 months. The differences may be due to different cohort
sizes.>215

The patients diagnosed with PID may present with dif-
ferent clinical findings. Recurrent infections are the most
common manifestation.*'>" LRTI is observed in nearly half
of all patients.*™ In the present study, nearly half of the
patients had a history of previous hospitalizations for infec-
tions. Therefore, especially serious infection cases requir-
ing hospitalization should be screened for a possible PID.
FUO is another diagnosis that should be carefully consid-
ered. In our study, nine patients hospitalized for FUO were
diagnosed with a PID. It can sometimes be the first man-
ifestation of PID.”? A predisposition to specific infectious
diseases has been identified in some PID sub-types.' In the
present study, two patients with streptococcal pneumo-
coccal meningitis were diagnosed with IRAK4 and MyD88
deficiencies.

Early diagnosis is important for reducing morbidity and
mortality rates, and the choice of treatment options."”®
Therefore, clinicians should carefully evaluate the warning
signs of PID. The Jeffrey Modell Foundation has created the
10 Warning Signs of Primary Immunodeficiency in children.
These mainly include frequent, recurrent, severe, or atyp-
ical infections, growth, and developmental retardation,
and family history of PID.” It has been suggested that these
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warning signs should be refined considering our increas-
ing knowledge of PID, and classified according to different
medical disciplines such as intensive care, rheumatology,
hematology, oncology, gastroenterology, or neurology.?’ In
the present study, recurrent upper and lower respiratory
tract infections, growth retardation, and recurrent hos-
pitalization histories were observed in almost half of the
patients. Findings such as BCGitis, oral candidiasis, aller-
gic diseases, and eczema demonstrate the complexity of
immune dysregulation in PID, and can alert clinicians.'%"

Many infectious and non-infectious skin lesions are seen
in PID patients.? Eczematous dermatitis is a non-specific
cutaneous lesion most seen after infectious lesions.?22® |t
usually begins in infancy or early childhood, and its sever-
ity may be related to disease activity.? It is seen in 13-19%
of PID patients, and is mostly associated with combined
immunodeficiencies.* In the present study, eczema was
seen in 17.3% of the patients, most of whom were diag-
nosed with SCID. The presence of skin manifestations prior
to immunological diagnosis suggests that clinicians should
consider PID in the differential diagnosis of skin lesions.

Immunoglobulin replacement therapy is one of the cor-
nerstones of treatment. In our study, around 40% of the
patients were treated with immunoglobulins. This rate
is consistent with the literature.” HSCT is the only cura-
tive option for a wide range of PIDs.'"#?>2 Early diagnosis,
appropriate human leukocyte antigen-matched donors,
and improvement of post-transplant supportive therapies
increase the success of HSCT in patients.?>? In this study,
eight patients underwent allogeneic HSCT, six of whom are
alive.

Conclusion

Despite the increasing number of diagnoses each year,
there are still significant delays in PID diagnosis. Early diag-
nosis is of critical importance for patients’ clinical course
and prognosis. Especially in cases of recurrent, severe, or
atypical infections, clinicians should consider a PID diagno-
sis. Raising awareness of PID and PID-related symptoms can
improve the rates of diagnosis and successful treatment.
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