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ABSTRACT

Introduction: Severe combined immunodeficiency (SCID) is the most serious inborn error of immunity, lethal
if untreated. There are three SCID subtypes: typical (TS), atypical (AS) and Omenn syndrome (OS). The goal
of this study is to characterize clinical and immunogenetic aspects of patients with different aforementioned
types of SCID diagnosed in a single center and an attempt to select factors improving diagnosis in the areas
without newborn screening.

Material and methods: This is a retrospective evaluation of the clinical course and hematological, biochemical,
immunological and genetic tests leading to SCID diagnosis in 42 children.

Results: Median age of diagnosis was 4.4 months, higher for AS (8 months, p < 0.05). Median diagnostic
delay (DD) was 2.5 months (4.7 months in AS children). Suspicion of the disease was raised by pediatricians
(in 44.4% of all children), hematologists (19.4% of all children, 26.3% of AS children, with DD of 20 months),
or dermatologists. The first symptoms were infections (64%), rash (22.2%), chronic diarrhea (5.6%), anemia
(5.6%) and lymphopenia (2.8%). At the time of diagnosis, 79.5% of patients presented with lymphopenia.
The median of recent thymic emigrants was 0.2%, 2.1%, 0.3% in TS, AS and OS, respectively. The most fre-
quent pathogenic variants were found in the following genes: IL2RG (23.8%), RAG1/2 (16.6%), JAK3 (14.3%),
ADA (11.9%) and IL7RA (4.8%). The overall survival rate was 69% in all children.

Conclusions: The diagnosis of SCID was established significantly later in the case of AS than TS and OS.
The type of first symptoms does not differ between particular types of SCID. Lymphopenia is the most com-
mon symptom and the most often underestimated laboratory sign of SCID.
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to death in the first years of life, mainly due to infections,
including opportunistic ones. Affected infants appear

Severe combined immunodeficiency (SCID) is the  healthy at birth however usually develop life-threatening
most profound inborn error of immunity affecting cellular ~ bacterial, viral, fungal or opportunistic infections, per-
and humoral immunity. If left untreated, the disease leads  sistent diarrhea and failure to thrive within the first weeks
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and months of life. The clinical manifestations of SCID

include recurrent upper and lower respiratory tract in-

fections caused by common pathogens with an atypical

course and complications such as:

o chronic rhinitis,

o recurrent, chronic lower respiratory tract infections,
e.g. caused by adenoviruses or parainfluenza viruses,

e urinary tract,

o diarrhea.

The most dangerous are infections caused by oppor-
tunistic pathogens (i.e. Pneumocystis jiroveci, cytomega-
lovirus - CMV, or fungi):

o recurrent thrush,

o symptomatic CMV infection with lung, liver, central
nervous system involvement,

o aspergillosis with systemic or organ involvement (lung,
liver, spleen, central nervous system, bones).

Routine immunization with live attenuated vaccines
such as BCG (Bacillus Calmette-Guérin) vaccine or ro-
tavirus are the cause of local or disseminated infection.

Following all infections infant’s physical development
is inhibited.

The next red flags are signs including non-infectious
presentation (skin rashes, lymphadenopathy, hepatomeg-
aly, splenomegaly) and abnormalities in diagnostic tests
(i.e. lymphopenia, but also lymphocytosis, eosinophilia,
elevated IgE, thymus absence and/or skeletal abnor-
malities) and also a family history of infants’ or young
children’s deaths or immunodeficiencies. Depending on
the clinical symptoms and laboratory test results, there are
three SCID subtypes: typical, atypical (leaky) and Omenn
syndrome (OS) as shown below in diagnostic criteria [1].
Early diagnosis, before the onset of severe infections and
organ damage, is possible in children with a positive fam-
ily history or through newborn screening (NBS) and is
crucial for overall survival [2]. The awareness of SCID
and early recognition of the first symptoms are extremely
important in the case diagnosis without access to NBS or
positive family history. The aim of this study is to char-
acterize patients diagnosed with different types of SCID
according to clinical and immunogenetic phenotypes in
a single center and to select the factors that could help
improve SCID diagnosis in the areas without NBS.

MATERIAL AND METHODS

PATIENTS

This study included 42 Caucasian children (16 girls and
26 boys), aged 6 days to 48 months, diagnosed with SCID
in the Department of Immunology, Children’s Memorial
Health Institute, Poland, between 2010 and 2023. The clin-
ical course as well as hematological, biochemical, immu-
nological and genetic tests leading to SCID diagnosis were
evaluated retrospectively. None of the patients received
NBS for SCID, however 6 had a positive family history.

QUANTITATIVE AND FUNCTIONAL ASSESSMENT
OF CELLULAR AND HUMORAL IMMUNITY

Lymphocyte subsets

Analysis of lymphocyte subsets was performed using
commercially available BD Multitest six color cocktails
of antibodies and Trucount tubes (Becton Dickinson, cat.
No. 644611). The assessed lymphocyte subset panel included
T-cells (CD3+/CD45+), cytotoxic T-cells (CD3+CD8+/
CD45+), helper T-cells (CD3+CD4+/CD45+), NK-cells
(CD16+CD56+CD3-/CD45+), and B-cells (CD19+/
CD45+). Their distribution and absolute cell counts were
determined using the lyse-no-wash approach. The staining
procedure was performed according to the manufactur-
er’s instructions. Identification of lymphocyte subsets was
performed according to standard procedures. The abso-
lute number of individual subsets was calculated based on
the proportion of the respective cell subpopulation and
absolute lymphocyte count. Results have been compared
to normal age-related reference ranges. Recent thymic
emigrants (RTE) - CD31+CD45RA+/CD3+CD4+, within
T-helper cell population were analyzed separately, and
results compared to local reference ranges [3].

Lymphocyte transformation test

Peripheral blood mononuclear cells were cultured in
Roswell Park Memorial Institute 1640 medium supple-
mented with 10% heat inactivated fetal bovine serum, in
3 replicates: without mitogen (control), with phytohemag-
glutinin (PHA), and with anti-CD3 monoclonal antibody,
to evaluate different mechanisms of T-cell stimulation [4].
Incorporation of 3H-thymidine into proliferating lym-
phocytes was used to measure the lymphoproliferative
response to tested stimulants [5]. Mean counts per min-
ute (cpm) and standard deviation were calculated for
3 replicates for cultures with or without the tested stimulants.
The stimulation index (SI) measuring the response of the test-
ed cells in relation to unstimulated controls was counted
to normalize the intra- and inter-individual variations in
the background of the cell proliferation. The obtained results
have been compared to normal values PHA (> 16000 cpm,
SI: > 65) and anti-CD3 (> 15000 cpm, SI: = 60).

Immunoglobulin class G (IgG) and M (IgM) were
determined by nephelometry on automated BN ProSpec
and Atellica® NEPH 630 Siemens Healthineers (since
2019) using high specificity monoclonal antibodies, and
results were compared to local reference ranges [6].

MOLECULAR DIAGNOSTICS

The molecular diagnostics included whole gene direct
Sanger sequencing or next-generation sequencing (NGS)
for the primary immunodeficiency gene panel with
confirmatory Sanger sequencing in the targeted region,
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performed in different genetic laboratories (Department
of Immunology, Erasmus MC, University Medical Cen-
ter Rotterdam, Rotterdam, The Netherlands; Department
of Medical Genetics, Medical University of Warsaw; Med-
Gen Medical Centre, Warsaw, Poland).

DIAGNOSTIC CRITERIA

The Primary Immune Deficiency Treatment Consortium
criteria were used to make the diagnosis of SCID: typical
SCID (TS), leaky/atypical SCID (AS) and OS [1], as follows:

1. Typical SCID:

o absence or a very low number of T-cells (< 0.05 x 10°/1)
and pathogenic gene variant or no alternate explanation
for low T-cell count and < 20% of CD4+ T-cells have
naive cell surface markers (or undetectable/low T-cell
receptor excision circles - TRECs),

« or the presence of T-cells of maternal origin (transpla-
centally acquired maternal engraftment - TME).

2. Leaky/atypical SCID:

 two or more of: reduced number of CD3+ T-cells
(0.05-1.0 x 10°/1 for children < 2 years of age, < 0.8 x
10°/1if aged 2-4 years, < 0.6 x 10°/1 any age); oligoclo-
nal T-cells; < 20% of CD4+ cells are naive (or abnormal
TRECs),

o pathogenic gene variant or reduced proliferation (re-
sponse to PHA, anti-CD3, or anti-CD3/CD28 < 50%
lower limit of the reference range),

o and does not have: other SCID subtype, combined im-
munodeficiency with known genotype, thymic disor-
der, other disorder with low T-cell numbers.

3. Omenn syndrome:

« generalized skin rash plus absence of TME,

o pathogenic gene variant, however we also included
3 patients without pathogenic variants due to limited
access to genetic diagnostics,

o > 80% of CD4+ T-cells have CD45RO+ memory phe-
notype,

« two or more of: eosinophilia (> 0.8 x 10°/1), elevated
IgE, abnormal TRECs, lymphadenopathy, hepatomegaly
and/or splenomegaly, oligoclonal T-cells.

The exclusion criteria were congenital athymia, as well
as combined immunodeficiencies with known genotype,

and other disorders with low T-cell counts [1, 7].

STATISTICAL ANALYSIS

Statistical analysis was carried out using the TIBCO
Statistica version 13.3 software (TIBCO Software Inc.,
Santa Clara, CA, USA). The data distribution was not nor-
mal which was confirmed with the Shapiro-Wilk normali-
ty test. The data comparison between the three groups was
carried out using the Chi*Pearson test for nominal data
and the Kruskal-Wallis test for ordinal and quantitative
variables. Statistically significant results were estimated
at p <0.05.

RESULTS

Between 2010 and 2023, SCID was diagnosed in 42 chil-
dren (16 females and 26 males), including: 17 TS, 19 AS,
and 6 OS. In 36 children, diagnosis was made after the
onset of symptoms at a median age of 6 months, ranging
2-48 months. The median age of first symptoms was
2 months. Six children had a positive family history and
were diagnosed mostly in the first 2 weeks of life, before
the onset of symptoms. Typical SCID was diagnosed in
17 children: in 5 with a positive family history and in an-
other 12 after the onset of symptoms. Atypical SCID and
OS were diagnosed in 19 and 6 children, respectively.
In children with AS, the first symptoms appeared later,
at a median age of 4.9 months and were diagnosed sig-
nificantly later, at a median age of 8 months. Median di-
agnostic delay (DD) was 2.5 months: 2.4 months in TS,
1.7 month in OS and 4.7 months in children with AS (Table 1).
Children were referred for further diagnostics mainly
by pediatricians (44%). Hematologists suspected SCID
in approximately 20% of all patients, and in more than
25% of children with AS. About 60% of patients with OS
were referred by dermatologists (Table 2). The diagnos-
tic delay varied depending on the referring specialist and
was longer for patients referred by hematologists: median
20 months (Table 3).

The first manifestations were infections (64% of chil-
dren with symptomatic SCID and 83% of children with
symptomatic TS), rash (22.2% of all symptomatic chil-
dren and 80% of children with OS), chronic diarrhea
(5.6%), anemia (5.6%) and lymphopenia (2.8%); no sta-
tistically significant differences between SCID subtypes
were found (Table 2).

INFECTIONS

The most commonly reported complication was lo-
cal or disseminated BCG infection following the manda-
tory vaccination within the first 48 hours of life. Over
50% of vaccinated patients (18 out of 32) experienced
BCG-related complications, including 5 (16%) who de-
veloped disseminated BCG infection. Children required
anti-tuberculosis treatment in accordance with Polish
and European guidelines [8, 9]. This infection occurred
more often in TS than in AS and OS: 83%, 44% and 25%,
respectively (Table 2).

Other bacterial and fungal infections, including op-
portunistic ones, were less common (Table 2). Gastro-
intestinal infections occurred sporadically and were not
included in the analysis.

NON-INFECTIOUS SYMPTOMS

Skin rash remained the first and main symptom in
8 patients. Exfoliative erythroderma with eosinophilia
was the first manifestation in 4 infants, and 3 of them,
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TABLE 1. Demographic features and laboratory results in typical severe combined immunodeficiency (12 symptomatic and 5 with a positive
family history), atypical severe combined immunodeficiency and Omenn syndrome (1 with a positive family history)

Parameters SCID, median TS, median AS, median 0S, median p-value
(quartiles: Q1; Q3) (quartiles: Q1; Q3) (quartiles: Q1; Q3) (quartiles: Q1; Q3)

Age of first 2.0(0.93; 6) 2.0(1.2;4.7) 49(1.7;8) 0.9(0.3; 1) 0.0181
symptoms (months)

Age of diagnosis 4.4(2.5; 8.8) 3.0(0.5;7.5) 8(4;20.2) 2.3(1.8;2.8) 0.0011
(months)

Diagnostic delay 25(1.2,7.1) 2.4(1.3;3.4) 47(1.1;19) 1.7(1.6;1.8) 0.2798
(months)

IgM [g/1] 0.23(0.09; 0.74) 0.19(0.07;0.26) 0.61(0.22; 1.85) 0.14(0.05; 0.51) 0.0160
PHA [SI] 3.3(1.1;11.1) 1(1;1.7) 11.1(5.6;20.7) 8.8(5;12.5) 0.0001
Anti-CD3 [SI] 6.9 (1.3;16.1) 1.1(1;1.4) 15.3(9.3;37.5) 11.05 (4.95; 15.2) 0.0005
RTE (%) 0.95(0.2;3.5) 0.2(0; 1.3) 2.1(0.6;5.9) 0.3(0.1;0.5) 0.1387

AS — atypical severe combined immunodeficiency, IgM — immunoglobulin class M, 0S — Omenn syndrome, RTE — recent thymic emigrants, PHA — phytohemagglutinin,

SCID — severe combined i

deficiency, SI - sti

ultimately diagnosed with Omenn syndrome, were re-
ferred by the dermatologist quite quickly - median DD
of 1 month. The other 5 children with skin rash were di-
agnosed after the onset of infection, although 4 of them
(80%) had lymphopenia in an earlier assessment.

Severe anemia, mostly autoimmune hemolytic anemia
(AIHA), was the reason for the hematological evaluation
and treatment in 7 patients. All of them also presented
with lymphopenia, but it was the reason for further im-
munological assessment only in 2 of them (age of diag-
nosis - AD, 2-5 months; DD 1-2 months). The other
5 children were diagnosed with AS later, when severe
infections appeared: recurrent pneumonia in 4 children,
and toxoplasmic retinitis leading to loss of vision in 1 pa-
tient (AD 3-48 months; DD 2-42 months). Among them,
4 children had a high IgM level (ranging 1.85-6.83 g/1).
In 3 of them, genetic diagnostics showed the same ho-
mozygous variant in the RAGI gene (c.256_257delAA),
known as the Vistula watershed variant [10].

Isolated lymphopenia led to the suspicion of SCID
only in 1 patient, meanwhile at the time of SCID diag-
nosis, 80% of patients presented with lymphopenia in
the blood count, which was significantly more profound
in children with TS and AS than with OS (Table 2). Neu-
tropenia and eosinophilia were less common, occurring
in 36% and 31% of children, respectively.

IMMUNOLOGICAL AND IMMUNOGENETIC
ASSESSMENT

The diagnosis of TS was made in 17 children according
to the Primary Immune Deficiency Treatment Consor-
tium [1], based on a T-cell count below 50 cells/ml and
the exclusion of other causes of severe T-lymphopenia.
Recent thymic emigrants were measured only in 3 pa-
tients due to a very low T-cell count (Table 1).

Atypical SCID was diagnosed in 19 patients, with
the count of T-lymphocytes below 1000 cells/ml in

lation index (references values of S| for PHA were > 65 and for anti-(D3 = 60), TS — typical severe combined immunodeficiency

18 of them, RTE < 20% in 13/15 patients (median 2.1%),
reduced lymphoproliferation in response to PHA < 50%
of the lower limit of normal in 12/13 patients (median
11.1 SI, normal value > 65 SI) and reduced proliferation in
response to anti-CD3 < 50% of the lower limit of normal
in 10/13 children (median 15.3 SI, normal value > 60 SI)
(Table 1).

Omenn syndrome was diagnosed in 6 children with
generalized rash and the count of T-lymphocytes in
the range of 106-80.943 cells/ml. Recent thymic emigrants
were determined in 5 patients, all of them having values
below 5%. Median lymphoproliferative response to PHA
measured as SI was 8.8, and to anti-CD3 - 11.05 (refe-
rence values: 65 and 60, respectively). All 6 children
with OS had eosinophilia, 4 out of 5 with elevated IgE
levels. Three patients without a genetic diagnosis were
included in this group due to limited genetic diagnostic
possibilities.

Both IgG and IgM levels were below age reference val-
ues in 17.1% of patients, more often in TS - 23.5%, than
in AS or OS - 11.1% and 16.7%, respectively. The IgM
alone was below normal only in 45% of children, nor-
mal in 32.5% and elevated in 22.5%. High IgM was more
frequently observed in children with AS (38.9%) than in
typical forms (6.3%) or OS (16.7%), but no significant dif-
ferences were found (Table 2).

Genetic diagnosis was available in 31 patients and
revealed the most common pathogenic variants in the fol-
lowing genes: IL2RG (10 patients), RAG1/2 (7 patients in
total), JAK3 (6 patients) and ADA (5 patients) (Table 2).

Thirteen out of 42 analyzed patients passed away until
the end of 2024. Deaths occurred in one third of symp-
tomatic patients and in 17% of patients with a positive
family history. Four children succumbed before hema-
topoietic stem cells transplantation (HSCT) as a result
of severe and overwhelming infections, and 9 died after
HSCT: 5 of them due to infections and 4 due to non-
infectious complications.
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TABLE 2. Demographic features and laboratory results in typical severe combined immunodeficiency (12 symptomatic and 5 with a positive
family history), atypical severe combined immunodeficiency and Omenn syndrome (1 with a positive history)

Parameters SCID TS AS 0S p-value
(Pearson’s y” test)
Gender, n/N (%)
Female 16/42 (38.1) 5(29.4) 7(36.8) 4(66.7) 0.2681
Male 26/42 (61.9) 12 (70.6) 12(63.2) 2(333)
Referring physician, n/N (%)
Pediatrician 16/36 (44.4) 9/12 (75) 6/19 (31.6) 1/5 (20) 0.0126
Hematologist 7/36 (19.4) 1/12(8.3) 5/19(26.3) 1/5 (20)
Dermatologist 3/36(8.3) 0/12 (0) 0/19 (0) 3/5 (60)
Anesthesiologist 4/36 (11.1) 1/12(8.3) 3/19(15.8) 0/5(0)
Infectious disease specialist 1/36(2.8) 1/12 (8.3) 0/19 (0) 0/5 (0)
Nephrologist 1/36 (2.8) 0/12 (0) 1/19(5.3) 0/5 (0)
Gastroenterologist 2/36 (5.6) 0/12(0) 2/19(10.5) 0/5(0)
Pulmonologist 1/36 (2.8) 0/12 (0) 1/19(5.3) 0/5 (0)
Cardiologist 1/36 (2.8) 0/12(0) 1/19(5.3) 0/5 (0)
First symptoms, n/N (%)
Pneumonia 11/36 (30.6) 4/12 (33.3) 7/19(36.8) 0/5(0) 0.1908
Aphthous stomatitis 2/36 (5.6) 2/12(16.7) 0/19 (0) 0/5 (0)
Encephalitis 2/36 (5.6) 1/12(8.3) 1/19(5.3) 0/5(0)
Recurrent respiratory tract infections 6/36(16.7) 2/12(16.7) 4/19(21) 0/5(0)
BCGitis 1/36 (2.8) 1/12(8.3) 0/19 (0) 0/5(0)
Chronic diarrhea 2/36 (5.6) 1/12(8.3) 1/19(5.3) 0/5(0)
Sepsis 1/36 (2.8) 0/12(0) 1/19(5.3) 0/5(0)
Skin rash 8/36(22.2) 1/12(8.3) 3/19(15.8) 4/5 (80)
Anemia 2/36 (5.6) 0/12(0) 1/19(5.3) 1/5 (20)
Lymphopenia 1/36 (2.8) 0/12 (0) 1/19(5.3) 0/5 (0)
Infections, n/N (%)
mv 6/40 (15) 2/17 (11.8) 3/17 (17.6) 1/6 (16.7) 0.8842
BCG 18/32 (56.3) 10/12 (83.3) 7/16 (43.8) 1/4(25) 0.1408
PJP 7/41(17.1) 3/17 (17.6) 3/18(16.7) 1/6 (16.7) 0.9966
Fungal etiology 13/34(38.2) 8/13 (61.5) 5/15(33.3) 0/5(0) 0.0325
Bacterial etiology 20/39 (51.3) 5/17 (29.4) 10/16 (62.5) 5/6(83.3) 0.0382
Lymphopenia, n/N (%) 31/39(79.5) 15/17 (88.2) 14/16 (87.5) 2/6 (33.3) 0.0097
Neutropenia, n/N (%) 14/39 (35.9) 6/17 (35.3) 7/16 (43.8) 1/6 (16.7) 0.4977
Eosinophilia, n/N (%) 12/39 (30.8) 1/17 (5.9) 5/16 (31.3) 6/6 (100) 0.0001
IgM, n/N (%)
Low 18/40 (45) 9/16 (56.3) 5/18(27.8) 4/6 (66.7) 0.1375
Normal 13/40 (32.5) 6/16 (37.5) 6/18 (33.3) 1/6 (16.7)
High 9/40 (22.5) 1/16 (6.3) 7/18 (38.9) 1/6 (16.7)
IgG, n/N (%)
Low 17/41 (41.5) 8/17 (47.1) 7/18 (38.9) 2/6 (33.3) 0.9697
Normal 19/41 (46.3) 7/17 (41.2) 9/18 (50) 3/6 (50)
High 5/41(12.2) 2/17 (11.8) 2/18 (11.1) 1/6 (16.7)
Low IgG + IgM 7/41(17.7) 4/17 (23.5) 2/18(11.1) 1/6 (16.7) 0.6209
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TABLE 2. Cont.

Parameters

p-value

(Pearson’s  test)

Genetic defect, n/N (%)

IL2RG 10/42 (23.8) 7/17 (41.2) 3/19(15.8) 0/6 (0) 0.0695
JAK3 6/42 (14.3) 3/17 (17.6) 2/19(10.5) 1/6 (16.7)

ADA 5/42(11.9) 2/17 (11.8) 3/19(15.8) 0/6 (0)

RAGT 3/42(7.1) 0/17 (0) 3/19(15.8) 0/6 (0)

RAG2 4/42 (9.5) 0/17 (0) 3/19(15.8) 1/6 (16.7)

IL7RA 2/42 (4.8) 2/17 (11.8) 0/19 (0) 0/6 (0)

Lig1 1/42 (2.4) 0/17 (0) 0/19 (0) 1/6 (16.7)

Lack 11/42 (26.2) 3/17 (17.6) 5/19(26.3) 3/6 (50)

AS — atypical severe combined immunodeficiency, ADA — adenosine deaminase, B(G — Bacillus Calmette-Guerin, C(MV — cytomegal
IL2RG — interleukin 2 receptor subunity, IL7RA — interleukin-7 receptor a chain, JAK3 — Janus Kinase 3, 0S — Omenn syndrome, PJP — pneumocystis jiroveci pne

irus, IgG — i lobulin class G, IgM — immunoglobulin class M,

ia, RAGT — rec jon-activating gene 1,

RAG2 — recombination-activating gene 2, SCID — severe combined immunodeficiency, TS — typical severe combined immunodeficiency

TABLE 3. Severe combined immunodeficiency suspicion by specialist

Referring physician suspecting SCID Number Age of diagnosis Diagnosis delay Number
diagnosis of patients, in months median in months median of patients
n (%) (range) (range) TS/AS/0S
Pediatrician 16 (44) 5(2-37) 2(0-19) 9/7"
Hematologist 7(19) 21(2-48) 20(1-42) 1/5/1
Dermatologist 3(8) 3(2-3) 1(1-2) 0/0/3
Gastroenterologist 2(6) 16 (14-19) 9(6-13) 0/2/0
Anesthesiologist/neonatologist 4(11) 7 (4-9) 1(0-1) 0/4/0
Cardiologist 1(3) 4 1 0/1/0
Infectiologist 1(3) 8 1 1/0/0
Pulmonologist 1(3) 8 7 0/1/0
Nephrologist 1(3) 15 13 0/1/0
All 36 (100) 6 (2—-48) 2(0-42) 12/19/5

AS — atypical severe combined immunodeficiency, 0S — Omenn syndrome, SCID — severe combined immunodeficiency, TS — typical severe combined immunodeficiency

DISCUSSION

Severe combined immunodeficiency should be di-
agnosed as early as possible, as there is a greater chance
of more effective treatment before severe infection and/or
irreversible organ damage occur [2]. Patients with a fam-
ily history of SCID are more likely to be diagnosed early.
In our group, the survival rate of such infants was 83%,
while the survival rate of the symptomatic patients was
only 67%. We have observed progress in diagnostics for
the last 3 decades. Comparing an earlier report (1993-
2006) by Wolska-Kusnierz [11] and our results, it is clear
that in the later period both more patients (42 vs. 23) and
at a younger age were diagnosed. The median age of SCID
diagnosis decreased by 7-4.4 months, while the median
DD was shortened by 5-2.5 months. It is worth emphasiz-
ing that the availability of immunological tests, including
flow cytometry as well as genetic methods, has improved.
In the earlier period, diagnosis was performed exclusively

using the Sanger method and genetic confirmation was
obtained only in 57% of patients (5 IL2RG, 3 RAGI,
3 RAG2,1 IL7RA, and 1 NHE]J1). Currently, thanks to
NGS, 74% of patients have genetic confirmation. How-
ever, there are still some goals to be achieved in terms
of SCID diagnosis improvement.

It is known that early diagnosis is achievable with NBS
for SCID. In Poland, there is no NBS program for SCID
at the moment [12]. In a pilot Polish-German cross-border
NBS study, among Polish infants, no cases of SCID were
found, however 1 child with combined immunodeficiency
and 1 with agammaglobulinemia were detected [13]. T-cell
receptor excision circles-based screening for all newborns
resulted in increased detection of infants with SCID and se-
vere T-lymphocytopenia in many European countries [12].
In countries with no NBS program, SCID can be suspected
either after the onset of symptoms or following a family his-
tory, which is extremely important in SCID patients [14].
That is why educating pediatricians and other specialists
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about the first signs of SCID and positive family history is
an important element of early diagnosis.

Severe combined immunodeficiency most frequently
was suspected by pediatricians (up to 75% in the typical
form), hematologists (over 25% in the atypical form) and
dermatologists (60% of patients with Omenn syndrome).
The diagnostic delay was shorter among patients referred
by dermatologists, and concerned only a limited number
of OS. It can be explained by a very severe clinical course
including skin lesions not responding to treatment.
The longer delay in diagnosis among patients referred by
hematologists may result from a milder course (in most
children with the atypical form) and presence of other
causes of lymphopenia such as adverse drug reactions.
There are no literature data on DD in SCID depending on
the referring specialist. It is worth noting that currently
the suspicion of the disease is established on the basis
of NBS in many countries [12, 15].

In our cohort, recurrent, chronic or atypical in-
fections were the first symptoms in 69% of all the chil-
dren. The most common infection in this group
of patients was BCG infection with a usually mild
clinical course. This complication occurred signifi-
cantly more often in children with TS than in those
with AS and OS. The absolute counts of NK-cells
did not influence the frequency of the local BCG re-
action, but they seemed to play a role in protecting
SCID patients against disseminated BCG complica-
tions, as reported previously by Bernatowska et al. [16]
in another SCID group in Poland.

Retrospective analysis showed that 80% of all our
SCID patients had pre-existing lymphopenia detected in
blood count, but lymphopenia was the reason for SCID
suspicion in only one patient. Lymphopenia is an import-
ant symptom of SCID and should not be underestimated
if detected in an infant, even one who appears healthy.
Flow cytometry analysis makes it possible to detect SCID
before life-threatening symptoms and organ complica-
tions appear. Turkish neonatologists point out the need
for diagnosis of SCID in newborns with lymphopenia,
defined as a lymphocyte count below 3,000 cells/ml in
a prospective study of 2,000 newborns [17]. The diagnosis
of SCID should be considered in all infants with lymph-
openia, particularly in the absence of a NBS program.
It is extremely important when accompanied by the hypo-
plasia/absence of the thymus or bone dysplasia on chest
X-ray. However, the absence of lymphopenia and normal
immunoglobulin levels do not rule out the diagnosis
of SCID. For example, children with IL2RG SCID might
have normal lymphocyte counts in peripheral blood, but
only B-lymphocytes are detected by flow cytometry, as
was the case with one of our patients. Another explana-
tion for lymphocytosis is transplacental maternal engraft-
ment or oligoclonal lymphoproliferation in OS.

Immunoglobulin measurement rarely helps with
the diagnosis of SCID. The immunoglobulin class G

concentration might be within the reference values in
the first months of age, because of its maternal origin.
In our group, low IgG levels were detected only in 41.5%.
Since low IgA can be found in healthy infants and young
children up to 4 years of age, they are of limited diagnos-
tic value. As already presented in the results, high IgM
levels were observed in some symptomatic patients with
no significant differences between all subtypes of SCID.

Both elevated IgM and IgG have been found in pa-
tients with RAG deficiency, autoimmunity and hyperin-
flammation in AS, OS and combined immunodeficiency.
In RAG-deficient patients, impaired V(D)] recombination
process leads to skewed repertoire of T- and B-cell recep-
tors [18]. Additionally, the checkpoint in both T- and B-cell
peripheral and central tolerance is broken and allows for
the survival of cells with self-reactive specificity [19, 20].
High IgM levels were also reported by other authors. In
a SCID group from India 19% had higher IgM levels [21].

The frequency of SCID genes varies in different pop-
ulations. Pathogenic variants in the IL2RG gene are most
common in our group of children (24%), as well as in
the US population - 30%, German and Dutch population
- 20% each [1, 22, 23], and dominant in the Chinese and
Southeast Asian population [24, 25] - 53-73% of defects
genetically confirmed. In the populations of Oman, Iran
and Turkey, mutations in the IL2RG gene constitute less
than 10% of identified SCID genes, while the most com-
mon genotype is RAG1/2, probably due to the higher inci-
dence of consanguineous parents [26-28]. RAG1/2 genes
are also the most common causes of SCID in India, Italy,
Serbia, and Montenegro [16, 29, 30].

CONCLUSIONS

In the study group, SCID diagnosis was established
significantly later in AS than in TS and OS groups. Bac-
terial infections are significantly more frequent in chil-
dren from the OS and AS groups, while fungal infections
among TS children. Lymphopenia is the most common
and most often underestimated SCID symptom. Almost
90% of children with TS and AS had lymphopenia before
diagnosis, and SCID should be considered in all infants
with lymphopenia, as it could have shortened DD. This
is especially important if lymphopenia is accompanied
by other cytopenia (e.g. ATHA) or dermatitis. High IgM
concentration was observed in over % of SCID patients.
Further studies on larger groups are needed to clarify
whether this could be a prognostic factor.

The most common gene variants causing SCID in
our study were: IL2RG (23.8%), RAG1/2 (16.6%), JAK3
(14.3%), ADA (11.9%) and IL7RA (4.8%).

The survival rate was 69% in the presented group
during the study period, with a lower rate in symptomatic
than asymptomatic children - 67% and 83%, respectively
- which confirms a better prognosis in case of earlier
diagnosis.
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It is extremely important to disseminate the aware-

ness of SCID among pediatricians and other specialists,
including hematologists, dermatologists and neonatolo-
gists. The milestone improving prognosis, survival and
quality of life of both patients and families of that special
group of inborn errors of immunity is to implement NBS
for T-cell and B-cell lymphopenia in Poland.
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