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ABSTRACT

Background: Mutations in the interleukin-2 receptor y-chain gene (IL2RG) cause the X-linked T-
B+ severe combined immunodeficiency (X-SCID), also termed common v (yc) chain deficiency.
Hypomorphic IL2RG variants that diminish surface expression of the yc molecule (CD132) can pro-
duce atypical clinical and immunological phenotypes. Affected patients typically display absent or
markedly reduced T- and natural-killer (NK)-cell numbers while retaining normal B-cell counts. Case
presentation: \We describe a three-month-old boy who developed recurrent bacterial and viral
infections, erythroderma, and chronic diarrhoea. The initial differential diagnosis comprised leaky
SCID with Omenn syndrome and SCID with presumed transplacentally acquired maternal T-cell
engraftment (TME) and graft-versus-host disease (GVHD). Comprehensive immunological work-up
and targeted genetic analysis confirmed X-SCID. Conclusion: This report underscores the impor-
tance of prompt recognition and systematic evaluation of infants with recurrent infections, erythro-
derma, and chronic diarrhoea. Overlapping features of Omenn syndrome and maternal T-cell en-
graftment may obscure the diagnosis, highlighting the need for early immunological and molecular
investigations. Timely identification of X-SCID is crucial to improve survival and prevent irreversible
sequelae. The case supports universal newborn SCID screening and a multidisciplinary approach
to the management of complex primary immunodeficiencies.
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INTRODUCTION

Patients with X-linked severe combined immunode-
ficiency (X-SCID) produce markedly reduced num-
bers of T cells and natural killer (NK) cells. The dis-
ease is caused by pathogenic variants in the gene en-
coding the common y chain (yc) of the interleukin-2
receptor, which is essential for thymic T-cell devel-
opment and for the homeostasis and suppressive ac-
tivity of regulatory T cells. Consequently, affected
infants are extremely susceptible to recurrent, se-
vere infections. Because it is X-linked, nearly all pa-
tients are male'.

Classically, yc-deficient patients exhibit normal B-
cell numbers but an absence of T and NK cells.
Variant immunophenotypes may occur depend-
ing on the specific mutation; nonetheless, the T-
Clin-
ically, affected infants usually present within the

B+NK- profile remains the most frequent.

first months of life with failure to thrive, chronic

diarrhoea, and recurrent viral, bacterial, and fun-

2

gal infections®. Without early intervention—most

commonly hematopoietic stem-cell transplantation

(HSCT) combined with intravenous immunoglobu-
lin (IVIG)—children with X-SCID rarely survive be-
yond the first year of life3. Timely immunological
evaluation and molecular confirmation are therefore
critical to optimise survival.

We describe a male infant initially suspected of hav-
ing leaky SCID with Omenn syndrome, or SCID
complicated by transplacental maternal engraft-
ment (TME) and graft-versus-host disease (GVHD),
owing to his presentation with erythroderma,
chronic diarrhoea, and multiple viral and bacte-
rial infections. Immunological evaluation supported
this suspicion, and IVIG replacement, antimicro-
bial prophylaxis, and strict isolation were instituted
pending genetic results.

Genetic analysis confirmed X-SCID, and functional
assessment with interferon-y enzyme-linked im-
munospot (IFN-y ELISPOT) assays demonstrated
residual T-cell activity. These findings underscore
the value of early inborn error of immunity (IEI)
screening, prompt supportive therapy, and compre-
hensive immunological work-up in infants with re-
current infections, chronic diarrhoea, and growth
failure.

Cite this article : Noor Faralina Zainul Fadziruddin, Adli Ali, Intan Juliana Abd Hamid, Zarina Thasneem
Zainudeen. Evaluating IFN-y ELISpot in a pediatric case: Unraveling x-linked leaky severe com-
bined immunodeficiency and omenn syndrome. Biomed. Res. Ther. 2026; 13(1):8215-8221.

8215



Biomedical Research and Therapy 2026, 13(1):8215-8221

History

e Received: 18/6/2025

o Accepted: 6/12/2025

e Published Online: 31/01/2026

DOI :10.15419/n56w4wl3

W) Check for updates

Copyright

© Biomedpress. This is an
openaccess article
distributed under the terms
of the Creative Commons
Attribution 4.0
International license.

BioMedPress

The Open Access Publisher

CASE PRESENTATION

The patient was a 3-month-old Indonesian boy born
to non-consanguineous parents. He was delivered
at full term as the third child and first-born son in a
family of three siblings. He had a history of frequent
watery stools since birth, which were non-mucoid
and yellow in color. At 3 weeks of age, he devel-
oped progressive, generalized erythroderma accom-
panied by desquamation. By 2 months of age, he
developed persistent purulent otorrhea from both
ears, with minimal improvement despite a course of
oral second-generation cephalosporins. He also ex-
hibited fever, rhinorrhea, stertorous breathing, and
cough. Despite these symptoms, he was thriving,
weighing 6.4 kg (75th percentile) (Figure 1), while
receiving mixed breast- and formula-feeding.

On presentation at 3 months of age, he demon-
strated generalized xerosis and erythroderma with
He also had thick,
adherent scales over the scalp and periauricular

palmoplantar desquamation.
regions. He exhibited significant nasal conges-
tion, while pulmonary examination remained nor-
mal. Otoscopy demonstrated cloudy, yellow dis-
charge in both external auditory canals. There was
no oral thrush or ulcers, and no detectable lym-
phadenopathy or hepatosplenomegaly.
Immunological investigations revealed significant T-
and NK-cell lymphopenia, with an absence of naive
CD4" cells. Serological analysis demonstrated pan-
hypogammaglobulinemia despite a normal B-cell
count (Table 1). A nasal swab culture was positive
for rhinovirus/enterovirus, whereas culture of ear
discharge yielded a mixed bacterial flora, including
Pseudomonas aeruginosa. Urine culture yielded sig-
nificant growth of Enterococcus faecalis (Table 2).
He was commenced on intravenous immunoglob-
ulin replacement therapy (3 g) every four weeks,
together with prophylactic anti-infective agents:
aciclovir suspension (HSV prophylaxis), isoniazid +
rifampicin suspension (BCG prophylaxis), flucona-
zole (antifungal prophylaxis), and co-trimoxazole
suspension for Pneumocystis jirovecii as per
protocol (Table 3)°.
tract

The Enterococcus urinary
infection was treated with intravenous
piperacillin/tazobactam. In addition, ciprofloxacin
ear drops, desonide lotion for the scalp and trunk,
and Daktacort for the perineum were prescribed
to address otitis and cutaneous manifestations.
Throughout therapy, he remained haemodynam-
ically stable, with mild temperature fluctuations

(36.4-38.5 C).

An IFN-y ELISPOT assay was performed, and the
patient’s T cells secreted IFN-y at levels compara-
ble with those of healthy controls. Results are ex-
pressed as spot-forming units per 10° cells (SFU/10¢
cells) (Figure 2).

This finding further supports a diagnosis of leaky
SCID with Omenn syndrome or SCID compli-
cated by maternal T-cell engraftment (TME) and
graft-versus-host disease (GVHD). Genetic testing
confirmed X-linked SCID (X-SCID) with a likely
pathogenic variant c.671G>C (p.Arg224Pro) in the
IL2RG gene. Additionally, interphase fluorescence
in situ hybridization (FISH) and metaphase chro-
mosome analyses demonstrated maternal TME and
GVHD, revealing 11.2 % and 90.9 % maternal cells,
respectively (Table 1). The patient underwent an
allogeneic haematopoietic stem-cell transplantation
(HSCT) from an HLA-matched sister donor, using
bone marrow as the stem-cell source. Conditioning
consisted of rabbit antithymocyte globulin (ATG),
fludarabine and treosulfan, followed by GVHD pro-
phylaxis with sirolimus. A CD34+ cell dose of 6.4
x 10%/kg was infused. Post-transplantation, the pa-
tient achieved full hematopoietic engraftment and
immune reconstitution. At the most recent evalua-
tion, the CD3+ T-cell count was 3,983 /uL, the CD19+
B-cell count 1,600 /uL, and the serum IgG level had
normalised to 827 mg/dL, indicating adequate im-
mune recovery. He remains clinically stable and is
doing well.

DISCUSSION

First described in 1993, X-linked severe combined
immunodeficiency (X-SCID) is the most common
SCID subtype and is caused by pathogenic vari-
ants in the IL2RG gene.
mately half of all reported SCID cases, with an in-
cidence of 1:130,0001,°.

mutations in the IL2RG gene have been charac-

It accounts for approxi-
To date, 147 pathogenic

terised, with missense changes being the most fre-
quent, followed by nonsense and frameshift vari-
ants®. In Malaysia, SCID is the most frequently re-
ported inborn error of immunity (IEl), with X-SCID
identified in three of seven genetically confirmed
SCID patients’. Without definitive therapy—such
as haematopoietic stem-cell transplantation (HSCT)
or gene therapy—mortality within the first two years
of life is common3,3. Among X-SCID patients,
laboratory evaluation typically demonstrates nor-
mal B-cell counts, markedly reduced T and natural
killer (NK) cells, a virtual absence of naive CD45RA*
T cells, and decreased memory CD45RO" T cells.
Functional assays usually reveal severely impaired
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Figure 1: Weight-for-age growth trajectory of the patient based on the World Health Organization (WHO) Child
Growth Standards chart for boys from birth to 6 months (weight-for-age z-scores) (4). Atage 3months, the patient’s
recorded weight of 6.4 kg corresponds to approximately the 75th percentile (between the 0 and +2 z-score curves).
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Figure 2: IFN-y ELISPOT results. (a) Healthy control with average 1925 sfu/1 0 cells and patient with av-
erage 3535 sfu/1 0 cells. Peripheral blood mononuclear blood (PBMCs) from healthy control and patient were
incubated overnight with mononuclear antibody, CD3-2 (anti-CD3 mAb), with 100,000 cells. Cells were removed
and the plate was washed with PBS. Spots were counted using ImmunoSpot S6 Flex M2. (b) Spot counts of IFN-y
secreting cells. **** P < 0.0001 significantly different from negative control, with values represent the mean (+SD)
of duplicate wells.
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Table 1: List of immunological test results

Immunological tests Results

Reference Range

FBC Hb 9.7g/dL,
Neutrophils 4.05 x 10°/L,
Lymphocytes 2.26 x 10°/L,
Eosinophils 1.32 x 10°/L,
Platelet 656 x 10°/L

1gG 2.14
IgA <0.06
IgM 0.058
IgE <1.0
CD3774
CD4 250
CD8 150

CD3+ CD45RA 27.1
CD3+ CD45R0 69.5
CD4+ CD45RA 0
CD4+ CD45RO 100
CD8+ CD45RA 40.5
CD8+ CD45R0O 53.6

Immunoglobulin (Ig)

T cells (absolute count)

Naive and Activated T cells (%)

11.5-13.1g/L

1.0 - 7.0 10°/L
6.0 — 16.0 x 10°/L
0.1-1.0x 10°/L
150 — 410 x 10°/L

2.50 - 6.80 g/L
0.01-0.06 g/L
0.06 - 0.21 g/L
1.0 - 29.0 IU/mL
1767 — 3292
92 - 2289
726 - 1490

Not available

B cells (CD20) (absolute count)
NK cells (CD56+16) (absolute count)
Interphase FISH using CEP X/Y probe

250 nuclei: 222 XY, 28 XX

1573 685 — 1597
50 267 - 752
Not applicable

11.2% maternal (XX) cells

Metaphase chromosome analysis

33 metaphase lymphocytes: 3 XY, 30 XX

Not applicable

90.9% maternal (XX) cells

Abbreviations: FBC, full blood count; FISH, fluorescence in situ hybridization; NK, natural killer.

Table 2: List of microbial samplings conducted

Microbial Results
samplings
Nasal Positive for rhinovirus/enterovirus
Ear Positive with mixed bacterial growth
including Pseudomonas aeruginosa 3+
Urine Positive Enterococcus faecalis (>100,000

cfu/mL)

T-cell responses to mitogens (e.g., <10 % of nor-
mal phytohaemagglutinin-stimulated proliferation)
and/or to anti-CD3 antibodies>.

The yc/CD132 receptor subunit, encoded by the
IL2RG gene, is crucial for immune function as a com-
mon signaling component of the interleukin (IL)-2,
IL-4, IL-9, IL-15, and IL-21 receptor complexes, me-
diating the regulation of T-cell development, regu-
latory T-cell (Treg) function, NK-cell maturation, as
well as B-cell activity?, 1°.

IFN-y, a type Il interferon primarily secreted by ac-
tivated T helper 1 (Th1) cells and activated CD8*
T cells, augments immune responses by inducing
adaptive immune pathways that promote cellular

proliferation and differentiation, as well as antiviral
and antimicrobial functions!.

Between 2014 and 2021, the clinical presentation and
diagnostic landscape of severe combined immunod-
eficiency (SCID) changed with the implementation
of newborn screening (NBS) based on quantification
of T-cell receptor excision circles (TRECs) in dried

blood spots 2

. In 2023, the Primary Immune Defi-
ciency Treatment Consortium (PIDTC) revised the
diagnostic criteria for SCID to encompass typical
SCID, leaky SCID, and Omenn syndrome '2.

In countries lacking NBS programs, SCID and leaky
SCID are diagnosed mainly on the basis of clini-
cal manifestations arising during early infancy. Af-
fected infants frequently present with recurrent
or persistent infections caused by opportunistic
pathogens; failure to thrive; chronic diarrhoea; res-
piratory infections leading to bronchiectasis; warts;
dermatitis; immune dysregulation; and autoimmu-

nity 3,12,

Early administration of intravenous im-
munoglobulin (IVIG) can promote partial or com-
plete immune reconstitution in these patients '3.

In our case, although the patient lacked naive
CD4+CD45RA+ T cells, ELISPOT analysis demon-

strated that these cells remained functional and
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Table 3: Prophylaxis prescribed during treatment (5).

Co-trimoxazole suspension (Trimethoprim)

Abbreviations: HSV, herpes simplex virus; BCG, Bacillus Calmette-Guérin.

Table 4: Differences between patient’s maternal T-cell engraftment and Omenn syndrome based on PIDTC 2022

Prophylaxis Drug doses Disease / Infection
Aciclovir suspension 130 mg orally three times a day. HSV
Fluconazole capsule 50 mg orally every morning. Fungal

Isoniazid tablet 100 mg orally every morning. BCG
Rifampicin suspension 64 mg orally every morning. BCG

32 mg orally every night.

Pneumocystis jirovecii

Definitions.
Feature Omenn Syndrome Maternal T-Cell Engraftment Patient’s Findings &
(TME) / GVHD Interpretation
Genetic/ e Pathogenic gene o Absence of functional host T o IL2RG pathogenic variant
T-cell variant (s) cells (X-SCID)
origin e Engraftment of maternal T o Maternal chimerism (11.2% &
cells causing GVHD 90.9%) — TME confirmed
T-cell e Oligoclonal T cells e Variable T-cell count o T, NK lymphopenia
pheno- ¢ >80% CD45RO" e Maternal T cells = o No naive CD4*
type memory activated/memory
e Absent naive CD4* e Host naive T cells absent
Skin / o Generalized e GVHD-like erythroderma, o Erythroderma since 3 weeks,
rash erythroderma, desquamation due to maternal T peeling & thick scales
desquamation and cells
absence of TME
Lym- e Lymphadenopathy, o Often absent or mild o None detected — favours TME
phoid / hepatosplenomegaly
organomeg: common
Maternal e Absent o Present o FISH: 11.2% & 90.9% maternal cells
chimerism — diagnostic for TME

Abbreviations: PIDTC, Primary Immune Deficiency Treatment Consortium; TME, transplacental maternal engraftment;

GVHD, graft-versus-host disease; X-SCID, X-linked severe combined immunodeficiency; FISH, fluorescence in situ hy-

bridization; NK, natural killer.

were able to secrete IFN-y, indicating preserved cell-
signalling pathways involved in the immune re-
sponse. Furthermore, the elevated levels of IFN-y
observed in the patient may reflect an active infec-
tion and/or excessive T-cell activation'?. Notably,
cytogenetic analyses using fluorescence in situ hy-
bridisation (FISH) and karyotyping supported the
presence of maternal T cells. Using a CEP X/Y probe
for interphase FISH, 11.2 % of T-lineage cells were of
maternal origin, whereas metaphase chromosome
analysis showed that 90.9 % of dividing T cells were
maternal. Taken together, these findings suggest
that the elevated IFN-y could be attributed to ac-
tivation of the maternal engrafted T cells, further
supporting the diagnosis of transmaternal engraft-
ment (TME)g,w, 4, Additionally, erythroderma and
chronic diarrhoea were considered manifestations
of graft-versus-host disease (GVHD).

Prior to genetic testing, the case met all diagnostic
criteria for X-linked severe combined immunodefi-
ciency (X-SCID). According to the PIDTC 2022 def-
initions, evidence was insufficient to categorise the
patient as having Omenn syndrome (Table 4). Clin-
ically, he experienced multiple, recurrent viral and
opportunistic bacterial infections of the upper res-
piratory and urinary tracts, together with erythro-
derma and chronic diarrhoea.

Genetic analysis revealed a hemizygous, likely-
pathogenic variant, c.671G>C (p.Arg224Pro), in exon
5 of the IL2RG gene, thereby confirming the di-
agnosis of X-linked severe combined immunode-
ficiency (SCID). This novel single-nucleotide vari-
ant substitutes the basic, polar arginine at posi-
tion 224 with a neutral, non-polar proline in the
IL2RG protein.
as evidenced by other pathogenic substitutions

Proline-224 is clinically relevant,
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at this residue (PMID: 9049783, 9058718, 9633906,
10792291, 21184155, 28747913). The most thor-
oughly documented pathogenic change is c.670C>T
(p.Arg224Trp).  Multiple publications™ have re-
ported p.Arg224Trp in patients with X-linked SCID,
demonstrating aberrant signaling consistent with
loss of yc-chain function, and underscoring that
the Arg224 residue—and, by extension, Pro224—
lies within a functionally critical region of IL2RG.
The novel p.Arg224Pro variant eliminates a posi-
tively charged side chain and introduces a con-
formationally restrictive residue; proline frequently
disrupts loops and reduces flexibility required for
Although
p-Arg224Pro is absent from population databases

proper folding or receptor interaction.

and unreported in the literature, in-silico structural
modeling predicts a disruptive effect on [L2RG func-
tion with an 80 % positive predictive value. This vari-
ant has been submitted to ClinVar (ID 2768005) as
likely pathogenic on the basis of cumulative clinical,
computational, and segregation evidence.

During pregnancy, maternal cells can cross the par-
tially bidirectional placental barrier and enter the
Up to 40 % of infants with SCID, unlike

immunocompetent newborns, are unable to elim-

fetus.

inate these maternal cells, permitting alloreactive
lymphocytes to attack host tissues and precipitate
GVHD .
the clinical and laboratory manifestations of Omenn

GVHD secondary to TME may mimic

syndrome, including erythroderma, eosinophilia,
and dysregulated T-cell function. Nevertheless,
Omenn syndrome generally exhibits a more-severe
phenotype and is frequently associated with hypo-
morphic mutations in SCID-related genes such as
RAG1 and RAG2".

metaphase male lymphocytes indicated impaired T-

In our patient, the absence of

cell differentiation in the thymus attributable to yc
deficiency. ELISPOT analysis demonstrated a high
frequency of reactive T cells, supporting the diagno-
sis of GVHD secondary to TME.

CONCLUSION

Delay in diagnosis or initiation of treatment in X-
linked severe combined immunodeficiency (X-SCID)
is associated with a significantly higher mortality.
Clinicians should maintain a high index of sus-
picion in patients who present with recurrent in-
fections, heightened susceptibility to opportunistic
pathogens, failure to thrive, chronic diarrhoea, or
clinical manifestations suggestive of Omenn syn-
drome3. Immunological investigations, including
T-, B- and NK-cell enumeration (TBNK), fluores-

cence in situ hybridisation (FISH), and functional

assessment by IFN-y ELISPOT assay, allow rapid
evaluation of T-cell competence. These assays
may also aid in differentiating leaky SCID from
T-cell immune dysregulation such as TME in sus-
pected cases while confirmatory genetic testing is
pending. Haematopoietic stem-cell transplantation
(HSCT) markedly improves survival and quality of
life in X-SCID, and longitudinal monitoring of post-
transplant immune reconstitution with the IFN-y
ELISPOT assay is recommended.

ABBREVIATIONS

ATG: anti-thymocyte globulin, BCG: Bacillus

Calmette-Guerin; CD: cluster of differentiation;
FBC: full blood count; FISH: Fluorescent in-situ Hy-
bridization; yc: common gamma chain; GVHD:
graft versus host disease; HSCT: hematopoietic
stem cell transplant; HSV: Herpes simplex virus;
IEL: inborn error of immunity; IFN-y ELISPOT:
interferon gamma enzyme-linked immunosorbent
spot; Ig: immunoglobulin; IL: interleukin; IL2RG:
Interleukin 2 receptor subunit gamma; IVIG: in-
travenous immunoglobulin; NBS: newborn screen-
ing; NK: natural killer; PBMC: peripheral blood
mononuclear cells; PIDTC: Primary Immune Defi-
ciency Treatment Consortium; Th1: helper T-cell
1; TME: transplacental acquired maternal engraft-
ment; TREC: T-cell receptor excision circle; TREG:
Regulatory T cell;, WHO: World Health Organiza-
tion; X-SCID: X-linked Severe Combined Immunod-

eficiency.
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