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To the Editor.

Severe combined immunodeficiency (SCID) is a life-
threatening immune disorder affecting nearly 1:65,000 births
in the USA [1]. The SCID newborn screen by T Cell Receptor
Excision Circles (TRECs) has an excellent performance with
nearly 100% sensitivity in detecting typical SCID. However,
case reports have highlighted missed SCID diagnoses due to
false-negative normal newborn screening results [1]. Here we
report a young child with a normal SCID newborn screen who
presented with two episodes of severe respiratory failure be-
fore diagnosis of leaky SCID secondary to a variant in /L2RG,
p.Arg222Ser. This variant was previously reported in a SCID
patient who presented later in life with recurrent infections and
molluscum contagiosum [2]. Functional studies here provide
additional insight into the effects of this variant on protein
function.

A previously healthy 1 year old African-American male,
born full term without complications, initially presented with
respiratory failure requiring ECMO at an outside hospital for
9 days. A respiratory viral polymerase chain reaction (PCR)
was positive for rhinovirus and adenovirus. He was intubated
for 1 month, hospitalized for a total of 6 weeks, and ulti-
mately discharged home. At 15 months, he was re-
hospitalized for respiratory failure with adenovirus and
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coronavirus OC43 detected by PCR from tracheal aspirates.
He had a normal TREC screen at birth, 440 copies/mcl (ref-
erence >250). His immunizations were up-to-date through
6 months of age, including live rotavirus vaccines. There
was no family history of immunodeficiency. He had one full
4-year-old sister and a paternal half-brother, both of whom
were healthy. Chest radiographs revealed bilateral ground-
glass opacities (Supplemental Fig. 1a). He was treated with
vancomycin, meropenem, and methylprednisolone. One
month after hospitalization, he continued to require ventilator
support and a chest CT scan revealed patchy consolidations
bilaterally (Supplemental Fig. 1b). Upon transfer to our in-
stitution, his physical exam revealed poor growth with
weight, length, and head circumference at the 7th, 3rd, and
Ist percentile for age, respectively. The lungs exhibited bron-
chial breath sounds. There was no lymphadenopathy or
hepatosplenomegaly. Bronchioalveolar lavage (BAL) was
positive for adenovirus and coronavirus OC43. Direct fluo-
rescent antibody staining for Prneumocystis jiroveci was pos-
itive. Cultures from BAL and blood for acid-fast bacilli and
fungus were negative. His cerebrospinal fluid and blood
were both positive for adenovirus with a viral load of
664,000 copies/mcl in the blood. Testing for CMV, HSV,
and HHV-6 was negative.
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Laboratory evaluation on admission revealed normal abso-
lute lymphocyte count of 6110/ul, and elevated neutrophil
count of 24,150/ul. Hemoglobin and platelets were normal.
Lymphocyte subsets analysis obtained 3 days after admission
showed severe CD3* T and CD16*/CD56* NK cell lympho-
penia with elevated CD19* B cells. CD4*/CD45RA™ naive T
cell numbers were low (Fig. 1a). The percentage of CD3+
HLA-DR+ T cells was normal for age (4.2%). HIV PCR
was negative. IgG was low with near-normal IgM and normal
IgA levels. IgG to tetanus was detectable, but IgG to
Haemophilus influenzae was absent. TREC analysis was
slightly low at 6610 copies per 10° T cells (ref > 6794). T cell
proliferation showed low viability with impaired T cell re-
sponse to phytohemagglutinin, but normal to pokeweed.
This study was obtained while the patient was receiving sys-
temic steroids for treatment of PJP. T cell receptor (TCR)
spectratyping was abnormal, with 19 of 28 probes demonstrat-
ing an oligoclonal distribution and 8 with a polyclonal non-
Gaussian distribution. Clinical whole genome sequencing
(PerkinElmer®) demonstrated a hemizygous missense variant
in IL2RG ¢.664C > A, resulting in substitution of an arginine
at amino acid position 222 with serine (p.Arg222Ser). This
variant is absent in gnomAD with allele coverage of at least
183,383. The CADD PHRED score is 23.6, indicative of path-
ogenicity [3]. No other pathogenic variants in disease-causing
genes were identified.

The immunological phenotype of low T and NK cells with
normal B cells and an identified variant in /L2RG supported
the diagnosis of X-linked SCID (XL-SCID) [4]. Functional
testing of the patient’s T cells demonstrated absent STATS
phosphorylation compared to healthy control T cells follow-
ing stimulation with IL-2 (Fig. 1b) and IL-15 (not shown),
confirming loss of IL-2 signaling which requires IL-2Ry
and IL2Rf3. Interestingly, patient T cells did exhibit STATS
phosphorylation upon stimulation with IL-7, a cytokine im-
portant for T cell differentiation that signals through IL-2Ry/
IL-7R e, although they had a lower response than T cells from
healthy control samples (Fig. 1b). The percentage of CD4"
recent thymic emigrants as defined by expression of CD31
was low compared to a healthy age-matched control
(Supplemental Fig. 2). Written informed consent was obtained
for research and approved by the authors’ Institutional Review
Board.

Trimethoprim-sulfamethoxazole, cidofovir, and immuno-
globulin replacement was initiated. Due to nephrotoxicity,
cidofovir was switched to brincidofovir. His respiratory status
worsened and he was re-cannulated for ECMO. Given his
clinical status, he underwent matched-related donor HCT
without conditioning at 18 months of age. Two weeks after
transplant, he received multivirus-specific T cells
(NCTO03475212) for treatment of the adenovirus infection.
Due to persistent adenovirus viremia, he was given a second
infusion of multivirus-specific T cells 6 weeks after the initial

infusion. His post-transplant course was complicated by pneu-
moperitoneum, acute renal failure from nephrotoxic agents,
hydrocephalus requiring ventriculoperitoneal shunt, shunt in-
fection, and failure to engraft donor cells requiring second
HCT with reinfusion of matched-related donor cells following
preparative regimen with busulfan and fludarabine. Two
weeks after his second HCT, his respiratory status improved
and he was decannulated from ECMO. Blood adenovirus
PCR became undetectable 2 weeks after the second transplant.
He underwent tracheostomy and was discharged on a home
ventilator after 12 months of hospitalization. Variant testing
on his mother confirmed carrier status, and genetic counseling
was provided.

Our case highlights an important clinical lesson for immu-
nologists that although newborn screening by TREC assay on
dried blood spots is highly sensitive in detecting SCID, false-
negative cases do occur given residual T cell production in
both leaky SCID and SCID with late-onset manifestations [1].
In addition to our case, two other cases of SCID missed by
newborn screening have been reported in California [1]. One
patient presented with PJP pneumonia and was diagnosed
with a /L2RG missense variant resulting in p.Arg222Cys.
The other patient had ADA deficiency and was diagnosed
with SCID at 23 months of age after having recurrent
infections.

The Arg222Ser variant of IL2RG gene was previously de-
scribed in one patient, although that infant was born prior to
newborn screening and there was no analysis of TREC at birth
[2]. That case had later-onset of recurrent infections at 5 years
of age without history of Pneumocystis infection despite pro-
found CD4" T cell lymphopenia, and he had normal NK cell
count and IgG level. There were at least 20 cases of
Arg222Cys giving rise to clinical phenotypes ranging from
leaky SCID with later onset of manifestations to typical
SCID [5]. The majority of Arg222Cys patients had variable
CD3+ T cell count and proliferative responses to mitogen. Of
3 patients whom TRECs obtained during neonatal period, 2
were normal and 1 had slightly reduced TREC levels [1, 6, 7].

The significantly reduced naive CD4+ T cells despite
slightly low TREC in our patient could be due to impaired
IL-2 mediated peripheral T cell hemostasis as demonstrated in
previous studies of Arg222Cys variant [6]. Interestingly, our
patient’s T cells had a measurable response to IL-7 stimula-
tion, suggesting partially intact IL-2Ry/IL-7R« signaling and
potentially explaining the presence of naive T cells. The
mechanism underlying the differences between partially-
intact IL-7 but deficient IL-2/-15 (IL-2Ry/IL-2R3) signaling
is uncertain. Amino acid Arg222 is within the IL-2Ry
tryptophan/arginine ladder [8] and not at the interface with
IL-2Rf3, but the alteration of this structure may control the
hinge loop that forms part of the interleukin binding surface
(Supplemental Fig. 3). The Arg222 side chain is sandwiched
between Trp179 and Trp240 in the trypophan/arginine ladder,
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Fig. 1 Immune phenotype and
STATS phosphorylation in
patient’s T cells. a Immune
assessments of our patient at

15 months of age on presentation
at second hospitalization.
Reference ranges for age shown.
(*age-reference values of T cell
subsets for 1-2 years old, Shearer
et al. JACI. 2003;112:973-80.
*Age-reference values of B cell
subsets for 618 months old,
Duchamp M, et al. Immunity,
Inflammation and
Disease.2014;2:131-140).
Abbreviations: TREC, T cell
receptor excision circle; PHA,
phytohemagglutinin. b
Phosphorylation of STATS in
CD3+ T cells after incubation
with IL-7 (100 ng/mL) for

30 min, or IL-2 (100 U/mL) for
15 min, on patient and healthy
control. Stimulated and
unstimulated conditions are
shown in blue and red,
respectively. ¢ Architecture of the
human IL-2 signaling complex
and the position of Arg222 on
IL2RG
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CD3+ T cells (cells/ pl) 384 2100 - 6200
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CD8+ T cells (cells/ pl) 114 620 - 2000
CD19+ B cells (cells/ pl) 2949 720 —2600
CD16+ CD56+ NK cells (cells/ pul) 50 180 —920
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suggesting the more polar p.Arg222Ser mutation disrupts the
structure more than the p.Arg222Cys mutation. There is cur-
rently no structure of IL-2Ry/IL-7R &; however, studies in our
patient here suggest that p.Arg222Ser alters IL-7 binding and/
or association with IL-7R«x to a lesser extent than IL-2.
Additional studies on impact of an alteration of Arg222 and
other protein changes in IL-2Ry identified in patients, partic-
ularly with “leaky” SCID, will improve our understanding of
this important receptor and its partners.

Overall, our case and these previously reported patients
highlight that hypomorphic /L2RG variants can lead to leaky
T cell development/function that can result in normal TRECs
at birth, and even in our case at diagnosis, and potential missed
SCID diagnoses on newborn screening with disease presenta-
tion later in life.

The sequalae of delayed SCID diagnosis is paramount as
outcomes of SCID are intimately tied to timing and infection
status at the time of HCT. A delay in diagnosis can result in
permanent organ damage or death in SCID patients. Our pa-
tient remarkably recovered from two prolonged episodes of
respiratory failure but continues to require invasive ventilatory
support and complex care.

Our case highlights the importance for immunologists to
keep a high index of suspicion for SCID in children with
severe/opportunistic infections even in those with normal
newborn SCID screen.

Supplementary Information The online version contains supplementary
material available at https://doi.org/10.1007/s10875-021-01020-8.
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