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Abstract: Severe combined immunodeficiency (SCID) is a primary inherited immunodeficiency that
could be fatal, usually due to opportunistic infections caused by bacteria, viruses, fungi, and
protozoa if left untreated. Opportunistic infections are the most common presentation of SCID these
include viral, fungal, or intracellular bacteria, and infection should prompt immunological
investigation. This review aimed to provide a comprehensive approach to the microrganisms
associated with severe combined immunodeficiency (SCID) and its management. The authors
described SCID as a syndrome and summarized the different microorganisms that affect children
and how they are managed.
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1. Introduction

The innate immune system is the human body’s first line of defense against microorganisms [1-
3]. Along with the adaptive immune system, they form both the nonspecific and specific systems
involved in preventing and destroying microorganisms [4]. There are circumstances in which the
immune system fails to function properly after birth; referred to as acquired immunodeficiency.
There are rare instances when the immune system fails to mature at birth, this can result in a primary
immunodeficiency disease (PID) [5]. Of all the many Primary Immunodeficiency Diseases described,
Severe Combined Immunodeficiency Disease (SCID) is the most severe [6]. Affected infants have a
severely weakened immune system, leading to an inability to effectively defend against infections,
even the mildest microorganisms [1,2]. In this review, the authors described SCID along with the
different microorganisms that affect patients, and how they are managed.

SCID or “the bubble boy disease” [7] is a rare disorder in which multiple genes are mutated,
which are involved in the development and function of various immune cells. This condition affects
both the adaptive and innate immune systems, often resulting in fatal complications within the first
two years of life unless treated with HSCT (hematopoietic stem cell therapy), gene therapy, or bone
marrow transplant [8,9].In the United States SCID was added to the Recommended Uniform
Screening Panel (RUSP) in 2010 and newborns are now screened for this highly fatal disease [10].

More than a dozen genes are involved in the pathogenesis of SCID [11]. SCID is most commonly
inherited in an X-linked recessive or autosomal recessive manner [1,9,12]. Although the diagnosis of
SCID is usually made by flow cytometry, genetic testing is often needed for genetic counseling and
prognostication [11]. However, early diagnosis and management could be delayed or even missed
because although SCID is often caused by many genetic factors, as much as 80% of cases of SCID are
sporadic, with no known family history of congenital immunodeficiencies [13,14].
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SCID can be defined as typical, atypical/leaky, Variant, or Omenn Syndrome. [15-17]. According
to the European Society for Inmunodeficiencies (ESID), typical SCID is defined as a patient with: (1)
mutation(s) in a gene associated with a typical SCID phenotype; or, (2) presentation with severe or
opportunistic infections, persistent diarrhea and failure to thrive, in the presence of low (300/ul) or
absent CD3+ or CD4+ or CD8+ T cells, reduced naive CD4+ (CD3+CD4+CD45RA+) and/or CD8+
(CD3+CD8+CD45RA+) T cells, elevated vd T cells, absence of proliferative responses to mitogens,
defined as proliferative response to phytohemagglutinin (PHA) lower than 10% of the control subject;
or (3) T cells of maternal origin present. The most common types Typical SCID often include X-linked
SCID, Adenosine Deaminase Deficiency SCID, RAG-1/RAG-2, and IL7R SCID [18].

Atypical SCID is characterized by CD3+ > 300 cells/pl and reduced, but detectable, proliferative
response to PHA (> 10 < 30% of the control) [18]. In Variant SCID no known gene defect and a
persistence of 300-1,500 T cells/L that have impaired function [19]. Atypical SCID can be referred to
as “leaky SCID” [20].

2. CID classification and features

2.1. X-linked SCID

40% of SCID cases are X-linked and represent the most common form of SCID [32]. It primarily
affects males with mutations in the IL2R gene. This receptor protein is essential for thymic Treg
development, regulation of T-reg homeostasis, and suppression. Without these cells, infection occurs
frequently [12].

2.2. Adenosine Deaminase Deficiency

This is the second most common form of SCID, accounting for 15% of all cases [21]. In this
particular disorder, the adenosine deaminase (ADA) enzyme is deficient, which mediates the
conversion of adenosine into inosine and subsequently deoxyadenosine into deoxyinosine [22,23],
leading to an intracellular buildup of deoxyadenosine it's toxic metabolites eg. dATP which is
particularly toxic to lymphoid precursors. Consequently ADA deficiency is characterized by
lymphopenia. Lack of ADA enzyme leads to neurological issues such as cognitive impairment,
hearing and visual impairment, low muscle tone, and movement disorders [2,24].

2.3. RAG-1 and RAG-2 deficiency SCID

This is the third most common form of SCID, as it presents with mutations in RAG-1 and RAG-
2 [9,25]. Recombination activation genes (RAGs) are involved in working as a multi-subunit complex
to cleave dsDNA molecules between the antigen receptor coding segment and flanking (RSS)
recombination signal sequence, as they initiate V(D)J recombination shuffling DNA proteins, which
are then expressed on the surface coding for specific antigens [26]. Without these enzymes T-cell
receptor development fails, resulting in abnormal T cells, leading to the many infectious
complications [2].

2.4. 1L-7R deficiency SCID

Interlukin-7 (IL7) and hepatocyte growth factor (HGF) form a heterodimer that functions as a
pre-pro--B cell growth stimulating factor [27-29]. It has also been found to be one of the co-factors in
the V(D)J rearrangement of the T cell receptor beta (TCRB) for T cell development. This is the fourth
most common type of SCID; infants with such a disorder have B cells but few or no T cells; however,
because of this lack of T lymphocytes, B lymphocytes would not be able to undergo somatic
hypermutation and class switching [29,30].

2.5. LEAKY SCID

Leaky SCID occurs when a person has symptoms similar to typical SCID; but with T cell counts
that are not low enough to qualify as typical SCID [31,32]. It is called “leaky” because some T cells
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“leak” through and make a person’s blood cell count appear normal [31]. However, T cell production
does not help a person fight the infection. In leaky SCID, T cells become overactivated and cause the
body to attack itself. Leaky SCID can result in itchy skin, red skin, hair loss, enlarged liver and spleen,
swollen lymph nodes, and diarrhea. It can also cause anemia and thyroid problems [23]. A person
with leaky SCID might have a different type of gene mutation in the same gene as a person with
typical SCID, such as the RAG-1 and RAG-2 genes. Sometimes, children with leaky SCID are not
diagnosed until they are older and even into adulthood [33]. In Leaky SCID the defect in a gene allows
for anormal, or even elevated, T cell count, which harms the immune system. Omenn Syndrome (OS)
is characterized by defects in genes that cause high numbers of non-working T cells, and a lack of B
cells resulting in a faulty immune system [17].

2.6. Omenn Syndrome

Omenn Syndrome can present on its own or can be caused by SCID. Genetic mutations that can
cause Omenn Syndrome include RAG-1, RAG-2, adenosine deaminase deficiency (ADA), Artemis
and DNA ligase 4, all of which are infectious diseases. Infants with Omenn Syndrome suffer from a
lack of an immune system as well as autoimmune activity in which the body attacks itself. Symptoms
include red and peeling skin, hair loss, enlarged lymph nodes, and enlarged liver and spleen [22].
Omenn syndrome was reported as a distinct form of SCID. Unlike typical SCID, patients with OS
have enlarged lymphoid tissue, severe erythroderma, increased IgE levels, and eosinophilia [34].
Clinically, Omenn syndrome is not a ‘leaky SCID’ and is an extremely serious T+ or T++ SCID [35]

2.7. CD3 Complex Component Deficiency SCID

The CD3 complex is known as a T cell pan marker. The CD3 complex plays an essential role in
cell signaling or cell communication down to the nucleus, which is initiated by antigen binding. This
is because of the multiple alpha, beta, gamma, delta, epsilon, and zeta transmembrane chains that
cause and effect downstream cell signaling to the nucleus, consequently allowing for cytokine
formation and release. There are three subtypes: CD3D, CD3E, and CD247/CD3Z. This type of
disorder is caused by mutations in these CD3 encoding genes which subsequently results in damage
to T cells [36].

2.8. JAK3 Deficiency SCID

The Janus kinase 3 gene works synonymously with IL2RG (interleukin 2 receptor gene) for
interleukin 2, which promotes the growth of T lymphocytes (helper, cytotoxic, and regulatory) and
natural killer cells. Due to this deficiency patient with JAK3 deficiency SCID show very similar
attributes of patients presenting with lymphopenia. However, since JAK3 is not located on the X
chromosome, both male and female infants can be affected [37,38].

3. Microorganisms affecting SCID patients

3.1. Viruses

Opportunistic Viral Infections eg. Cytomegalovirus, Epstein—Barr virus, Adenovirus,
Enterovirus, Herpes Simplex Virus and Parainfluenza virus can cause severe disseminated infections
in SCID patients, which can be fatal if left untreated or undiagnosed [39-41]. Cytomegalovirus (CMV)
has been found to be excreted in breastmilk and breastfeeding should not be advised for SCID
patients, unless the mother is found to be CMV antibody-negative [11].

Infection with Adenovirus can manifest as ocular, respiratory, gastrointestinal, or hepatic
diseases in immunocompetent patients and is often mild and self-limiting [42]. However, in patients
with SCID, adenovirus may produce severe and prolonged viral Pneumonia, Bronchiolitis, Hepatitis,
or Gastroenteritis, with a potentially fatal outcome [43].

Rotavirus is the leading cause of severe gastroenteritis in children, and vaccination is the
mainstay of prophylaxis [44]. However, the live rotavirus vaccine has been found to cause severe
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diarrhea in children with SCID, and should therefore be avoided [45]. Epstein—Barr virus infections
affect over 95% of the human population at some point but are usually asymptomatic [46].
Symptomatic infections in adolescents may result in infectious mononucleosis characterized by fever,
sore throat, splenomegaly, and lymphadenopathy. The virus typically attacks B cells;-therefore, SCID
patients with impaired or absent B cells are at an increased risk of EBV associated lymphomas as a
result of persistent viremia and lymphoproliferation [47].

ParvoVirus-B19 is a common infection in rapidly dividing erythroid progenitor cells, with
children being the main source of infection [48].Immunocompetent host infections can be
asymptomatic or symptomatic, and include erythema infectiosum, arthropathy, anemia,
thrombocytopenia, hepatitis, and myocarditis. In immunocompromised hosts, infection with
Parvovirus B-19, chronic red cell aplasia, Acute Lymphoblastic Leukemia (ALL), and Virus-
Associated Hemophagocytic Syndrome (VAHS) [49].

Varicella-zoster virus (VZV) infection occurs primarily via respiratory inoculation and
establishes lifetime latency in the sensory ganglia of immunocompetent patients [50].
Immunocompromised patients are at an increased risk of complications, such as reactivation, Herpes
zoster, retinal necrosis, and even death [50]. Worldwide vaccination via live VZV vaccines has
prevented many of the complications of VZV infection [51]; however, vaccination in SCID patients
has been associated with disseminated infection [52] including vaccine-associated pneumonia [53]
and should therefore be avoided.

3.2. Bacteria

Recurrent sinopulmonary infections are characteristic of primary immunodeficiencies such as
SCID; and can result in severe complications. Lung abscess, empyema, and pneumatocele. The
bacterial causes of pneumonia include Staphylococcus aureus, Pseudomonas spp., Mycobacterium
bovis, and other atypical mycobacteria [54]. On clinical imaging, an important diagnostic clue in acute
pulmonary infections in children with primary immunodeficiencies as they often lack a thymic
shadow [55].

Clinical manifestations of SCID include gastrointestinal infections, chronic diarrhea, and failure
to thrive. Gram-positive bacteria such as Staphylococcus aureus and gram-negative bacteria such as
Klebsiella pneumoniae, Pseudomonas aeruginosa, Burkholderia, and Chryseobacterium [56]. SCID
patients who lack immunoglobulins are at constant risk of recurrent infections with encapsulated
bacteria [57].

Omenn syndrome is an autosomal recessive form of SCID that is usually T-B-NK+ and is highly
fatal owing to recurrent opportunistic infections [58,59]. Skin sepsis is observed in patients with
Omenn syndrome. Skin sepsis in Omenn syndrome can occur due to colonization by bacteria such as
Staphylococcus Aureus, Streptococcus Pyogenes, Enterococcus, and gram-negative bacteria; such as
Pseudomonas [58,60,61]. Cutaneous manifestations of bacterial infections include recurrent and life-
threatening skin abscesses, folliculitis, impetigo, and furunculosis [62]. Survival rarely exceeds
several months after birth in the absence of curative treatment.

3.3. Fungi

Invasive fungal infections (IFI) rarely occur in immunocompetent individuals and are more
likely to occur in patients with primary immunodeficiencies. -Opportunistic fungal infections seen
in SCID are similar to those in patients with AIDS; and are usually caused by opportunistic fungi.
Pneumocystis carinii; Histoplasma capsulatum, and Cryptococcus Neoformins [63]. Pneumocystis
carinii pneumonia is the most common respiratory infection in SCID; and is often co-infected with a
respiratory virus [60]. Patients with SCID may be offered prophylactic treatment against
Pneumocystis carinii to prevent fatal complications.

Patients with SCID are at increased risk of disseminated fungal infections, with invasive
Candida albicans and Aspergillus being the most prominent microorganisms [64]. Other rare
microorganisms implicated in SCID include Acremonium and Pichia [65,66]. Colonization of the skin,
oropharynx, and gut by Candida albicans, typically manifests as persistent oral thrush, Pneumonia
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or Meningitis [65]. Hematopoietic stem cell transplantation is the definitive treatment for SCID, and
fluconazole (3 mg/kg OD) is administered as prophylaxis against candidiasis and is generally
tolerated [67].

Invasive aspergillosis (IA) is a life-threatening condition in immunocompromised children.
Infection is typically acquired in the community or via nosocomial infections during hospital
construction, renovation, and air--conditioning systems [68]. Bronchopneumonia is the most common
presentation of infection with Aspergillosis in SCID; and other primary immunodeficiencies [69].
Other clinical manifestations of invasive aspergillosis include pleural effusion, pulmonary infarction,
pulmonary thrombosis, and pleural effusion [70,71].

Cryptococcosis is a subacute or chronic systemic mycosis caused by-Cryptococcus neoformans
[72,73]. Cryptococcus neoformans is an opportunistic fungus that infects immunocompromised
individuals. The respiratory tract is the primary portal of entry and has been found to be fatal because
of overwhelming pneumonia in patients with SCID[72]. Cryptococcus neoformans was found in the
skin lesions of a patient with SCID who presented with a maculopapular rash along with lobar
consolidation. The treatment was refractory to medical management, but responsive to hematopoietic
stem cell therapy [74].

3.4. Parasites

Parasitic infections are the dominant cause of gastrointestinal disease in patients with SCID.
Protozoans eg. Giardia lamblia and Cryptosporidium spp. are the most common parasites affecting
patients with SCID. Other implicated parasites included Schistosoma species, Blastocystis hominis,
Fasciola species, and Trichostrongylus species. [75]. The gastrointestinal tract is the largest lymphoid
organ of the body [76]. GI manifestations are the second most common manifestations of PID after
pulmonary disease [77]. Gastrointestinal disorders, such as chronic diarrhea, malabsorption, and
abdominal pain, are seen in as many as 50% of patients with primary immunodeficiencies [78].
Giardia lamblia is a zoonotic protozoan parasite typically found in the small intestine of humans and
various animals. Infections can be asymptomatic to mild diarrhea in immunocompetent patients or
severe and chronic diarrhea and malabsorption in immunocompromised patients[79-81].

Cryptosporidium can cause severe and chronic enteropathy by releasing proinflammatory
cytokines such as interleukin-8 (IL-8) in intestinal epithelial cells in patients with primary
immunodeficiencies [82,83]. Disseminated cryptosporidiosis can lead to biliary tract disease,
pancreatitis, pulmonary disease, and stunted growth in patients with SCID[82]. Disseminated
cryptosporidiosis leading to overwhelming sepsis and death has been observed in patients with
SCID[84]. Although the International Agency for Research on Cancer (IARC) has not considered
protozoans as carcinogens for humans [85], Cryptosporidium has been associated with colonic
adenocarcinoma in SCID mice [86]; therefore,  this possible complication should be made aware
and infection in SCID patients treated promptly.

4. Management of SCID

4.1. Hematopoietic Sem Cell Therapy (HSCT).

Hematopoietic stem cell transplantation (HSCT) is the recommended treatment for SCID as it is
potentially curative [27,87]. Although lifesaving, HSCT only partially restores immunity as recovery
is a dynamic process [88]. SCID patients who had transplants before the age of 3.5 months had the
highest survival rates [89]. Therefore, the best outcomes for SCID newborns are achieved through
early transplantation [28]. PEF-ADA, an enzyme replacement medication, has been used to treat SCID
in children with ADA deficiency with modest effectiveness [2].

Infants diagnosed with SCID are often treated with hematopoietic stem cell therapy (HSCT),
which is also known as bone marrow transplantation. This is, in fact, no easy medical task to perform,
as this takes time and a lot of preparation to get done [1,2]. After a suitable donor is identified,
hematopoietic stem cells are drawn and infused into infants with SCID. Hematopoietic stem cells are
immature, and they then develop into red blood cells, white blood cells, and platelets. These cells
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then multiply over time, where immunity is consequently achieved, which is proven as the survival
rate for such a procedure ranges from 70-95% [90,91].

Factors that affect and influence the outcome of this transplantation method include:

1.Age and clinical condition at the time of diagnosis, as this method is best performed at an
earlier time (first few months of life 1-4 months). This time will disallow and mitigate the chances of
opportunistic infections and failure to thrive [28].

2. Hematopoietic stem cell donor, it is very unlikely that the affected infant possesses HLA-
matched siblings; therefore locating HLA-compatible volunteers is time consuming, giving way to
new and worsening infections or disorders.

3. Pre-treatment Conditioning. Prior to HSCT, children may be subjected to conditioning with
such chemotherapy or to equip the child’s body to receive new stem cells. Patients undergoing this
treatment experience frequent defective B cell reconstitution, requiring lifelong immunoglobulin
replacement therapy [1,2].

4.2. Gene Therapy

Gene therapy can be a successful treatment, particularly for X-linked SCID [92,93]. In this
process, stem cells are drawn from the patient’s bone marrow, the normal gene is inserted using a
carrier known as a vector, and the repaired cells are returned to the patient [1]. Early attempts to use
gene therapy to treat X-linked SCID were successful in restoring T-cell function in children [12], but
approximately 25% of the children developed leukemia two to five years after [94]. The vectors
employed in using gene therapy were proposed to inappropriately activate genes that regulate cell
development, resulting in leukemia [25]. Modern gene therapy techniques often employ modified
vectors that are more efficient and associated with less potential complications [95].

Artemis SCID gene therapy is now available for infants diagnosed with X-linked SCID. In this
procedure the hematopoietic stem cells containing the mutated gene is extracted from the bone
marrow or blood, this extracted gene is now sent to the lab where “correct” copies are made. This
copy is now infused into a deactivated virus, which efficiently penetrates hematopoietic stem cells.
After the virus penetrates the cell, the normal HSC of the patient mixes with the new copy and is
allowed to be a part of hematopoietic stem cells. This corrected form of the cell is now allowed to be
divided and placed in a cryogenic state. The infant then receives conditioning whether it is in [2,96]
the form of chemotherapy or immunosuppressive agents, where the sample is then inserted via a
simple IV infusion where corrected hematopoietic stem cells are able to spread throughout the
body[28]

4.3. Enzyme replacement therapy (ERT)

Patients with adenosine deaminase deficiency (ADA) lack the vital enzyme adenosine
deaminase; therefore, infants receive a weekly intramuscular injection of Revcovi containing
adenosine deaminase. As simple and pain-free as this procedure sounds, it does not cure or
permanently fix the case SCID, but merely as a temporary step before a much more permanent
procedure such as HSCT or GENE THERAPY[1]. It has also been proven that using enzyme
replacement therapy before stem cell therapy can actually enhance and increase the number of T
lymphocytes, which results in a lower occurrence of infection until a definitive method is used [97,98].

4.4. Treatment of infections

While definitive management is SCT, the use of reverse isolation, that is,-keeping the patient in
a protected environment, avoiding live vaccines, therapeutic use of immunoglobulins, an early
prophylactic use of antimicrobials can help infections.[99]. The early use of prophylactic antibiotic
therapy is quite widespread in the management of SCID; to reduce the frequency and severity of
infections, especially bacterial sinopulmonary infections, while prophylactic antiviral and antifungal
therapy is warranted in SCID[100]. Prophylaxis with TMP-SMX, while awaiting definitive SCT, is
aimed at addressing PCP. Fluconazole is often administered to prevent mucocutaneous candidiasis
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and acyclovir to prevent Herpes Simplex Virus infection. Antifungals have been used to treat invasive
pulmonary aspergillosis in patients with SCID. New antifungal agents have been developed over the
last two decades, including lipid formulations of amphotericin B (liposomal amphotericin B,
amphotericin B lipid complex), new azoles (voriconazole, posaconazole, and isavuconazole), and

echinocandins (caspofungin, micafungin, and anidulafungin) [22].

5. Examples of antibiotic prophylaxis regimens used in patients with immunodeficiency

Table 1. The following table adapted from Segundo and Condino-Neto [100,101] via an open access
resources illustrates treatment options for infections affecting SCID patients.

Prevention
intention

Preferential regimen

Alternative regimen

Pneumocystis
jirovecii

Staphylococcus spp,
Gram-negative spp

Sulfametoxazol-trimetoprim (SXT-TMP):
Infants> 4 weeks of age and children:

5 mg/kg/day divided into two doses 3x/week
(Based on TMP, maximum 160 mg per day)
Adults and adolescents with normal kidney

function:

based on TMP 80 mg/day or 160 mg daily or

160 mg 3x/week

SXT-TMP
Infants> 4 weeks of age and children:
5 mg/kg/day divided into 2 daily doses
(Based on TMP, maximum 160 mg per day)

Adults and adolescents: based on TMP 160 mg

daily

Dapsone:
Infants and children: 2 mg/kg/day
daily
1x/day (maximum: 100 mg/day)
Adults: 100 mg 1x/day or 50 mg
2x/day
Pentamidine:
Children <5 years: 9 mg/kg
(maximum:
300 mg/dose) nebulized inhalation
every
4weeks

Children> 5 years, adolescents and
adults:

300 mg nebulized inhalation every
4 weeks

Amoxicillin:
Children: 10---20 mg/kg per day,
single dose
or divided into 2x (maximum: 875
mg/day)

Adolescents and adults: 875 mg
Ciprofloxacin:
Children: 10 mg/kg/dose 2x/day
(maximum: 500 mg)
Adults: 500 mg
Amoxicillin and clavulanate:
Children: 20 mg/kg per day single
dose or
divided into 2x (maximum: 875
mg/day
based on amoxicillin)
Adolescents and adults: 875 mg
(based on amoxicillin)
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Azithromycin
Children: 5---10 mg/kg/oral dose 3x/week
(maximum: 250 mg)
Adolescents and adults: 250 mg oral dose
3x/week

Mycoplasma spp,
Streptococcus spp

Azithromycin
Children: 20 mg/kg/oral dose 1x/week
(maximum dose of 1200 mg/week; can be
given up to
600 mg 2x/without causing nausea at high
doses)
Adolescents and adults: 1200 mg 1x/week (or
600
2x/week in case of nausea)

Atypical
mycobacteriosis

Voriconazole:
<50 kg: 8 mg/kg/oral dose 2x/day
(maximum per dose: 350 mg)
> 50 kg: 4 mg/kg/oral dose 2x/day
(maximum per dose: 200 mg

Itraconazole:
Children: 5 mg/kg/day orally (maximum: 200

mg)
Adolescents and adults: 200 mg oral daily

Aspergillus spp

Fluconazole:
Children: 6 mg/kg orally daily (maximum: 400

mg)
Adolescents and adults: 400 mg orally daily

Candida spp

Acyclovir:
Children <40 kg: 600 mg oral dose 4x/day
Children> 40 kg: 800 mg oral dose 4 x/day
Adults: 800 mg oral dose 2x/day

HSV/VZV

Valganciclovir:
Children 1 month to 16 years: oral dose (mg) =
7 x
CMV body surface area x creatinine clearance
Adolescents 217 years and adults with normal
renal
function: 900 mg oral dose 1x/day

6. Conclusion

This review could serve as a foundation for further mechanistic and clinical studies in
understanding the disease pathogenesis as well as the development of effective treatment strategies
for patients with SCID.

Author Contributions: The manuscript was written through the contributions of all authors, which have read
and agreed to the published version of the manuscript.
Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.


https://doi.org/10.20944/preprints202305.0307.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 5 May 2023 d0i:10.20944/preprints202305.0307.v1

Informed Consent Statement: Not applicable.
Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.  Basheer, F.; Lee, E.; Liongue, C.; Ward, A.C. Zebrafish Model of Severe Combined Immunodeficiency
(SCID) Due to JAK3 Mutation. Biomolecules 2022, 12, do0i:10.3390/biom12101521.

2. Blom, M,; Bredius, R.G.M.; Weijman, G.; Dekkers, E.H.B.M.; Kemper, E.A.; van den Akker-van Marle, M.E.;
van der Ploeg, C.P.B.; van der Burg, M.; Schielen, P.C.J.I. Introducing Newborn Screening for Severe
Combined Immunodeficiency (SCID) in the Dutch Neonatal Screening Program. Screening 2018, 4, 40,
doi:10.3390/ijns4040040.

3. The Innate and Adaptive Immune Systems; Institute for Quality and Efficiency in Health Care (IQWiG), 2020;.

4. Smith, N.C,; Rise, M.L.; Christian, S.L. A Comparison of the Innate and Adaptive Immune Systems in
Cartilaginous Fish, Ray-Finned Fish, and Lobe-Finned Fish. Front. Immunol. 2019, 10, 2292,
doi:10.3389/fimmu.2019.02292.

5. McCusker, C.; Upton, J.; Warrington, R. Primary Immunodeficiency. Allergy Asthma Clin. Immunol. 2018,
14, 61, doi:10.1186/513223-018-0290-5.

6. Kanegane H.; Imai K; Morio T. [Severe combined immunodeficiency: From its discovery to the
perspective]. Nihon Rinsho Meneki. Gakkai Kaishi 2017, 40, 145-154, doi:10.2177/jsci.40.145.

7. Hoggatt, J. Gene Therapy for “Bubble Boy” Disease. Cell 2016, 166, 263, doi:10.1016/j.cell.2016.06.049.

8. Chinn, LK Shearer, W.T. Severe Combined Immunodeficiency Disorders. Immunol. Allergy Clin. North Am.
2015, 35, 671-694, doi:10.1016/j.iac.2015.07.002.

9. Haddad, E.; Hoenig, M. Hematopoietic Stem Cell Transplantation for Severe Combined Immunodeficiency
(SCID). Front Pediatr 2019, 7, 481, doi:10.3389/fped.2019.00481.

10. Recommended Uniform Screening Panel Available online: https://www.hrsa.gov/advisory-
committees/heritable-disorders/rusp (accessed on 29 April 2023).

11. Kumrah, R.; Vignesh, P; Patra, P.; Singh, A.; Anjani, G.; Saini, P.; Sharma, M.; Kaur, A.; Rawat, A. Genetics
of Severe Combined Immunodeficiency. Genes Dis 2020, 7, 52-61, doi:10.1016/j.gendis.2019.07.004.

12. Mahdavi, F.S.; Keramatipour, M.; Ansari, S.; Sharafian, S.; Karamzade, A.; Tavakol, M. X-Linked SCID with
a Rare Mutation. Allergy Asthma Clin. Immunol. 2021, 17, 107, doi:10.1186/s13223-021-00605-7.

13. Puck, J.M. The Case for Newborn Screening for Severe Combined Immunodeficiency and Related
Disorders. Ann. N. Y. Acad. Sci. 2011, 1246, 108-117, doi:10.1111/j.1749-6632.2011.06346.x.

14. van der Burg, M.; Gennery, A.R. Educational Paper. The Expanding Clinical and Immunological Spectrum
of Severe Combined Immunodeficiency. Eur. |. Pediatr. 2011, 170, 561-571, doi:10.1007/s00431-011-1452-3.

15. Dvorak, C.C.; Haddad, E.; Heimall, J.; Dunn, E.; Buckley, R.H.; Kohn, D.B.; Cowan, M.].; Pai, S.-Y.; Griffith,
L.M.; Cuvelier, G.D.E,; et al. The Diagnosis of Severe Combined Immunodeficiency (SCID): The Primary
Immune Deficiency Treatment Consortium (PIDTC) 2022 Definitions. |. Allergy Clin. Immunol. 2023, 151,
539-546, doi:10.1016/j.jaci.2022.10.022.

16. Blom, M.,; Zetterstrom, R.H.; Stray-Pedersen, A.; Gilmour, K.; Gennery, A.R.; Puck, ].M.; van der Burg, M.
Recommendations for Uniform Definitions Used in Newborn Screening for Severe Combined
Immunodeficiency. J. Allergy Clin. Immunol. 2022, 149, 1428-1436, doi:10.1016/j.jaci.2021.08.026.

17.  Shearer, W.T; Dunn, E.; Notarangelo, L.D.; Dvorak, C.C.; Puck, ].M.; Logan, B.R.; Griffith, L.M.; Kohn, D.B,;
O'Reilly, R.J.; Fleisher, T.A.; et al. Establishing Diagnostic Criteria for Severe Combined Immunodeficiency
Disease (SCID), Leaky SCID, and Omenn Syndrome: The Primary Immune Deficiency Treatment
Consortium Experience. . Allergy Clin. Immunol. 2014, 133, 1092-1098, doi:10.1016/j.jaci.2013.09.044.

18. Cirillo, E.; Cancrini, C.; Azzari, C.; Martino, S.; Martire, B.; Pession, A.; Tommasini, A.; Naviglio, S.;
Finocchi, A.; Consolini, R.; et al. Clinical, Inmunological, and Molecular Features of Typical and Atypical
Severe Combined Immunodeficiency: Report of the Italian Primary Immunodeficiency Network. Front.
Immunol. 2019, 10, 1908, d0i:10.3389/fimmu.2019.01908.

19. About SCID - Missing Body Defense Systems Available online: http://www.scid.net/the-scid-
homepage/about-scid/ (accessed on 30 April 2023).

20. Pourvali, A.; Arshi, S.; Nabavi, M.; Bemanian, M.H.; Shokri, S.; Shahrooei, M.; Rezaei, N.; Fallahpour, M.
Atypical Omenn Syndrome Due to RAG2 Gene Mutation, a Case Report. Iran. |. Immunol. 2019, 16, 334—
338, d0i:10.22034/1J1.2019.80285.

21. Levik, M. The SCID (Severe Combined Immunodeficiency) Mouse — Its Biology and Use in
Immunotoxicological Research. In Proceedings of the Toxicology in Transition; Springer Berlin Heidelberg,
1995; pp. 455-467.


https://doi.org/10.20944/preprints202305.0307.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 5 May 2023 d0i:10.20944/preprints202305.0307.v1

10

22. Ledoux, M.-P.; Guffroy, B.; Nivoix, Y.; Simand, C.; Herbrecht, R. Invasive Pulmonary Aspergillosis. Semin.
Respir. Crit. Care Med. 2020, 41, 80-98, d0i:10.1055/s-0039-3401990.

23. Madkaikar, M.; Aluri, J.; Gupta, S. Guidelines for Screening, Early Diagnosis and Management of Severe
Combined Immunodeficiency (SCID) in India. Indian |. Pediatr. 2016, 83, 455-462, d0i:10.1007/s12098-016-
2059-5.

24. Dorsey, M.].; Wright, N.A.M.; Chaimowitz, N.S.; Ddvila Saldafia, B.]J.; Miller, H.; Keller, M.D.; Thakar, M.S,;
Shah, A.].; Abu-Arja, R.; Andolina, J.; et al. Infections in Infants with SCID: Isolation, Infection Screening,
and Prophylaxis in PIDTC Centers. . Clin. Immunol. 2021, 41, 38-50, doi:10.1007/510875-020-00865-9.

25. Gaspar, H.B.; Hammarstrom, L.; Mahlaoui, N.; Borte, M.; Borte, S. The Case for Mandatory Newborn
Screening for Severe Combined Immunodeficiency (SCID). J. Clin. Immunol. 2014, 34, 393-397,
doi:10.1007/s10875-014-0029-0.

26. Hiom, K.; Melek, M.; Gellert, M. DNA Transposition by the RAG1 and RAG2 Proteins: A Possible Source
of Oncogenic Translocations. Cell 1998, 94, 463-470, doi:10.1016/s0092-8674(00)81587-1.

27. Verhagen, M.V.; Trevisan, V.; Adu, J.; Owens, C.M.; Booth, C.; Calder, A. Chest Radiographs for
Distinguishing ADA-SCID from Other Forms of SCID. ]. Clin. Immunol. 2020, 40, 259-266,
doi:10.1007/s10875-019-00733-1.

28. Booth, N.A.; Freeman, C.M.; Wright, B.L.; Rukasin, C.; Badia, P.; Daines, M.; Bauer, C.S.; Miller, H. Severe
Combined Immunodeficiency (SCID) Screening in Arizona: Lessons Learned from the First 2 Years. J. Clin.
Immunol. 2022, 42, 1321-1329, d0i:10.1007/s10875-022-01307-4.

29. Secord, E.; Hartog, N.L. Review of Treatment for Adenosine Deaminase Deficiency (ADA) Severe
Combined Immunodeficiency (SCID). Ther. Clin. Risk Manag. 2022, 18, 939-944, doi:10.2147/TCRM.S350762.

30. Chetty, K.; Cheng, I; Kaliakatsos, M.; Gonzalez-Granado, L.I; Klapsa, D.; Martin, J.; Bamford, A.; Breuer,
J.; Booth, C. Case Report: Novel Treatment Regimen for Enterovirus Encephalitis in SCID. Front. Immunol.
2022, 13, 930031, doi:10.3389/fimmu.2022.930031.

31. Pearson, T.; Greiner, D.L.; Shultz, L.D. Humanized SCID Mouse Models for Biomedical Research. In
Humanized Mice; Nomura, T., Watanabe, T., Habu, S., Eds.; Springer Berlin Heidelberg: Berlin, Heidelberg,
2008; pp. 25-51 ISBN 9783540756477

32. Sponzilli, I; Notarangelo, L.D. Severe Combined Immunodeficiency (SCID): From Molecular Basis to
Clinical Management. Acta Biomed. 2011, 82, 5-13.

33. Heimall, J.; Buckley, R.H.; Puck, J.; Fleisher, T.A.; Gennery, A.R.; Haddad, E.; Neven, B.; Slatter, M,;
Roderick, S.; Baker, K.S.; et al. Recommendations for Screening and Management of Late Effects in Patients
with Severe Combined Immunodeficiency after Allogenic Hematopoietic Cell Transplantation: A
Consensus Statement from the Second Pediatric Blood and Marrow Transplant Consortium International
Conference on Late Effects after Pediatric HCT. Biol. Blood Marrow Transplant. 2017, 23, 1229-1240,
doi:10.1016/j.bbmt.2017.04.026.

34. Villa, A.; Notarangelo, L.D.; Roifman, C.M. Omenn Syndrome: Inflammation in Leaky Severe Combined
Immunodeficiency. J. Allergy Clin. Immunol. 2008, 122, 1082-1086, doi:10.1016/j.jaci.2008.09.037.

35. Cossu, F. Genetics of SCID. Ital. ]. Pediatr. 2010, 36, 76, d0i:10.1186/1824-7288-36-76.

36. Michniacki, T.F.; Seth, D.; Secord, E. Severe Combined Immunodeficiency: A Review for Neonatal
Clinicians. Neoreviews 2019, 20, e326—e335, d0i:10.1542/neo.20-6-€326.

37. Notarangelo, L.D.; Mella, P.; Jones, A.; de Saint Basile, G.; Savoldi, G.; Cranston, T.; Vihinen, M,;
Schumacher, R.F. Mutations in Severe Combined Immune Deficiency (SCID) due to JAK3 Deficiency. Hum.
Mutat. 2001, 18, 255-263, d0i:10.1002/humu.1188.

38. Di Matteo, G.; Chiriaco, M.; Scarselli, A.; Cifaldi, C.; Livadiotti, S.; Di Cesare, S.; Ferradini, V.; Aiuti, A.;
Rossi, P.; Finocchi, A.; et al. JAK3 Mutations in Italian Patients Affected by SCID: New Molecular Aspects
of a Long-Known Gene. Mol Genet Genomic Med 2018, 6, 713-721, doi:10.1002/mgg3.391.

39. Cirillo, E.; Giardino, G.; Gallo, V.; D’ Assante, R.; Grasso, F.; Romano, R.; Di Lillo, C.; Galasso, G.; Pignata,
C. Severe Combined Immunodeficiency--an Update. Ann. N. Y. Acad. Sci. 2015, 1356, 90-106,
doi:10.1111/nyas.12849.

40. Yee, A,; De Ravin, S.S; Elliott, E.; Ziegler, ].B.; Contributors to the Australian Paediatric Surveillance Unit
Severe Combined Immunodeficiency: A National Surveillance Study. Pediatr. Allergy Immunol. 2008, 19,
298-302, doi:10.1111/j.1399-3038.2007.00646.x.

41. Ochs, H.D,; Edvard Smith, C.I; Puck, J. Primary Immunodeficiency Diseases: A Molecular and Genetic Approach;
Oxford University Press, 2007; ISBN 9780195147742.

42. Lion, T. Adenovirus Infections in Immunocompetent and Immunocompromised Patients. Clin. Microbiol.
Rev. 2014, 27, 441-462, d0i:10.1128/CMR.00116-13.

43. Echavarria, M. Adenoviruses in Immunocompromised Hosts. Clin. Microbiol. Rev. 2008, 21, 704-715,
doi:10.1128/CMR.00052-07.


https://doi.org/10.20944/preprints202305.0307.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 5 May 2023 d0i:10.20944/preprints202305.0307.v1

11

44. Chiu, M., Bao, C.; Sadarangani, M. Dilemmas With Rotavirus Vaccine: The Neonate and
Immunocompromised. Pediatr. Infect. Dis. ]. 2019, 38, S43-546, d0i:10.1097/INF.0000000000002322.

45. Patel, N.C.; Hertel, P.M.; Estes, M.K.; de la Morena, M.; Petru, A.M.; Noroski, L.M.; Revell, P.A.; Hanson,
1.C.; Paul, M.E.; Rosenblatt, H.M.; et al. Vaccine-Acquired Rotavirus in Infants with Severe Combined
Immunodeficiency. N. Engl. ]. Med. 2010, 362, 314-319, d0i:10.1056/NEJMo0a0904485.

46. Kuri, A.; Jacobs, B.M.; Vickaryous, N.; Pakpoor, J.; Middeldorp, J.; Giovannoni, G.; Dobson, R.
Epidemiology of Epstein-Barr Virus Infection and Infectious Mononucleosis in the United Kingdom. BMC
Public Health 2020, 20, 912, doi:10.1186/s12889-020-09049-x.

47. Cohen, J.I. Primary Immunodeficiencies Associated with EBV Disease. Curr. Top. Microbiol. Immunol. 2015,
390, 241-265, doi:10.1007/978-3-319-22822-8_10.

48. Florea, A.V.; Ionescu, D.N.; Melhem, M.F. Parvovirus B19 Infection in the Immunocompromised Host.
Arch. Pathol. Lab. Med. 2007, 131, 799-804, doi:10.5858/2007-131-799-PBIITL

49. Heegaard, E.D.; Brown, K.E. Human Parvovirus B19. Clin. Microbiol. Rev. 2002, 15, 485-505,
doi:10.1128/CMR.15.3.485-505.2002.

50. Gershon, A.A.; Breuer, J.; Cohen, ]J.I.; Cohrs, R.].; Gershon, M.D.; Gilden, D.; Grose, C.; Hambleton, S.;
Kennedy, P.G.E.; Oxman, M.N.; et al. Varicella Zoster Virus Infection. Nat Rev Dis Primers 2015, 1, 15016,
doi:10.1038/nrdp.2015.16.

51. Gabutti, G.; Bolognesi, N.; Sandri, F.; Florescu, C.; Stefanati, A. Varicella Zoster Virus Vaccines: An Update.
Immunotargets Ther 2019, 8, 15-28, d0i:10.2147/ITT.S176383.

52.  Ansari, R.; Rosen, L.B.; Lisco, A.; Gilden, D.; Holland, S.M.; Zerbe, C.S.; Bonomo, R.A.; Cohen, J.I. Primary
and Acquired Immunodeficiencies Associated With Severe Varicella-Zoster Virus Infections. Clin. Infect.
Dis. 2021, 73, €2705-e2712, d0i:10.1093/cid/ciaal274.

53. Jean-Philippe, P.; Freedman, A.; Chang, M.W.; Steinberg, S.P.; Gershon, A.A.; LaRussa, P.S.; Borkowsky,
W. Severe Varicella Caused by Varicella-Vaccine Strain in a Child with Significant T-Cell Dysfunction.
Pediatrics 2007, 120, e1345-e1349, d0i:10.1542/peds.2004-1681.

54. George, K.; Govindaraj, G. Infections in Inborn Errors of Immunity with Combined Immune Deficiency: A
Review. Microorganisms 2023, 12, 272, doi:10.3390/microorganisms12020272.

55.  Wu, E.Y,; Ehrlich, L.; Handly, B.; Frush, D.P.; Buckley, R.H. Clinical and Imaging Considerations in Primary
Immunodeficiency Disorders: An Update. Pediatr. Radiol. 2016, 46, 1630-1644, doi:10.1007/s00247-016-3684-
X.

56. Aluri, J.; Desai, M.; Gupta, M.; Dalvi, A,; Terance, A.; Rosenzweig, S.D.; Stoddard, J.L.; Niemela, J.E,;
Tamankar, V.; Mhatre, S.; et al. Clinical, Immunological, and Molecular Findings in 57 Patients With Severe
Combined  Immunodeficiency (SCID) From India.  Front. Immunol. 2019, 10, 23,
do0i:10.3389/fimmu.2019.00023.

57. Aguilar, C.; Malphettes, M.; Donadieu, J.; Chandesris, O.; Coignard-Biehler, H.; Catherinot, E.; Pellier, I.;
Stephan, J.-L.; Le Moing, V; Barlogis, V; et al. Prevention of Infections during Primary Immunodeficiency.
Clin. Infect. Dis. 2014, 59, 1462-1470, doi:10.1093/cid/ciu646.

58. Cutts, L.; Bakshi, A.; Walsh, M.; Parslew, R.; Eustace, K. Diagnosing Omenn Syndrome. Pediatr. Dermatol.
2021, 38, 541-543, doi:10.1111/pde.14401.

59. Khan, U.,; Ahmad, R.U.; Aslam, A. An Infant with Omenn Syndrome: A Case Report. Ann Med Surg (Lond)
2022, 74, 103319, doi:10.1016/j.amsu.2022.103319.

60. Gennery, A.R.; Cant, A.]. Diagnosis of Severe Combined Immunodeficiency. J. Clin. Pathol. 2001, 54, 191-
195, d0i:10.1136/jcp.54.3.191.

61. Hsu, C-C; Lee, J.Y.-Y,; Chao, S.-C. Omenn Syndrome: A Case Report and Review of Literature.
Dermatologica Sinica 2011, 29, 50-54, doi:10.1016/j.dsi.2011.05.002.

62. Patil, RK,; Irungu, A.; Kabera, B.; Mutua, D.K.; Manguyu, W.; Lagat, D.K.; Mutua, K.C. Severe Combined
Immunodeficiency: A Case Series from a Paediatric Hospital in Kenya. Pan Afr. Med. ]. 2021, 39, 56,
doi:10.11604/pamj.2021.39.56.26419.

63. Yin, E.Z,; Frush, D.P.; Donnelly, L.F.; Buckley, R.H. Primary Immunodeficiency Disorders in Pediatric
Patients. American Journal of Roentgenology 2001, 176, 1541-1552.

64. Antachopoulos, C. Invasive Fungal Infections in Congenital Immunodeficiencies. Clin. Microbiol. Infect.
2010, 16, 1335-1342, d0i:10.1111/j.1469-0691.2010.03289.x.

65. Antachopoulos, C.; Walsh, T.J.; Roilides, E. Fungal Infections in Primary Immunodeficiencies. Eur. |.
Pediatr. 2007, 166, 1099-1117, doi:10.1007/s00431-007-0527-7.

66. Bakir, M.; Cerikcioglu, N.; Tirtir, A.; Berrak, S.; Ozek, E.; Canpolat, C. Pichia Anomala Fungaemia in
Immunocompromised Children. Mycoses 2004, 47, 231-235, doi:10.1111/j.1439-0507.2004.00962.x.

67. Papadopoulou-Alataki, E.; Hassan, A.; Davies, E.G. Prevention of Infection in Children and Adolescents
with Primary Immunodeficiency Disorders. Asian Pac. |. Allergy Immunol. 2012, 30, 249-258.


https://doi.org/10.20944/preprints202305.0307.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 5 May 2023 d0i:10.20944/preprints202305.0307.v1

12

68. Mousavi, B.; Hedayati, M.T.; Hedayati, N.; IIkit, M.; Syedmousavi, S. Aspergillus Species in Indoor
Environments and Their Possible Occupational and Public Health Hazards. Curr Med Mycol 2016, 2, 36-42,
doi:10.18869/acadpub.cmm.2.1.36.

69. Kobayashi, S.; Murayama, S.; Tatsuzawa, O.; Koinuma, G.; Kawasaki, K.; Kiyotani, C.; Kumagai, M. X-
Linked Severe Combined Immunodeficiency (X-SCID) with High Blood Levels of Immunoglobulins and
Aspergillus Pneumonia Successfully Treated with Micafangin Followed by Unrelated Cord Blood Stem
Cell Transplantation. Eur. |. Pediatr. 2007, 166, 207-210, doi:10.1007/s00431-006-0224-y.

70. Miiller, F.-M.C.; Trusen, A.; Weig, M. Clinical Manifestations and Diagnosis of Invasive Aspergillosis in
Immunocompromised Children. Eur. ]. Pediatr. 2002, 161, 563-574, doi:10.1007/s00431-002-1041-6.

71.  Gregg, K.S,; Kauffman, C.A. Invasive Aspergillosis: Epidemiology, Clinical Aspects, and Treatment. Semin.
Respir. Crit. Care Med. 2015, 36, 662-672, doi:10.1055/s-0035-1562893.

72. Silva, E.G.; Paula, C.R.; de Assis Baroni, F.; Gambale, W. Voriconazole, Combined with Amphotericin B, in
the Treatment for Pulmonary Cryptococcosis Caused by C. Neoformans (serotype A) in Mice with Severe
Combined Immunodeficiency (SCID). Mycopathologia 2012, 173, 445-449, d0i:10.1007/s11046-011-9499-2.

73. Rathore, S.S.; Sathiyamoorthy, J.; Lalitha, C.; Ramakrishnan, J. A Holistic Review on Cryptococcus
Neoformans. Microb. Pathog. 2022, 166, 105521, doi:10.1016/j.micpath.2022.105521.

74. Alsum, Z.; Al-Saud, B.; Al-Ghonaium, A.; Bin Hussain, I.; Alsmadi, O.; Al-Mousa, H.; Ayas, M.; Al-Dhekri,
H.; Arnaout, R.; Al-Mubhsen, S. Disseminated Cryptococcal Infection in Patient with Novel JAK3 Mutation
Severe Combined Immunodeficiency, with Resolution after Stem Cell Transplantation. Pediatr. Infect. Dis.
J. 2012, 31, 204-206, doi:10.1097/INF.0b013e318239c3b3.

75. Parvaneh, L.; Sharifi, N.; Azizi, G.; Abolhassani, H.; Sharifi, L.; Mohebbi, A.; Bahraminia, E.; Delavari, S.;
Alebouyeh, M.; Tajeddin, E.; et al. Infectious Etiology of Chronic Diarrhea in Patients with Primary
Immunodeficiency = Diseases. Eur. Ann. Allergy Clin. Immunol. 2019, 51, 32-37,
do0i:10.23822/EurAnnACI.1764-1489.77.

76. McCabe, R.P. Gastrointestinal Manifestations of Non-AIDS Immunodeficiency. Curr. Treat. Options
Gastroenterol. 2002, 5, 17-25, d0i:10.1007/s11938-002-0003-4.

77. Agarwal, S.; Cunningham-Rundles, C. Gastrointestinal Manifestations and Complications of Primary
Immunodeficiency = Disorders.  Immunol.  Allergy  Clin.  North  Am. 2019, 39, 81-94,
doi:10.1016/j.iac.2018.08.006.

78. Agarwal, S.; Mayer, L. Diagnosis and Treatment of Gastrointestinal Disorders in Patients with Primary
Immunodeficiency. Clin. Gastroenterol. Hepatol. 2013, 11, 1050-1063, doi:10.1016/j.cgh.2013.02.024.

79. Leung, AK.C; Leung, A.AM.; Wong, A.H.C; Sergi, C.M.; Kam, ] K.M. Giardiasis: An Overview. Recent
Pat. Inflamm. Allergy Drug Discov. 2019, 13, 134-143, doi:10.2174/1872213X13666190618124901.

80. Nicola, S.; Cinetto, F.; Della Mura, S.; Lo Sardo, L.; Saracco, E.; Vitali, I.; Scarpa, R.; Buso, H.; Bonato, V,;
Discardi, C.; et al. The Importance of Endoscopy with Biopsy: Real-World Evidence of Gastrointestinal
Involvement in Primary Immunodeficiency in Two Main Northern Italian Centres. Biomedicines 2023, 11,
d0i:10.3390/biomedicines11010170.

81. Ballow, M. Primary Immunodeficiency Disorders: Antibody Deficiency. J. Allergy Clin. Immunol. 2002, 109,
581-591, doi:10.1067/mai.2002.122466.

82. Hunter, P.R; Nichols, G. Epidemiology and Clinical Features of Cryptosporidium Infection in
Immunocompromised Patients. Clin. Microbiol. Rev. 2002, 15, 145-154, doi:10.1128/CMR.15.1.145-154.2002.

83. Vanathy, K,; Parija, 5.C.; Mandal, J.; Hamide, A.; Krishnamurthy, S. Cryptosporidiosis: A Mini Review.
Trop. Parasitol. 2017, 7, 72-80, doi:10.4103/tp.TP_25_17.

84. Farsi, T.A.; Weerakoon, S.; Mohsin, J.; Al Mashayakhi, H.; Ahmed, K.; Al Maani, A.; Aboqusida, K.; Al
Sukaiti, N. Disseminated Cryptosporidiosis in an Infant with Non-HIV Pediatric Immunodeficiency: First
Case Report from Oman. Oman Med. ]. 2021, 36, €326, d0i:10.5001/omj.2021.44.

85. Sulzyc-Bielicka, V.; Kotodziejczyk, L.; Jaczewska, S.; Bielicki, D.; Safranow, K.; Bielicki, P.; Ktadny, J.;
Rogowski, W. Colorectal Cancer and Cryptosporidium Spp. Infection. PLoS One 2018, 13, e0195834,
doi:10.1371/journal.pone.0195834.

86. Certad, G.; Ngouanesavanh, T.; Guyot, K.; Gantois, N.; Chassat, T.; Mouray, A.; Fleurisse, L.; Pinon, A ;
Cailliez, J.-C.; Dei-Cas, E.; et al. Cryptosporidium Parvum, a Potential Cause of Colic Adenocarcinoma.
Infect. Agent. Cancer 2007, 2, 22, d0i:10.1186/1750-9378-2-22.

87. Taki, M.; Miah, T.; Secord, E. Newborn Screening for Severe Combined Immunodeficiency. Immunol.
Allergy Clin. North Am. 2021, 41, 543-553, d0i:10.1016/j.iac.2021.07.007.

88. Mehta, R.S.; Rezvani, K. Immune Reconstitution Post Allogeneic Transplant and the Impact of Immune
Recovery on the Risk of Infection. Virulence 2016, 7, 901-916, d0i:10.1080/21505594.2016.1208866.


https://doi.org/10.20944/preprints202305.0307.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 5 May 2023 d0i:10.20944/preprints202305.0307.v1

13

89. Hardin, O. Lokhnygina, Y.; Buckley, RH. Long-Term Clinical Outcomes of Severe Combined
Immunodeficiency Patients Given Nonablative Marrow Transplants. . Allergy Clin. Immunol. Pract. 2022,
10, 1077-1083, d0i:10.1016/j.jaip.2021.11.032.

90. Mosaad, Y.M. Hematopoietic Stem Cells: An Overview. Transfus. Apher. Sci. 2014, 51, 68-82,
doi:10.1016/j.transci.2014.10.016.

91. Hawley, R.G,; Ramezani, A.; Hawley, T.S. Hematopoietic Stem Cells. Methods Enzymol. 2006, 419, 149-179,
doi:10.1016/S0076-6879(06)19007-2.

92. Fischer, A.; Hacein-Bey-Abina, S. Gene Therapy for Severe Combined Immunodeficiencies and beyond. J.
Exp. Med. 2020, 217, doi:10.1084/jem.20190607.

93. Mamcarz, E.; Zhou, S.; Lockey, T.; Abdelsamed, H.; Cross, S.J.; Kang, G.; Ma, Z.; Condori, J.; Dowdy, J.;
Triplett, B.; et al. Lentiviral Gene Therapy Combined with Low-Dose Busulfan in Infants with SCID-X1. N.
Engl. ]. Med. 2019, 380, 1525-1534, doi:10.1056/NEJMo0a1815408.

94. Kohn, D.B.; Sadelain, M.; Glorioso, J.C. Occurrence of Leukaemia Following Gene Therapy of X-Linked
SCID. Nat. Rev. Cancer 2003, 3, 477-488, d0i:10.1038/nrc1122.

95. Gongalves, G.AR; Paiva, R. de M.A. Gene Therapy: Advances, Challenges and Perspectives. Einstein
2017, 15, 369-375, doi:10.1590/51679-45082017RB4024.

96. Allenspach, E.J.; Rawlings, D.J.; Petrovic, A.; Chen, K. X-Linked Severe Combined Immunodeficiency. In
GeneReviews®; Adam, M.P., Mirzaa, G.M., Pagon, R.A., Wallace, S.E., Bean, L.J.H., Gripp, KW., Amemiya,
A., Eds.; University of Washington, Seattle: Seattle (WA), 2003.

97. Dewan, M.Z.; Terunuma, H.; Ahmed, S.; Ohba, K.; Takada, M.; Tanaka, Y.; Toi, M.; Yamamoto, N. Natural
Killer Cells in Breast Cancer Cell Growth and Metastasis in SCID Mice. Biomed. Pharmacother. 2005, 59 Suppl
2, S375-5379, doi:10.1016/s0753-3322(05)80082-4.

98. Mazzucchelli, J.T.L.; Bonfim, C.; Castro, G.G.; Condino-Neto, A.A.; Costa, N.M.X.; Cunha, L.; Dantas, E.O.;
Dantas, V.M.; de Moraes-Pinto, M.L; Fernandes, ].F.; et al. Severe Combined Immunodeficiency in Brazil:
Management, Prognosis, and BCG-Associated Complications. J. Investig. Allergol. Clin. Immunol. 2014, 24,
184-191.

99. Griffith, L.M.; Cowan, M.].; Notarangelo, L.D.; Puck, J.M.; Buckley, R.H.; Candotti, F.; Conley, M.E,;
Fleisher, T.A.; Gaspar, H.B.; Kohn, D.B.; et al. Improving Cellular Therapy for Primary Immune Deficiency
Diseases: Recognition, Diagnosis, and Management. J. Allergy Clin. Immunol. 2009, 124, 1152-1160.e12,
doi:10.1016/j.jaci.2009.10.022.

100. Segundo, G.R.S.; Condino-Neto, A. Treatment of Patients with Immunodeficiency: Medication, Gene
Therapy, and Transplantation. J. Pediatr. 2021, 97 Suppl 1, S17-523, d0i:10.1016/j.jped.2020.10.005.

101. Bundy, V.; Barbieri, K.; Keller, M. Primary Immunodeficiency: Overview of Management. UpTo-Date.
https:/lwww. uptodate. com/contents 2021.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s)
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or
products referred to in the content.


https://doi.org/10.20944/preprints202305.0307.v1

