
INTRODUCTION 

evere combined immunodeficiency S(SCID) comprises a genetically 
diverse group of disorders affecting the 
immune system and represents the 
highest mortality among inborn errors 

1of immunity (IEI).  All forms of SCID 
share a common feature: defective T-
cell production. While most also exhibit 
defective B-cell function, even when B 
cells are present, they cannot produce 
antibodies without T-cell assistance. 
Therefore, infants with SCID are highly 
suscept ib le  to l i fe-threatening 

2infections.   The incidence rate of 
severe combined immunodeficiency 
with total loss of B-cell and T-cell (B-/T-) 

type of SCID is one in 40,000 to 75,000 
3newborns.  Clinical manifestations 

typically appear between 4 and 7 
months of age and include recurrent 
infections, chronic diarrhea, and 

4impaired growth.  SCID patients are 
particularly vulnerable to community-
acquired infections, often resulting in 
multi-organ dysfunction involving 

5organs such as the lungs and liver.  

In humans, the adaptive immune system 
relies on V(D)J recombination to defend 
against various pathogens. This process 
is essential for generating unique 
antigen-binding sites on the surface of T 
cell receptors (TCRs) and B cell 
r e c e p t o r s  ( B C R s ) .  D u r i n g  

recombination, the variable (V), 
diversity (D), and joining (J) gene 
segments rearrange by breaking and 
rejoining specific DNA sequences that 
encode antigen receptors. This genetic 
reshuff l ing, known as segment 
recombination or isotype switching, is 
crucial for the diversity and adaptability 

6,7of the immune response.

Two proteins, RAG1 and RAG2 
(Recombination Activating Gene 1 and 
2), play a crucial role in the random 
recombination of the V, D, and J gene 
segments within the immunoglobulin 
and T-cell receptor loci. This process 

7can potentially generate over 10  
8 , 9distinct antigen-binding sites.  

Mutations, both homozygous and 
heterozygous, in the RAG1 (OMIM 
179615) and RAG2 (OMIM 179616) 
genes are associated with T-B-NK+ 
type autosomal recessive severe 
combined immunodeficiency (SCID) 

9syndrome (OMIM 601457).  The 
severity of the disease depends on the 
degree of impairment in recombinase 

10activity.  Patients with partial RAG 
function (<5%) may develop forms of 
leaky SCID (LS, OMIM 603554) or 
Omenn syndrome (OS, OMIM 
603554). Individuals with leaky SCID or 
Omenn syndrome often present with 
symptoms such as atopic dermatitis, 
colitis, and mildly elevated IgE levels 
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ABSTRACT

OBJECTIVES: To conduct clinical and genetic analysis in a patient with severe 
combined immunodeficiency disease (SCID). 

METHODS: A 3.5-year-old female patient with chronic diarrhea, fever, and 
failure to thrive was examined at the Pakistan Institute of Medical Sciences, 
Islamabad. Ethical approval was obtained, and informed consent was secured for 
genetic studies. Flow cytometry was performed on blood samples to evaluate T, 
B, and NK cell concentrations. Genomic DNA was extracted from peripheral 
blood samples of the patient, her mother, and healthy siblings. Sanger sequencing 
of the RAG1 gene was conducted, followed by mutational analysis using BioEdit 
and bioinformatics tools for pathogenicity assessment.

RESULTS: The proband, the youngest girl born to first-cousin parents 
presented with intractable diarrhea with failure to thrive and skin and nappy 
rashes on clinical evaluation. The immunological assessment revealed total 
absence of B and T lymphocytes, normal NK cells (47% with 85% CD16 and 
CD56 respectively: No CD4, CD8 and CD19), and signif icant 
hypogammaglobulinemia (IgG;165 mg/dl, IgM; 9 mg/dl, IgA;8 mg/dl), while 
normal level of IgE (2 mg/dl). On the other hand, targeted Sanger sequencing of 
RAG1 exon 2 region revealed a new homozygous deleterious mutation 
(NM_000448.2: c.2876 G>A; p.Trp959*) in the RAG1 gene resulting in complete 
loss of function due to the production of truncated protein. 

CONCLUSION: We identified a potentially pathogenic nonsense mutation in 
the RAG1 gene (c.2876 G>A; p.Trp959*) in a child with SCID. This finding 
emphasizes the significance of early detection for timely treatment and genetic 
counseling. 

KEYWORDS: Immune phenotype (Non-MeSH); SCID (MeSH); Genetic 
Variation (MeSH); Sanger Sequencing (MeSH); Reactivation gene-1 (Non-MeSH).
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11,13(hyper IgE syndrome).  In this study, 
we enrolled a 3.5-month-old female 
patient admitted to the Pakistan 
Institute of Medical Sciences (PIMS), 
whose family originates from a remote 
village in Azad Jammu & Kashmir.

The patient presented with recurrent 
skin rashes, chronic diarrhea, and fever. 
The frequency of infections led us to 
hypothesize that she might have a 
compromised innate immune system, 
potentially due to a genetic variation. To 
investigate this, we conducted flow 
cytometry to evaluate her immune 
function and performed genetic testing 
to identify any mutations associated 
with the underlying disease etiology.

METHODS

A 3.5-year-old female patient was 
brought to the Pakistan Institute of 
Medical Sciences (PIMS), Islamabad, 
Pakistan with complaints of chronic 
diarrhea, fever, and failure to thrive. A 
thorough clinical examination was 
conducted by an expert panel of 
pediatricians to assess for possible 
bacterial, viral, or fungal infections, 
including pneumonia, chronic diarrhea, 
and respiratory tract infections. 
According to the patient's parents, she is 
the second child in their family to suffer 
from this condition.

The family was extensively interviewed, 
and a three-generation pedigree was 
constructed to determine the mode of 
inheritance.

Ethical statement: Prior to collecting 
detailed family and clinical histories, 
informed written consent was obtained 
from the parents for the genetic study 
and for the publication of the research 
findings in a peer-reviewed journal. The 
parents declined permission to publish 
facial features of the patient but allowed 
the sharing of images of the affected skin 
areas. Ethical approval for this study was 
obtained from the Institutional Review 
Board of HBS Medical College, 
Islamabad (IRB – EC20/4). 

Operational Definitions

Consanguinity: Consanguinity (cousin 
marriage) was defined as father and 
mother of a patient being first or second 

14 cousin.

Family pedigrees: A family chart 

related to genetics, that present 
relationships between family members 
and indicates which individuals have 
certain genetic pathogenic variants by 
using standardizing symbols. A family 
pedigree also indicates the pattern of 
inheritance of a disease allele. 

Omenn syndrome: Omenn syndrome 
is a type of severe combined immune 
deficiency. By definition, patient should 
represent episodes of chronic diarrhea, 
failure to thrive, lymphadenopathy, 
hepatosplenomegaly etc. 

Hypo-immunoglobinemia: Low level 
of circulatory immunoglobulin levels 
including IgG, IgA, IgM, IgE. 

Laboratory Tests

Flow-cytometry: To evaluate the 
concentrations of circulating T cells, B 
cells, and natural killer cells (NKCs), a 2-
3 ml whole blood sample was collected 
f r o m  t h e  p a t i e n t  b y  e x p e r t  
phlebotomists using a "butterfly" 
needle, which includes flexible tabs and 
PVC tubing connected to the collection 
device. The sample was drawn into 
potassium ethylenediaminetetraacetic 

acid (K-EDTA) tubes (BD Vacutainer® 
EDTA Tubes, Becton Dickinson, UK). A 
complete blood count (CBC) was then 
performed using an automated Sysmex 
KX-21 Hematology Analyzer (Sysmex 
Corporation, Japan).

Genetic analysis: Peripheral blood 
samples (3-5 mL) were collected 
from the patient, her mother, and 
available healthy siblings. Genomic 
DNA was extracted from these samples 
using the GenElute™ Blood Genomic 
DNA Kit (Sigma-Aldrich, St. Louis, MO, 
USA). DNA purity and concentration 
were measured using a Nanodrop1000 
spectrophotometer (Thermo Scientific, 
Wilmington, MA, USA). Given the 
patient's symptoms, including chronic 
diarrhea, severe nappy rashes, and 
fever, we suspected an error in the 
V(D)J recombination process, which is 
typically mediated by reactivation gene 
1 and 2 (RAG1 and RAG2), responsible 
for generating the TCR and BCR 
repertoire.

Following the exclusion mapping rule, 
we initially focused on sequencing 

A nonsense variant of reactivation gene-1 leads to Omenn syndrome in a Pakistani family

Figure 1: Pedigree of Family. Four generation  Pakistani family  pedigree segregating
autosomal  recessive type of   severe  combined I mmunodeficiency.  Double  lines 
indicate  cousin  marriages.  Clear  Square  and circle   symbols  represent  healthy 
subjects while  filled   symbols  showing  patients  individuals, while  a  diagonal line 
indicates decease.

KMUJ 2024, Vol. 16  No.3202



RAG1 exons. Exon-specific primers 
were designed using PRIMER 3 
software (http://bioinfo.ut.ee/primer3-
0.4.0/), and polymerase chain reaction 
(PCR) was performed to amplify the 
selected exons from the patient's DNA. 
The amplified DNA products were 
purified using a commercially available 
kit (Axygen, CA, USA), and Sanger 

sequencing was conducted by Alpha 
Genomics (Pvt) Ltd, Islamabad, 

15following established protocols.

Mutational analysis: RAG1 gene 
(OMIM 179615) sequencing data of 
patient and one parent was analyzed 
and compared with the corresponding 
control gene sequences available on 

Ensemble Genome Browser database 
( ). In http://ensembl.org/index.html
order to identify the nucleotide 
sequence variant BioEdit sequence 
alignment editor version 6.0.7 was used. 
To measure the pathogenicity of the 
i d e n t i f i e d  v a r i a n t ,  m u l t i p l e  
bioinformatics tools were employed, 
including Polymorphism Phenotyping 
V2 (PolyPhen 2) and MutationTaster 
(http://www.mutationtaster.org/).

RESULTS

Clinical Findings: In this study, we 
enrolled a 3.5-month-old female child, 
the second in birth order, diagnosed 
with SCID. According to the patient's 
mother, the patient (III-2) is the second 
consecutive child in the family to suffer 
from body and nappy rashes, along with 
recurrent diarrhea. The first child, a 
male, died at six months of age due to 
recurrent pneumonia and skin rashes.

The female patient was first brought to 
the Department of Pediatrics at PIMS 
Hospital, Islamabad, at the age of three 
months, presenting with recurrent 
exudative skin eruptions, hyperthermia, 
and intractable diarrhea, leading to 
failure to thrive, along with persistent 
skin and nappy rashes. At 3.5 months, 
she was readmitted to the hospital with 
a poor general condition, presenting 
with persistent fever, pneumonia, 
diarrhea, and worsening cutaneous 
symptoms.

Given the family's positive history of 
immune deficiency, the child had not 
received any vaccinations, including 
BCG. She was symptomatically treated 
by expert physicians with cyclosporine, 
corticosteroids, and supportive care. 

Immunologic Findings:  F low 
cytometry analysis revealed a total 
absence of B and T lymphocytes, while 
natural killer (NK) cells were within the 
normal range (47%). The distribution of 
T cells showed 13% CD3, 5% CD4, 
and 3% CD8. NK cell markers, 
including CD16 and CD56, were both 
normal at 85%, as shown in Table I. 
Evaluation of immunoglobulin levels and 
a complete blood count (CBC) 
confirmed hypogammaglobulinemia 
and lymphopenia. Detailed results are 
provided in Table I.

Sequencing Findings: Whole exome 

Figure 2: Sanger sequencing chromatogram of the family with RAG1 deficiency: DNA 
sequence  analysis of  the  RAG1  gene shows  a substitution of G with A at nucleotide 
position  181  (c.2876 G> A;  p.Trp959*). (A)   Arrow  head  showing   homozygous 
mutant nucleotide in patient (IV-3). (B) Arrow head showing heterozygous nucleotide 
sequence in a  carrier (III-2).  (C)  Arrow head  showing position of homozygous  wild
type nucleotide sequence in healthy family member (IV-1).
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sequencing revealed mutation in few 
genes however patient's detailed clinical 
features and flow-cytometry findings 
were clearly indicating the involvement 
of RAG1 or RAG2 deficiency. In order to 
find the pathogenic variant, targeted 
Sanger sequencing of the coding regions 
of RAG1 gene was performed. Sanger 
sequencing of RAG1 exon 2 region 
r e v e a l e d  a  n e w  h o m o z y g o u s  
deleterious variation (NM_000448.2: 
c.2876 G>A; p.Trp959*) in the RAG1 
gene resulting in complete loss of 
function due to the production of 
truncated protein. 

DISCUSSION

In this study, we identified a novel 
homozygous pathogenic mutation 
(c.2876 G>A; p.Trp959*) in the RAG1 
gene through targeted Sanger 
sequencing, resulting in a truncated, 
non-functional protein. The patient 
exhibited severe immunodeficiency 
characterized by a total absence of B 
and T lymphocytes, consistent with 
RAG1 deficiency. These findings 
highlight the genetic basis of the 
patient's SCID phenotype.

In humans, the primary immunoglobulin 

(Ig) repertoire and the diverse range of 
antigen recognition receptors (TCRs) 
for B and T cells are generated through a 
molecular process known as V(D)J 

16recombination.  This process involves 
the assembly of V (variable), D 
(diversity), and J (joining) gene 
segments. V(D)J recombination is 
mediated by lymphoid-specific proteins 
encoded by recombination-activating 
genes (RAG1 and RAG2). RAG2 
interprets the histone modifications on 
active DNA, while RAG1 identifies 
recombination signal sequences (RSS), 
and RAG2 directs RAG1 to introduce a 

17nick in the DNA.

Mutations in the RAG1 and RAG2 genes 
cause a spectrum of disorders, including 
severe combined immunodeficiency 
(T− B− NK+ SCID), Omenn 
syndrome (OMIM#603554), atypical 
or leaky SCID (AS), and delayed-onset 
combined immunodeficiency with 
granulomas and/or autoimmunity (CID-
G/AI).

Omenn syndrome results from a partial 
loss of RAG gene function and presents 
with clinical features resembling SCID. 
It is an autosomal recessive form of 
SCID, clinically characterized by 

lymphadenopathy, frequent bacterial, 
viral, and fungal infections, severely 
disrupted lymph node architecture, 
l y m p h o c y t e  d e p l e t i o n ,  
hepatosplenomegaly, eosinophilia, and 

11,12elevated IgE levels.

In this study, the affected patient 
exhibited classic Omenn syndrome 
features, starting with a progressively 
diffuse erythrodermic scaly rash and 
recurrent infections, including diarrhea 
and pneumonia. By the age of three 
months, she developed generalized 
l y m p h a d e n o p a t h y ,  
hepatosplenomegaly, and continued to 
suffer from recurrent infections that 
were unresponsive to antibiotics but 
s h o w e d  i m p r o v e m e n t  w i t h  
corticosteroid treatment. The use of 
corticosteroids, with or without 
cyclosporine, has been previously 
reported to significantly improve similar 
cases by suppressing autologous 
lymphocyte proliferation. All the clinical 
manifestations in this patient align with 
previously documented cases of 
Omenn syndrome caused by RAG 

1,11 mutations.

sequencing of the RAG-1 gene identified 
a previously reported loss-of-function 
missense mutation [c.2876 G>A; 

18p.Trp959*].  This mutation introduces a 
premature stop codon at position 959, 
resulting in a truncated RAG1 protein. 
According to the human genome 
mutation database, a total of 298 
mutat ions—including missense,  
nonsense, small insertions/deletions, 
and large insertions/deletions—have 
b e e n  d o c u m e n t e d  w o r l d w i d e  
(https://www.hgmd.cf.ac.uk/ac/index.p
hp). The RAG1 protein consists of N-
terminal, C-terminal, and catalytic core 
domains, with the identified nonsense 
mutation located in the C-terminal 
domain. This domain is essential for the 
interaction of the RAG1 protein with 
other proteins and plays a significant 

19role in V(D)J recombination.

CONCLUSION

SCID is a relatively rare genetic disorder 
characterized by a profound deficiency 
of both B and T lymphocytes, while 
natural killer (NK) cells remain present. 
Classical SCID and Omenn syndrome 
exhibit overlapping clinical features, 
including recurrent skin and respiratory 

Variable Patients Results Mother Results Normal Range

Immunoglobulin 
Levels

IgG (mg/dl) 165 800 600–1,500

IgM (mg/dl) 9 220 50–370

IgA (mg/dl) 8 230 80–380

IgE (mg/dl) 2 2.5 0–5

Lymphocyte 
Subset Analysis

WBC (cells/ µl) 6500 10000 4000-14000

Lymphocyte (%) 1 40 44-76

Lymphocyte count 
(cells/µl)

65 3600 1760-10640

CD16/56 (cells/µl) 0% (0) 90% 3-15% (160-950) 

CD4:CD8 cells 
3(mm )

0 <1% 1.48 –3.77

CD3+CD8 cells
(cells/µl)

0% (0) 34% (578)
22-24% 

(500-1700)

CD19 cells 
(cells/µl)

0%(0) 62% (1560)
14-37% 

(610-2600)

CD3+ cells 
(cells/µl)

0%(0) 75% (4425)
49-76% 

(1900-5900)

Table I: Immunoglobulin levels and Lymphocyte subset in a case 
suspected of Omenn Syndrome

IgG: Immunoglobulin G; IgM: Immunoglobulin M; IgA: Immunoglobulin A; IgE: Immunoglobulin E; 
CD:  cluster of differentiation
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infections, diarrhea, failure to thrive, 
and opportunistic infections. Diagnosis 
of SCID can be established in patients 
exhibiting these symptoms alongside 
positive NK cell counts. Confirmation of 
the diagnosis is achieved through 
genetic screening for RAG1 and RAG2 
mutations. 
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