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ABSTRACT : 

Severe Combined Immunodeficiency (SCID) and Pulmonary Fibrosis are distinct yet interconnected medical conditions that pose significant challenges to affected 

individuals. SCID, characterized by profound immune system dysfunction, particularly affects T cells due to genetic mutations. This genetic impairment predisposes 

individuals to recurrent and severe infections from early infancy, necessitating prompt intervention with therapies like hematopoietic stem cell transplantation 

(HSCT) or gene therapy. Despite successful immune reconstitution, SCID patients may develop pulmonary complications, including fibrosis, which can profoundly 

impact long-term health outcomes. Pulmonary Fibrosis, on the other hand, involves the progressive formation of scar tissue in the lungs, leading to impaired lung 

function and respiratory symptoms such as dyspnea and persistent cough. Causes range from environmental exposures to autoimmune disorders, and management 

includes anti-fibrotic medications, oxygen therapy, and potentially lung transplantation. The association between SCID and Pulmonary Fibrosis underscores the 

complex 
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1. INTRODUCTION : 

1.1 Severe Combined Immunodeficiency (SCID) 

A severe immune system impairment is the hallmark of the rare genetic disorder known as severe combined immunodeficiency (SCID). The disorder is 

usually present from birth and is caused by mutations in genes that control the growth and operation of immune cells, especially T cells and occasionally 

B cells. These genetic defects prevent the immune system from effectively fighting off infections caused by bacteria, viruses, fungi, and other pathogens 

[35]. 

1. Genetic Basis: SCID can be inherited in an autosomal recessive manner, where both parents carry a defective gene that is passed on to the 

child. Mutations in genes such as IL2RG (encoding the common gamma chain), ADA (adenosine deaminase), and others can lead to different 

forms of SCID [16]. 

2. Immune System Deficiency: The hallmark of SCID is the absence or severe impairment of T lymphocytes (T cells), which play a crucial role 

in coordinating immune responses. This deficiency leaves individuals highly susceptible to infections that would typically be controlled or 

eliminated by a healthy immune system [5]. 

3. Clinical Presentation: Infants with SCID often present with recurrent, severe infections early in life. These infections can affect various 

organs and systems, including the respiratory tract, gastrointestinal tract, and skin. The infections can be life-threatening if not promptly treated 
[29] 

4. Treatment Options: Historically, SCID had a very poor prognosis without treatment, often leading to death in infancy or early childhood due 

to overwhelming infections. But thanks to developments in medicine, therapies like gene therapy and hematopoietic stem cell transplantation 

(HSCT) may now be able to cure patients. These approaches aim to restore the function of the immune system by providing healthy stem cells 

or correcting the genetic defect responsible for SCID [1][24]. 

5. Impact on Quality of Life: Even with successful treatment, individuals with SCID may face ongoing challenges related to their immune 

function, requiring careful management of infections and potentially lifelong medical follow-up [12]. 
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1.2 Pulmonary Fibrosis 

A progressive lung disease called pulmonary fibrosis is indicated by the development of scar tissue, or fibrosis, in the lungs. This scar tissue replaces 

healthy lung tissue, impairing the ability of the lungs to function properly. Over time, the lungs become stiff and lose their elasticity, which makes it 

difficult for oxygen to pass through the walls of the air sacs into the bloodstream [28] 

1. Pathophysiology: The exact cause of pulmonary fibrosis is often unknown (idiopathic), but it can result from various factors including 

environmental exposures (such as asbestos or silica dust), certain medications, radiation therapy, autoimmune conditions, and genetic factors. 

In some cases, it can be associated with other diseases such as rheumatoid arthritis or scleroderma [23] 

2. Symptoms: Patients with pulmonary fibrosis may experience progressive dyspnea (shortness of breath), particularly during exertion. As the 

disease advances, individuals may also develop a persistent dry cough, fatigue, unexplained weight loss, and discomfort in the chest [19] 

3. Diagnostic Tools: Diagnosis typically involves a combination of clinical evaluation, pulmonary function tests (PFTs) to assess lung function, 

imaging studies such as chest X-rays and high-resolution CT scans, and sometimes lung biopsy to confirm the presence of fibrosis [20]. 

4. Prognosis and Management: The prognosis for pulmonary fibrosis varies widely depending on factors such as the underlying cause, the 

extent of fibrosis, and the individual's overall health. The goals of treatment are to lessen symptoms, enhance quality of life, and slow the 

progression of the disease. Medication (such as immunosuppressants and corticosteroids), oxygen therapy, pulmonary rehabilitation, and in 

certain situations, lung transplantation are examples of therapeutic options [34]. 

5. Challenges: Living with pulmonary fibrosis can pose significant challenges due to the progressive nature of the disease and its impact on 

daily activities and overall well-being. Patients often require ongoing medical care and support from healthcare providers and may benefit 

from involvement in support groups or pulmonary rehabilitation programs [36]. 

2. OVERVIEW OF SEVERE COMBINED IMMUNODEFICIENCY (SCID) 

Causes of SCID  

Severe Combined Immunodeficiency (SCID) is primarily caused by genetic mutations that disrupt the development or function of immune cells, 

particularly T cells. T cells are crucial components of the adaptive immune system, responsible for recognizing and responding to specific pathogens. 

Genetic Basis: 

1. X-linked SCID: The most common form of SCID is X-linked SCID (XSCID), which accounts for about 50% of cases. It is brought on by 

mutations in the X chromosome-based IL2RG gene. This gene encodes the common gamma chain (γc) protein, which is a component of 

receptors for several interleukins (IL-2, IL-4, IL-7, IL-9, IL-15, and IL-21). These interleukins are essential for the development and function 

of T cells and natural killer (NK) cells [5]. 

2. Autosomal Recessive SCID: Other forms of SCID are inherited in an autosomal recessive pattern, meaning both parents must carry a copy 

of the defective gene. Examples include mutations in genes such as ADA (adenosine deaminase), IL7R (IL-7 receptor), JAK3 (Janus kinase 

3), RAG1 (recombination activating gene 1), and RAG2 (recombination activating gene 2). These mutations impair various aspects of T cell 

development or signaling, leading to immune deficiency [6]. 

3. Other Rare Causes: There are also rare forms of SCID caused by mutations in other genes involved in immune cell development or function, 

such as DCLRE1C (encoding Artemis protein) and AK2 (adenylate kinase 2) [37] 

 

Symptoms of SCID 

The symptoms of SCID typically manifest early in life, often within the first few months after birth, when maternal antibodies acquired during pregnancy 

begin to decline. The severity and types of infections can vary depending on the specific genetic defect and the degree of immune system impairment 
[9][7]. 

Common Symptoms Include: 

1. Recurrent Infections: Infants with SCID are highly susceptible to severe, recurrent infections caused by bacteria, viruses, fungi, and protozoa. 

These infections can affect multiple organs and systems, including the respiratory tract (pneumonias), gastrointestinal tract (chronic diarrhoea), 

and skin (severe rashes). 

2. Failure to Thrive: Infants may fail to gain weight and grow normally (failure to thrive), despite adequate caloric intake. This is often due to 

the energy demands imposed by ongoing infections and the metabolic stress of immune system dysfunction. 

3. Susceptibility to Opportunistic Infections: Patients with sickle cell disease (SCID) are more susceptible to opportunistic infections, which 

are caused by pathogens that normally do not cause illness in healthy people. Examples include Pneumocystis jirovecii (causing pneumonia), 

cytomegalovirus (CMV), and candida species. 

 

Diagnosis of SCID  

Early diagnosis of SCID is crucial for timely intervention and treatment, as untreated SCID can be fatal due to overwhelming infections. 

Diagnostic Approaches: 

1. Newborn Screening: In some regions, SCID is included in newborn screening programs, which involve testing for the presence of T cell 

receptor excision circles (TRECs) or other markers of T cell development in dried blood spots. Low or absent TRECs suggest a potential 

immune deficiency. 
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2. Clinical Evaluation: Infants suspected of having SCID undergo a thorough clinical evaluation, focusing on medical history (recurrent 

infections), family history (consanguinity or previous affected siblings), and physical examination (signs of lymphopenia or growth failure). 

3. Genetic Testing: Confirmation of SCID often requires genetic testing to identify specific mutations in genes associated with immune system 

function. This may involve sequencing genes known to be involved in SCID or using targeted genetic panels. 

4. Immunological Studies: Immunological assays are performed to assess immune cell populations and their function. This includes measuring 

lymphocyte subsets (T cells, B cells, NK cells), evaluating responses to mitogens and antigens, and assessing immunoglobulin levels. 

5. Bone Marrow Biopsy: In some cases, a bone marrow biopsy may be performed to evaluate the ability of hematopoietic stem cells to generate 

mature immune cells [32][17]. 

3. TREATMENT AND MANAGEMENT OF SCID 

Severe Combined Immunodeficiency (SCID) requires prompt and comprehensive treatment to address the underlying immune deficiency and manage 

associated complications. Current approaches include a combination of curative treatments and supportive care measures. 

Current Approaches 

1. Stem Cell Transplantation (SCT): 

• Overview: Hematopoietic stem cell transplantation (HSCT) is a potentially curative treatment for SCID, particularly effective for certain 

genetic types such as ADA-SCID and IL2RG (XSCID). 

• Procedure: HSCT involves the infusion of healthy donor stem cells (typically from bone marrow, peripheral blood, or umbilical cord blood) 

into the patient. These stem cells can repopulate the bone marrow and generate functional immune cells, correcting the immune deficiency. 

• Successes: HSCT has shown high success rates in restoring immune function in SCID patients, especially when performed early in life before 

significant infections occur. 

• Challenges: Challenges include finding a suitable donor match, managing potential complications such as graft-versus-host disease (GVHD) 

where donor immune cells attack the recipient's tissues, and ensuring long-term immune reconstitution [5][1]. 

 

2. Gene Therapy: 

• Overview: By introducing a functional copy of the faulty gene into the patient's own cells, gene therapy seeks to correct the genetic defect 

causing sickle cell disease (SCID). 

• Techniques: This can be achieved using viral vectors to deliver the corrected gene into hematopoietic stem cells ex vivo (outside the body) 

or directly in vivo (inside the body). 

• Successes: Gene therapy has shown promising results, particularly in ADA-SCID and XSCID. Patients treated with gene therapy have 

demonstrated significant immune reconstitution and reduced dependence on lifelong immunoglobulin replacement therapy. 

• Challenges: Challenges include the risk of insertional mutagenesis (where the introduced gene disrupts normal cell function), immune 

responses against viral vectors, and ensuring sustained and adequate gene expression over time [15][10]. 

 

3. Enzyme Replacement Therapy [4][31] 

• For ADA-SCID: ADA deficiency can be managed with enzyme replacement therapy (ERT), where recombinant ADA enzyme is administered 

to help metabolize toxic metabolites that accumulate in immune cells due to ADA deficiency. 

• Supportive: ERT can provide temporary relief from symptoms but is not curative like HSCT or gene therapy [4][31]. 

Supportive Care 

1. Infection Prevention and Management: 

• Prophylactic Antibiotics: SCID patients often receive prophylactic antibiotics to prevent bacterial infections. Antibiotics may be prescribed 

continuously or during periods of increased infection risk. 

• Antiviral Prophylaxis: Depending on the specific viral risks, antiviral medications may be used to prevent infections with viruses like 

cytomegalovirus (CMV) or herpes simplex virus (HSV). 

• Fungal Prophylaxis: Antifungal medications may be considered to prevent fungal infections, which can be particularly challenging in SCID 

patients [13]. 

 

2. Immunoglobulin Replacement Therapy: 

• Purpose: Many SCID patients require regular infusions of immunoglobulins (antibodies) to provide passive immunity against pathogens, 

supplementing their impaired immune response. 

• Administration: Immunoglobulins are typically administered intravenously (IVIG) or subcutaneously (SCIG) on a regular schedule to 

maintain protective antibody levels [1]. 

 

3. Environmental Modifications: 

• Avoidance of Live Vaccines: SCID patients should avoid live vaccines due to the risk of causing serious infections. 
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• Isolation Precautions: Infections can be particularly dangerous for SCID patients, so minimizing exposure to sick individuals and maintaining 

strict hygiene practices are crucial. 

IMPACT OF SCID ON PULMONARY FIBROSIS 

Severe Combined Immunodeficiency (SCID), particularly types involving T-cell dysfunction, can indeed have significant implications for the 

development of pulmonary fibrosis. Understanding the association, mechanisms, and supporting research helps elucidate the relationship between these 

two conditions. 

Association Between SCID and Pulmonary Fibrosis 

1. Types of SCID and Lung Complications: 

• SCID encompasses various genetic disorders that impair immune system function, particularly T-cell immunity. Types such as IL2RG 

(XSCID) and ADA deficiency (ADA-SCID) are notable for their severe T-cell deficiency. 

• Individuals with SCID, especially those with prolonged and severe immune compromise, are at increased risk of developing pulmonary 

complications, including pulmonary fibrosis [32]. 

 

2. Clinical Observations: 

• Case studies and clinical reports have documented instances where SCID patients, particularly those with delayed diagnosis or inadequate 

immune reconstitution despite treatment, develop chronic lung disease characterized by fibrosis. 

• The exact prevalence and mechanisms underlying this association are still being studied, but immune dysregulation plays a crucial role in 

predisposing these patients to lung pathology [5]. 

Mechanisms of Pulmonary Fibrosis in SCID Patients 

1. Immune Dysregulation: 

• Chronic Inflammation: Persistent infections and inadequate immune responses in SCID patients can lead to chronic inflammation within the 

lungs. This sustained inflammatory state can contribute to tissue damage and fibrosis. 

• Altered Immune Responses: Dysfunctional T-cell responses or imbalances in cytokine production (e.g., excess pro-inflammatory cytokines) 

can exacerbate lung tissue injury and promote fibrotic changes. 

• Secondary Infections: Recurrent respiratory infections, often caused by opportunistic pathogens, can directly damage lung tissue and trigger 

fibrotic responses as part of the healing process [25]. 

 

2. Impact of Treatment Modalities: 

• While treatments such as stem cell transplantation and gene therapy aim to restore immune function in SCID patients, complications such as 

graft-versus-host disease (GVHD) or persistent immune deficiency can contribute to ongoing lung pathology. 

• Immunosuppressive therapies used to manage GVHD, or autoimmune manifestations post-transplantation can further complicate pulmonary 

health by altering immune responses and increasing susceptibility to infections [2]. 

Case Studies and Research Findings 

1. Research Insights: 

• Studies have highlighted cases of SCID patients developing pulmonary fibrosis as a long-term complication, particularly in the context of 

chronic infections and unresolved immune dysregulation. 

• Genetic studies and animal models have provided insights into specific pathways (e.g., cytokine signaling, fibroblast activation) involved in 

fibrosis development in the setting of immune deficiency [14]. 

 

2. Clinical Examples: 

• A retrospective study involving SCID patients treated with hematopoietic stem cell transplantation noted a subset developing pulmonary 

complications, including interstitial lung disease and fibrosis, despite successful immune reconstitution in other aspects. 

• Longitudinal monitoring of SCID patients post-treatment has underscored the need for vigilance in identifying and managing respiratory 

symptoms early to mitigate progression to fibrotic lung disease [5]. 

OVERVIEW OF PULMONARY FIBROSIS 

A progressive lung disease called pulmonary fibrosis is defined by the development of scar tissue, or fibrosis, in the lungs that eventually supplants 

healthy lung tissue and reduces lung function. Understanding its causes, symptoms, diagnosis, and treatment is essential for managing this chronic 

condition effectively. 
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Causes of Pulmonary Fibrosis 

1. Idiopathic Pulmonary Fibrosis (IPF): 

• Idiopathic refers to the majority of cases (roughly 50%), in which the cause is not known. It is thought to be the outcome of a confluence of 

environmental and genetic predispositions [18]. 

 

2. Environmental and Occupational Exposures: 

• Exposure to Dusts and Fibers: Inhalation of asbestos fibers, silica dust, coal dust, and other occupational exposures can lead to lung scarring 

over time. 

• Medications and Radiation: Certain medications (e.g., chemotherapy drugs like methotrexate, heart medications like amiodarone) and 

therapeutic radiation to the chest can cause lung damage and fibrosis [13]. 

 

3. Autoimmune Disorders: 

• Connective Tissue Diseases: Conditions such as rheumatoid arthritis, systemic sclerosis (scleroderma), and lupus can be associated with 

pulmonary fibrosis due to immune system dysregulation and inflammation affecting lung tissue [8]. 

 

4. Other Causes: 

• Infections: Chronic infections such as tuberculosis and pneumonia can sometimes lead to scarring of lung tissue. 

• Genetic Factors: Rare genetic mutations can predispose individuals to familial forms of pulmonary fibrosis. 

• Unknown Factors: In some cases, no specific cause can be identified despite thorough evaluation [26]. 

Symptoms of Pulmonary Fibrosis 

1. Respiratory Symptoms: 

• Shortness of Breath (Dyspnea): Gradually worsening over time, especially during physical exertion. 

• Persistent Dry Cough: Often unresponsive to typical cough medications. 

• Fatigue: Due to reduced oxygenation of the blood and increased effort required for breathing [21]. 

 

2. Other Symptoms: 

• Clubbing of Fingers and Toes: Enlargement and rounding of the tips of the fingers and toes due to chronic lack of oxygen in the blood. 

• Weight Loss: Unintentional weight loss can occur due to the increased energy expenditure associated with breathing difficulties [33]. 

Diagnosis and Treatment of Pulmonary Fibrosis 

1. Diagnostic Approaches: 

• Imaging Studies: High-resolution computed tomography (HRCT) scan of the chest is the primary imaging tool to visualize lung abnormalities 

characteristic of fibrosis (honeycombing, reticular opacities). 

• Pulmonary Function Tests (PFTs): Spirometry and diffusion capacity tests measure lung function and assess the severity of impairment. 

• Lung Biopsy: In some cases, a surgical lung biopsy may be necessary to confirm the diagnosis and rule out other conditions [27]. 

 

2. Treatment Strategies: 

Medications: 

• Anti-fibrotic Therapy: Drugs like pirfenidone and nintedanib can slow the progression of pulmonary fibrosis by reducing lung scarring and 

inflammation. 

• Immunosuppressants: In cases associated with autoimmune disorders, medications that suppress the immune system may be used to reduce 

lung inflammation. 

• Oxygen Therapy: Supplemental oxygen is prescribed to maintain adequate oxygen levels in the blood and relieve symptoms of hypoxia (low 

oxygen). 

• Pulmonary Rehabilitation: Programs including exercise training, breathing techniques, and education can help improve quality of life and 

functional capacity. 

• Lung Transplantation: For severe cases where other treatments fail, lung transplantation may be considered to improve survival and quality 

of life [22]. 

 

3. Supportive Care: 

• Infection Prevention: Vaccinations (excluding live vaccines), avoidance of sick individuals, and regular hand hygiene help prevent 

respiratory infections. 

• Nutritional Support: Proper nutrition and hydration are important to maintain overall health and energy levels. 

• Emotional Support: Living with pulmonary fibrosis can be challenging, so support groups and counseling may be beneficial for patients and 

caregivers [30]. 
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CONCLUSION: 

The intricate connection between Severe Combined Immunodeficiency (SCID) and Pulmonary Fibrosis underscores the complex interplay of immune 

system dysfunction and its profound impact on lung health. SCID, characterized by severe impairment in immune function, often leads to various 

complications, including pulmonary fibrosis. This condition manifests through mechanisms such as chronic inflammation and altered immune responses, 

which contribute to the progressive scarring of lung tissue seen in pulmonary fibrosis. Early detection of these pulmonary complications is crucial for 

effective management. Recent advances in therapeutic approaches like Hematopoietic Stem Cell Transplantation (HSCT) and gene therapy hold promise 

in restoring immune function in SCID patients. However, there is a pressing need for continued vigilance to minimize long-term pulmonary complications 

associated with these treatments. Future research efforts are essential to deepen our understanding of immune system dynamics, genetic predispositions 

influencing disease progression, and the development of innovative treatment strategies. These endeavors are pivotal in improving both the prognosis 

and quality of life for individuals grappling with these complex illnesses, ensuring that they receive timely and effective care tailored to their specific 

medical needs. 
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