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ABSTRACT 

 

 

ARTICLE DETAILS 

 
Kostmann Syndrome, also known as severe congenital neutropenia type 1 (SCN1), is an 

exceedingly rare and severe hematological disorder characterized by a near absence of neutrophils 

in the peripheral blood. This congenital anomaly presents significant challenges in terms of 

diagnosis, management, and treatment. In this comprehensive article, we delve into the multifaceted 

aspects of Kostmann Syndrome, providing an in-depth analysis of its pathogenesis, clinical 

manifestations, genetic underpinnings, and therapeutic interventions. Furthermore, we highlight 

recent advancements in the understanding of this condition and emerging strategies for its early 

detection and improved patient care. With this review, we aim to enhance medical practitioners' and 

researchers' awareness of this condition and facilitate the development of more effective therapeutic 

modalities for Kostmann Syndrome. 
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INTRODUCTION 

Kostmann Syndrome, or severe congenital neutropenia type 

1 (SCN1), is an extremely rare but devastating hematological 

disorder that has confounded clinicians and researchers for 

decades. Characterized by a nearly complete absence of 

neutrophils in the peripheral blood, this congenital anomaly 

leads to profound immunodeficiency, rendering affected 

individuals highly susceptible to life-threatening bacterial 

infections from infancy onwards. First described by Rolf 

Kostmann in 1950, the syndrome has since garnered attention 

from the medical community, spurring efforts to decipher its 

underlying molecular mechanisms and devise more effective 

therapeutic strategies.1,2 

This enigmatic syndrome poses an intricate challenge due to 

its hereditary nature, complex genetic basis, and the varying 

severity of clinical presentations observed in affected 

individuals. As our understanding of the disease continues to 

evolve, so too must our diagnostic and therapeutic 

approaches. In this comprehensive review, we aim to shed 

light on the intricate facets of Kostmann Syndrome, 

emphasizing the latest insights into its pathogenesis, clinical 

manifestations, genetic determinants, and therapeutic 

innovations. Our exploration will serve as a valuable resource 

for healthcare professionals, scientists, and caregivers alike, 

fostering improved recognition and management of this rare 

congenital neutropenia disorder.1,2 

 

EPIDEMIOLOGY 

Kostmann Syndrome, clinically referred to as severe 

congenital neutropenia type 1 (SCN1), represents a strikingly 

infrequent yet profoundly impactful hematological condition. 

To comprehensively address and manage this disorder, it is 

vital to elucidate its epidemiological characteristics. This 

article aims to provide a thorough overview of the 

epidemiology of Kostmann Syndrome, offering insights into 

its prevalence, incidence patterns, age of onset, gender 

distribution, and potential genetic determinants. By delving 

into the epidemiological aspects of this syndrome, we 

endeavor to enhance the collective understanding of this rare 

congenital neutropenia disorder, thereby facilitating more 

precise diagnostics, improved clinical management, and 

novel therapeutic approaches.1,2 

Prevalence and Incidence: Kostmann Syndrome is an 

exceedingly rare disorder, with a prevalence estimated to be 

approximately 1 to 2 cases per million individuals in the 

general population. The incidence of this syndrome varies 
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across different populations and geographical regions, 

making it a notable challenge to obtain accurate 

epidemiological data. Reports have suggested that Kostmann 

Syndrome may be more prevalent in certain ethnic or 

consanguineous populations, underlining the influence of 

genetic factors on its occurrence.3,4 

Age of Onset: One of the defining characteristics of 

Kostmann Syndrome is its early onset. Symptoms typically 

manifest in the first few months of life, often within the first 

few weeks after birth. This neonatal or infantile presentation 

is marked by severe neutropenia, making individuals highly 

susceptible to recurrent bacterial infections, particularly of 

the respiratory and gastrointestinal systems. The age of onset 

is consistent with the congenital nature of the disorder, and it 

remains a critical diagnostic clue for healthcare 

professionals.3,4 

Gender Distribution: Kostmann Syndrome exhibits no clear 

gender predilection, affecting both males and females with 

comparable frequency. This equitable distribution 

underscores the genetic basis of the disorder, as it is linked to 

mutations in genes responsible for neutrophil production and 

function, which are not inherently gender-specific.3,4 

Genetic Determinants: The underlying genetic determinants 

of Kostmann Syndrome are primarily autosomal recessive, 

with the majority of cases being associated with mutations in 

the HAX1 (HCLS1-associated protein X-1) gene. Mutations 

in ELANE (neutrophil elastase) have also been implicated in 

a subset of cases. The diversity of genetic mutations in 

Kostmann Syndrome contributes to clinical heterogeneity 

and complicates the epidemiological analysis of the 

disorder.5 

Kostmann Syndrome, or severe congenital neutropenia type 

1, represents an enigmatic and rare congenital neutropenia 

disorder, and its epidemiological characteristics continue to 

challenge the medical community due to its low prevalence 

and heterogeneous genetic underpinnings.5 

Nevertheless, a precise understanding of the epidemiology of 

Kostmann Syndrome is essential for early diagnosis, 

appropriate management, and the development of novel 

therapeutic strategies. As our knowledge of this condition 

advances, ongoing research efforts are required to shed more 

light on its epidemiological aspects and to provide better 

support and care for affected individuals and their families.5 

 

CLINICAL MANIFESTATIONS 

Kostmann Syndrome, also known as severe congenital 

neutropenia type 1 (SCN1), is characterized by a myriad of 

clinical manifestations stemming from the profound 

neutropenia it induces. The clinical landscape of Kostmann 

Syndrome is marked by a constellation of symptoms and 

complications that have a significant impact on affected 

individuals' health and well-being. In this comprehensive 

article, we delve into the intricate clinical manifestations of 

Kostmann Syndrome, offering a detailed exploration of its 

systemic effects on various organ systems, its susceptibility 

to recurrent bacterial infections, and its potential long-term 

complications. Our aim is to provide a thorough 

understanding of the clinical challenges posed by this rare 

congenital neutropenia disorder and to guide healthcare 

professionals in their approach to diagnosis and 

management.6,7 

Systemic Effects: Kostmann Syndrome's most prominent 

clinical manifestation is the near absence of neutrophils in the 

peripheral blood, leading to severe neutropenia. Neutrophils 

play a pivotal role in the innate immune system, defending 

against bacterial infections. This neutropenic state results in 

systemic effects, making individuals vulnerable to recurrent 

and severe bacterial infections affecting multiple organ 

systems. These infections can manifest as cellulitis, 

pneumonia, otitis media, abscesses, and other localized or 

disseminated infections.6,7 

Oral and Gingival Lesions: Oral ulcerations and gingival 

inflammation are frequent and characteristic clinical features 

of Kostmann Syndrome. These lesions, which are often 

painful and may lead to difficulty in feeding or swallowing, 

can be one of the earliest signs of the disorder and serve as a 

diagnostic clue for healthcare providers.6,7 

Respiratory Complications: The respiratory system is 

particularly vulnerable in Kostmann Syndrome. Patients 

frequently experience recurrent upper and lower respiratory 

tract infections, including sinusitis, bronchitis, and 

pneumonia. These infections may result in chronic lung 

disease, emphasizing the need for aggressive preventive and 

therapeutic measures.6,7 

Gastrointestinal Involvement: Gastrointestinal 

complications, such as diarrhea and enterocolitis, are not 

uncommon in Kostmann Syndrome. The gastrointestinal tract 

can serve as a portal of entry for pathogenic bacteria due to 

its reduced protective neutrophil barrier. These complications 

can contribute to significant morbidity and necessitate close 

monitoring and management.6,7 

Skin and Soft Tissue Infections: Skin and soft tissue 

infections are a prevalent clinical feature, with recurrent 

cellulitis, abscesses, and cutaneous infections being 

frequently observed in individuals with Kostmann Syndrome. 

These infections can be both painful and disfiguring, 

emphasizing the importance of prompt diagnosis and 

treatment.6,7 

Long-term Complications: Over time, individuals with 

Kostmann Syndrome may experience long-term 

complications, including growth and developmental delays, 

osteopenia or osteoporosis, and potential transformation to 

myelodysplastic syndrome (MDS) or acute myeloid leukemia 

(AML). Regular monitoring is essential to detect these 

complications early and institute appropriate 

interventions.8,9 

The clinical manifestations of Kostmann Syndrome are 

marked by systemic effects on various organ systems, 

recurrent bacterial infections, and potential long-term 

complications. Recognizing these manifestations is pivotal 
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for timely diagnosis and management. As our understanding 

of this rare congenital neutropenia disorder continues to 

evolve, comprehensive care strategies and novel therapeutic 

modalities are essential to improve the quality of life for 

affected individuals and enhance their overall well-being.8,9 

 

DIAGNOSIS  

The diagnosis of Kostmann Syndrome, or severe congenital 

neutropenia type 1 (SCN1), is a multifaceted process that 

involves a meticulous evaluation of clinical, laboratory, and 

genetic parameters. Given its rarity and the complexity of its 

clinical presentation, arriving at a definitive diagnosis of 

Kostmann Syndrome can be a challenging endeavor. This 

article aims to comprehensively elucidate the diagnostic 

journey of Kostmann Syndrome, shedding light on the key 

clinical criteria, laboratory investigations, and genetic 

assessments that healthcare professionals must undertake to 

confirm this congenital neutropenia disorder. By providing a 

detailed insight into the diagnostic intricacies, we hope to 

facilitate earlier and more accurate diagnosis and, 

consequently, the prompt initiation of appropriate therapeutic 

interventions.8,9 

Clinical Criteria: 

 Neutropenia: The hallmark of Kostmann Syndrome is severe 

neutropenia, typically defined as an absolute neutrophil count 

(ANC) below 0.5 x 10^9/L. This profound deficiency of 

neutrophils is a fundamental criterion for diagnosis. 

 Early Onset: Kostmann Syndrome manifests in the neonatal 

or infantile period, typically within the first few months of 

life. This early onset is a distinguishing feature and a critical 

diagnostic clue.8,9 

 Recurrent Infections: Affected individuals experience 

recurrent and severe bacterial infections, frequently involving 

the skin, respiratory tract, and gastrointestinal system. The 

documentation of these recurrent infections is a key clinical 

observation.8,9 

Laboratory Investigations: 

 Peripheral Blood Smear: A peripheral blood smear often 

reveals morphological abnormalities in neutrophils, such as 

pseudo-Pelger-Huët anomaly or hyposegmentation. These 

findings may further support the diagnosis.10 

 Bone Marrow Aspiration: A bone marrow aspirate and biopsy 

can be instrumental in diagnosing Kostmann Syndrome by 

demonstrating a maturation arrest at the promyelocyte stage 

of granulopoiesis. This feature is characteristic of SCN1.10 

 Functional Assays: In vitro assays to assess neutrophil 

function, such as chemotaxis and oxidative burst, can aid in 

confirming the diagnosis by showing impaired neutrophil 

responses.10 

Genetic Assessments: 

 HAX1 Mutation Analysis: Molecular genetic testing for 

mutations in the HAX1 (HCLS1-associated protein X-1) gene 

is a critical step, as the majority of Kostmann Syndrome cases 

are associated with mutations in this gene. Identifying 

homozygous or compound heterozygous mutations in HAX1 

further supports the diagnosis.10 

 ELANE Gene Sequencing: In cases where HAX1 mutations 

are not identified, sequencing of the ELANE (neutrophil 

elastase) gene may be warranted, as some individuals with 

Kostmann Syndrome carry mutations in this gene.10 

 Genetic Counseling: Genetic counseling should be offered to 

affected individuals and their families to discuss inheritance 

patterns, reproductive options, and potential risks to other 

family members.10 

The diagnosis of Kostmann Syndrome involves a 

comprehensive evaluation of clinical criteria, laboratory 

findings, and genetic assessments. The rarity and complexity 

of this congenital neutropenia disorder necessitate a 

meticulous diagnostic process to ensure timely intervention 

and improved patient outcomes. By elucidating the intricate 

diagnostic journey of Kostmann Syndrome, healthcare 

professionals can better equip themselves to recognize and 

manage this condition, ultimately enhancing the quality of 

life for affected individuals and their families.10 

 

TREATMENT  

The management of Kostmann Syndrome, also known as 

severe congenital neutropenia type 1 (SCN1), is a 

multifaceted endeavor that requires a comprehensive 

understanding of the condition's clinical intricacies and 

underlying genetic factors. Given its rarity and the spectrum 

of clinical presentations, the therapeutic approach to 

Kostmann Syndrome demands a tailored strategy that 

encompasses infection prevention, supportive care, and, in 

certain cases, curative hematopoietic stem cell transplantation 

(HSCT). This article aims to provide an in-depth exploration 

of the therapeutic landscape for Kostmann Syndrome, 

offering insights into the primary modalities of treatment, 

potential complications, and emerging therapies. Our 

objective is to equip healthcare professionals with the 

knowledge necessary to optimize the care and outcomes of 

individuals afflicted with this challenging congenital 

neutropenia disorder.11,12 

Primary Treatment Modalities: 

 Granulocyte Colony-Stimulating Factor (G-CSF): G-CSF, 

such as filgrastim or lenograstim, is the cornerstone of 

treatment for Kostmann Syndrome. It stimulates the 

production and release of neutrophils from the bone marrow, 

effectively elevating the absolute neutrophil count (ANC). 

Daily subcutaneous G-CSF administration is typically 

required, with dosage adjustments guided by clinical 

response and the maintenance of an ANC above a protective 

threshold. G-CSF therapy significantly reduces the frequency 

and severity of bacterial infections.11,12 

 Infection Prevention: Vigilant infection prevention measures 

are vital for individuals with Kostmann Syndrome. This 

includes prompt antibiotic treatment for infections, 

prophylactic antibiotics when indicated, and strict hygiene 

practices to minimize the risk of exposure to pathogens. 
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Immunizations should be administered as per recommended 

schedules. 

 Supportive Care: Symptomatic relief and management of 

complications are crucial in Kostmann Syndrome. Pain 

management, nutritional support, and addressing growth and 

developmental issues are part of the comprehensive care 

provided to affected individuals. 

 Hematopoietic Stem Cell Transplantation (HSCT): In cases 

where G-CSF therapy is insufficient or complications, such 

as myelodysplastic syndrome (MDS) or acute myeloid 

leukemia (AML), arise, hematopoietic stem cell 

transplantation may be considered. HSCT from a matched 

sibling or unrelated donor can offer a potential cure, as it 

corrects the underlying genetic defect responsible for 

Kostmann Syndrome. However, HSCT carries its own set of 

risks and challenges, making it a decision that necessitates 

careful consideration on a case-by-case basis.11,12 

Complications and Emerging Therapies: 

 Myelodysplastic Syndrome (MDS) and Acute Myeloid 

Leukemia (AML): Individuals with Kostmann Syndrome 

have an increased risk of developing MDS or AML, which 

may necessitate more aggressive therapies, including 

chemotherapy and stem cell transplantation.11,12 

 Gene Therapy: Emerging therapeutic strategies, such as gene 

therapy, hold promise for the treatment of Kostmann 

Syndrome. By correcting the genetic mutations responsible 

for the condition, gene therapy offers a potentially curative 

approach that is currently under investigation in preclinical 

and clinical studies.11,12 

 Novel Therapies: Ongoing research is focused on identifying 

novel therapeutic targets and approaches to mitigate the 

complications and improve the quality of life for individuals 

with Kostmann Syndrome. These may include targeted small 

molecule drugs or gene-editing techniques like CRISPR-

Cas9.11,12 

The management of Kostmann Syndrome involves a 

multifaceted approach, including G-CSF therapy, infection 

prevention, supportive care, and, in select cases, 

hematopoietic stem cell transplantation. The therapeutic 

landscape is continually evolving, with promising emerging 

therapies on the horizon. By navigating the complexities of 

treatment for this rare congenital neutropenia disorder, 

healthcare professionals can provide comprehensive care that 

addresses the unique needs of affected individuals, offering 

hope for improved health and quality of life.11,12 

 

CONCLUSION 

Kostmann Syndrome, or severe congenital neutropenia type 

1 (SCN1), stands as a rare and complex hematological 

disorder that challenges both healthcare professionals and 

affected individuals. The comprehensive exploration of this 

condition, from its epidemiology and clinical manifestations 

to diagnosis and treatment, underscores the remarkable 

intricacies and nuances inherent to managing a disorder of 

such rarity and clinical diversity. 

Epidemiologically, the rarity of Kostmann Syndrome poses 

challenges in acquiring precise prevalence and incidence 

data, necessitating international collaboration and registries 

to enhance our understanding of its global distribution. This 

effort is vital for facilitating early detection and intervention, 

as well as for fostering genetic counseling and risk 

assessment in families affected by this congenital neutropenia 

disorder. 

Clinically, the multifaceted manifestations of Kostmann 

Syndrome, spanning from severe neutropenia to recurrent 

bacterial infections and potential long-term complications, 

necessitate a keen clinical eye and a high index of suspicion 

for early diagnosis. The recognition of oral and gingival 

lesions, respiratory complications, gastrointestinal 

involvement, and the specific age of onset are pivotal for 

healthcare providers in their diagnostic journey. 

Laboratory investigations, such as peripheral blood smears, 

bone marrow aspirations, and functional assays, aid in 

confirming the diagnosis, while genetic assessments, notably 

the detection of mutations in the HAX1 or ELANE genes, are 

instrumental for identifying the genetic basis of the condition. 

Genetic counseling becomes a pivotal component of patient 

care, guiding families through inheritance patterns and 

reproductive choices. 

The therapeutic landscape of Kostmann Syndrome is 

primarily founded on the use of granulocyte colony-

stimulating factors (G-CSF), infection prevention, and 

supportive care. Hematopoietic stem cell transplantation 

(HSCT) emerges as a potential curative option, particularly 

in cases of G-CSF resistance or when complications such as 

myelodysplastic syndrome (MDS) or acute myeloid leukemia 

(AML) arise. Moreover, the horizon holds promise with 

emerging therapies, including gene therapy and novel 

treatment strategies, which could revolutionize the 

management of this rare congenital neutropenia disorder. 

In the face of these complexities, it is essential to appreciate 

the collaborative efforts of healthcare professionals, 

researchers, and families in advancing our knowledge and 

care strategies for Kostmann Syndrome. With a collective 

commitment to furthering our understanding, we can hope for 

improved diagnostics, more effective treatments, and 

ultimately, enhanced quality of life for individuals affected 

by this challenging condition. The journey to manage 

Kostmann Syndrome continues, fueled by the dedication to 

unravel its intricacies and provide the best possible care and 

support to those impacted. 
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