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	1. Agammaglobulinemia
Topic: 17th November  2023
Tanatchabhorn Soponkanabhorn, MD.
Division of Allergy, Immunology and Rheumatology Unit
Department of Pediatrics, King Chulalongkorn Memorial Hospital
 


	2. Introduction
• Congenital Agammaglobulinemia:  a group of primary antibody deficiencies
• Early-stage B cell developmental arrest
• Absent peripheral B cells and low serum immunoglobulin concentration
• Typically symptomatic by age 6 months with recurrent pyogenic infection
• 85%: Btk gene mutation
• 15%: Defected in gene essential to B cell development
 


	3. Stage of B  cell development
Cambier JC, et al. Nat Rev Immunol. 2007 Aug;7(8):633-43.
 


	4. BCR signaling complex
Abbas  A. Cellular and Molecular Immunology. 9th Edition
 


	5. 2020 IUIS Phenotypical  Classfication for Human
Inborn Errors of Immunity
Bousfiha A, et al. J Clin Immunol. 2022 Oct;42(7):1508-1520.
 


	6. X-linked
Agammaglobulinemia
  


	7. X-linked Agammaglobulinemia
• Discovered  by Colonel Ogden Bruton in 1952
• The case of an 8-year-old boy with a 4-year history of recurrent
bacterial sepsis, osteomyelitis, and otitis
• He failed to make antibodies to pneumococcus after repeated
antigenic challenge
• Also, the patient's serum lacked the gamma globulin fraction by
electrophoretic analysis but was otherwise normal
• The patient was treated with gamma globulin and had a marked
decrease in the incidence of infection
• First recognized human host defect involving the
immune system
Encyclopedia of Immunology, 2nd Edition. 1998.
 


	8. X-linked Agammaglobulinemia
Kurosaki T.  Molecular mechanism in B Cell Signaling Complex.2016.
 


	9. X-linked Agammaglobulinemia
• Most  common genetic disorder resulting in maturation
arrest of B cell development
• Incidence: 1:100,000 – 1:200,000 or unknown in general
population
• Mutation in Bruton’s tyrosine kinase (Btk) gene
• Located on chromosome Xq21.3-Xq22
• Member of of the tec family of cytoplasmic tyrosine
kinase (Lck, Fyn, and Lyn) found in many types of
hematopoietic cells
• Expressed at high levels in all B lineage cells, including
pre-B cell
• Not been detected in any of T lineage cells
• Downstream pre-BCR and BCR signaling complex
Middleton’s Allergy Principle and Practice. 9th Edition, 2019.
Cambier JC, et al. Nat Rev Immunol. 2007 Aug;7(8):633-43.
 


	10. X-linked Agammaglobulinemia
• All  males with family history of XLA have had low level or undetectable Btk mRNA and kinase
activity
• More than 550 mutations of human Btk gene have been described
 


	11. X-linked Agammaglobulinemia
• Clinical  manifestation
• Onset: at 6 and 12 months of age
• Young boy (with or without family history of XLA)
• Recurrent, pyogenic, bacterial respiratory and gastrointestintal infections
• Skin and mucous membrane infection: conjunctivitis, otitis
• Growth and development usually normal
• Small size tonsils and peripheral lymph nodes
• Normal thymus and peripheral lymphoid tissues
Common organisms:
Encapsulated bacteria
Streptococcus pneumoniae
Hemophilus influenzae
Staphylococcus aureus
Middleton’s Allergy Principle and Practice. 9th Edition, 2019.
 



	13. X-linked Agammaglobulinemia
• Bacterial  infection
• Respiratory infection
- Otitis media (70%) **Recurrent otitis media: an alarm sign for immune deficiency
- Sinusitis (60%)
- Pneumonia (60%): recurrent bronchitis/pneumonia
Cardenas-Morales M, et al. Clin Rev Allergy Immunol. 2022 Aug;63(1):22-35.
 


	14. X-linked Agammaglobulinemia
• Bacterial  infection
• Gastrointestinal infection
- Chronic diarrhea, malabsorption
- Organisms:
- Giardia lambia, Campylobacter jejuni, Salmonella
Cardenas-Morales M, et al. Clin Rev Allergy Immunol. 2022 Aug;63(1):22-35.
 


	15. X-linked Agammaglobulinemia
• Bacterial  infection
• Bacterial meningitis
• Skin infection
- Pyoderma gangrenosum-like ulcer (Helicobacter cinaedi)
- Skin infection (Helicobacter bilis)
• Cardiac involvement
- Pericarditis
- Organisms: Morgenella morganii
Cardenas-Morales M, et al. Clin Rev Allergy Immunol. 2022 Aug;63(1):22-35.
 


	16. X-linked Agammaglobulinemia
• Enterovirus  infection
• Organisms: Poliovirus, echovirus, and coxsackievirus
• Enterovirus meningoencephalitis
• Progressive neurological symptoms (ataxia, paresthesia, loss of cognitive skills,
neurosensorial hearing loss)
• MRI or CT is usually normal at the onset of symptoms
• Resulting in cerebral edema, diffuse inflammation, progressive cerebral atrophy
Cardenas-Morales M, et al. Clin Rev Allergy Immunol. 2022 Aug;63(1):22-35.
Stiehm’s Immunodeficiencies. 2nd Edition, 2020.
 


	17. X-linked Agammaglobulinemia
• Arthritis
•  70% of XLA
• S&S: motion limitation, effusion, pain, destructive pannus formation
(Rheumatoid arthritis?)
• Respond to IVIG therapy
• No B cell infiltrates were found in the synovium
• Neutropenia
• 18% of XLA (Japanese study)
• Pseudomonas ecthyma is typically only seen in neutrophilic XLA patients
• Respond to IVIG therapy
Cardenas-Morales M, et al. Clin Rev Allergy Immunol. 2022 Aug;63(1):22-35.
Stiehm’s Immunodeficiencies. 2nd Edition, 2020.
 


	18. X-linked Agammaglobulinemia
• Other  manifestations
- Rare manifestations
- Glomerulonephritis, membranous glomerulonephropathy
- Alopecia, amyloidosis
- Conjunctivitis
- Cutaneous T cell lymphoma
Cardenas-Morales M, et al. Clin Rev Allergy Immunol. 2022 Aug;63(1):22-35.
 


	19. X-linked Agammaglobulinemia
• Laboratory  findings:
• Immunoglobulin levels: Low to undetectable
• Serum IgG < 200 mg/dL if < 12 months old
• Serum IgG < 500 mg/dL if > 12 months old
• Almost complete absence of peripheral B cells (<2% of lymphocyte)
• T cell numbers: typically normal
• T cell function: typically normal
• Genetic testing:
• Genetic testing for pathogenic hemizygous BTK variant (positive family history
of BTK)
• KREC (Kappa-deleting recombination excision circle) Screening
Cardenas-Morales M, et al. Clin Rev Allergy Immunol. 2022 Aug;63(1):22-35.
Stiehm’s Immunodeficiencies. 2nd Edition, 2020.
 


	20. X-linked Agammaglobulinemia
• Management:
•  Immunoglobulin replacement therapy
• IVIG: 400 mg/kg/dose every 3-4 weeks
• SCIG: 100 mg/kg/dose every week
• Maintain pre-infusion IgG levels > 500 mg/dl
• Long term complication: Chronic lung disease (Respiratory physiotherapy)
• Antibiotics
• Infectious episode, prophylaxis
• Gene therapy
• May possible in murine model
• Bone marrow transplant
Cardenas-Morales M, et al. Clin Rev Allergy Immunol. 2022 Aug;63(1):22-35.
Stiehm’s Immunodeficiencies. 2nd Edition, 2020.
 


	21. X-linked Agammaglobulinemia
• Complication  & Prognosis
• Life span 10 years of age (before introduction of appropriate therapy)
• Complication: invasive infection (sepsis and meningitis)
• Immunoglobulin replacement therapy and antibiotics introduction has
completely changed the prognosis of XLA patients
• Complication:
• Lung complications
• Malignancy: Gastric adenocarcinoma, lymphoid malignancies
Cardenas-Morales M, et al. Clin Rev Allergy Immunol. 2022 Aug;63(1):22-35.
Stiehm’s Immunodeficiencies. 2nd Edition, 2020.
 


	22. X-linked
Agammaglobulinemia
Baseline characteristic
among XLA  patients
O'Toole D, et al. J Clin Immunol. 2022 May;42(4):827-836.
 


	23. X-linked
Agammaglobulinemia
Infection
frequency and
types among
XLA  patients
Organism frequency
and types among XLA
patients
O'Toole D, et al. J Clin Immunol. 2022 May;42(4):827-836.
 


	24. X-linked
Agammaglobulinemia
Comparison of age  diagnosis
and age at treatment among
XLA patients
• Later diagnosis and
treatment initiation was
associated with increased
mortality
• Family history of
agammaglobulinemia could
be associated with earlier
age of diagnosis and
treatment initiation
O'Toole D, et al. J Clin Immunol. 2022 May;42(4):827-836.
 


	25. X-linked
Agammaglobulinemia
Ig replacement therapy  and HSCT
among XLA patients
• There is no association
between Ig replacement
therapy type and most
frequently reported infection
O'Toole D, et al. J Clin Immunol. 2022 May;42(4):827-836.
 


	26. Autosomal Recessive
Agammaglobulinemia
  


	27. Stiehm’s Immunodeficiencies. 2nd  Edition, 2020.
Kurosaki T. Molecular mechanism in B Cell Signaling Complex.2016.
 


	28. Mu Heavy Chain  Deficiency
• Pathogenesis
• Mutation in gene encoded the Mu heavy chain
• Absence of functional pre-BCR complex
• BM: An early arrest of B cell development (pro-B to
pre-B stage)
• Clinical presentation
• Clinical symptoms were similar to XLA
• More severe, younger age (when diagnosis)
• Chronic enteroviral encephalitis, recurrent
bronchitis, pneumonia, otitis media, Pseudomonas
aeruginosa sepsis
• Chronic infection by Giardia lamblia (resistent
therapy)
• Neutropenia (30% of patients)
Cardenas-Morales M, et al. Clin Rev Allergy Immunol. 2022 Aug;63(1):22-35.
Stiehm’s Immunodeficiencies. 2nd Edition, 2020.
 


	29. Lambda5 Deficiency (λ5/14.1)
•  Pathogenesis
• Mutation in λ5/14.1 gene, surrogate light chain (part
of pre-BCR receptor complex)
• An early arrest from pro-B to pre-B stage
• Impaired protein folding and secretion
• Clinical presentation
• Onset: age of 2 months
• Recurrent otitis media
• Hemophilus influenzae menigitis
Cardenas-Morales M, et al. Clin Rev Allergy Immunol. 2022 Aug;63(1):22-35.
Stiehm’s Immunodeficiencies. 2nd Edition, 2020.
 


	30. Ig α (CD79A)  Deficiency
• Ig α
• Represents essential signaling components
of pre-BCR
• Pathogenesis
• Mutations in Ig α: complete abrogation of
pre-BCR expression
• Maturation arrest at pro-B to pre-B stage
• Clinical presentation
• Case report of a 1-year-old girl with chronic
diarrhea and failure to thrive
Cardenas-Morales M, et al. Clin Rev Allergy Immunol. 2022 Aug;63(1):22-35.
Stiehm’s Immunodeficiencies. 2nd Edition, 2020.
 


	31. Ig β (CD79B)  Deficiency
• Ig β Together with Ig alpha, represents
essential signaling components of pre-BCR
• Pathogenesis
• Mutations in Ig β abrogate the expression of
pre-BCR during B cell development
• Block pro-B to pre-B stage
• Clinical presentation
• Case report of a 5-month-old girl with
bronchitis and a 8-month-old boy with
pneumonia
• Response to IVIG replacement therapy
Cardenas-Morales M, et al. Clin Rev Allergy Immunol. 2022 Aug;63(1):22-35.
Stiehm’s Immunodeficiencies. 2nd Edition, 2020.
 


	32. BLNK Deficiency
• BLNK  (B cell linker protein, SLP-65): cytoplasmic adapter
protein
• Role of BCR downstream signaling
• Pathogenesis
• BLNK is activated after BCR crosslinking and initiates downstream
signaling cascade
• Absence of BLNK: block pro-B to pre-B stage
• Clinical presentation
• Male patient
• Recurrent otitis media, pneumonia, protein losing enteropathy
Cardenas-Morales M, et al. Clin Rev Allergy Immunol. 2022 Aug;63(1):22-35.
Stiehm’s Immunodeficiencies. 2nd Edition, 2020.
 


	33. PI3KRI and PIK3CD  Mutation
• PIK3s: a group of cytoplasmic enzyme, heterodimers
• Responding to extracellular signals and influence cell cycle
progression, cell growth/survival, cell migration, and metabolic
control
• The gene encodes for p85α ,PI3KRI, P55α, and p50α
• Pathogenesis
• Homozygous nonsense mutation -> substitution of tryptophan
with premature stop codon in exon 6 of p85α
• Early block in B cell development before the expression of
CD19+cells, and minimal VDJ recombination
• Clinical presentation
• Severe bacterial infections, cytopenias, decrease/absent pro-B
cells
Cardenas-Morales M, et al. Clin Rev Allergy Immunol. 2022 Aug;63(1):22-35.
Stiehm’s Immunodeficiencies. 2nd Edition, 2020.
 


	34. SLC39A7 Mutation (Zip7  Deficiency)
• SLC39A7, gene coding protein ZIP7
• ZIP7 is responsible for transport zinc from endoplasmic reticulum to cytoplasm
• An arrest from late pre-B stage to the immature B stage
• Abnormal expression of Rag and IL7R gene (but not BAFFR and CD20)
• Clinical presentation
• Case report in patients with early onset infections and absent of B cells
• Agammaglobulinemia
• Blistering dermatoses, failure to thrive, and thrombocytopenia
• 2 patients with severe phenotype were cured after hematopoeitic stem cell transplant
Cardenas-Morales M, et al. Clin Rev Allergy Immunol. 2022 Aug;63(1):22-35.
Stiehm’s Immunodeficiencies. 2nd Edition, 2020.
 


	35. Autosomal Dominant
Agammaglobulinemia
  


	36. LRRC8 Deficiency
• Pathogenesis
•  Leucine-rich repeat-containing 8 (LRRC8): Protein consists of 810 amino acids,
high expression in bone marrow than peripheral blood
• Unknown functions: role in the early stage of B cell development (pro-B to
pre-B transition)
• Wide expression of LRRC8 in diverse tissue
• Brain, heart, liver, and kidney
• Clinical presentation
• Female with agmammaglobulinemia and minor dysmorphic features
• A case report of female with agammaglobulinemia and 0.6% of CD20+ B cells
• She presented with epicantic folds, mild hypertelorism, a high-arched palate, and low-set
ears
Cardenas-Morales M, et al. Clin Rev Allergy Immunol. 2022 Aug;63(1):22-35.
Stiehm’s Immunodeficiencies. 2nd Edition, 2020.
 


	37. TOP2B Mutation (Hoffman  Syndrome)
• TOP2B, gene coding for type II topoisomerase
• Clinical presentation
• Case report in patients with recurrent infections with encapsulated organisms
• Absent of B cells
• Agammaglobulinemia
• Facial dysmorphism and limb abnormalities
Cardenas-Morales M, et al. Clin Rev Allergy Immunol. 2022 Aug;63(1):22-35.
Stiehm’s Immunodeficiencies. 2nd Edition, 2020.
 


	38. Autosomal Dominant
and
Autosomal Recessive  Form
 


	39. TCF3 Mutation
(E47 transcription  factor deficiency)
• TCF3 (E2) gene encoded 2 transcription factors: E12 and E47
• Pathogenesis
• De novo mutation was expressed in E47, resulting in abnormal protein
(E555K)
• Dominant negative effect when it associated with wild-type E47 binding to
DNA
• Maturation arrest at pro-B cell stage
• Clinical presentation
• Case report of a 9-year-old girl presented with recurrent pneumonia, chronic
diarrhea, and failure to thrive
Cardenas-Morales M, et al. Clin Rev Allergy Immunol. 2022 Aug;63(1):22-35.
Stiehm’s Immunodeficiencies. 2nd Edition, 2020.
 


	40. Gene Frequency (%)  B cells IgG IgA IgM T cells Bacterial
infections
Viral
infection
LRTI GI involvement Neutropenia Arthritis Tumors
Btk 85 <2%
Low Low Low Normal Yes
Yes
Yes
Yes Yes (10-25%) Yes Yes
Mu <10 <1-2% Yes Yes Yes Yes No
L5 <1 <1% No No No Yes No
IgA <1 <1% No Yes Yes No No
IgB <1 <1% No Yes No No No
BLNK <1 <1% No Yes No No No
PI3K <1 <1% No Yes Yes Yes No
LRRC8 <1 <1%
Clinical and immunological findings in
Agammaglobulinemia Patients
 


	41. ESID Registry Working  Definitions
• Unclassified antibody deficiencies:
• At least one of the following:
- Recurrent or severe bacterial infections
- Autoimmune phenomena (especially cytopenias) Polyclonal lymphoproliferation
- Affected family member
• AND at least one of the following:
- Marked decrease of at least one of total IgG, IgG1, IgG2, IgG3, IgA, or IgM levels
- Failure of IgG antibody response(s) to vaccines
• AND secondary causes of hypogammaglobulinemia have been excluded (eg. infection,
protein loss, medication, malignancy)
AND no clinical signs of T-celle related disease
AND does not fit any of the other working definitions (excluding “unclassified
immunodeficiencies”)
Seidel MG, et al. J Allergy Clin Immunol Pract. 2019 Jul-Aug;7(6):1763-1770.
 


	42. Diagnosis
• Clinical:
• History  of recurrent sinopulmonary infection prior age of 5 years
• Severe bacterial infection:
• Meningitis, sepsis
• Encapsulated infection
• Lack of lymphoid tissue on physical exam
Cardenas-Morales M, et al. Clin Rev Allergy Immunol. 2022 Aug;63(1):22-35.
 


	43. Diagnosis
• Laboratory investigation:
•  Immunoglobulin level: Significantly reduced immunoglobulin levels
• IgG < 200 mg/dL
• Flow cytometry:
• B cells: Decreased peripheral B cells (<1%)
• Circulating T cells and NK cells: may relatively increased
• T cell function: normal
• Antibody titers: Lack of response to vaccine
• Diptheria, Tetanus, H.influenzae, Pneumocci
• Genetic testing
Cardenas-Morales M, et al. Clin Rev Allergy Immunol. 2022 Aug;63(1):22-35.
Stiehm’s Immunodeficiencies. 2nd Edition, 2020.
 


	44. Diagnosis
• Laboratory investigation:
•  KREC (Kappa-deleting recombinant excision circle) Screening
• Low level/undetectable at birth (in XLA, AR agammaglobulinemia)
• Helpful for diagnosis of XLA at birth
• Formed during process of V(D)J recombination
• BCMA (B-cell maturation antigen)
• TNF receptor on surface of plasma cells, promote cell survival
• Serum BCMA significant reduced in primary antibody deficiency patients
• Serum BCMA < 15 ng/ml (PPV 97% in XLA)
Cardenas-Morales M, et al. Clin Rev Allergy Immunol. 2022 Aug;63(1):22-35.
 


	45. KREC Screening
Serana F,  et al. J Transl Med. 2013 May 9;11:119.
 


	46. KREC Screening
Serana F,  et al. J Transl Med. 2013 May 9;11:119.
 


	47. KREC Screening
Barbaro M,  et al. J Clin Immunol. 2017 Jan;37(1):51-60.
• Dried blood spots were collected at DOL3 to DOL5
• 58,834 samples were analyzed
• 64 children were recalled for follow-up
• 3 PIDs
• 61 other causes
• Screening:
• Abnormal: below the cutoff values
• TREC < 10 copies/3.2 mm blood
• KREC < 6 copies/3.2 mm blood
• Inconclusive: reduced numbers
• KREC screening:
• Identification children with XLA, late
onset ADA, some patients with NBS
• Factors influencing the screening result
• Trisomy21
• Prematurity
 


	48. KREC Screening
Barbaro M,  et al. J Clin Immunol. 2017 Jan;37(1):51-60.
 


	49. Management and prognosis
•  Early diagnosis
• Regular IVIG replacement therapy
• Dosage: 400-800 mg/kg every 3-4 weeks
• Prophylactic antibiotics
• Prompt use of antibiotics
• Complications:
• Bronchiectasis
• Pansinusitis
• Lymphoreticular malignancy
• Monitoring for disease sequelae:
- Chest X-ray
- Sinus imaging
- Baseline pulmonary function test
Cardenas-Morales M, et al. Clin Rev Allergy Immunol. 2022 Aug;63(1):22-35.
 


	50. Agammaglobulinemia
&
Stem cell transplant
  


	51. Ikegame K, et  al. J Hematol Oncol. 2016 Feb 13;9:9.
Agammaglobulinemia & Stem cell transplant
 


	52. Agammaglobulinemia & Stem  cell transplant
Ikegame K, et al. J Hematol Oncol. 2016 Feb 13;9:9.
• Reduced Intensity
Conditioning (RIC) for allo-
SCT for XLA
• Fludarabine 30
mg/m2/day for 6 days
• Cyclophosphamide 50
mg/kg/day for 2 days
• 3 Gy of total body
irradiation
• Rabbit anti-
thymoglobulin
• Cyclophosphamide,
MMF
• 28-year-old male Japanese
with XLA, perform allo-SCT
from his brother
 


	53. Agammaglobulinemia & Stem  cell transplant
Ikegame K, et al. J Hematol Oncol. 2016 Feb 13;9:9.
Day 279: Flow cytometry: Indicate BTK expression
 


	54. Agammaglobulinemia & Stem  cell transplant
Ikegame K, et al. J Hematol Oncol. 2016 Feb 13;9:9.
• Howard et al. – Do not use preconditioning regimen (no harm but no benefit)
• Abu-Arja et al. – Myeloablative condition (standard treatment for AML)
• Ikegame et al. – Reduced intensity conditioning (RIC)
 


	55. Agammaglobulinemia & Stem  cell transplant
Nishimura A, et al. J Clin Immunol. 2023 Jul 16.
 


	56. Nishimura A, et  al. J Clin Immunol. 2023 Jul 16.
Agammaglobulinemia & Stem cell transplant
Baseline characteristic Stem cell transplant outcome
• Grade III-IV GVHD: Gut GVHD
• the inflammatory environment of intestinal
tract should be controlled prior to HCT
 


	57. Agammaglobulinemia & Stem  cell transplant
Sun D, et al. JAMA Pediatr. 2022 Feb 1;176(2):176-184.
 


	58. Agammaglobulinemia
&
Stem cell transplant
Sun  D, et al. JAMA Pediatr. 2022 Feb 1;176(2):176-184.
• Identify conditions that could make IRT the
most cost-effective therapy (one-way
sensivitiy analyses)
• Decreasing the US IRT pricing
• IRT cost:
• 60,145 US dollars per year (High
income nations)
• Less then 20,000 US dollars per
year (UK, Canada, Australia)
 


	59. Thank You
  


	60. References
• Abbas A.  Cellular and Molecular Immunology. 9th Edition
• Middleton’s Allergy Principle and Practice. 9th Edition, 2019.
• Stiehm’s Immunodeficiencies. 2nd Edition, 2020.
• Kurosaki T. Molecular mechanism in B Cell Signaling Complex.2016.
• Barbaro M, Ohlsson A, Borte S, Jonsson S, Zetterström RH, King J, Winiarski J, von Döbeln U, Hammarström L. Newborn Screening for Severe Primary Immunodeficiency Diseases in Sweden-a 2-Year Pilot TREC and KREC
Screening Study. J Clin Immunol. 2017 Jan;37(1):51-60.
• Bousfiha A, Moundir A, Tangye SG, Picard C, Jeddane L, Al-Herz W, Rundles CC, Franco JL, Holland SM, Klein C, Morio T, Oksenhendler E, Puel A, Puck J, Seppänen MRJ, Somech R, Su HC, Sullivan KE, Torgerson TR, Meyts
I. The 2022 Update of IUIS Phenotypical Classification for Human Inborn Errors of Immunity. J Clin Immunol. 2022 Oct;42(7):1508-1520.
• Cambier JC, Gauld SB, Merrell KT, Vilen BJ. B-cell anergy: from transgenic models to naturally occurring anergic B cells? Nat Rev Immunol. 2007 Aug;7(8):633-43.
• Cardenas-Morales M, Hernandez-Trujillo VP. Agammaglobulinemia: from X-linked to Autosomal Forms of Disease. Clin Rev Allergy Immunol. 2022 Aug;63(1):22-35.
• Ikegame K, Imai K, Yamashita M, Hoshino A, Kanegane H, Morio T, Kaida K, Inoue T, Soma T, Tamaki H, Okada M, Ogawa H. Allogeneic stem cell transplantation for X-linked agammaglobulinemia using reduced intensity
conditioning as a model of the reconstitution of humoral immunity. J Hematol Oncol. 2016 Feb 13;9:9.
• Nishimura A, Uppuluri R, Raj R, Swaminathan VV, Cheng Y, Abu-Arja RF, Fu B, Laberko A, Albert MH, Hauck F, Bucciol G, Bigley V, Elcombe S, Kharya G, Pronk CJH, Wehr C, Neven B, Warnatz K, Meyts I, Morio T, Gennery
AR, Kanegane H. An International Survey of Allogeneic Hematopoietic Cell Transplantation for X-Linked Agammaglobulinemia. J Clin Immunol. 2023 Jul 16.
• O'Toole D, Groth D, Wright H, Bonilla FA, Fuleihan RL, Cunningham-Rundles C, Sullivan KE, Ochs HD, Marsh R, Feuille E. X-Linked Agammaglobulinemia: Infection Frequency and Infection-Related Mortality in the
USIDNET Registry. J Clin Immunol. 2022 May;42(4):827-836.
• Seidel MG, Kindle G, Gathmann B, Quinti I, Buckland M, van Montfrans J, Scheible R, Rush S, Gasteiger LM, Grimbacher B, Mahlaoui N, Ehl S; ESID Registry Working Party and collaborators. The European Society for
Immunodeficiencies (ESID) Registry Working Definitions for the Clinical Diagnosis of Inborn Errors of Immunity. J Allergy Clin Immunol Pract. 2019 Jul-Aug;7(6):1763-1770.
• Shillitoe B, Gennery A. X-Linked Agammaglobulinaemia: Outcomes in the modern era. Clin Immunol. 2017 Oct;183:54-62.
• Serana F, Chiarini M, Zanotti C, Sottini A, Bertoli D, Bosio A, Caimi L, Imberti L. Use of V(D)J recombination excision circles to identify T- and B-cell defects and to monitor the treatment in primary and acquired
immunodeficiencies. J Transl Med. 2013 May 9;11:119.
• Sun D, Heimall JR, Greenhawt MJ, Bunin NJ, Shaker MS, Romberg N. Cost Utility of Lifelong Immunoglobulin Replacement Therapy vs Hematopoietic Stem Cell Transplant to Treat Agammaglobulinemia. JAMA Pediatr.
2022 Feb 1;176(2):176-184.
 




Download Now

AboutSupportTermsPrivacyCopyrightCookie PreferencesDo not sell or share my personal informationEverand
EnglishCurrent LanguageEnglish
Español
Portugues
Français
Deutsche




© 2024 SlideShare from Scribd 





