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Disclosures
• I have no relevant financial relationships with the manufacturer(s) of
any commercial product(s) and/or provider(s) of commercial services
discussed in this CME activity
• I do not intend to discuss an unapproved/investigative use of a
commercial product/device in my presentation
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Objectives
• Review the clinical presentation and diagnostic evaluation in patients
suspected to have a combined immune deficiency.
• Discuss the use of T cell receptor excision circles (TRECs) for the early
diagnosis of Severe Combined Immunodeficiency (SCID).
• Review the basics of genetic testing and discuss when to consider it in
patients with combined immune deficiency.
• Use a case based approach to identify appropriate next steps in
evaluating patients with an abnormal TREC newborn screen.
• Use a case based approach to evaluate a patient presenting with
recurrent infections.
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Primary Immunodeficiency Diseases (PIDD):
• >360 known genetic causes with an estimated incidence of 1:10,000
live births (variable dependent on specific diagnosis).
• Recurrent infections in children are among the most frequent clinical
dilemmas in the primary care setting.
• Majority of “typical” infections are viral (Average child: 6-8 URI’s/year)

• Less than 10% of children with recurrent infections have a true PIDD
• Important to consider increased exposures
• Siblings, daycare, school

• Important to consider other common risks for infections
• Atopy, asthma, immunosuppressive medications, second hand smoke exposure

• Children with PIDD generally don’t growth and develop normally
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Clues of an underlying PIDD:
• Unusual infection sites

• Deep seated infections are (meningitis, osteomyelitis)

• Unusual infection severity

• Recurrent bacterial pneumonia requiring hospitalization

• Unusual causative microbe

• Aspergillus pneumonia or HSV encephalitis

• Concurrent failure to thrive or autoimmunity

• Protracted diarrhea, cytopenias, or lymphoproliferative disease

• Concerning family history

• History of recurrent infection or early death
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Secondary Causes of Recurrent Infections
• Allergic rhinoconjunctivitis
• Cystic fibrosis
• COPD
• Ciliary dyskinesia
• Diabetes mellitus
• Protein losing enteropathy
• Nephrotic syndrome
• Malnutrition
• Asplenia or hyposplenism
• HIV infection

Important to rule out secondary
causes of immune deficiency

• Resistant organisms - MRSA
• Trauma or burns
• Congenital heart disease
• Medications
• Stressful life events
• Tobacco use and/or exposure
• Illicit drug use
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The IUIS Classification of PIDDs
1.
2.
3.
4.
5.
6.
7.
8.
9.

Immunodeficiencies affecting cellular and humoral immunity
Combined immunodeficiencies with associated or syndromic features
Predominately antibody deficiencies
Diseases of immune dysregulation
Congenital defects of phagocyte number, function, or both
Disorders of intrinsic and innate immunity
Auto-inflammatory disorders
Complement deficiencies
Phenocopies of PIDDs (secondary to somatic mutations and auto-Abs)
Bousfiha A et al. J Clin Immunol. 2018; 38(1): 129–143.
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IUIS Classification Available in App Form!

Apple Devices: Search for PID phenotypical diagnosis

Android Devices: Search for PID classification
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Combined Immune Deficiency (General)
• A genetic condition that is the result in defective cell mediated and
humoral immunity
• Wide spectrum of diseases with the most serious being Severe
Combined Immunodeficiency (SCID)
• Defective humoral immunity can be due to direct impairment of B
lymphocytes function or through improper B cell activation due to T
helper cell defects
• Variable treatment options depending on defect
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Presentation of Combined Immune Deficiency
• Age of onset:
• As early as 2-6 months of life in SCID to teenage years in more mild CID

• Location and types of infection:
• Severe and recurrent cutaneous and deep seated infections of both
pathogenic and opportunistic infections that often responds poorly to
antimicrobial treatment.
• Examples: severe mucocutaneous candidiasis, disfiguring and severe viral skin
infections, active disease from live viral infections

• Notable Organisms:
• Bacteria: Mycobacterium
• Viruses: Severe CMV, EBV, HPV, herpes viruses, adenovirus, enterovirus, etc…
• Fungi and Parasites: Candida, PJP
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Severe Combined Immunodeficiency (SCID)
• “Typical” SCID characterized by an absence of functional T cells
(<300 cells/µl with <10% of normal proliferation to PHA) and
variable presence of B cells and NK cells
• “Leaky” SCID with variable T cell number (300-1,500 cells/µl) with
low-absent CD45RA+ naïve T cells, low diversity, and impaired
function as a result of hypomorphic gene mutation(s)
• Laboratory phenotype dependent on specific molecular defect
• Fatal graft versus host disease from non-irradiated blood products
• Considered a pediatric emergency
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Treatment Options of SCID
• Hematopoietic Stem Cell Transplant (HSCT)

• Should be performed as soon as possible
• HLA typing of patient, full siblings, and parents as soon as possible

• Gene Therapy

• ADA deficiency
• Common Gamma Chain deficiency (𝜰c-)
• An option in patients that do not have HLA identical donors

• Enzyme replacement

• Adenosine deaminase (ADA) deficiency SCID
• Not an optimal long-term therapy secondary to gradual immune deterioration and
anti-ADA neutralizing Abs.
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Importance of Early Identification of SCID
94% Survival Rate
90% Survival Rate
82% Survival Rate

50% Survival Rate

Pai SY et al. NEJM, 2014
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SCID: Perfect Candidate for Newborn Screen
• Children with SCID often look normal at birth.
• In the absence of a positive family history, diagnosis often made
AFTER life-threatening illness occurs.
• Long-term prognosis is significantly improved when SCID is
diagnosed within the first few months of life.
• HSCT prior to 3.5 months of age had significantly better survival rate
regardless of availability of HLA matched donor.
Pai SY et al. NEJM, 2014
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T cell Receptor Excision Circles (TRECs)

Chiarini M et al. J Public Health Res, 2013
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TREC Newborn Screen

Morinishi Y et al. J Peds, 2009
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TREC Newborn Screen
• In January 2010, the Advisory Committee on Heritable Disorders in
Newborns and Children (ACHDNC) recommended to the Secretary of
the Department of Health and Human Services, that the Federal
government recommend to the States that they include SCID in their
newborn screening protocols.
• On May 21, 2010, Kathleen Sebelius, Secretary of Health and Human
Services (HHS) announced her decision to concur with the committee
and add SCID to the core panel of disorders for newborn screenings.
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TREC Newborn Screen
Extract
DNA

3 mm punch

Amplify TREC
by real-time
QPCR

Analyze

96 well plate

NBS Card
(NSC)
a.k.a. Guthrie Card

Dried blood
spots (DBS)

• One blood spot is punched and run through the PCR machine where both TREC
replication cycles and Beta-Actin DNA replication reported.
• If TREC result is abnormal- 2 other blood spots are punched and run.
• Raw results are reported in either absolute TREC number or PCR cycle number required
to reach threshold of detection (higher copy number = lower TRECs).
18
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TREC Newborn Screen Implementation
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TREC Newborn Screen Effectiveness
• Since implementation the sensitivity for typical SCID has been 100%.
• Can miss disorders with intact TCR rearrangement but have defects in
more distal pathways important for maturation and function.
• Delayed-onset ADA deficiency SCID
• MHC class II deficiency (bare lymphocyte syndrome type II)
• Wiskott-Aldrich syndrome

• Incidence: ~1.7 in 100,000 live births for typical SCID, leaky SCID, and
Omen syndrome.
• Other diseases associated with T cell lymphopenia found.
• Premature infants have a higher rate of false positives.
van der Spek J et al. JACI, 2015
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Causes of Decreased TRECs Other than SCID
• Prematurity
• Syndromes with low T cell numbers
• DiGeorge syndrome, trisomy 21, ataxia-telangiectasia

• Secondary T cell lymphopenia
• Cardiac anomalies, other congenital anomalies, vascular leakage, traumatic
delivery/fetal stress, maternal immunosuppressive medications

• Idiopathic T cell lymphopenia
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Diagnostic Approach in Patients with CID
Quantitative Laboratory Testing
• How many Abs/cells/proteins are there?
• Is a specific protein expressed on that cell?

Qualitative Laboratory Testing
• Does the cell/protein/pathway work?
Genetic Testing
• Is there a problem with the blueprint?
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Diagnostic Approach in Patients with CID
Quantitative Laboratory Testing
• T, B, and NK cell quantification
• Memory and naïve T and B cell quantification
• ELISA or western blotting to evaluate the presence of a protein
Qualitative Laboratory Testing
• Lymphocyte proliferation to mitogens or antigens (tetanus and candida)
• Stimulation assays evaluating protein expression, protein
phosphorylation, or cytokine production
• Suppression assays
Genetic Testing
• Microarrays, gene panels, whole exome, and whole genome sequencing
23

A Quick Review of Genetic Testing
Test

Microarray

Benefits

Identifies loss of
heterozygosity
regions, detects
large (~200kb)
multigene CNVs.

Misses small CNVs
and mutations that
Limitations don’t result in a
change in genomic
material.

Single Gene/Small Panel
Sequencing

Broad NGS Panels

Whole Exome
Sequencing

Fast and affordably
test many genes that Useful in syndromic
Great for specific
are known to cause
patients and can
phenotypes with low VUS
clinical disease of a
identify newly
rate and high yield.
similar theme in one described diseases.
test.

Phenotype overlap can
result in serial testing
(expensive).

Whole Genome
Sequencing
Benefits of WES and can
identify diseases that
result from intronic
mutations.

Slower, more costly,
and limited by
coverage rate of certain Slowest turn around time
High VUS rate and
genes. Relies on
with an enormous amount
does not detect
various specialists to
of data to interpret.
novel diseases.
interpret genotype
Highest VUS rate.
phenotype correlations
with high VUS rate.
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And now on to our first case…
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Case 1: Newborn Screen

TREC NBS PCR Cycle Numbers:
1. 40 (Equivalent to 0 TRECS)
2. 38.4 and 40
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Case 1: History
• 8 day old FT Somali male born to a 34 year old G5 P4->5AB0 mother.
• Pregnancy unremarkable other then maternal hypothyroidism
diagnosed at the beginning of the pregnancy.

• Birth Weight: 3.57 Kg (66th percentile)
• Weight on exam: 4kg

• Birth Length: 51cm (50th percentile)
• Head Circumference: 34.5cm (29th percentile)
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Case 1: History (cont.)
• Tolerating soy formula 3oz every 2-3 hours, however, mother
attempting to breastfeed.
• >5 wet diapers/day with several normal stools/day
• 1-2 day history of congestion and yellowish R eye drainage
• No history of fevers, rash, cough, or respiratory distress
• Several sick contacts at home (URIs)
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Case 1: Family History
• 4 full, healthy siblings
• Brother (age 2)
• 3 Sisters (ages 3, 5, and 6)

• No known family history of immunodeficiency, however, maternal
grandfather had 5 children (mostly female) with another partner who
died at early ages of unknown causes.
• No known history of consanguinity although father reports that there
may be family ties 5-6 generations prior.
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Case 1: Physical Exam
• HEENT: Scant bilateral eye discharge with minimal conjunctival
injection. No congestion or rhinorrhea. Tongue with thick white
coating that is unchanged with scraping.
• LYMPH: No palpable cervical, occipital, axillary, or inguinal lymph
nodes
All other physical exam findings within normal limits.

What laboratory evaluation
would you obtain?
30
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Case 1: Laboratory Evaluation
Flow Cytometry:
-Abs. CD3+ T cells: 58
-Abs. CD3+CD4+ T cells: 26
-Abs. CD3+CD8+ T cells: 30
-CD3+CD45RA+: 33.8%
-CD3+CD45RO+: 39.1%
-CD3+CD45RA/RO dual+: 27.1%
-Abs. CD19+ B cells: 5
-Abs. CD56/CD16+ NK cells: 182

What’s the next best step in
management?
31

Case 1: Clinical Course
• Patient admitted for further evaluation and infection prevention given
concern for T-B-NK+/- SCID.
• Breastfeeding was stopped and changed to strict formula.
Laboratory Results (cont.)
• Repeat peripheral blood cell counts confirmed persistent, severe
lymphopenia (Abs. T cells: 16, Abs. B cells: 1, Abs. NK cells: 5)
• Lymphocyte proliferation to mitogens sent however was unable to be
performed because of profound lymphopenia.
• A total serum IgG was found to be 824mg/dL indicating sufficient
maternal transfer in utero.
32
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Infectious Precautions in Patients with SCID

Verbsky J et al. JACI, 2012
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Case 1: Clinical Course (cont.)
• A comprehensive SCID gene panel and lysed erythrocyte adenosine
deaminase levels were sent.
• One HLA matched sibling identified with normal T, B, and NK cell
quantification.
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Case 1: CXR
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Case 1: CXR

36
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Case 1: Chest CT

Does this finding make a
particular genetic
diagnosis more likely?
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Case 1: Diagnosis
ADA deficiency
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Adenosine Deaminase (ADA) Deficiency
• The ADA gene is located on chromosome 20q12-q13.11.
• ADA is a zinc enzyme important for purine metabolism.
• SCID results from toxic effects of ADA substrates in rapidly dividing
cells (particularly lymphocytes).
• Historically the 2nd most common cause of SCID after X-linked SCID
• Accounts for 15-20% of all SCID cases
• Overall incidence of ~1:200,000 in the general population

• Significantly increased frequency in the Somali population with
estimates of homozygous individuals as high as 1:5-10,000.
• Treatment options include HSCT, gene therapy, and enzyme
replacement therapy (not optimal long term).
Whitmore KV et al. Front Immunol, 2016
Sanchez J et al. Ann Hum Genet, 2006

39

Case 1: Conclusion
• PJP prophylaxis started at 1 month of life.
• Palivizumab administered x1 for RSV prophylaxis.
• IVIG administered to maintain total serum IgG > 600mg/dL.
• Patient transplanted without conditioning on February 2nd 2017.
• Currently doing well.
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Case 2:
9 month old Caucasian male with a history of mild gross motor delay
and four previous hospitalizations for respiratory tract infections with
concurrent neutropenia now presents with one week history of cough,
vomiting, and non-bloody diarrhea and a history of fever to a
temperature max of 103°F (39.5°C) on the day of admission.
Weight: 12th percentile
Length: 2nd percentile for length
Head Circumference: 93rd percentile
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Case 2: Infection History
• 5 Months: Diagnosed and treated for acute otitis media.
• 6 Months: 1st hospitalization with multifocal pneumonia after presenting with
chronic cough, vomiting, fevers, and an absolute neutrophil count (ANC) of 110.
Viral respiratory panel positive for Coronavirus and Adenovirus. Stool positive for
Astrovirus.
• 8 Months: 3 separate hospitalizations.
1. Hospitalization for fever and neutropenia (ANC:117).
2. Hospitalization for fever, neutropenia (ANC:234), and left sided pneumonia. Viral
respiratory panel positive for Rhinovirus/Enterovirus.
3. Hospitalization with worsening cough and fever despite previous treatment for
pneumonia with persistent neutropenia (ANC:946). Diagnosed with asthma and
started on Flovent. Viral respiratory panel positive for Human Metapneumovirus
with persistent Rhinovirus/Enterovirus. One dose of filgrastim administered.
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Case 2: Previous Evaluation
• Serial CBC ’s: Normalizing neutrophil counts between hospitalizations with
normal lymphocyte counts, and transient, mild anemia and thrombocytosis at the
time of illness.
• EBV/CMV PCR: Negative
• Anti-neutrophil Abs: Negative
• ELANE Sequencing: Negative
• Swallow Study: Laryngeal penetration thin liquid. Normal swallowing mechanism
with nectar thick and pureed consistency. Reflux observed.
• Immunoglobulins: Initiated Allergy-Immunology Consultation
•
•
•
•

IgG: <30 mg/dL
IgA: 7 mg/dL,
IgM: 7 mg/dL
IgE: <2 IU

• Agammaglobulinemia confirmed.
• Patient with normal total serum protein and
normal stool alpha 1 antitrypsin.
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Case 2: Physical Examination
• HEENT: Mildly abnormal faces with features of hypertelorism, a flat nasal bridge,
epicanthal folds, and low set ears. No scleral injection or ocular discharge, TMs
normal, normal oropharynx with tonsillar pillars present.
• MSK: Normal muscle tone.
Patient having difficulty sitting unassisted
• EXTREMITIES: Mild bilateral syndactyly
of 2nd and 3rd toes. No cyanosis or edema.
All other physical exam findings within normal limits.

44
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Case 2: Immunology Evaluation
T, B, NK cell Quantification
• CD3+: 7,091 cells/mm3 H
• CD4+: 4,124 cells/mm3
• CD8+: 2,876 cells/mm3 H
• CD19+: 1,014 cells/mm3
• CD16/CD56+: 125 cells/mm3 L
T and B cell Memory
• CD3+CD45RA+: 89.7%
• CD3+CD45RO+: 5.5%
• CD19+CD27-IgM+IgD+: 87%
• CD19+CD27+IgM-IgD-: 0% L

T cell Stimulation
• CD4+CD40L+: 77%
• CD4+ICOS+: 96%
• PHA: 133,923 cpm (>135,190) L
• ConA: 88,888 cpm (>75,240)
• PWM: 51,191 cpm (26,677)
T cell Receptor Vβ Repertoire
• Polyclonal repertoire for both CD4+ and
CD8+ T cell subsets
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Case 2: Further Testing
• Bone Marrow Biopsy: Normocellular marrow with trilineage hematopoiesis, a
predominance of early myeloid precursors, with full maturation.
• Microarray: Normal
• 207 Gene PID Panel: Variants of uncertain significance identified in 3 genes.
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What Next?
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How I Approach the VUS Conundrum:
Step 1: Exclude any VUS that are not consistent with the
patient’s clinical and laboratory phenotype.
Helpful References:
1. NIH Genetics Home Reference- concise information on gene function, structure,
and any known associated human diseases
2. OMIM- more detailed information including: cell and tissue expression, gene
structure, animal and human functional studies, and known pathogenic variants
3. PubMed- literature database
1. www.ghr.nlm.nih.gov/gene
2. www.omim.org
3. www. ncbi.nlm.nih.gov/pubmed
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DNMT3B gene
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MEFV gene
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SEMA3E gene
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How I Approach the VUS Conundrum:
Step 2: Review the ACMG Classification of the mutation and
evaluate its effect on the translated protein.
Helpful References:
1. The genetic testing report often provides information on the type of mutation
and its effect on the translated protein.
2. Varsome- compiles data from various public databases as well as variant
predictions to give comprehensive information on a specific variant.

2. www.varsome.com
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Invitae Varient Details:
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How I Approach the VUS Conundrum:
Step 3: Determine the allelic frequency of each candidate VUS
and whether or not it has been described in patients with the
disease.
Helpful References:
1.
2.
3.
4.

ExAC database- ”healthy” variants in >60,000 exomes
gnomAD- “healthy” variants in >120,000 exomes and >15,000 genomes
Clinvar- database of human variants and phenotypes
Varsome- compiles data from various public databases (including 1-3) as well as
variant predictions to give comprehensive information on a specific variant.
1. www.exac.broadinstitute.org
2. www.gnomad.broadinstitute.org

3. www-ncbi-nlm-nih-gov.ezp-prod1.hul.harvard.edu/clinvar
4. www.varsome.com
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How I Approach the VUS Conundrum:
Step 4: Evaluate in silico prediction tools and any published in
vitro functional data.
Helpful References:
1. Varsome- compiles data from various public databases as well as variant
predictions to give comprehensive information on a specific variant.
2. Google- Structure search: [Gene] [Protein variant] Ex. ”DNMT3B Asp653Asn”
3. Pubmed- literature database

1. www.varsome.com
3. www. ncbi.nlm.nih.gov/pubmed
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In Silico Predictions:
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In Vitro Functional Assessment:
Examination of PHA stimulated lymphocytes in metaphase:

A. Multi-branched chromosome containing 3 or more arms of chromosome 1 and 16.
B. Whole arm deletion of long arm of chromosome 1 with decondensation of 1qh and 16qh.

68
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Case 2: Diagnosis
Immunodeficiency-centromeric instability-facial anomalies syndrome 1
• A rare heterogeneous disease characterized by:
• Facial dysmorphism (round face, flat nasal bridge, hypertelorism, epicanthus,
macroglossia, micrognathia, and low set ears)
• Immunoglobulin deficiency (hypogammaglobulinemia or agammaglobulinemia)
• Instability in chromosomes 1, 9, and 16.

• Results from defects in hypomethylation of heterochromatin repeats that leads to
characteristic chromosomal breaks, whole arm deletions, and branching.
• Genes Identified: DNMT3B (ICF-1), ZBTB24 (ICF-2), CDCA7 (ICF-3), HELLS (ICF-4)
• Other phenotype characteristics: Gross motor and speech delay, Failure to thrive,
and Intellectual disability
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Management:
• Replacement IVIG was started at ~500mg/kg q 4 weeks prior to discharge.
• Bactrim was started for PJP prophylaxis once a diagnosis of ICF-1 was confirmed.
• Genetic testing was performed on mom and dad confirming both to be carriers.
• 4yo brother as 10/10 matched sibling HSCT donor.
• Currently 1 year post HSCT with reduced intensity conditioning with
alemtuzumab, fludarabine, melphalan, thiotepa, and doing well.

70

35

3/7/2019

Questions?
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