
Universal  Newborn Screening  
for Severe Combined 
Immunodeficiency 

APHL/CDC Newborn Screening Molecular Workshop
Atlanta, GA  May 8, 2012

Mei Baker, M.D., FACMG

Assistant Professor, Department of Pediatrics
Science Director, NBS Laboratory at WSLH
University of Wisconsin School of Medicine and Public Health



Learning Objectives

• Understand SCID from a clinical 
perspective

• Understand the rationale for newborn 
screening for SCID

• Understand the screening test for 
SCID





Severe Combined Immunodeficiency 
(SCID)

• Infections in first year of life
– recurrent, etiology bacterial, viral and fungal
– persistent despite routine treatment
– severe--including sepsis, meningitis
– opportunistic pathogens, such as PCP (pneumonia)

• Failure to thrive, chronic diarrhea
• T cells decreased or absent

– poor proliferation in vitro to mitogens
• B cells absent or non-functional

– low Ig’s after maternal IgG wanes; no specific antibody 
responses

• Fatal without immune reconstitution

Presenter
Presentation Notes
SCID refers to a collection of inherited immunodeficiencies characterized by profound defects of both T cell and B cell arms of the immune system. We have just published, with Rebecca Buckley at Duke University, the first genotype-based analysis of SCID, Duke being the largest BMT center for immunodeficiency in the US.  XSCID is the most common SCID, even though, because of frequent new mutations,  only a minority of patients present with a positive family history.We have developed algorithms for diagnosing the X-linked form of SCID.  We have compared mutation detection methods for carrier and prenatal diagnosis for XSCID (ddF is better than SSCP),  and we have just published a study demonstrating the clinical advantages of prenatal diagnosis.One potential benefit made possible by prenatal dx is in utero bone marrow transplantation,  as successfully carried out by our collaborator,  fetal surgeon Alan Flake, published in NEJM last fall.Although neonatal bone marrow transplantation is lifesaving in as many as 90% of infants with XSCID, this treatment is not ideal.Gene transfer treatment may be useful.
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SCID Genetic Analysis

• X-linked SCID is 
most common form 
(males)

• Specific gene defect 
can be found in 80% 
of cases (15 genes 
known)

• Clinical applications:
– Carrier and 

prenatal dx
– Predict response 

to BMT
– Gene therapy



Available Curative Treatment 
Modalities for SCID

• Bone Marrow Transplantation

• Gene Therapy (X-linked and ADA 
SCID)



Does SCID fulfill NBS criteria? 

• Prevalence of the disease (1:100,000 or greater)
– SCID:  1:66,000 (conservative estimate)

• Can the disorder be detected by routine physical exam?
– SCID: No, SCID baby appears normal at birth.

• Does the disorder have a short asymptomatic period after birth?
– SCID:  Yes, SCID baby can be protected by passive maternal 

immunity. 
• Does the disease cause serious medical complications?

– SCID:  Yes, universally fatal within the first year of life
• Is there potential for successful treatment?

– SCID:  Yes, hematopoietic stem cell transplantation
• Is there a confirmatory test?

– SCID:  Yes, lymphocyte subpopulation analysis (flow cytometry)
• Does early intervention leads better outcome?

– SCID:  Yes!
• Is there a screening test?

– SCID:  Yes, measurement of TRECs using real-time qPCR



SCID: Benefits of Early Diagnosis
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113 SCID infants with HSCT at greater than 3.5 months of age
66%

96%
46 SCID infants with HSCT at than 3.5 months of age or less

Buckley, R. JACI, 120 (4): 760-8 (2007) 



Screening for SCID in Newborns 
Considerations

•Many genes

•Many mutations in each known gene

•Some genotypes still not known



TRECs are reduced in nearly ALL forms of SCID



T Cell Receptor Recombination During 
Development in the Thymus

Generation of T cell receptor excision circles 
(TRECs) occur in >70% of all new (naïve) T 

cells and can be detected by PCR



TaqMan Probe Real-time qPCR
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ABI 7900HT Fast Real-Time  PCR System

Overall Analysis Scheme



Real-time PCR to Measure TRECs
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Real-time PCR to Measure TRECs
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Slope: -3.55
R2: 0.999

Calibrators:
Unknowns:



Multiplexing _384-well Plate

Michael Cogley



TREC Copy Numbers
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True Negatives

True 
Positives

Normal Population

Affected

CutoffMean
(Affected)

Mean
(Normal)

False positives

False negatives

Affected Unaffected

Test Positive TP FP

Test Negative FN TN

Sensitivity = [TP] / [TP + FN]
Positive Predictive Value = [TP] / [TP + FP]
Specificity = [TN] / [TN + FP]

Anne Atkins



Initial TREC 
assay

Full term ≥ 40
Preterm ≥ 25

Full term <40
Preterm <25

TREC & Actin 
Assay on 2 additional 

punches

Full term:
TREC < 25

Actin > 10,000

Normal

Screening 
Abnormal

Full term:
TREC 25-40

Actin > 10,000

Screening 
possible 

Abnormal

Full term:
TREC < 40

Actin < 10,000

Screening 
inconclusive

Preterm:
TREC < 25

Actin > 10,000

Screening 
Abnormal

Preterm:
TREC < 25

Actin < 10,000

Screening 
inconclusive

SCID Testing Algorithm 



SCID Reporting Algorithm

Full term 
screening 
Abnormal

Call out results
to PCP

Call out results 
to clinical 

consultants

Confirmatory 
Dx

Work up

Full term 
screening 

possible Abn. 
and 

inconclusive

Preterm 
screening 

inconclusive

Preterm 
screening Abn.

Written report 
and request a 
repeating NBS 

specimen

Written Report and 
recommending 

repeat NBS following 
NICU procedure



Special Considerations 
• TREC copy numbers

– Measurement units
– DNA extraction
– Calibrators

• TREC assay platform
– Multiplexing vs. single target
– 384-well vs. 96-well

• Automation

• QA/QC issues

• Premature Newborns



Wisconsin’s Laboratory Experience 
TREC Assay Performance in Full Term Babies

• Sensitivity: 100% (No known false negatives 
reported)

• Positive Predictive Value for T cell lymphopenia: 40-
60% (based on Flow results)

• Specificity:  > 99%



Conclusions
• The NBS TREC assay allows for high-throughput, 

population based screening for SCID on a State 
level.

• The NBS TREC assay is relatively inexpensive and 
highly reproducible.

• The NBS TREC assay has a low screening positive 
rate (<0.02%).

• The TREC assay successfully identifies infants 
with SCID and other T cell related primary 
immunodeficiency.



J Allergy Clin Immunol. 2009; 124:522-7



JAMA  2009; 302:2465-70



Public Health Reports  2010; 125:88-95



J Clin Immunol. 2012 Feb;32(1):82-8


	Universal  Newborn Screening  �for Severe Combined Immunodeficiency ��APHL/CDC Newborn Screening Molecular Workshop� Atlanta, GA  May 8, 2012�
	Learning Objectives
	Slide Number 3
	Severe Combined Immunodeficiency (SCID)
	Slide Number 5
	Available Curative Treatment Modalities for SCID
	Does SCID fulfill NBS criteria? 
	Slide Number 8
	Screening for SCID in Newborns Considerations
	Slide Number 10
	Slide Number 11
	TaqMan Probe Real-time qPCR
	Slide Number 13
	Slide Number 14
	Real-time PCR to Measure TRECs
	Real-time PCR to Measure TRECs
	Multiplexing _384-well Plate
	Slide Number 18
	SCID Testing Algorithm 
	SCID Reporting Algorithm
	Special Considerations 
	Slide Number 22
	Conclusions
	J Allergy Clin Immunol. 2009; 124:522-7��
	��  JAMA  2009; 302:2465-70��
	�Public Health Reports  2010; 125:88-95�
	Slide Number 27

