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SYNOPSIS

Severe combined immunodeficiency (SCID) is the result of genetic defects 
that impair normal T-cell development. SCID babies typically appear normal at 
birth, but acquire multiple life-threatening infections within a few months. Early 
diagnosis and treatment with a bone-marrow transplant markedly improves 
long-term outcomes.

On January 1, 2008, the newborn screening (NBS) program in Wisconsin 
became the first in the world to routinely test all newborns for SCID. A real-
time quantitative polymerase chain reaction assay measures T-cell receptor 
excision circles (TRECs), which are formed during the maturation of normal 
T-cells. A lack or very low number of TRECs is consistent with T-cell lymphope-
nia. The development and validation of the TREC assay and the results of the 
first year of screening have been published. This article describes the process 
used to add SCID to the NBS panel, the establishment of follow-up capacity, 
and the integration of SCID screening into routine NBS workflows. The devel-
opment of this expanded NBS program is described so that other states might 
benefit from the processes used in Wisconsin.
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The expansion of a state newborn screening (NBS) 

panel presents many scientific, technical, ethical, and 

policy issues that must be addressed prior to the addi-

tion of a new condition to the test panel. The recent 

experience with the addition of severe combined 

immunodeficiency (SCID) to Wisconsin’s existing NBS 

panel of 46 other conditions provides the opportunity 

to share the process with others who may be consider-

ing adding SCID screening to their NBS programs.1 In 

this article, we describe the process used in Wisconsin 

to initiate a pilot project to routinely screen all new-

borns for SCID. 

SCID represents a group of conditions character-

ized by blocks in T-cell development, which lead to 

functional deficiencies in both T-cells and B-cells.2–4

As a result, newborns with these immunological condi-

tions lack the ability to produce an effective response 

to infectious agents. Affected newborns are extremely 

prone to all forms of infection—viral, bacterial, and 

fungal. Undiagnosed, these infants typically require 

treatment for a series of extremely critical conditions, 

suffer repeated and prolonged hospitalizations, and 

usually die during the first year of life. Buckley et 

al. demonstrated that very early diagnosis and treat-

ment by haematopoietic stem-cell transplantation can 

establish normal immune function.2 If treated before 

3.5 months of age, SCID newborns have more than 

a 95% chance at long-term ( 20 years) survival. If 

diagnosed after 3.5 months of age, even with intensive 

interventional care and transplantation, the survival 

rate drops below 70%. These factors suggest that a 

reliable laboratory procedure compatible with existing 

routine NBS programs potentially could be immensely 

beneficial to SCID-afflicted newborns, who typically 

appear completely normal at birth. Routine screening 

of newborns based on conventional dried filter-paper 

blood specimens is now possible with a deoxyribo-

nucleic acid (DNA)-based assay that meets all of the 

selection criteria commonly used for adding a new test 

to the state’s NBS panel.5,6

Because it is impossible to measure an infant’s 

immune function or the number of T-cells and B-cells 

directly from dried-blood spots on filter papers (i.e., 

Guthrie cards), a surrogate marker must be used. 

During normal T-cell maturation in the thymus, a 

short segment of DNA for the T-cell receptor gene is 

excised and subsequently links ends to form a T-cell 

receptor excision circle (TREC). Based on the work 

of Douek et al.7 and Chan and Puck,8 we optimized 

the method and, using de-identified NBS specimens, 

tested 5,766 consecutive routine NBS samples during 

October 2007.9 The method was compatible with the 

laboratory operations in the existing Wisconsin NBS 

Program, and it yielded acceptably low numbers of 

false-positive results. Following the development and 

initial evaluation of our NBS procedure, the Wiscon-

sin NBS Advisory Committee recommended adding 

SCID to the test panel on a pilot basis. The Wisconsin 

Secretary of Health and Family Services approved 

this addition. Routine screening of all infants born in 

Wisconsin began on January 1, 2008.

In this article, we describe the steps taken by the 

Wisconsin NBS Program that led to the first routine 

application of a DNA-based molecular assay being used 

as a primary NBS technology by a statewide NBS pro-

gram. Our discussion includes the logistical, technical, 

and operational issues associated with implementing 

routine SCID testing, as well as the quality-assurance, 

follow-up, and cost considerations for NBS programs. 

The analytical method used in Wisconsin has been 

described by Baker et al.;9 and Routes et al.10 have 

reported the clinical results of the screening and 

follow-up during the first year.

METHODS

In May 2007, clinical immunologists from Children’s 

Hospital of Wisconsin presented the concept of 

screening newborns for SCID to the Wisconsin NBS 

Advisory Committee. The committee reviewed existing 

criteria for adding a test to the NBS panel and was 

convinced that SCID potentially met the criteria used 

to expand NBS in the past. A new polymerase chain 

reaction (PCR)-based laboratory method for screen-

ing would need to be validated, and protocols for 

confirmation of positive screening results would need 

to be available. The University of Wisconsin-Madison 

Institutional Review Board approved a protocol for the 

development and evaluation of the screening method 

using de-identified NBS specimens. The method was 

subsequently evaluated and optimized for use on 

dried-blood spots.9 Blood samples that had zero or low 

TRECs (i.e., Guthrie cards spotted with blood from 

infants with SCID or depleted of näive T-cells) were 

used as internal blinded controls to further evaluate 

the proposed method. 

The overall analysis of a 3.2-millimeter (mm) circular 

punch from a dried-blood spot is shown schematically 

in Figure 1. Beginning with the newborn blood-collec-

tion card that contains five dried-blood spots, a 3.2-mm 

circular punch containing 3 microliters (μL) of whole 

blood is processed in a 96-well microtiter plate. The 

specimen is then analyzed by real-time quantitative 

PCR (RT-qPCR) to quantify the number of TRECs/

μL of blood. The resulting calibration curve (plotted 

automatically) is shown in Figure 2, with calibrators 
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(run in duplicate) indicated by the solid squares, and 

patient specimens shown by the crosshatches. Test 

results on patient specimens were reported as the 

number of TRECs/μL of blood.

Because the purpose of this NBS assay is to identify 

newborns with very low or zero TRECs, we chose two 

quality-control monitors to assess the performance of 

the test and to satisfy Clinical Laboratory Improve-

ment Amendments performance requirements. The 

first was to monitor the slope of the calibration plot. 

A reproducible slope is consistent with good control 

of the analytical process. During 75 consecutive runs, 

the slope was 3.55  0.070 (coefficient of variation

2%). The second quality-control parameter uses one 

of two forms of “true zero control” (i.e., an NBS posi-

tive, as represented by zero or low numbers of TRECs): 

whole blood spotted on filter paper from a known 

SCID infant (severe T-cell lymphopenia confirmed by 

flow cytometry) or an adult blood sample depleted of 

näive T-cells (e.g., CD45RA CD3 T-cells). These zero 

controls not only monitor the method’s performance 

in the critical area, they serve to alert the analyst of 

potential cross-contamination.

Our method relied on manual pipetting by chem-

ists. One chemist can process one plate containing 82 

specimens in three hours, and two plates in four hours 

using a single RT-qPCR system. Two analysts and two 

systems can comfortably process our current workload 

of 1,500 specimens per week, which includes punch-

ing, all extraction/analysis steps, reporting, method, 

quality control, and maintenance. Current studies 

to automate the manual pipetting steps will result in 

greater throughput within the NBS laboratory, which 

will be necessary for other laboratories with higher 

birth rates than Wisconsin.

Funding for the startup of SCID screening was 

initially provided by the Jeffrey Modell Foundation, 

Children’s Hospital of Wisconsin, and the Wisconsin 

State Laboratory of Hygiene. The startup funding was 

used to hire additional staff, optimize the test method-

ology, purchase high-throughput PCR equipment and 

reagents, and cover the cost of confirmatory testing by 

flow cytometry. We spent approximately $630,000 from 

the development phase through the first nine months 

of the full-scale pilot test of routine SCID screening. 

Current screening for SCID is supported by a three-

year grant from the Centers for Disease Control and 

Prevention (CDC). The estimated cost to screen 70,000 

infants is $420,000.

The Administrator of the Wisconsin Division of 

Public Health and the Secretary of the Department 

of Health and Family Services were convinced that 

SCID screening could and should be brought on line 

in Wisconsin. An emergency public health rule was 

approved by the Secretary, which allowed the pilot 

project for SCID screening to begin on January 1, 2008. 

The Wisconsin Administrative Code was later amended 

to add SCID screening to the 46 other conditions that 

were part of the existing test panel.11

Prior to screening for SCID, the collaborators con-

tacted many of the state and local medical associations, 

particularly those representing pediatricians, neona-

tologists, and family practitioners, and provided them 

with information on SCID and the proposed addition 

Figure 1. Graphic representation of SCID-screening method used by the Wisconsin NBS Programa

aIn the method, a 3.2-mm dried-blood spot containing 3 microliters of blood is punched from a filter-paper card and processed in a 96-well 
microtiter plate, and DNA is extracted, amplified, and analyzed by RT-qPCR.

SCID  severe combined immunodeficiency

NBS  newborn screening

mm  millimeter

DNA  deoxyribonucleic acid

TREC  T-cell receptor excision circle

RT-qPCR  real-time quantitative polymerase chain reaction
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of SCID to the NBS test panel. A letter to physicians 

from the Wisconsin NBS Program and an announce-

ment in the Wisconsin Medical Journal described the 

addition of SCID to the NBS panel and the proposed 

follow-up for infants who are screened positive,12 and 

project collaborators presented lectures and grand 

rounds on the topic. Once the program began, clini-

cal consultants designated by the NBS program were 

available to respond to clinician questions.

RESULTS

Figure 3 summarizes the programmatic criteria the 

Wisconsin NBS Program considered prior to adding 

SCID to the test panel. The responses to these 15 ques-

tions made it clear that a screening program for SCID 

could be successful if effective screening and follow-up 

protocols were established.

Figure 4A shows the distribution of the number of 

TRECs extracted from 5,766 de-identified dried-blood 

spot samples submitted to the NBS program and ana-

lyzed during the proof-of-concept pilot study in 2007. 

The number of TRECs is shown as TRECs/3.2-mm 

circular dried-blood spot. A 3.2-mm circular punch 

from a dried-blood spot contains 3 μL of whole blood. 

The number of TRECs/3 μL ranged from 0 to 3,900. 

In this sample, the mean number of TRECs/3 μL was 

827, and the median number was 708. The shape of 

the distribution function, skewed (i.e., exhibiting a 

“tail” of values) to the right, is typical of many clinical 

analytes; however, the region of interest when screen-

ing for SCID and immunodeficiencies lies with the 

zero and low values at the left end of the distribution. 

A newborn exhibiting a significant number of TRECs 

is, by definition, producing T-cells and, therefore, is 

negative for SCID and many other T-cell immunode-

ficiencies. Figure 4B shows the distribution of TRECs 

from newborns who had 150 TRECs on initial testing. 

Only about 1.06% of newborns have 75 TRECs/3 μL 

or the equivalent of 25 TRECs/μL. Using data from 

this pilot study, we set the internal (intra-laboratory) 

cutoff at 25 TRECs/μL. Specimens with 25 TRECs/

μL are considered to be normal (i.e., negative for SCID 

and other immunodeficiencies). The cutoff of 25

TRECs/μL clears 98.94% of all initial specimens for 

SCID on the initial tests. 

From these pilot-study results, a screening algo-

rithm was developed to move forward for prospective 

analyses. Specimens not reported as normal (i.e., 25

TRECs/μL) fall into one of two categories: inconclusive 

or abnormal. If the blood spots are of poor quality for 

NBS, have low TRECs but are from newborns of very 

low gestational age, or, in the judgment of the labora-

tory personnel, cannot be declared negative, results are 

deemed to be inconclusive. The primary care provider 

is requested to provide a second filter-paper specimen 

for retesting of all 47 NBS parameters, including SCID. 

This category represents approximately 0.17% of all 

births. The abnormal category represents specimens 

that on the initial test exhibited 25 TRECs/μL. For 

these, the original filter paper is re-punched and 

retested in duplicate. If confirmed to have zero or low 

numbers of TRECs, the clinical consultant to the NBS 

program is notified of the results. The consultant (a 

physician who diagnoses and treats immunodeficien-

cies in newborns, including those with SCID) contacts 

the newborn’s primary care physician, and they jointly 

decide to test either a repeat filter-paper specimen or an 

immediate, micro whole-blood specimen for immune 

Figure 2. Calibrator curve of serially diluted plasmids 
containing a known number of TRECs (solid squares) 
and 82 unknown samplesa

aBaker MW, Grossman WJ, Laessig RH, Hoffman GL, Brokopp CD, 
Kurtycz DF, et al. Development of a routine newborn screening 
protocol for severe combined immunodeficiency. J Allergy Clin 
Immunol 2009;124:522-7. Reproduced with permission from J 
Allergy Clin Immunol.

TREC  T-cell receptor excision circle

R2  correlations coefficient

E  exponential notation
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Figure 3. Programmatic criteria considered by the Wisconsin NBS Advisory Committee in evaluating 
the addition of SCID screening to its NBS test panel  

Screening questions Application to screening for SCID

Is there a test amenable to routine universal screening 
of all newborns with appropriate sensitivity and 
specificity?

Yes. The TREC assay on dried-blood spots meets this criterion.

Is the cost per test comparable with other NBS tests? Yes. Preliminary data suggest the cost will be about $6 per child tested.

Can the disorder be detected by routine physical 
exam?

No. An SCID baby appears normal at birth.

Does the disorder have a short asymptomatic period 
after birth?

Yes. SCID babies are initially protected by maternal antibodies.

Is the prevalence of the disease 1/100,000 or greater? A conservative estimate of the prevalence of SCID is 1/66,000 births.

Does the disease cause serious medical complications? Yes. SCID is universally fatal if untreated within the first year of life.

Is there a confirmatory test available for SCID? Yes. A lymphocyte subpopulation assessment can be conducted by flow 
cytometry.

Is there potential for successful treatment? Yes. Successful haematopoietic stem-cell transplantation is curative.

Is access to treatment available to all Wisconsin 
children?

Yes. Two Wisconsin children’s hospitals have active SCID diagnosis and 
treatment programs.

Does early intervention lead to a better outcome? Yes. Cure rates up to 95% are claimed for babies treated prior to 3.5 months 
of age.

Is a sample available from the current dried-blood spot 
specimen?

Yes. The TREC assay uses a single 3.2-millimeter punch from a dried-blood 
spot on the NBS card.

Is testing equipment available at a reasonable cost? Yes. About $90,000 in capitol equipment is needed to implement a non-
automated assay.

Can the assay be performed on a timely basis and not 
impede other NBS reports?

Yes. Screening results are available within 24 hours, and confirmatory flow 
cytometry results can be available within days.

Are labor requirements for SCID screening comparable 
with other NBS tests?

Yes. Two trained chemists can screen up to 100,000 routine specimens per 
year.

Are clinical consultants available to assist in reporting 
and interpreting positive screening results to primary 
care providers?

Yes. Clinical consultants associated with diagnostic and treatment facilities at 
children’s hospitals are part of the Wisconsin SCID-screening program.

NBS  newborn screening 

SCID  severe combined immunodeficiency

TREC  T-cell receptor excision circle

cell subset levels by flow cytometry. If T-cell markers are 

absent, an immediate referral to an immunodeficiency 

clinic and full workup for SCID is recommended. If 

the repeat filter-paper specimen is again abnormal, a 

liquid whole-blood specimen is requested. Specimens 

that are normal on repeat testing (either filter paper 

or flow) are considered screening false positives.

The intra-laboratory reflexive testing of the initial 

filter-paper specimen in duplicate enables us to clear 

99.98% of full-term newborns from whom we have 

obtained satisfactory specimens. Similarly, for prema-

ture births, the clearance rate is 99.97%. These rates 

are as good, or better, than the other tests in the cur-

rent NBS panel; however, the number of inconclusive 

specimens is much higher in premature newborns, 

reflecting, in part, on low-birthweight babies in inten-

sive care units, where a final discharge specimen will 

be forthcoming. 

Results from the 2008 prospective study of full-

term newborns and premature infants are shown in 

the Table. Twelve full-term newborns had abnormal 

(positive screening) results. Six whole-blood samples 

and four repeat filter-paper specimens were collected 

from these full-term newborns and retested. Two of the 

full-term newborns who initially had abnormal results 

were not retested (one died, one refused). Of the 10 

full-term newborns who were retested, two had normal 

flow results (false positives), four exhibited non-SCID-

related T-cell lymphopenia, and four were found to be 

normal. None were diagnosed with true SCID. Only 

23 of 6,603 premature newborns had abnormal screen-

ing results reported during 2008. Five of these infants 

died before a repeat specimen could be obtained. Of 

the remaining 18, 12 tested normal on repeat screen-

ing, three had normal flow cytometry results (false 

positives), and three had an abnormal result at the 
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equivalent age of 37 weeks gestation. The follow-up 

flow cytometry on these three newborns exhibited 

non-SCID T-cell lymphopenia. Although none of the 

premature newborns was diagnosed with SCID, eight 

infants were identified as having clinically significant 

T-cell lymphopenia, one of whom underwent successful 

bone-marrow transplantation. These results illustrate 

that the TREC assay used as part of routine NBS is also 

a test for T-cell lymphopenia, not just SCID.

Importantly, screening for SCID did not delay 

reporting of the other 46 NBS tests. Results are avail-

able in less than two days from receipt of the initial 

specimen in the laboratory and are reported as the 

number of TRECs/μL, along with the interpretation 

(normal, abnormal, or inconclusive). The addition of 

SCID screening has been accomplished without signifi-

cant impact on the existing NBS program. 

DISCUSSION

The Wisconsin NBS Program initiated the first full-

scale, routine, population-based screening for SCID in 

the world and demonstrated one of the first instances 

of using an RT-qPCR (i.e., DNA or molecular) testing 

aBaker MW, Grossman WJ, Laessig RH, Hoffman GL, Brokopp CD, Kurtycz DF, et al. Development of a routine newborn screening protocol for 
severe combined immunodeficiency. J Allergy Clin Immunol 2009;124:522-7. Reproduced with permission.
b(A) TREC distribution, where the mean is 827 TRECs/3.2-mm DBS and the median is 708 TRECs/3.2-mm DBS; and (B) number of samples with 

150 TRECs/3.2-mm DBS 

RT-qPCR  real-time quantitative polymerase chain reaction

TREC  T-cell receptor excision circle

NBS  newborn screening

SCID  severe combined immunodeficiency

mm  millimeter

DBS  dried-blood spot

Figure 4. Results of initial RT-qPCR TREC assay conducted by the Wisconsin NBS Program on 
5,766 NBS cards during the 2007 SCID-screening pilot studya,b

methodology as the primary test in an NBS program. 

The expansion of the NBS program was the result of 

collaboration among the NBS laboratory, the NBS 

follow-up program, the clinical consultants, two chil-

dren’s hospitals, and a private foundation. As new 

technologies evolve, NBS programs will continue to 

be challenged by the need to expand the number of 

tests in the standard test panel. The decision to add 

one or more new tests is typically based upon a set of 

criteria that relate to the characteristics of the disease 

or condition, the availability of reliable screening and 

confirmatory test procedures, the estimated cost to 

detect an affected infant, the availability of an effective 

treatment or clinical intervention, and the availability 

of clinical consultants. 

On January 21, 2010, the Health Resources and 

Services Administration Advisory Committee on 

Heritable Disorders in Newborns and Children voted 

unanimously to recommend adding SCID to the core 

panel for universal screening of all newborns in the 

United States.13 The Advisory Committee’s policy rec-

ommendation will now be presented to the Secretary 

of Health and Human Services, who has 180 days to 

consider and respond to the committee’s proposal. 
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Our data during 2008 indicate that the TREC assay 

identifies newborns with clinically important causes 

of T-cell lymphopenia apart from SCID, a factor that 

should also be considered when determining whether 

the TREC assay should be added to the NBS panel.

The addition of an NBS test for SCID was potentially 

an expensive endeavor. The Wisconsin NBS Program 

was fortunate to obtain $250,000 from the Jeffrey 

Modell Foundation to hire key staff and cover some 

of the costs associated with equipment, supplies, and 

training. Children’s Hospital of Wisconsin contributed 

another $250,000 to cover portions of the startup 

costs to bringing the TREC screening assay on line 

and provide confirmatory flow cytometry testing. The 

Wisconsin State Laboratory of Hygiene (University of 

Wisconsin—Madison) also contributed nearly $300,000 

to the startup costs for staff, equipment, and supplies. 

Beginning in October 2008, CDC awarded the Wiscon-

sin State Laboratory of Hygiene $1.5 million during a 

three-year period to continue the initial pilot screening 

for SCID and to assist other state NBS programs with 

the addition of SCID screening by sharing methods 

and expertise. 

Our SCID testing protocol, beginning with a single 

3.2-mm punch from the filter-paper card and process-

ing in 96 well plates, is completely compatible with 

our existing NBS program and 46-test panel. For 

programs with up to 100,000 specimens per year, two 

full-time chemists and two RT-qPCR systems, in part 

for redundancy and in part to smooth workflow, are 

optimal. We have reduced the current manual pipetting 

steps, which has resulted in increased staff efficiency. 

Incorporation of a molecular test (i.e., RT-qPCR-based 

test) as the primary test procedure for routine use has 

not proven to be a problem with either staff training 

or integration into NBS production. Cross-training 

with other NBS program chemists was accomplished 

without difficulty. Based on one year’s experience, our 

per-sample cost is slightly less than $6 and is similar 

Table. Wisconsin Newborn Screening Program severe combined immunodeficiency screening results, 
2008 (n=71,000)

Characteristic N Percent

Total tested
Full-term infants
Premature infants ( 37 weeks gestation)

64,397
6,603

90.70
9.30

Inconclusive results—unsatisfactory specimen (repeat specimen requested)
Full-term infants
Premature infants ( 37 weeks gestation)

23
96

0.03
0.14

Abnormal results—reported as positive (confirmatory specimen requested)
Full-term infants
Premature infants ( 37 weeks gestation)

12
23

0.02
0.03

to other single tests in the panel. We estimate that 

with three to four weeks of hands-on training in our 

laboratory, another state NBS program could become 

fully operational within six months. 

We selected a cutoff of 25 TRECs/μL to isolate 

the lowest 1.06% of all specimens for retesting. In 

the case of the Wisconsin NBS Program, about 700 

specimens per year are being retested. Because a true 

SCID newborn would have a TREC value near zero, the 

high cutoff is designed to ensure that an SCID-affected 

newborn, as well as some newborns with other immu-

nodeficiencies, will be in the subpopulation selected 

for further study. Early in the Wisconsin pilot study, the 

clinical consultants determined that a finding of low 

numbers of TRECs is a nonspecific result that should 

be brought to the attention of the newborn’s primary 

care provider.

CONCLUSION

The true incidence of SCID is unknown; estimates 

range from 1/40,000 to 1/100,000.14 The data from 

a prospective SCID-prevalence study in Australia sug-

gested an incidence of 1/69,000 live births.15 In part, 

the Wisconsin SCID-testing pilot program is attempting 

to answer this question. Even if the true rate for SCID 

is 1/70,000, there is a significant probability that a true 

SCID would not appear in the first year of screening. 

Because the true incidence of SCID in Wisconsin new-

borns is still unknown, it is not surprising that an infant 

with classical SCID has not yet been identified. 

From the first year’s experience with 71,000 primary 

screens, we are confident that the test is able to pick 

up newborns with no or low numbers of TRECs that 

may be associated with SCID and other immunodefi-

ciencies, as it effectively picked up several infants with 

associated T-cell lymphopenia conditions. In 2008, 

eight infants with non-SCID immunodeficiencies were 

identified.10 No infant born in Wisconsin since the 
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initiation of statewide screening for SCID has been 

diagnosed with SCID. About 20 infants who had low 

or no TRECs on initial screening died before follow-

up testing could be conducted. Further evaluation 

of these infant deaths will determine if any of these 

infants had lymphopenia or lacked a thymus, which 

is a possible indicator of immunodeficiency. Years 

two and three of our pilot study, as well as data from 

other states that begin screening newborns for SCID, 

will help to determine the true incidence of SCID and 

other immunodeficiencies in newborns.

This work was supported in part by the Jeffrey Modell Founda-

tion, the Children’s Hospital of Wisconsin Foundation, the 

Children’s Research Foundation, the Wisconsin State Laboratory 

of Hygiene, and grant #1U01EH000365-1 from the National 

Center for Environmental Health, Centers for Disease Control 

and Prevention (CDC). The findings and conclusions in this 

article are those of the authors and do not necessarily represent 

the official position of CDC. 

The death of one of the coauthors, Ronald H. Laessig, PhD, 

occurred during the early implementation of severe combined 

immunodeficiency testing in Wisconsin. Dr. Laessig, former 

Director of the Wisconsin State Laboratory of Hygiene, played an 

important part in all phases of the work described in this article.
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