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Abstract
The most profound primary immunodeficiency disease, severe combined immunodeficiency
(SCID), is fatal in infancy unless affected infants are provided with an adaptive immune system
through allogeneic hematopoietic cell transplantation, enzyme replacement or gene therapy.
However, most infants with SCID lack a family history or any clinical clues prior to the onset of
infections, making this serious, but treatable disease a candidate for population based newborn
screening. Of several approaches considered for SCID screening, testing for the DNA biomarker
of normal T cell development, T cell receptor excision circles (TRECs), has proven successful.
TREC numbers can be measured in DNA isolated from the dried blood spots already routinely
collected for newborn screening. Infants with low or absent TRECs can thus be identified and
referred for confirmatory testing and prompt intervention. TREC testing of newborns is now being
performed in several states, indicating that this addition to the newborn screening panel can be
successfully integrated into state public health programs.
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Introduction: Why screen for SCID
Every medical textbook and every publication from the 1950’s to the last 3 years discussed
severe combined immunodeficiency (SCID) in terms of how the absence of cellular and
humoral immunity in this rare disorder causes affected infants to come to medical attention
with infections—thrush, pneumonia, diarrhea—and failure to thrive.1 The diagnosis of
SCID, and its very definition, have revolved around the devastating bacterial, viral and
fungal infections of affected infants, infections often caused by weakly pathogenic,
opportunistic organisms. Prior to 1968, when the first successful bone marrow transplant
was performed,2 SCID was always fatal, but now it can be treated by allogeneic
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hematopoietic cell transplantation (HCT),2–11 enzyme replacement12 or even gene
therapy,13–14 provided infections can be controlled.

Recognition of how SCID is inherited15–33 has permitted some families, often following
tragic loss of an affected infant due to infection, to have the diagnosis made in subsequent
affected children at birth, or even before birth.34–35 In these fortunate circumstances, early
treatment of healthy infants with SCID who have avoided infections has afforded a very
high likelihood of survival free of complications.35–37 Development of population based
newborn screening for SCID has been motivated by the recognition that pre-symptomatic
identification and treatment greatly improves survival and by the desire to give all infants
born with SCID the chance for an optimal outcome. This review will describe the
methodology now available for early SCID screening and diagnosis.

Differences between screening tests and diagnostic tests for individual
cases

Population based newborn screening, which is mandated and performed by the public health
departments of individual states, differs from testing undertaken by immunologists
confronted with a known or suspected case of immunodeficiency in their practice. For an
individual patient who might have SCID or a related disorder, a complete blood count,
differential white blood count and lymphocyte subset determination are obtained
immediately, with any T cell abnormalities followed up by further testing, such as serum
antibody concentrations, in vitro lymphocyte proliferation, and molecular diagnosis.38 This
approach requires liquid blood samples that are perishable and cannot be stored or re-run if
there are problems or as a quality control at a later time. Furthermore, these diagnostic tests
must be performed soon after the blood is obtained, they are not always consistently
performed or interpreted from one laboratory to another, and they are prohibitively
expensive to be used in every infant.

In contrast, screening whole populations is not targeted to a few individuals recognized to be
at potentially increased risk, either because of family history or clinical considerations such
as infections.39 Screening tests must be amenable to performance on a large scale in
centralized state public health laboratories. These laboratories already perform multiple tests
using blood, generally from a heelstick, that is spotted onto filter paper and air dried, as first
developed by Robert Guthrie for population based testing of newborns for
phenylketonuria.40,41 Dried blood spots (DBS) have been thoroughly standardized. They can
be stored (for many years if desiccated and at −20°C), sent through the mail, and tracked by
automated bar coding for generation of reports. The typical newborn screening test is done
on a 3.2 mm disc, corresponding to about 3 uL of liquid blood, that is punched out of the
DBS, which is roughly a 1 cm diameter circle. If at all possible, newly developed screening
tests should take advantage of the DBS sample to avoid the costs of getting a separate
sample and to facilitate integration into existing screening programs.39,42

Unlike an individual clinical test, a screening test represents a single, isolated opportunity to
pick up a rare, but serious condition. Therefore false negative results, or the failure to
identify true cases, must be kept to an absolute minimum. On the other hand, having a
limited number of false positive results is viewed as a necessary price to pay to avoid
missing affected infants. Thus the biomarkers that are successful in newborn screening need
to be very sensitive, but not completely specific. Public health laboratories have excellent
outreach systems to contact infants for additional testing when screening results are not
normal, and the follow-up individual testing is used to sort out false positives so that
families can be reassured if their infant is unaffected. But parental anxiety is an important
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factor, as is provider frustration when each test added to the screening panel brings more
chances for infants to have to undergo more tests.43

Analytes and platforms considered for SCID newborn screening other than
T cell receptor excision circles (TRECs)

The first suggestion that all newborns be screened for SCID was by the teams of Buckley
and Puck in 1997, who made the suggestion that the great majority of cases could be
identified by a complete blood count and differential to determine the absolute lymphocyte
count (ALC) per mL of blood.4 Lymphocytes and several other analytes, defined as
substances that are measured, have been considered, to be used either alone or in
combination (Table 2). As alluded to above, the ALC is an informative test in the clinical
realm, since T cells make up approximately 70% of lymphocytes in healthy infants.7,39

However, because the ALC includes all lymphocyte subsets, patients with T-B+ SCID who
have high numbers of B and possibly NK cells could have normal, or false negative, results
on this test. In addition, maternal cells may be found in substantial numbers in the
circulation of infants with SCID, who are unable to recognize and eliminate allogeneic cells;
these maternal cells also increase the ALC value and could potentially lead to a false
negative result. Rare infants with Omenn syndrome, characterized by impaired T cell
development with immune dysregulation and expansion of oligoclonal T cells may also have
a normal to high ALC, but in addition have clinical features of erythroderma, eosinophilia
and organ involvement that bring them to medical attention. Although the mean ALC of
newborns is around 5,000/uL, the range is broad, so that setting the cut-off value for normal
ALC at a level to capture SCID patients with high numbers of B cells or maternal cells
would result in unacceptably frequent false positive tests. Thus ALC, while a valuable and
often overlooked clinical tool for individual patients and high-risk settings, exhibits too
much overlap between SCID and normal infants to be suitable for population-based SCID
screening.

Immunoassays for IL-7 and for T-cell specific proteins have been evaluated by McGhee et
al.44 and by Janik et al.45 High serum IL-7 levels are associated with T-lymphocytopenic
states including SCID in a limited number of cases that have been tested, but this association
has not been developed into a robust newborn screening tool for SCID. Lability of IL-7 and
technical problems with its detection in eluates from DBS would need to be overcome even
if the biological basis for IL-7 elevation is generalizable to newborns across all SCID
genotypes and presentations. Detection of proteins of the T cell receptor CD3 complex in
combination with CD45 has been achieved using a high-throughput bead capture
technology.45 However, the quantity of protein has been so low as to require polyclonal
rabbit antisera, rather than the more standardized monoclonal antibodies, making scale-up of
this assay for widespread screening problematic at this time.

Another approach is to detect DNA sequence variants in SCID disease genes, either
previously defined or as yet unreported deleterious mutations. Many newborn screening
laboratories that include cystic fibrosis in their screening test panel currently use CFTR
(cystic fibrosis transmembrane conductance regulator) DNA mutation arrays as a second tier
test for known gene mutations.46 Unfortunately, the situation with SCID is much more
complicated. There are now 14 known SCID genes (Table 2) as well as patients with SCID
whose molecular etiology remains unknown even after extensive gene sequencing.15–33

Moreover, in addition to hundreds of disease-associated mutations for the known genes, new
mutations continue to be discovered, so it is not possible to rely on a catalog of mutations on
an array when diagnosing a new patient.47 A re-sequencing array capable of detecting
known and unknown SCID variants developed by Puck and Warrington was able to identify
over 90%, but not 100%, of known mutations as well as previously unknown ones in
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prospective SCID cases.47 Some of the failures were in DNA samples with single base
insertions and deletions. While yielding a specific gene diagnosis if positive, this approach
has an unacceptable false negative rate as well as a cost that is too high to use as a primary
screen. In the future, however, deep genomic sequencing technologies will improve, and
whole genome sequencing may revolutionize newborn screening (see Future Prospects and
Challenges, below).

The TREC test
In the germ line and all non-lymphoid cells, the gene loci encoding antibody molecules and
T cell antigen receptor chains are composed of large numbers of alternate segments, called
variable (V), diversity (D) and joining (J) regions that lie upstream of constant regions.
Recombination of the T cell receptor (TCR) genes in the thymus is the process whereby a
diverse repertoire of T cells is generated from randomly chosen alternate sections to
synthesize a unique rearrangement in each cell. In the TCRα locus a Vα segment becomes
linked to a Jα and a Cα segment through cutting and rejoining of the DNA by a series of
enzymes that produce double strand DNA breaks at specific sites and then carry out
processing and repair. Only T cell progenitors in which re-ligation produces an in-frame,
rearranged locus are selected to survive and mature. The excised DNA fragments that are
not destined to be incorporated into the mature TCR locus can be joined at their ends to form
a great variety of circular DNA byproducts, called T cell receptor excision circles, or
TRECs. Late in the maturation program, 70% of the thymocytes that will ultimately express
αβ T cell receptors form one specific circular DNA TREC, the δRec-ψJa signal joint TREC,
from the excised TCRδ gene (TCRD) that lies within the TCRα gene (TCRA) locus (Figure
1). The DNA circles are stable and are maintained following cell divisions, but because they
do not replicate they become diluted as T cells proliferate by mitotic division. A quantitative
PCR reaction across the joint of the circular DNA, using primers indicated by the short
arrows in Figure 1, provides the TREC copy number, an indicator of new thymic emigrant T
cells being produced.

The groups of van Dongen et al.48 and Douek et al.49 found that TRECs are a biomarker for
newly produced, naïve T cells that emigrate into peripheral blood from the thymus. Douek
noted that infant blood samples have the highest numbers of TRECs, around one TREC per
10 T cells, reflecting the high rate of new T cell generation early in life. Older children and
adults have 10-fold and 100-fold lower TRECs, respectively, reflecting increased peripheral
T cell expansion as compared to new production of naïve T cells. TREC copy number varies
widely between individuals, so a single measurement is not a useful clinical test in most
settings, although serial measurements in a patient over time can document T cell
reconstitution after HCT or increased TRECs following institution of anti-retroviral therapy
in patients with HIV-AIDS.

In contrast to its shortcomings as a clinical test, TREC determination, of all the approaches
considered to date, is the only one that has proven clinical utility for SCID newborn
screening. In 2005, Chan and Puck published the first method for DBS screening for SCID
using TRECs as the analyte.50 DNA was extracted from DBS and used for quantitative PCR
(qPCR) for TRECs. A β-actin gene segment could be amplified from the same DNA as a
control to distinguish samples with low TRECs due to lack of naïve T cells vs. samples with
poor DNA yield or quality. As shown in Figure 2A, anonymous DBS samples obtained for
routine newborn screening had a mean of 1000 TRECs per punch in the assay as performed
in the Puck laboratory. Occasional DBS failed to amplify TREC DNA adequately; such
samples would have repeat determinations made and β-actin gene amplification performed,
and if both TREC and β-actin PCR failed, as shown in the lower right of the graph in Figure
2A, a new blood spot would be needed from the infant. The initial publication of Chan and
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Puck had 1.4% of samples with failed PCR, an unacceptably high rate for large scale
screening; however, subsequent refinements reduced the false positive rate more than 10-
fold (discussed below). Eleven states routinely obtain a second heelstick from all infants at
around two weeks of age, making a repeat sample readily available if needed.46

From states such as California that archive residual dried blood spots from all infants for
appropriate research and quality control purposes, we were able to obtain the original
nursery DBS samples from 20 infants who were eventually diagnosed with SCID of diverse
genotypes. As shown in Figure 2B, TRECs were uniformly undetectable in these samples
even though positive amplification of the genomic β actin DNA was confirmed in each
case.50,51 Morinishi et al. obtained similar results from newborn blood spots recovered from
5 SCID infants in Japan.52

Advantages of TRECs as a newborn screening analyte include ability to use dried blood
spots, low cost, high throughput, and high sensitivity—that is, avoidance of false negative
results from infants with SCID who have high numbers of B lymphocytes, maternal T cell
engraftment52,53 or oligoclonally expanded T cells. Furthermore, additional conditions in
which T cell numbers are low, such as complete DiGeorge syndrome, would also be
predicted to be found. Complete DiGeorge syndrome is potentially treatable by thymus
transplantation.54

The TREC method was first adapted to high throughput use in a public health setting by the
Wisconsin State Newborn Screening Program, which started a state-wide pilot SCID
screening program in 2008.55,56 Massachusetts,57,58 California, New York and other states
have followed. In addition to maintaining high sensitivity for detecting SCID cases, TREC
test specificity has been excellent with automated methods that have reduced the number of
DNA amplification failures to 0.1% or lower. This is as good or better than the false positive
rates of many tests currently in use for newborn screening for other conditions.

Performance of the TREC test in state-wide newborn screening
Results of initial state screening programs in Wisconsin and Massachusetts have been
published and are summarized by Routes et al. (see also in this issue).55,59 California began
TREC screening in August, 2010, within three months of the recommendation by the U. S.
Department of Health and Human Services Secretary to add SCID to the nationally reviewed
uniform panel of conditions subject to newborn screening. A collaboration was formed
between the California State Genetic Disease Laboratory and PerkinElmer, Inc., to adapt and
implement the TREC and β-actin detection protocols of Chan and Puck and the Wisconsin
pilot program. Table 3 summarizes the results of the first year of screening for TRECs in
California, the state with the largest annual number of births in the U. S. and a population
that is ethnically very diverse. In a single year over 500,000 infants were screened for
TRECs. Test specificity was excellent, with only 8 per 10,000 infants requiring a second
heelstick sample; as with all other newborn screening tests, the great majority of the
incomplete results from the initial sample were from preterm and ill infants in neonatal
intensive care nurseries, who make up about 11% of all infants. Of the initial samples with
failure to amplify a normal copy number of both TREC and β-actin DNA, designated DNA
amplification failures (DAF), the majority were from infants whose birth weight was under
1500 grams; and nearly half of the failed samples were obtained from indwelling vascular
lines rather than the preferred heelsticks. It is hypothesized that heparin anticoagulant may
contribute to inhibition of PCR when samples are obtained from indwelling lines.

Fifty infants (one per 10,000 births) had either 2 DAF samples or an initial positive sample,
with low or absent TRECs, but a normal β-actin copy number. These infants were had
venous blood obtained for complete blood count, differential white blood count and
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lymphocyte subset enumeration by flow cytometry. An important feature of screening for
SCID and related disorders in California has been inclusion within the newborn screening
program of not only TREC testing, but also the follow-up lymphocyte subset enumeration,
which is performed in a single reference laboratory (Quest Nichols Institute, San Juan
Capistrano, CA). All samples are thus stained for a uniform set of markers—T cells (CD3),
helper (CD4) and cytotoxic (CD8) cells, naïve and memory phenotype cells (CD45RA/RO),
B cells (CD19) and NK cells (CD16/CD56)—and analyzed with consistent methodology. In
addition, all results are interpreted by two designated immunology experts for the screening
program, who also oversee referral for treatment of patients with low T cells.

Conditions detected in California by screening with TRECs are also shown in Table 3.
Diagnoses have included six cases of typical SCID, two each with mutations in IL2RG, IL7R
and RAG1/2. One case of Omenn syndrome had mutation of RAG2. In each of these cases
TRECs were undetectable and β-actin normal in the initial DBS sample. The variant SCID
cases have been healthy, but are being followed by immunologists for abnormal T cell
proliferation in vitro and T lymphocytopenia persisting for at least 6 months. In only one
instance, an infant with an X-linked IL2RG mutation, was there a positive family history of
an affected older brother that would have prompted newborn detection at birth in the
absence of screening. The infant with Omenn syndrome had developed erythroderma and
been diagnosed just before the positive TREC test was reported.

A range of T lymphocytopenic conditions other than SCID has been found by TREC
screening in California (Table 3), as well as other states. Some syndromes, including
DiGeorge syndrome and CHARGE syndrome (ocular coloboma, heart malformation,
choanal atresia, retardation of growth and development, genital and ear anomalies) are well
recognized to have variable degrees of T cell impairment; in others such as trisomy 21 a
spectum of defects in adaptive and innate immunity has been observed, but not well
characterized.60 Secondary T lymphocytopenia has also been found through TREC
screening, with California cases including gastrointestinal malformations and extreme
prematurity. Population based forward screening with TRECs thus identifies known and
previously unrecognized associations with low T cells. Regardless of the cause, infants who
have significantly low T cells (<1,500/uL) should not be given live vaccines and should be
referred to immunology centers for assessment.

Outcome tracking
TREC newborn screening followed by lymphocyte subset enumeration has now been proven
to have clinical utility, with several states having implemented their own TREC test
protocols that have acceptable false positive rates, no reported false negatives, and
successful implementation into each state’s work flow. Many infants with otherwise
unsuspected SCID or related T cell disorders have been referred for prompt evaluation and
treatment, and anecdotal reports of successful outcomes are already emerging. As more
experience accumulates and more states wish to add newborn TREC screening, it will be
important to document outcomes of the current programs. Not only the total incidence but
also the severity spectrum and relative incidence of these rare conditions in different
population subgroups remains to be defined. We have worked with the Newborn Screening
Translational Research Network (NBSTRN) to establish categories for tracking and
reporting all of the cases of T lymphocytopenia that have been found by prospective
screening so that diagnoses and screening test performance can be compared and
analyzed.61

While the full range of diagnoses has yet to become established, Table 4 summarizes
currently recognized categories that are also consistent with the definitions put forward by
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the Primary Immune Deficiency Treatment Consortium (PIDTC).62,63 This organization,
part of the NIH-funded Rare Diseases Clinical Research Network, was established to
conduct multicenter studies of SCID and other diseases treated by cellular therapies. Even
though the range for T cells in normal infants born at full term is >2,500/uL,64 an overall
definition of clinically significant T lymphocytopenia in newborns for the California
screening program (including term and preterm births) is taken to be fewer than 1,500 T
cells/uL. The conditions with low or absent TRECs and this degree of T lymphocytopenia
fall into five categories.61–63 Typical SCID (Table 4.I) is defined by the PIDTC as fewer
than 300 autologous T cells/uL of peripheral blood and less than 10% of normal T cell
proliferation to the mitogen PHA. Causes include null mutations of the genes listed in Table
2, and may also include other genes preventing T cell development that have not yet been
discovered. Leaky SCID (Table 4.II) has no maternal engraftment and T cell counts ranging
from 300 to 1500/uL; infants may have a later age of onset of clinical symptoms (in the
absence of screening) or may present in infancy as Omenn syndrome, defined by
erythroderma rash, adenopathy and oligoclonal, poorly functioning T cells accompanied by
hypomorphic mutations in RAG1, RAG2 or other known SCID genes in Table 2. Variant
SCID (Table 4.III) is defined as absence of a known SCID gene defect and 300–1500
autologous T cells/uL with impaired responses to mitogens. Further research is expected to
define the molecular defects underlying the T lymphocytopenia in these infants.

An important category of T lymphocytopenia is multi-system syndromes with T cell defects
(Table 4.IV). Patients with these syndromes have variable expression of congenital
abnormalities and a wide spectrum of T cell dysgenesis, from virtually normal immunity to
defects as profound as seen in typical SCID. Infants who have severely affected T cell
production are expected to have positive TREC screens, while others with the same
syndrome but more normal T cells will not be detected. DiGeorge syndrome, usually
associated with chromosome 22.11 deletion; trisomy 21; and CHARGE syndrome (with
ocular coloboma, heart defect, atresia of nasal choanae, retardation of growth and
development, genitourinary abnormality, and ear abnormality) can all present with life-
threatening infections in infancy due to T cell deficiency and have all been identified by
neonatal TREC screening.52,55,61 In addition, RAC2 deficiency, previously known only as a
granulocyte disorder, has been diagnosed following newborn screening with low TRECs and
T lymphocytopenia,55 as has Jacobsen syndrome associated with terminal deletions of
chromosome 11q24. Siblings affected with DOCK8 deficient hyper-IgE syndrome with
lymphocytopenia had undetectable TRECs during childhood, though newborn samples have
not yet been available.65

Finally, secondary T cell defects (Table 4.V) are characterized by acquired conditions with
no intrinsic thymic defect, but increased T cell loss. These include congenital heart defects,
neonatal leukemia, lymphocyte extravasation or third spacing, lymphangiectasia, and
possibly severe congenital HIV infection, though this has not been confirmed to date. Some
secondary defects, such as lymphocytopenia associated with extreme low birthweight are
not yet fully understood, but may resolve over time. Note that all of these conditions are
important to bring to clinical attention to avoid infectious diarrhea following rotavirus
vaccine66 or complications following inappropriate transfusions, as well as to monitor for
development of infections.

We expect that previously unrecognized conditions with low T cells will come to light as
TREC screening continues and expands. Furthermore, many primary immunodeficiency
diseases are not detectable by TREC screening. Diseases in which T cells develop in the
thymus to the point of production of the δRec-ΨJα TREC (Figure 1), but do not have full
functional maturation will be missed. For example, newborns with Zap70 deficiency, MHC
Class II deficiency and NF-kappa-b essential modulator (NEMO) deficiency have had
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normal TRECs. (ref 50 and unpublished observations of J Puck). It is thus important to
educate providers to remain alert for signs of cellular immune defects in all infants,
including those who have had newborn TREC screening.

Future prospects and challenges
Now that TREC screening has become available and its effectiveness has been shown,
spreading its implementation to all states is important. With increasing limitations in health
care budgets, states considering adding TREC screening must be provided with data on costs
and outcomes of treatments for patients diagnosed with SCID and related disorders without
vs. with screening. While improved survival for SCID patients diagnosed early vs. late has
been well demonstrated,35–37 rigorous cost effectiveness analysis of SCID newborn
screening is not yet available. Ongoing efforts to regionalize testing and treatment centers of
excellence for these rare conditions may be more effective than having each state develop its
own.

As screening becomes widespread it will be possible to define the true incidence and
proportions of each genotype of SCID in unbiased populations, rather than relying on data
from HCT centers that may not include all infants without a family history or access to
expert medical care.37

Optimal treatments for SCID remain controversial and need to be established by multicenter
studies. The PIDTC has taken the important step of prospectively enrolling patients treated
for SCID in a large number of participating centers; a consistent protocol of outcome
measures collected over time will help to identify best practices for managing these rare
diseases.

As extraordinary advances in molecular technology enter the clinical arena, deep
sequencing, such as whole exome or whole genome sequencing, may soon become routine.
Increasing numbers of medically actionable genotypes, DNA variants that confer risk and
are treatable, are driving the trend toward “personalized medicine.” Improvement and public
acceptance of this new technology will facilitate identification of rare genotypes with
clinical consequences. It is possible that future newborns will have the DNA sequence of
their entire genome determinated at birth, from which a blueprint of their risks for a great
variety of conditions affecting health can be ascertained, including SCID and other defects
of the immune system. Even predisposition to the more common multifactorial immune
disorders with later onset may become possible through such sequence analysis of DNA
from newborns. However, since genotypes do not fully predict phenotype for these
conditions, much more needs to be learned about the true predictive value of deep
sequencing.
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Abbreviations

ADA Adenosine deaminase

SCID Severe combined immunodeficiency

ALC Absolute lymphocyte count

DAF DNA amplification failure

DBS Dried blood spot

HCT Hematopoietic cell transplantation

NBS Newborn screening

PITC Primary Immune Deficiency Treatment Consortium

qPCR Quantitative polymerase chain reaction

RAG1 RAG2, Recombinase activating genes 1 and 2

TCR T cell receptor

TREC T cell receptor excision circle
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Figure 1.
Generation of the δRec-ΨJα TREC. The germ line configuration of the TCRA locus, with
TCRD embedded, is shown at the top of the Figure, which also shows the points (gray dots)
at which the DNA is cut to excise the TCRD locus in T lymphocyte progenitors destined to
express the α and β TCRs. After excision, lower left, and ligation, lower right, of the δRec-
ΨJα fragment to form a T cell receptor excision circle (TREC), PCR primers (horizontal
arrows) can amplify a DNA junction fragment containing the joint.

Puck Page 13

J Allergy Clin Immunol. Author manuscript; available in PMC 2013 March 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
TREC (○) and actin (×) copy number measured in DNA isolated from (A) 300 anonymous
dried blood spots (DBS) obtained in newborn nurseries, showing one sample, far right, with
failure of DNA amplification; and (B) 20 newborn nursery DBS recovered from storage
from infants later found to have SCID.
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Table 1
Test Methods Proposed to Screen for Severe Comlbined Immunodeficiency

Analyte Measurement Platform Uses
dried
blood
spot

Comment

Lymphocytes CBC and differential white blood
count to determine lymphocyes/uL

Hospital clinical lab test on liquid
cord blood or postnatal blood
(heelstick or venous)

No Costly, decentralized; false
negatives for SCID with
oligoclonal T cells, elevated B
cells or maternal cells

Interleukin-7 IL-7 immuno-assay ELISA or other method Maybe Stability, purification and
assay problems; possible 2nd

tier test with TRECs

T cell proteins
CD3, CD45

Immuno-assay for low CD3
(multiplex)

Automated fluorescent bead
capture

Yes Limited availability; false
negatives for maternal or
oligoclonal T cells; possible
2nd tier test with TRECs

Mutation in
SCID gene

DNA sequence determination Custom resequencing array Yes False negatives; possible 2nd

tier test or future whole
genome sequencing

T cell receptor
excision circle

Copy number of circular DNA
joints; comparison with control
genomic DNA segment

Quantitative PCR on DNA Yes Biomarker for newly produced
T cells; now used by several
states; samples yielding poor
DNA are inadequate
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Table 3
Summary of California newborn screening with TRECs in the first year

Over 500,000 births screened.

DNA amplification failures (DAF), <0.08%, requiring second heelstick.*

 84% from neonatal intensive care units.

 56% from infants who were <1500 g at birth.

 44% had the failed sample obtained from an intravenous line.

50 infants had two DAF results or a positive result (0.01% of births), requiring CBC and lymphocyte analysis by flow cytometry.

 20 of these (40%) had low T cells confirmed.

Diagnoses among infants with low T cells:

 6 SCID**:

  2 IL-7 recptor defects

  2 RAG1 defects

  2 Common γchain defects

 1 Omenn syndrome*** with RAG2 defect

 3 SCID variant with no known gene defect

 4 Syndromes associated with T lymphocytopenia:

  3 DiGeorge syndrome (1 complete)

  1 Trisomy 21

 6 Secondary T lymphocytopenia

  2 Gastroschesis

  1 Gastrointestinal atresia

  3 Prematurity

*
Since all screening tests other than TRECs are performed in regional laboratories throughout California, with samples then forwarded to a central

laboratory for TREC testing, most newborns were 2 weeks old when the TREC result was available. When a SCID-specific second heelstick was
needed, older age usually resulted in a normal TREC value.

**
Only one SCID case had a positive family history leading to testing at birth.

***
Signs of Omenn syndrome in the first weeks of life had led to the diagnosis just before the TREC test was reported.
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Table 4
Conditions with low or absent TRECs and clinically significant T lymphocytopenia
(<1,500 T cells/uL)

I. Typical SCID (see genotypes in Table 2), defined as <300 autologous T cells/uL and <10% of normal proliferation to the mitogen PHA.

II. Leaky SCID, due to incomplete (hypomorphic) mutation(s) in a typical SCID gene, with 300–1,500 T cells/uL and impaired, but not absent
(10–30% of normal) proliferation to PHA.

III. Variant SCID, with no defect in a known SCID gene and 300–1,500 T cells/uL that demonstrate impaired function.

IV. Syndromes with variably affected cellular immunity that may be severe:

 Complete DiGeorge syndrome*

 Partial DiGeorge syndrome with low T lymphocytes*

 CHARGE syndrome*

 Jacobsen syndrome*

 Trisomy 21*

 RAC2 dominant interfering mutation*

 DOCK8 deficient hyper-IgE syndrome**

 Cartilage hair hypoplasia

V. Secondary T lymphocytopenia:

 Neonatal cardiac surgery with thymectomy*

 Neonatal leukemia*

 Gastroschesis*

 Third spacing*

 Extreme prematurity (resolves to normal with time)*

 Possibly severe prenatal HIV disease (hypothesized, but not observed to date)

*
, observed to have low or absent TRECs upon newborn screening in one or more cases to date in US pilot programs or published reports.

**
observed to have low or absent TRECs in one or more cases after diagnosis; newborn samples not available.
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