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S evere combined immunodeficiency is caused by genetic 
defects that profoundly impair development of the 
immune system.1,2 The condition is fatal early in life if 

affected infants do not receive therapy to restore immune func-
tion in the form of hematopoietic stem cell transplantation, 
enzyme replacement therapy or gene therapy. Infants with 
severe combined immunodeficiency commonly appear healthy 
at birth; consequently, the condition often presents only when 
the child has already had many infections and secondary organ 
damage.3,4 Early diagnosis is essential, as patients who receive a 
transplant before 3.5 months of age have the best outcomes.5,6 

In Canada,  severe combined immunodeficiency is diagnosed at a 
mean age of 4.2 months and carries a mortality rate of 30%, with 
nearly 60% of deaths caused by infection before patients are able to 
receive a transplant.7 The clear need for early diagnosis and treat-
ment led to the development of a newborn screen for  severe com-
bined immunodeficiency, known as the T-cell receptor excision cir-
cle assay.8 This assay was established in 2005 and is carried out on 
dried blood spots (also known as the Guthrie card), which are 
already taken as part of the routine newborn screen.9 In 2013, a new-
born screening program for severe combined immunodeficiency 
was introduced in Ontario, following an application made by Immu-
nodeficiency Canada, a national nonprofit advocacy organization 
with a mission to study and cure inherited immunodeficiency. The 
screening program has since expanded to the Maritime provinces 
and is being established in several other provinces and territories. 

This review informs physicians who may treat newborns in 
their practice (e.g., family physicians, obstetricians, pediatri-
cians) on how to approach patients and counsel families who are 
faced with an abnormal screen for severe combined immunode-
ficiency. We describe the epidemiology, diagnosis and screening 
of this disorder and provide a brief summary of available treat-
ments (Box 1).

What is severe combined immunodeficiency?

The T lymphocyte, or T cell, is an essential part of the immune 
response: it protects against infectious pathogens, contributes to 
immunity against cancer and aids in preventing self-reactive pro-
cesses such as autoimmunity. Because the T cell activates other 
cells of the immune system (B cells, monocytes), a defect in T 
cells confers an associated defect in B cells — hence the term 
“combined” immune deficiency. Severe combined immunodefi-
ciency is caused by a variety of genetic defects that severely 
impair the development and function of T cells.2 The incidence of 
severe combined immunodeficiency was previously thought to 
be 1:100 000. Improved recognition through newborn screening 
has enabled a more accurate estimate of 1:58 000.10,11 A Canadian 
national surveillance study found a high incidence of the disor-
der in First Nations, Métis and Inuit Canadian children of 1:23 000 
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KEY POINTS
•	 Severe combined immunodeficiency is a medical emergency 

that can potentially be cured by hematopoietic stem cell 
transplantation or gene therapy (in specific diseases).

•	 Outcomes for severe combined immunodeficiency are greatly 
improved by early diagnosis and treatment.

•	 The newborn screen for severe combined immunodeficiency 
evaluates for T-cell lymphopenia using a T-cell receptor excision 
circle assay, which can be performed on the dried newborn 
blood spot.

•	 Infants with a positive newborn screen for severe combined 
immunodeficiency require referral to a clinical immunologist, as 
well as precautionary measures against infection while they 
undergo evaluation.

SEPSIS

Box 1: Evidence used in this review

To augment our clinical expertise, we searched PubMed and Web 
of Science for “newborn screening for severe combined 
immunodeficiency,” and various combinations of “newborn 
screening,” “neonatal screening,” “severe combined 
immunodeficiency,” “SCID,” and “TREC.” We also studied seminal 
papers on the diagnosis and treatment of primary 
immunodeficiencies. Recent articles and those with the most 
robust level of evidence, such as large-scale population-based 
studies and those using Markov and decision analysis models to 
estimate cost-effectiveness of newborn screening for severe 
combined immunodeficiency, were selected. Of the 126 papers 
reviewed, 42 were used in this review.
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live births, and an incidence of 1:71 000 live births in non–First 
Nations, Métis and Inuit Canadian children.7 Unless they have a 
genetic syndrome that causes other congenital anomalies, 
infants with severe combined immunodeficiency appear healthy 
at birth, which contributes to the challenge of early recognition. 
In the absence of a family history of the disorder or detection 
through a newborn screening program, the average age of clini-
cal presentation is six months.12

How is severe combined immunodeficiency 
diagnosed?

Although physicians may find newborns with severe combined 
immunodeficiency to have no unusual findings at all, some typical 
presenting features include recurrent, severe or opportunistic 
infections, failure to thrive, absent tonsils and lack of peripheral 
lymph nodes.12,13 Affected infants may experience viral, fungal or 
bacterial infections, most commonly oral candidiasis, viral ill-
nesses (particularly severe cytomegalovirus infection) or Pneumo-
cystis jiroveci pneumonia.12 In addition to infections, infants with 
severe combined immunodeficiency can develop graft-versus-host 
disease, a life-threatening complication caused by foreign leuko-
cytes attacking the infants’ tissues. Graft-versus-host disease can 
develop if these infants are exposed to nonirradiated blood prod-
ucts, or from the presence of maternal T cells that have crossed 
the placenta.2,9 Infants with variant forms of severe combined 

immunodeficiency, such as Omenn syndrome, can have features 
of immune dysregulation, which may include eosinophilia, skin 
rash, organomegaly, diarrhea and metabolic derangements.13,14

Investigations may show a low or normal absolute lymphocyte 
count and, in some cases, an absent thymic shadow on chest 
x-ray.12 A low absolute lymphocyte count may be detected on a 
simple complete blood count and differential, and lymphopenia in 
infancy should not be ignored. The diagnosis of severe combined 
immunodeficiency is confirmed by the findings of either of the fol-
lowing: very low or absent T-cell counts and profoundly impaired 
T-cell function, as measured by assessing the proliferation of T 
cells in response to stimuli; or maternal engraftment, defined by 
the presence of maternal T cells in the infant’s circulation.15

Although it is not required to make the diagnosis of severe 
combined immunodeficiency, identifying the underlying genetic 
cause is valuable. It aids in genetic counselling of family mem-
bers and may influence the selection of therapy. A brief summary 
of the treatment of severe combined immunodeficiency is pro-
vided in Box 2.16–18

Why is early diagnosis and treatment critical?

The cost of delayed diagnosis of severe combined immunodefi-
ciency is substantial, as survival outcomes vary greatly depend-
ing on the timing of treatment and infection status. Retrospec-
tive studies show that infants who receive a hematopoietic stem 
cell transplant within the first 3.5 months of life have a greater 
than 90% likelihood of survival, even in the absence of a matched 
sibling donor.5,6 For those who receive a transplant after 3.5 
months of age, overall survival rate falls to 70%,6 with rates vary-
ing between 50% and 90% depending on the infection status at 
the time of transplant5 and on the donor type. Because infants 
may appear outwardly healthy until they begin experiencing 
recurrent infections or failure to thrive, by the time the diagnosis 
is made, the early window of opportunity to achieve an optimal 
outcome has typically passed. Children may die from severe 
infection before definitive treatment, or face worse transplanta-
tion outcomes than those in whom the disease is identified ear-
lier in life.4 This knowledge of the difference that early diagnosis 
makes regarding outcomes fuelled the search for a biomarker 
that could be used to screen for severe combined immunodefi-
ciency in the newborn period, which led to the discovery of the 
T-cell receptor excision circle assay.

What is the newborn screen and how well 
does it perform?

The newborn screen for severe combined immunodeficiency 
uses quantitative polymerase chain reaction to measure the 
number of T-cell receptor excision circles that are present in the 
blood.9 These are circular DNA fragments that are created as a 
by-product of normal T-cell development in the thymus (Figure 
1).19 The assay can be carried out on DNA eluted from the dried 
blood spots used for the newborn screen and is typically done in 
conjunction with quantitative polymerase chain reaction of a 
control gene to rule out technical issues as a cause for a low 

Box 2: Management of severe combined immunodeficiency

Infection prevention
•	 Infection control measures16

•	 Immunoglobulin replacement therapy

•	 Administration of palivizumab during respiratory syncytial virus 
season17

•	 Trimethoprim-sulfamethoxazole prophylaxis starting at 6 weeks of 
age

Monitoring for complications
•	 Screening for infectious, autoimmune or other complications that 

may be related to patient’s underlying genetic defect

•	 Comprehensive evaluation of signs or symptoms concerning for 
infection or autoimmunity, followed by prompt beginning of 
treatment

Curative therapy
•	 Hematopoietic stem cell transplantation: replacement of the 

affected patient’s blood cell lines with those of a healthy donor17,18

•	 Enzyme replacement therapy: a treatment that replaces the 
defective enzyme causing SCID; may be considered in some specific 
genetic causes of SCID17,18

•	 Gene therapy: a treatment that corrects the defective gene; may be 
considered in some specific genetic causes of SCID17,18

Psychosocial and nutritional support
•	 Social work involvement to connect families with services

•	 Provide families with resources related to primary 
immunodeficiency (Box 3)

•	 Nutritional support to ensure appropriate growth and nutrition

Note: SCID = severe combined immunodeficiency.
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number of T-cell receptor excision circles.19 The number of T-cell 
receptor excision circles present is proportional to the number 
of unique T cells being generated and can thus act as a bio-
marker for T-cell development. The screen detects conditions 
that lead to decreased thymic T-cell production in neonates and 
is therefore a screen for T-cell lymphopenia. Dried blood spots 
from infants who initially appeared healthy at birth and were 
later found to have severe combined immunodeficiency have 
shown few T-cell receptor excision circles.9 The screen was first 
implemented by the state of Wisconsin in 2008 and is now being 
done in most states within the United States, as well as in 
numerous other countries.10,20–24 Ontario was the first province in 
Canada to introduce the screen, and the program has been 
expanding to other regions of Canada.25 The cost-effectiveness of 
newborn screening for severe combined immunodeficiency is 
well established.26,27

The severe combined immunodeficiency newborn screen 
shows excellent diagnostic performance, with high sensitivity 
and specificity.20,28,29 Numerous case series demonstrate 100% 
sensitivity for identifying typical severe combined immunodefi-
ciency — defined as those infants with a T-cell count lower than 
300 cells/µL, or those with maternal engraftment.29 Specificity is 

also high, identified as 99.98% in a cohort of infants undergoing 
newborn screening for severe combined immunodeficiency.20 A 
systematic review of cohort studies on severe combined immu-
nodeficiency newborn screening found a positive predictive 
value ranging from 0.8% to 11.2% for diagnosing typical severe 
combined immunodeficiency, and from 18.3% to 81% for identi-
fying both typical severe combined immunodeficiency and 
infants with T-cell counts that are substantially low, but do not 
meet the severity threshold required for diagnosing severe com-
bined immunodeficiency.29 

The false-positive rate for the T-cell receptor excision circle 
assay refers to the percentage of infants with low T-cell receptor 
excision circle results requiring follow-up T-cell enumeration, 
who ultimately have a normal T-cell number.10 This rate varies 
depending on the cut-off values used for what are considered 
both normal T-cell receptor excision circle values and normal 
T-cell numbers. Infants have abundant T cells (ranging from 2500 
to 5500/µL); different locations that do the newborn screen have 
used varying T-cell value cut-offs (typically 1500 or 2500/µL), in 
combination with T-cell phenotypic analysis, to decide which 
infants require further evaluation.10,30 This has led to great varia-
tion in false-positive rates between centres.10 Although low false-

Very low or undetectable TRECS 

Healthy-appearing  child Normal T-cell
production  

Normal number of 
TRECs 

Very low or absent T-cell
production  

A 

B 

Healthy-appearing child with SCID 

Figure 1: Pictorial explanation of T-cell receptor excision circle (TREC)–based newborn screen for severe combined immunodeficiency (SCID). The 
healthy infant (A) has an intact immune system; the thymus produces a normal repertoire of T cells. As unique T cells are produced, TRECs are released 
into the systemic circulation and can be quantified on the newborn blood spot. Despite appearing healthy externally, the infant with SCID (B) has very 
low or absent T-cell production. This leads to undetectable numbers of TRECs on the newborn screen, facilitating early diagnosis of SCID.
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positive rates risk missing cases of severe combined immunode-
ficiency, higher rates may also lead to evaluating children who 
ultimately do not have the disorder. This is a challenge at present 
as Canada implements the newborn screen, and highlights the 
need for further research to determine the optimal cut-off values 
for T-cell receptor excision circles and T cells.

Which other conditions may lead to an 
abnormal screen?

Low or absent T-cell counts are the hallmark of severe combined 
immunodeficiency; however, T-cell lymphopenia can also be 
seen in other conditions (Table 1). Any condition or state that 
leads to decreased T-cell receptor production can result in an 
abnormal screen in newborns. Aside from severe combined 
immunodeficiency, other causes of T-cell lymphopenia include 
syndromic disorders and cytogenetic abnormalities, extreme 
prematurity and secondary T-cell lymphopenia, which may be 
caused by congenital anomalies, T-cell losses from third spacing 
(that is, loss of lymphocytes into the interstitial space caused by 
vascular leakage or hydrops), neonatal leukemia, prenatal expo-
sure to purine antagonists, and cardiac or gastrointestinal 
defects.10,23,31–33 Moreover, certain primary immunodeficiencies 
associated with T-cell dysfunction can also result in an abnormal 
T-cell receptor excision circle assay, despite the degree of T-cell 
lymphopenia not meeting the classic criteria for severe com-
bined immunodeficiency.34–36

Which forms of immunodeficiency are not 
identified by the newborn screen?

Deleterious mutations in at least 20 genes have been associated 
with the development of severe combined immunodeficiency.37 
Most of these are identifiable by the T-cell receptor excision cir-
cle assay; however, certain forms of the disorder can evade 
detection by the newborn screen. Examples include severe 
immunodeficiencies caused by ZAP70 and MHC class II deficien-
cies. These conditions are caused by defects in T-cell develop-
ment that occur after the formation of the T-cell receptor and 
can therefore lead to variable results in T-cell receptor excision 
circle assays, ranging from low to normal.38–41 Note that the assay 
does not screen for all primary immunodeficiencies. It will not 
identify immunodeficiencies in which T cells are mildly affected 
or unaffected.37 These would include disorders of the innate 
immune system, such as complement deficiency or innate 
immune signalling defects, as well as primary B-cell disorders 
such as X-linked agammaglobulinemia. Although newborn 
screening for severe combined immunodeficiency is a huge 
advance for this extremely vulnerable patient population, it can-
not replace “old-fashioned” clinical vigilance and acumen.

What is the approach to a patient with an 
abnormal screen?

Children with severe combined immunodeficiency are at risk for 
life-threatening infections; therefore, an abnormal newborn 
screen warrants prompt and careful evaluation (Figure 2).17 
Infants should be referred to a pediatric immunologist for further 
evaluation as soon as an abnormal newborn screen has been 
identified and confirmed. Because the screen is not a definitive 
test, parents should receive reassurance that an abnormal result 
does not necessarily mean that their child has severe combined 
immunodeficiency. However, an abnormal screen should prompt 
further testing, comprising a complete blood count with differen-
tial, lymphocyte enumeration and analysis of T-cell phenotype 
and function. If this evaluation is consistent with classic severe 
combined immunodeficiency, immunologists may consider 
admission to hospital for protective isolation and full clinical 
evaluation.17 Otherwise, infants may remain at home while being 
evaluated, so long as they are well, without infectious symptoms; 
their home environment is safe; and parents are comfortable 
having a potentially ill infant at home.16

Those treating or caring for infants with suspected severe 
combined immunodeficiency should take the following precau-
tions. Preventing community-acquired infections involves strict 
handwashing and avoiding public places or any sick contacts. The 
infant should not be exposed to other young children who may 
inadvertently transmit infections. Sterilizing bottles used to feed 
the infant and boiling ingestible water are important measures for 
preventing transmission of pathogens such as cryptosporidium.16 
Infants or household contacts should not receive any live or live-
attenuated vaccinations, including rotavirus; measles, mumps 
and rubella; varicella; and live-attenuated influenza. All blood 
products must be donor irradiated and leukocyte reduced.17 

Table 1: Non–SCID conditions that may lead to an abnormal 
T-cell receptor excision circle–based newborn screen for 
SCID10, 23, 31–36

Non-SCID causes of T-cell 
lymphopenia Examples

Syndromic disorders and 
congenital abnormalities

Trisomy 18

Trisomy 21

DiGeorge syndrome

CHARGE syndrome

Ataxia–Telangiectasia syndrome

Secondary T-cell lymphopenia Cardiac or gastrointestinal anomalies

Multiple congenital anomalies

Neonatal leukemia

T-cells losses into third space
(e.g., hydrops or vascular leakage)

Prenatal exposure to purine 
antagonists

Preterm birth

Idiopathic T-cell lymphopenia

Combined immunodeficiencies 
with dysfunctional T cells

DOCK8 deficiency

Wiskott–Aldrich Syndrome

Note: SCID = severe combined immunodeficiency.
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Cytomegalovirus infection has been associated with worse 
transplant outcomes if acquired by patients with severe com-
bined immunodeficiency:42 if cytomegalovirus testing of blood 
products is possible, ensure that products the infant receives are 
cytomegalovirus negative. Cytomegalovirus is transmitted 
through body fluids, including oral secretions and breast milk, 
even when maternal carriers of cytomegalovirus are asymptom-
atic. Once a low level of T-cell receptor excision circles is con-
firmed, breastfeeding should be suspended until pediatric immu-
nology evaluation has been undertaken; in the meantime, 
mothers who still wish to breastfeed may pump and store their 
breast milk until maternal cytomegalovirus status has been eval-
uated. Maternal cytomegalovirus status can be assessed by 
serology and, if negative, breastfeeding may resume.17,18 

In cases of confirmed severe combined immunodeficiency, 
patients should be started on a prophylactic regimen to pre-
vent infections, which typically includes trimethoprim-
sulfamethoxazole beginning at six weeks of age to prevent Pneu-
mocystis jiroveci pneumonia, as well as immunoglobulin 
replacement therapy through administration of intravenous or 
subcutaneous immunoglobulins.

What support should parents receive?

Learning that their seemingly healthy newborn may have a life-
threatening diagnosis is devastating for new parents. These 
results arrive in the newborn period, when parents may be feel-
ing particularly vulnerable, and when there is risk for developing 
postpartum depression.17 Sensitivity on the part of care provid-
ers is essential to help families cope while their child is undergo-
ing evaluation. Practitioners should explain that the abnormal 
newborn screen alerts to the possibility of an immune system 
problem, but is not a definitive diagnosis. Emphasizing the 
screening nature of the test helps parents understand that 
although further workup is essential, false positives occur, and 
their child could still be identified as healthy. For those patients 
who are ultimately found to have severe combined immunodefi-
ciency, therapies are available to treat the immunodeficiency, 
and those treated early in life have better outcomes.

Prompt referral to a pediatric immunologist is important, not 
only for an urgent immune evaluation, but also so that parents 
may receive further information on the screen and guidance on 
infection prevention. Parents may feel a range of emotions upon 

T-cell count and 

naive T-cell 

percentage above 

cut-o
 threshold: no 

further 

investigations

Abnormal TREC newborn screen

• Low or absent TREC value with normal control PCR

• Low TREC value and low control PCR on 2 samples

Urgent consultation with pediatric immunologist

Provide reassurance, support to family

Discuss infection control prevention measures while child is undergoing evaluation

Initial evaluation by pediatric immunologist for abnormal newborn screen:

Complete blood count with di
erential; lymphocyte enumeration (CD3+ T cells, 

CD4+ and CD8+ T cell subsets, CD19+ B cells, CD16+/56+ NK cells); thymic emigrant 

enumeration (CD4+CD45RA+ CD31+ T cells); T-cell phenotyping (% of CD45RA+ naive 

CD4+ and CD8+ T cells); HIV testing by DNA PCR; evaluation for maternal 

engra�ment; other investigations depending on clinical context

Concern for possible SCID

• Low T cells 

• Low naive T cells

Continued evaluation at 

tertiary or quaternary centre

by pediatric immunologist

Figure 2: Suggested initial approach to a patient with an abnormal newborn screen for severe combined immunodeficiency (SCID).17 PCR = polymerase 
chain reaction, TREC = T-cell receptor excision circle.  
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learning about an abnormal newborn screen, including grief, 
shock and fear of losing their child, and may not believe the 
results.17 Providers can ask directly about the emotional status of 
affected families and evaluate for postpartum depression. Social 
workers may provide psychosocial support to families and con-
nect them with resources to facilitate additional medical visits, 
such as transportation assistance. Some useful resources for 
physicians and families are provided in Box 3.

Conclusion
The opportunity to identify severe combined immunodeficiency 
early in life has transformed outcomes for this otherwise fatal con-
dition.10 Introducing this assay into newborn screening programs 
throughout Canada has the potential to save lives and prevent suf-
fering of patients and families affected by this condition. Early 
treatment will decrease total clinical costs compared with those 
for children who are diagnosed and treated later in life. Continued 
evaluation of different cut-off levels for T-cell receptor excision cir-
cle and T-cell values will aid in arriving at best practices for use of 
the screen, and future research will aim to find new screening 
modalities capable of identifying additional primary immunodefi-
ciencies that may also benefit from early recognition and treat-
ment. Other unanswered questions are outlined in Box 4.
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