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Newborn Screening for Severe Combined Immunodeficiency.
The Time Is Now
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It is well established that the use of population-based
newborn screening (NBS) for common or rare genetic
diseases enables early detection. Therefore, itis a very useful
tool for preventing morbidity and mortality associated with
those diseases. Over 50 years ago, Robert Guthrie proposed
for the first time the use of NBS for the early detection
of phenylketonuria, and in 1968, the 10 principles that
are still used to guide the selection of suitable candidates
for NBS were published.? The successful history of NBS in
Portugal goes back to 1979, when phenylketonuria was the
first disease to be successfully screened. Two years later,
congenital hypothyroidism was added to the NBS and,
thanks to the generalization of mass spectrometry, over 23
other metabolic diseases and also cystic fibrosis have been
added to the routine NBS in our country.?

Severe combined immunodeficiency (SCID) is a
heterogeneous group of very rare diseases with an
estimated incidence of 1:40,000-58,000 newborns,
depending on the degree of consanguinity of the
population.>* They are the most severe forms of primary
immunodeficiencies, and encompass a group of genetic
disorders that lead to the absence or dysfunction of T,
B, and sometimes NK cells.* Children born with SCID are
usually well at birth, and subsequently develop a failure
to thrive, chronic diarrhea, and recurrent infections
caused by parasites, fungi, viruses, or bacteria.® An
additional risk is the administration of live vaccines in the
asymptomatic period, such as bacillus Calmette-Guerin
(BCG) or rotavirus, which can cause vaccine-associated
life-threatening conditions.*> Eventually, until the age
of 2 years, every patient with this disease succumbs
to death unless timely curative treatment is given: an
allogeneic hematopoietic stem cell transplantation or,
in some selected cases, gene therapy.® The outcome
of hematopoietic stem cell transplantation is clearly
dependent on the age of the child at the time of the
transplant, as this is directly related to the probability
of having an active infection. In fact, a child affected
with SCID who receives hematopoietic stem cell

transplantation before the age of 3.5 months has a 94%
probability of being alive five years after the procedure.
If the transplant occurs after that age, the probability
decreases to 50% if they have an active infection
and 82% if they have an infection that has resolved
before the hematopoietic stem cell transplantation.’
This highlights the importance of establishing an early
diagnosis.

A 15-year (2000-2014) retrospective analysis of all the
diagnosed SCID patients in Portugal was presented
in 2016 (lsabel Esteves et al., unpublished data). The
analysis included 29 children diagnosed with SCID in
that period, corresponding to an estimated incidence
of 1:43,500 newborns, meaning that the majority of
the SCID cases were probably not missed in our country
in that period. On the other hand, most children were
diagnosed very late in life, with a mean age at diagnosis
of 6.9 months (median 5 months). This means that
most patients (70%) were already struggling with an
active infection, in most cases a viral infection but some
already with bacterial sepsis or disseminated BCG-
osis. Moreover, the time from diagnosis to transplant
(mean 3.2 months, median 2.1 months) also needs
to be improved, but with the recent increase of the
capacity of the bone marrow transplant units, this will
not be an issue in the years to come. Having said that,
it is not surprising that the overall survival rate of 40%
in the Portuguese cohort is, in our view, unacceptably
low. At a time when NBS for SCID is being implemented
all around the globe (in 48 states of the United States
of America, Israel, Taiwan, Switzerland, Norway, and
pilot projects in Spain, Italy, the Netherlands, Sweden,
Finland, and France),® the inclusion of SCID in the
national NBS program in Portugal has to be addressed.
When we look into the Wilson and Jungner principles
for screening programs,! it is clear that SCID fulfills every
single criteria,’ as detailed below:

1. The condition sought should be an important health
problem.
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2. There should be a recognizable latent or early
symptomatic stage.

3. The natural history of the condition, including
development from latent to declared disease should be
adequately understood;

4. Case finding should be a continuing process and not a
“once for all” project.

Severe combined immunodeficiency natural history is
perfectly understood (as described above). Indeed, it
is impossible to diagnose SCID based on the physical
examination and the disease has an asymptomatic
phase, allowing for proper management if diagnosed
during that period.

Adding to this, the discussion of the meaning of an
important health problem arises. Are rare, genetic,
and lethal but treatable diseases important? Severe
combined immunodeficiency is, according to its severity
and lethality, clearly an important health problem,
especially in a country where its mortality differs from
most developed countries. Recently, revisions and
additions to the NBS criteria have been proposed and
one of the major proposals is that it must have been
shown that early intervention in the disease improves
the outcome, which is also the case for SCID.*® Luckily,
we can now address these questions based on the
knowledge of the outcome of the NBS for SCID all around
the globe. In the United States of America, where it
was first implemented, it has been shown to be highly
effective,® even in states where the outcome of SCID, in
terms of overall survival, prior to the implementation of
NBS was already very satisfactory.!!

5. There should be an accepted treatment for patients
with a recognized disease.

6. Facilities for treatment should be available.

7. There should be an agreed policy on who to treat as
patients.

There is a curative treatment for SCID, the hematopoietic
stem cell transplantation. Every single patient with
SCID should receive appropriate curative treatment. In
Portugal, we have both the facilities and know-how to
address this.

8. Facilities for diagnosis should be available.

9. There should be a suitable test or examination.

10. The test should be acceptable to the population.
11. The cost of case finding (including the diagnosis and
treatment of patients diagnosed) should be economically
balanced in relation to the possible expenditure on
medical care as a whole.

The T-cell receptor allows for the recognition of diverse
antigens by T-cells, thus being crucial for the adequate
defense against pathogens. It is a protein heterodimer
composed of two chains (af or y8) that pair during
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the maturation process. During the T-cell receptor
rearrangement, pieces of intervening deoxyribonucleic
acid (DNA) are generated and are called T-cell receptor
excision circles (TREC), which can be quantified by
real-time polymerase chain reaction (qRT-PCR). In SCID
patients, TRECs are absent or very low and this is the
basis of the TREC assay.'? This technique has a very
high sensitivity, and there have been no documented
SCID cases missed by NBS using this assay.!? The test
is well developed and generalized in the genetics and
immunology laboratories in Portugal.

The test is performed in dried blood spots obtained with
the same heel punch already used, meaning that it is
absolutely acceptable to the population.

Finally, multiple studies have shown that NBS for SCID
is cost-effective.® Early diagnosis allows for early
hematopoietic stem cell transplantation, reduced
health care costs, reduced probability of needing to be
transferred to an international hematopoietic stem cell
transplantation unit, fewer hospitalizations, and fewer
visits to the outpatient clinic. And these studies have
not addressed the additional benefit of the diagnosis of
non-SCID significant T-cell lymphopenia, which would
increase the benefit.?

In Portugal, it would be even more cost-effective, as
most patients are still diagnosed and transplanted later
in the course of their disease, differently from countries
like France, the Netherlands, and Norway.

Including severe combined immunodeficiency in
newborn screening in Portugal is a moral imperative that
must be seriously looked into in the coming months.
The time is now.
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