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Abstract Severe combined immunodeficiency (SCID) is
a group of syndromes resulting from genetic defects
causing absence in T-cell and B-cell function, leading to
serious and life-threatening infections. SCID is often fatal
in the first 2 years of life if not identified and properly
treated. While additional laboratory methods are being
developed, the current T-cell receptor excision circle assay
has proven to have outstanding specificity and sensitivity to
accurately identify infants with SCID and other T-cell
lymphopenia. The Jeffrey Modell Foundation (JMF) has a
long history of advocacy and continues to promote new-
born screening for SCID to be implemented in the United
States and worldwide. Based on reports provided by Cali-
fornia, New York, Texas, and Wisconsin on the results of
their population based newborn screening programs, the
overall incidence of SCID averaged 1:33,000 and T-cell
lymphopenia averaged 1:6,600. JMF has developed a
working algorithm or “decision tree”, validated by peer-
reviewed scientific literature, to be used by Public Health
Departments and Health Ministries in states, countries, and
regions throughout the world. This decision tool allows for
local or regional data to be applied to measure the
threshold and economic impact of implementing newborn
screening for SCID and T-cell lymphopenia.
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Severe combined immunodeficiency (SCID) is a group of
syndromes resulting from genetic defects causing absence
in T-cell and B-cell function. These conditions are serious
and cause life-threatening infections [1-3]. SCID is often
fatal in the first 2 years of life if not identified and properly
treated [1-3].

SCID and related conditions can be detected in new-
borns by a simple screening test, the T-cell receptor exci-
sion circle (TREC) assay, using the same dried blood spot
samples already collected from newborns to screen for
other genetic disorders [4]. The TREC assay facilitates the
earliest possible identification in non-familial cases of
SCID before irreversible organ damage or death, thus
allowing for the possibility of curative treatment through
hematopoietic stem cell transplant. Infants receiving
hematopoietic stem cell transplantation in the first few
months of life, after being identified through screening,
have a high probability of survival, (95-100 %) along with
lower morbidity [1-6].

While additional laboratory methods are being devel-
oped, the current TREC assay has proven to have out-
standing specificity and sensitivity to accurately identify
infants with SCID (the primary targets) as well as additional
infants with other T-cell lymphopenia (secondary targets)
[1-5]. The screening test is nearly 100 % sensitive [7].

In the period of 2001-2007, the Jeffrey Modell Foun-
dation advocated before the United States Congress to
consider adding SCID to the National Newborn Screening
Core Panel. In 2008, JMF funded the first pilot program, in
the state of Wisconsin, to screen 10,000 newborns using
the TREC assay [8]. In this initial pilot program, a newborn
with a combined immunodeficiency was identified and was
successfully treated with a cord blood transplant.

In 2010, soon after the implementation of this pilot
program, JMF advocated before the US Secretary of Health
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and Human Services’ Advisory Committee on Heritable
Disorders in Newborns and Children, making an impas-
sioned plea to add SCID to the National Newborn
Screening Core Panel. It was unanimously recommended
that all newborns be screened for SCID and T-cell lym-
phopenia, characterizing SCID screening using the TREC
assay as “The National Standard for Newborn Screening
Programs” [9].

In 2012, JMF announced that it would provide funding to
every state for every baby to be screened for SCID, a total of
approximately 4.1 million newborns. Currently, there are 16
states screening infants for SCID (see Fig. 1) [10]. Based on
state population provided from the most recent census, a
total of over 2.2 million newborns are screened per year in
the US. From 2010 to 2013 more than 6 million newborns
have been screened for SCID. However, 1.78 million
newborns per year are born in states awaiting legislation to
make this screening possible. “Appendix 1: SCID newborn
screening status by state” provides a detailed description of
screening status of states and their annual birth population.

The Jeffrey Modell Foundation has collaborated and
provided funding for several state health departments to

implement newborn screening of SCID. Four of the states,
California, New York, Texas and Wisconsin, reported back
to JMF and separately published the results of their pop-
ulation based newborn screening program.

A total of 993,724 newborns were screened in Califor-
nia, while 243,895, 381,625, and 207,696 newborns were
screened in New York, Texas, and Wisconsin, respectively.
Newborns identified with SCID were classified as typical
SCID, leaky SCID or Omenn syndrome, or variant SCID.
These newborns had absent or non-functional T-cells with
a TREC count <25, with a CD3 cell count of <1,500
(normal range is 2,550-5,000). The following defects and
deficiencies were identified:

IL-2R
JAK3
IL-7R
CD45
RAGI1
RAG2
Artemis
ADA

~ a
[ ]

Foundation

B CURRENTLY SCREENING (16)
m B SCREENING IN SELECT POPULATIONS (2)

Fig. 1 Map of newborn screening of SCID in the United States.
Figure displays a map of the status of newborn screening of SCID in
the United States, as of September 2013. Currently, 16 states are
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actively screening for SCID, 2 states are screening select populations
in Navajo Nation, and 27 states are prepared to begin screening for
SCID in 2014
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e CD3
e CD8
e Ataxia-Telangiectasia (A-T)

The overall incidence of SCID reported in the four states
averaged 1:33,000. However, a number of other disorders,
which present with abnormal TREC counts, were identified
through newborn screening for SCID. These disorders
include Jacobsen syndrome, trisomy 18, trisomy 21, Di-
George spectrum, chylothorax, and pulmonary hypoplasia
with other anomalies, as well as degenerative neuromus-
cular disease, cardiac anomalies, congenital heart defects,
and multiple congenital anomalies. Table 1 shows the
incidence of significant T-cell lymphopenia reported in
California, New York, Texas, and Wisconsin.

SCID is life threatening and requires emergency
immune restorative treatment. It is vital that patients
identified with typical SCID, leaky SCID or Omenn syn-
drome, or variant SCID receive hematopoietic stem cell
transplantation (HSCT) drawn from cord blood, matched
related cells or matched unrelated cells, gene therapy, or
enzyme therapy. Additionally, it is important that new-
borns identified with T-cell lymphopenia through this
program avoid all live vaccines, receive appropriate pro-
phylactic antibiotics, and receive appropriate interventional
therapies if needed, such as bone marrow transplantation,
gene therapy, enzyme therapy, thymus transplantation or
heart surgery.

To evaluate the cost-effectiveness of newborn screening
of SCID, the JMF developed a working algorithm or
“decision tree”, validated by peer-reviewed scientific lit-
erature, and harmonized for application to be used by
Public Health Departments and Health Ministries. This
decision tool allows for local or regional data to be applied
to measure the threshold and economic impact of imple-
menting or not implementing newborn screening for SCID
and T-cell lymphopenia. The “decision tree” (see Fig. 2)

Table 1 Number of newborns identified with T-cell lymphopenia in
screening states

State Number of Newborns identified
newborns screened with T-cell lymphopenia

California 993,724 50

New York 243, 895 22

Texas 381,625 133

‘Wisconsin 207,696 72

Totals 1,826,940 277

Note: The total prevalance of T-cell lymphopenia is 1:6,600
Above data excludes pre-term newborns

Table shows the number of newborns screened and identified with
T-cell lymphopenia in the states of California, New York, Texas, and
Wisconsin

provides a usable tool and understandable formula that
assists in deciding upon the willingness to pay for addi-
tional years of life utilizing criteria and costs specifically
relevant to the locality.

The decision to implement newborn screening for SCID
and related T-cell lymphopenia depends largely on the cost
and effectiveness of the screening test, the incidence of
SCID and related T-cell lymphopenia within a population,
the cost ratio of the intervention, and the benefit of earliest
possible treatment [11, 12]. As an example, we make the
assumption that the number of births within a region is
100,000 per year, and the incidence of SCID or related T-
cell lymphopenia is approximately 1:33,000 newborns
[13]. This decision tree projects three cases per year.

The cost of the test is approximately $4.25 per infant,
which includes equipment usage, labor and reagents. Thus,
the cost to screen 100,000 newborns totals $425,000 [11].
The cost to transplant one newborn is $120,000 [14, 15].
The cost of post-transplant care over the next 5 years may
be as much as $200,000 for one newborn. Therefore, the
cost to screen 100,000 newborns and treatment of one
patient would be approximately $745,000. The cost to
screen 100,000 newborns and treat three patients totals
$1,385,000.

If newborns are not screened at birth, they will sustain
overwhelming infections and hospitalizations, averaging
costs estimated to be at least $2 million in the first year of
life [16, 17]. Given the incidence and population, the total
costs of care for the predicted three affected newborns
would amount to at least $6 million in healthcare costs [16,
17].

In a previous analysis, Chan et al. [11] found that the
incremental cost-effective ratio (ICER) was $27,907 per
quality of adjusted life year (QALY), given 70 years of life
saved. This ratio is highly favorable and also compares
closely with other metabolic diseases currently screened
[11]. Additionally, this analysis stated that assuming soci-
ety is willing to pay $50,000 per QALY, preference for
screening occurred if incidence of SCID was at least
1:250,000 [11].

In 2011, three US federal agencies estimated the value
of one life saved to be $7.7 million [18]. This estimate is an
average provided by the Environmental Protection Agency
($9.1 million), Food and Drug Administration ($7.9 mil-
lion), and the Transportation Department ($6.1 million)
[18]. Given this economic information, a newborn baby
with SCID or T-cell lymphopenia that is screened and
treated in the first 3.5 months of life, generates a contri-
bution to society that is at least 15 times greater than the
cost of screening and curative treatment.

The TREC assay is inexpensive, highly sensitive, and
has been effectively integrated into public health programs
(e.g., Wisconsin, California, New York, Ontario) [7, 13,
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DECISION TREE TO CONSIDER NEWBORN SCREENING FOR
SEVERE COMBINED IMMUNODEFICIENCYAND RELATED T CELL LYMPHOPENIA

Total cost to screen
100,000 newboms and treatment of 3 patients
=$1,385,000

I

Total cost to screen
100,000 newboms and treatment of 1 patient
= $745,000

AN

Projected # of new cases
of SCID in 1 year
=3

LY

Cost of post-transplant care
forupto3 years (if necessary)

= $200,000

a8

Cost of early transplant for

Total cost of health care for
3 newboms with SCID not diagnosed, and treated
= $6,000,000

l

Total cost of health care for
1 newbom with SCID not diagnosed, and treated
= $2,000,000

/

Projected # of new cases
of SCID in 1 year
=3

/

Cost of post-transplant care
for 1 newbom

=$0

W

Cost of early transplant for

Cost of test = $4.25

1 newbom 1 newbom
=$120,000 =50
Cost of screening Cost of screening
100,000 newboms 100,000 newbormns
= $425,000 =$0
Cost of screening Cost of screening
1 newbom 1 newbom
=8425 =80
Assumptions: Ne b aith
# Births per year in region = 100,000 Severe Combined I deficiency
Incidence of SCID = 1:33,000 or T cell Lymphopenia jn Model
F on

Fig. 2 Decision tool for implementation of newborn screening.
Figure displays a “decision tree”, or working algorithm developed
by the Jeffrey Modell Foundation, validated by peer-reviewed
scientific literature, and harmonized for application to be used by
Public Health Departments and Health Ministries in states, countries,

19]. SCID is a fatal disease that causes accrual of exorbi-
tant healthcare costs in just 1 year of life [16, 17]. The cost
of care for just one infant with SCID could be more than
the cost of screening for an entire regional population [17].
Implementation of screening through the TREC assay will
provide the earliest possible identification and allow for
intervention of early transplantation before infants suffer
from severe infections, organ damage, and ultimately death
[5]. Newborn screening for SCID and related T-cell lym-
phopenia is cost-effective, and most importantly, it is
lifesaving and allows children with SCID the opportunity
to live a healthy life. It is important that data-driven
analyses supporting newborn screening, and a united front
of advocacy continues, so that 1 day universal screening
can be achieved worldwide. The complete summary of the
JMF study to evaluate the cost-effectiveness of newborn
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and regions throughout the world. The “decision tree” provides a
usable tool and understandable formula that assists in deciding upon
the willingness to pay for additional years of life utilizing criteria and
costs specifically relevant to the locality

screening of SCID can be found in “Appendix 2: JMF
economic analysis”, which is included to be distributed to
Public Health Departments and Health Ministries in states,
countries, and regions throughout the world.

In addition to expansion of awareness and education of
PI, the successful public health intervention of newborn
screening for life-threatening severe combined immun-
odeficiencies must continue to be adopted across the Uni-
ted States and worldwide. In July 2013, preeminent
physicians from 78 countries were brought together by the
Jeffrey Modell Foundation for a 3 day global summit in
Berlin, Germany. These expert physicians represent the
world’s leadership and are authorities in the diagnosis,
treatment, and management of primary immunodeficien-
cies. At the conclusion of the symposium, 215 physicians
signed the “Berlin Declaration” calling for the immediate
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implementation of TRECs screening in order to identify, Appendix 1 continued
treat, and cure newborn babies born with SCID and related State Live births
T-cell lymphopenia.

Following the global summit, JMF developed the  Wisconsin 67,719
economic analysis to provide government agencies with a  Total 2,221,045
usable tool to assist in the decision making process to  Prepared for implementation
include screening for SCID using the TREC assay into  Alaska 11,366
newborn screening programs. SCID is a fatal disease  Arizona 86,440
that causes an exorbitant amount in healthcare costs. District of Columbia 13,790
Implementation of screening is not only cost effective, Georgia 135,411
but also allows for the earliest possible lifesaving  Hawaii 18,948
treatment. Idaho 22,799

Illinois 161,758

Indiana 84,794

Appendix 1: SCID newborn screening status by state Louisiana 62,531

Maine 12,814

@ Maryland 71,739

Missouri 77,588

Jf;g:é’g’;{‘gfe” Nebraska 26,242

Nevada 35,671

Curing PI. New Hampshire 13,032

Worldwide. New Jersey 103,932

New Mexico 25,956

Total live births in the United States = 4,007,105 North Carolina 123,468

State Live births North Dakota 10,470

Oklahoma 52,347

Total Live Births in the United States = 4,007,105 Oregon 45,904

Currently screening Rhode Island 11,843

Arizona 1,650° South Dakota 12,382

California 510,980 Tennessee 84,533

Colorado 66,822 Vermont 5,775

Connecticut 38,539 Virginia 101,202

Delaware 11,682 Washington 86,507

Florida 214,962 West Virginia 20,757

lowa 38,574 Wyoming 6,914

Massachusetts 73,275 Total 1,526,913
Michigan 113,509 Currently no plans for implementation

Minnesota 68,269 Alabama 58,783

Mississippi 39,177 Arkansas 37,536

New Mexico 1,065* Kansas 41,598

New York 246,081 Kentucky 53,565

Ohio 139,858 Montana 12,066

Pennsylvania 142,724 South Carolina 55,599

Texas 392,764 Total 259,147

Utah 53,395

 Includes only the population of the Navajo Nation
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Appendix 2: JMF economic analysis

Jeffrey Modell

Foundation

Curing PI. Worldwide.

An Analysis and Decision Tool to Measure Cost Benefit
Of Newborn Screening for Severe Combined Immune Deficiency

(SCID)

And Related T-Cell Lymphopenia

A Study by the Jeffrey Modell Foundation

© 2013 Jeffrey Modell Foundation

Objectives of the study

1.

This study develops a working algorithm or “decision
tree” that is validated by peer-reviewed scientific lit-
erature, and harmonized for application to be used by
Public Health Departments and Health Ministries in
states, countries, and regions throughout the world.
Local or regional data can be applied to measure the
threshold and economic impact of implementing or not
implementing newborn screening for SCID.

This decision tree will provide the appropriate agency
with a usable tool and understandable formula that will
assist in deciding upon the willingness to pay for
additional years of life utilizing criteria and costs
specifically relevant to the locality.

Ten important facts to know

1.

Infants born with severe combined immunodeficiency
(SCID), as well as related conditions with T-cell
lymphopenia, suffer from serious, life-threatening
infections, and will likely not survive their first year
of life without specific therapy to protect them from
infections and restore their immune function [1, 5, 8].
SCID and related conditions can be detected by a
simple screening test (TREC assay) using the same
dried blood spot samples already collected from
newborns to screen for other genetic disorders [5, 8].

@ Springer

The TREC assay provides earliest possible identifi-
cation before irreversible organ damage or death.
Infants receiving hematopoietic stem cell transplan-
tation in the first few months of life, after being
identified through screening, have a high probability
of survival, and will have the chance to grow up and
live a healthy life [1-5, 20, 21].

While additional laboratory methods are being
developed, the current TREC assay has proven to
have outstanding specificity and sensitivity to accu-
rately identify all infants affected with SCID (the
primary targets) as well as additional infants with
other T-cell lymphopenia (secondary targets) [5, 8].
The screening test is 100 % sensitive [7]. There has
not been a single missed case of SCID since the
program began 5 years ago [7].

The US Secretary of Health and Human Services has
recommended that all newborns be screened for
SCID and T-cell lymphopenia, characterizing SCID
screening using the TREC assay as “The National
Standard for Newborn Screening Programs” [9, 10].
There are established, dedicated, and specialized treat-
ment centers for affected patients to receive care [22].
The cost of the screen is $4-5 per infant. This
includes equipment usage, labor and reagents [11].
More than 2.5 million babies have already been
screened [8, 21]. The actual incidence of SCID was
found to be approximately 1:66,000 and T-cell
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lymphopenia 1:20,000. The average was approxi-
mately 1:33,000 [13].

9. There is a 95-100 % success rate of survivorship for
babies transplanted in the first 3 months of life [2—4].
However, the survival rate sharply declines with time
[10]. SCID is fatal in infancy if not treated, and as
more serious infections develop, it is more difficult to
successfully transplant [1-4, 6, 20, 21].

10. Preeminent physicians from 78 countries were
brought together by the Jeffrey Modell Foundation
for a 3 day Global Summit in Berlin, Germany. These
expert physicians represent the world’s leadership
and are authorities in the diagnosis, treatment, and
management of primary immunodeficiencies. At the
conclusion of the symposium, the physicians signed
the “Berlin Declaration” calling for the immediate
implementation of TRECs screening in order to
identify, treat, and cure newborn babies born with
SCID and related T-cell lymphopenia.

Economic analysis

The decision to implement newborn screening for SCID
and related T-cell Lymphopenia will depend on the cost
and effectiveness of the screening test, the incidence of
SCID and related T-cell lymphopenia within a population,
the cost ratio of the intervention, and the benefit of earliest
possible treatment [11, 12]. If we make an assumption that
the number of births within a region is 100,000 per year,
and the incidence of SCID or related T-cell lymphopenia is
approximately 1:33,000 newborns, this decision tree pro-
jects three cases per year (see Fig. 1).

The cost to screen 100,000 newborns, at $4.25 per
patient, totals $425,000 [11]. The cost to transplant one
newborn is $120,000 [14, 15]. The cost of post-transplant
care over the next 5 years may be as much as $200,000 for
one newborn. Therefore, the cost to screen 100,000 new-
borns and treatment of one patient would be approximately
$745,000. The cost to screen 100,000 newborns and treat
three patients totals $1,385,000.

If newborns are not screened at birth, they will sustain
overwhelming infections and hospitalizations, averaging
costs estimated to be at least $2 million in the first year of
life [16, 17]. Given the incidence and population, the total
costs of care for the predicted three affected newborns will
amount to $6 million in healthcare costs [16, 17].

In a previous analysis, Chan et al. [11] found that the
incremental cost-effective ratio (ICER) was $27,907 per
quality of adjusted life year (QALY), given 70 years of life
saved [11]. This ratio is highly favorable and also compares
closely with other metabolic diseases currently screened.
Additionally, this analysis stated that assuming society is

willing to pay $50,000 per QALY, preference for screening
occurred if incidence of SCID was at least 1:250,000 [11].

In 2011, three US federal agencies estimated the value
of one life saved to be $7.7 million [18]. This estimate is an
average provided by the Environmental Protection Agency
($9.1 million), Food and Drug Administration ($7.9 mil-
lion), and the Transportation Department ($6.1 million)
[18]. Given this economic information, a newborn baby
with SCID or T-cell Lymphopenia that is screened and
treated in the first 3.5 months of life, generates a contri-
bution to society that is at least 15 times greater than the
cost of screening and curative treatment.

The TREC assay is inexpensive, highly sensitive, and has
been effectively integrated into public health programs (e.g.
Wisconsin, California, New York, Ontario) [8, 13, 19]. SCID
is a fatal disease that causes accrual of exorbitant healthcare
costs in just 1 year of life [16, 17]. The cost of care for just
one infant with SCID could be more than the cost of
screening for an entire regional population [17]. Imple-
mentation of screening through the TREC assay will provide
the earliest possible identification and allow for intervention
of early transplantation before infants suffer from severe
infections, organ damage, and ultimately death [5]. Newborn
screening for SCID and related T-cell lymphopenia is cost-
effective, and most importantly, it is lifesaving and allows
children with SCID the opportunity to live a healthy life.
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