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ABSTRACT

Background: Newborn screening (NBS) for the early detection of inborn errors of immunity (IEl)
has been implemented in a few countries. The objective of this study was to verify the situation and
define obstacles to the implementation of NBS worldwide.

Methods: A questionnaire was developed by the Inborn Errors of Immunity Committee of the
World Allergy Organization (WAO) with 17 questions regarding NBS for IEl in the physician’s
workplace, NBS test type, problems hindering NBS implementation, reimbursement for IEl ther-
apy, presence of a national IEl registry, referral centers, molecular diagnosis, hematopoietic stem
cell transplantation centers, gene therapy, and immunoglobulin replacement therapy. The survey
was sent by email once a week to doctors and others associated with WAO and the main
immunology societies worldwide as a Google Form™ to be completed during September and
October 2021.

Results: Two hundred twenty-nine questionnaires were completed, of which 216 (94.3%) were
completed by physicians. One hundred seventy-six (76.8%) physicians were both allergists and
immunologists. The agreement between allergists/immunologists and non-allergists/non-
immunologists for the question “Is there NBS for IEl in the country you work in?” was good
(k = 0,64: 95% Cl 0.55-0.69). Ninety-eight (42.8%) participants were from Latin America, 35
(15.3%) from North America, 29 (12.6%) from Europe, 18 (7.9%) from Africa, 44 (19.2%) from Asia,
and 5 (2.2%) from Oceania. More than half the participants (n = 124, 54.2%) regularly treated
patients with IEl, followed by occasional treatment (n = 77, 33.6%), or never (n = 28, 12.2%). Of
the respondents, 14.8% reported that their countries performed NBS for IEl, whereas 42.2% re-
ported their countries did not. T-cell receptor excision circles was the most widely used technique
in some countries, with 75 (59.9%) for the diagnosis of NBS for IEl, followed by combined use with
kappa deleting-recombination excision circles. Only 13 participants (10.3%) underwent neonatal
exon screening in their respective countries. Financial and technical issues were among the major
obstacles to the implementation of NBS for IEI.

Conclusions: This pilot study showed that few countries have implemented NBS for IEl, despite
the presence of immunology referral centers and the availability of hematopoietic stem cell
transplantation and intravenous immunoglobulin replacement therapy. The findings highlight the
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difficulties, mainly financial and technical, hindering wide application of NBS. Sharing experiences,
technologies, and resources at the international level can help overcome these difficulties.

Keywords: Newborn screening, Inborn errors of immunity, Hematopoietic stem cell

transplantation

INTRODUCTION

Inborn errors of immunity (IEl) are rare mono-
genic defects in various pathways of the immune
system that may be associated with increased
susceptibility to infections, autoimmunity, lym-
phoproliferation, and malignancies. To date, more
than 450 known IEl have been identified"? that
may affect up to 1% of the population.®

Early recognition and treatment of |IEl could save
affected individuals from the serious and some-
times life-threatening consequences of infections
or autoimmunity.® This led to the emergence of
newborn screening (NBS) for IEl. The main
purpose of NBS is the early detection of treatable
and severe forms of IEl with profoundly low T
and B cell numbers, to decrease morbidity and
mortality.*® This is done by quantifying T-cell
receptor excision circles (TRECs) and kappa
deleting-recombination excision circles (KRECs).®
These methods are cheaper alternatives for flow
cytometry to screen for and diagnose IEl. The
methods can be used in small laboratories and
rural areas as an initial assessment of the
possibility of [EL.7®

TRECs are small circular DNA by-products specific
to naive T cells? that are produced during T-cell
receptor recombination in these cells. TREC is an
accurate measure of thymic function because it
arises in the late phase of thymocyte maturation.’®
Their levels decline with age in healthy individuals®
and are reduced or absent in severe combined
immunodeficiency (SCID) and other T-cell
lymphopenias.” TREC copy numbers are measured
by quantitative reverse transcription polymerase
chain reaction (qRT-PCR).9

KRECs are B cell products produced during rear-
rangement of the variable, diverse, and joining do-
mains of the B cell immunoglobulin kappa gene."®
KRECs were first developed for the assessment of
patients with antibody deficiency disorders and

monitoring B cell recovery following hematopoietic
stem cell transplantation (HSCT). In 2011, the utility
of the KREC assay in identifying X-linked
agammaglobulinemia (XLA)- and XLA-like diseases
in neonates was demonstrated.™"

Pilot TREC-based primary immunodeficiency
(PID) screening programs have been widely
established globally, including Asia (Singapore,
Taiwan, China, Japan, South Korea, and Vietnam),
Europe (Austria, Belgium, Czech Republic,
Denmark, Germany, Iceland, Ireland, Latvia,
Netherlands, Norway, Russia, Slovenia, Sweden,
Switzerland, Finland, Italy, Spain, United Kingdom,
France, Poland, Slovakia, Turkey, and Ukraine),
Latin America (Brazil), Middle East (Israel, Lebanon,
and Saudi Arabia), North America (United States
and Canada), and Oceania (New Zealand and
Australia).’®'27% |n  Western countries, NBS
programs have enabled the early diagnosis of
SCID, which is cost-effective and beneficial for
patient prognosis."® The implementing NBS has
contributed to the decreased birth prevalence of
SCID from 1:100,000 to 1:58,000,'%7¢ and a
three-times decreased average cost of an early
bone marrow transplantation compared to late
transplantation.®1”

Unfortunately, NBS is not yet available in most
countries. Updating the situation and defining the
hindrances and obstacles to the implementation of
NBS were the main goals of this study.

METHODS

A survey was developed by the Inborn Errors of
Immunity Committee of WAO. The survey con-
sisted of 17 questions regarding the use of NBS in
general and NBS for IEl specifically in the physi-
cians’ workplace, type of test, problems in imple-
menting NBS, reimbursement, national registry for
IEI, referral centers, molecular diagnosis, HSCT
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centers, gene therapy, and

replacement (Fig. 1).

immunoglobulin

The survey was sent by email once a week to
doctors and others associated with WAO and the
main immunodeficiency societies around the
world as a Google Form™. The survey was
completed during September and October 2021.

The agreement (k = Cohen’s kappa) for this in-
strument was calculated by comparing the answers
of allergists/immunologists and non-allergists/non-
immunologists-answers  to the following 4
questions:

1. Is there an NBS for IEl in the country in which
you work?

2.1s there a national registry for IEl in your
country?

3

3. Are there hematopoietic stem cell trans-

plantation referral centers for IEl in your
country?

4. Is immunoglobulin replacement therapy avail-
able in this country?

The k values indicated the level of agreement:
<0, no agreement; 0.01-0.20, none to slight; 0.21-
0.40, fair; 0.41-0.60, moderate; 0.61-0.80, sub-
stantial; and 0.81-1.00, almost perfec’t.18

RESULTS

Two hundred twenty-nine questionnaires were
collected. Of these, 216 (94.3%) were completed
by physicians, with the remaining 13 (5.7%)
completed by non-physicians. One hundred and
seventy-six (76.8%) physicians were allergists, im-
munologists, or both allergists/immunologists, 33

1. Are you a physician?
Yes
No

o

. What is your specialty?

. Allergist

Immunologist

Both allergist and immunologist
. Dermatologist

. Pediatrician

General Practitioner

Other

I

w

. How frequently do you treat patients with inborn errors of immunity / primary
immunodeficiency?

. Notatall

. Occasionally

. Regularly

oo

‘Which country do you work in? Region.
Latin America

America

Europe

Africa

Asia

Oceania

e a0 oR A

. Is there general NBS in the country you work in?
. Universal

Partial

None

)

. Is there NBS for IEl in the country you work in?

Yes, nationwide

Yes, partial in some cities/provinces/states

The country has taken some steps to start an IEI NBS program
None

acoro

Which NBS test is performed for IEl in your country?
TREC

KREC

. TREC+KREC

. Neonatal exome

ao oo N

Il

What is/are the problem/s for not implementing IEI NBS? (You can choose
more than one answer).

. Financial

. Technical

Lack of awareness of the importance of early diagnosis of IEI

. Not a priority amdst many other health problems

a0 op

e. Other

©

. In your opinion, which of these reasons is the biggest problem for not
implementing IEI NBS? (Please select one.)

. Financial

. Technical

. Lack of awareness of the importance of early diagnosis of IET

. Not a priority amdst many other health problems

Other

cpoo op

10. Is there reimbursement for IEI NBS in your country?
. Public health system

. Insurance based

Both

None

aoos

11. Is there a national registry for IEI in your country?
a. Yes
b. No

12. Are there referral centers for IEI in your country?
a. Yes
b. No

13. Is molecular diagnosis done for IEI patients?
a. Yes, for all patients

b. Yes, only for some patients

c. Not done at all

14. Are there Hemathopoietic Stem Cell Transplantation referral centers for IEI
in your country?

a. Yes

b. No

15. Are there gene-therapy projects available in your country?
a. Yes
b. No

16.Is I lobulin repl
a. Yes
b. No

t therapy a in your country?

17.1Is there reimbursement for i lobulin repl
country?

a. Public health system

b. Insurance based

c

d

t therapy in your

. Both
. None

Fig. 1 Questionnaire about NBS and IEl treating
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(14.4%) were pediatricians, 1 (0.4%) was a derma-
tologist, and 19 (8.4%) worked with other
specialties.

The agreement between the answers of aller-
gists/immunologists  and  non-allergists/non-
immunologists was substantial for question 1
(k = 0.64, 95% Cl 0.55-0.69), moderate agreement
for question 2 (k = 0.43, 95%Cl 0.38-0.48), and
substantial agreement for questions 3 (k = 0.66,
95% Cl 0.58-0.70) and 4 (k = 0.69, 95% CI 0.61-
0.75).

Ninety-eight (42.8%) participants were from
Latin America, 35 (15.3%) from North America,
29(12.6%) from Europe, 18 (7.9%) from Africa, 44
(19.2%) from Asia, and 5 (2.2%) from Oceania.
Most participants treated patients with IEl regularly
124 (54.2%), followed by occasionally (n = 77,
33.6%), and never (n = 28, 12.2%).

Of the participating countries, 110 (53.4%) have
an IEl registry. Respondents from Africa and Oce-
ania reported only one country with an IEl registry.
There are several referral centers in almost all
continents; however, molecular diagnosis is
offered in only 35 (17%) countries. As a reflection
of improved management, HSCT centers are pre-
sentin 154 (74.8%) of the countries included in the
survey, and IVIG therapy is offered in 203 (98.5%)
of the countries. Table 1 presents the general
characteristics of IEl management worldwide.

Of the participants, 103 (45%) reported the use
of NBS in their respective countries. NBS specif-
ically for IEl is only available in 34 (14.8%) coun-
tries, with 57 (42.2%) respondents reporting the
adoption of NBS for IEIl in some cities or parts of
their countries. Ninety-seven (42.2%) respondents
confirmed the absence of NBS for IEl in their
countries, mainly in Asia and Africa (Table 2 and
Fig. 2).

TRECS was the most widely used technique for
the diagnosis of NBS in IEl 75(59.5%), followed by
both TRECS and KRECS, and 34(27%) in some
countries. Only 13 participants (10.3%) underwent
neonatal exon screening in their respective coun-
tries. (Table 2).

Financial issues, technical problems, lack of
awareness of the importance of early diagnosis of

IEl, and IElI not being prioritized among other
health problems were all reasons for delays in the
implementation of NBS programs for |El. The most
common reason (n = 64, 27.9%) was high cost,
followed by a lack of awareness of the importance
of early diagnosis of IEI (n = 61, 26.6%).

Table 3 identifies the participants’ countries
having national registries, referral centers for IEI,
HSCT referral centers, gene therapy, and IVIG
reimbursement.

DISCUSSION

SCID is one of the most severe forms of primary
immunodeficiency. SCID is characterized by the
absence or dysfunction of T lymphocytes associ-
ated with a defective antibody response, which
may result from intrinsic defects in B lymphocytes
or inadequate T-cell activity. Patients with SCID
present with bacterial, viral, or fungal infections in
the first few months of life.’? If left untreated,
patients with SCID will eventually die by the
second year of life. Therefore, early diagnosis
and effective clinical management are crucial.’®

Supportive treatments include broad-spectrum
antibiotics, antifungal drugs, and IVIG. HSCT and
gene therapy are the only currently available
curative treatments. Younger age and absence of
viral infection before transplantation are associ-
ated with an overall better prognosis.?? Railey et al
reported an overall survival rate of 94% for those
transplanted in the first 3.5 months of life in a
cohort of 161 transplant patients in the United
States.?"

Newborn screening programs were performed
to identify infants with different and significant
conditions for which there is a pre-symptomatic
phase and for which effective treatment is avail-
able?? to decrease morbidity, mortality, and
poorer outcomes in cases of delayed
diagnosis.?®> In our study, most participating
countries had well-established NBS for different
diseases.

Regarding [El, the NBS test using the TREC
assay has been performed in some US states since
2008.24%% |n the same year, the first successful
transplant was performed on an SCID diagnosed
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Yes

No

Are there referral centers for IEl in your cou

Yes
No
Is molecular diagnosi
Yes, for all patients

Yes, only for some
patients

Not done at all

Are there Hematopoi
Yes

No

(15.3)

Is there a national registry for IEl in your country?

18 (56.3)
14 (43.7)

32 (100)

s done for IEl patients?

13 (40.6)
18 (56.3)

1(3.1)

32 (100)

North America n = 35| Latin America 90

(39.3)

58 (65.2)
31 (34.8)
ntry?

75 (84.3)
14 (15.7)

6 (6.7)
73 (82)

10 (11.3)

etic Stem Cell Transplantation centers for

69 (77.5)
20 (22.5)

Are there gene-therapy projects available in your country?

Yes
No

Is Immunoglobulin replacement therapy available in your coun

Yes

No

25(78.1)
7 (21.9)

32 (100)

21 (23.6)
68 (76.4)

88 (98.9)
1(1.1)

Asia 46 Africa 18
(20.1) (7.9)
‘20 (46.5) 1(6.3)
23 (53.5) | 15(93.7)
26 (60.5) | 10(62.5)
17 (39.5) 6 (37.5)
10 (23.3)
31(72.1) | 11(68.8)
2 (4.6) 5(31.2)
IEl in your country?
26 (60.4) 7 (43.8)
17 (39.6) 9 (56.3)
6 (14) 16 (100)
37 (86) 0 (0)
try?
43 (100) 15 (93.8)
0 (0) 1(6.2)

12 (54.5)
10 (45.5)

18 (81.8)
4 (18.2)

5(22.7)
15 (68.2)

2(9.1)

16 (72.3)
6 (27.3)

3(13.6)
19 (86.4)

22 (100)

Oceania 5
(2.2)

4 (100)

Total 229
(100)

110 (53.4)
96 (46.6)

176 (85.4)
30 (14.6)

35(17)

151 (73.3)

20 (9.7)

154 (74.8)
52 (25.2)

55(26.7)
151 (73.3)

203 (98.5)
3(1.5)

(continued)
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Is there reimbursement for immunoglobulin replacement therapy in your country?

77 (37.4)
21 (10.2)

87 (42.2)
21 (10.2)

4 (100)

0 (0)

17 (77.3)

4(18.2)
1(4.5)

4 (25)
5(31.3)

3(18.7)

4 (25)

(55.8)

24

3(7)
7 (16.3)
9 (20.9)

18 (20.2)

4 (4.5)
60 (67.4)

7(7.9)

10 (31.3)
9(28.1)

13 (40.7)

Public health system

Insurance based

Both

None

Table 1. (Continued) IEl management around the world. n = 229 (%)

by NBS (Jeffrey Model Foundation, http://www.
infodpi.org). Since then, NBS has been gradually
implemented in different states and countries.
According to our results, NBS has been
implemented in several countries. A quarter of
the included countries have partially
implemented NBS, whereas less than one-fifth
have begun this process. The remaining countries
in the present survey have begun to apply NBS for
IEI. The main reason for the delayed implementa-
tion of NBS for IEl is financial considerations. This
highlights the need for the development of new,
low-cost technologies for testing newborns for a
broad range of conditions, a crucial solution to this
problem.?®

In most countries that use NBS for IEl, screening
is performed using the TREC/KREC assay. Howev-
er, such screening techniques cannot detect many
serious IEl and immune dysregulation disorders.
Sequencing could provide a potential method for
screening a wider array of health conditions. This
has raised the issue of using genomics-based
NBS.2”-2? However, this approach is not feasible
from a logistic or economic perspective in the
context of NBS.*® Genetic screening might be
economically unfeasible; therefore, we suggest a
two-tiered approach for expanding the number
of |Els that could be diagnosed via NBS.

The survey data revealed that the second most
common reason for a lack of NBS was an absence
of awareness of the importance of NBS for [EI
Hence, another solution may be worldwide
research to identify the successful implementation
of NBS in decreasing mortality rates. This could
serve to draw the attention of health authorities to
the efficiency of NBS. Increased awareness of dis-
ease management is reflected in the number of
referral centers available worldwide; however, the
presence of national registries is a challenge. Ac-
cording to our results, national registries for IEI
were present in 110 (53.4%) countries, mainly in
North America and Europe. There are very few
registries in the Middle East and North Africa,
despite the anticipated increased prevalence of IEl
in this region because of the high rate of consan-
guinity with a predominance of autosomal reces-
sive disorders.®? Still, the burden of disease is
underestimated in countries from middle- and
low-income regions for many reasons, including
the lack of registries.®?
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North America

n = 35 (15.3)

Is there general NBS in the country you work in?

Universal
Partial

None

28 (80)
6(17.1)
2(2.9)

Is there NBS for IEl in the country you work in?

Yes, nationwide

Yes, partial in some cities/provinces/
states

The country has taken some steps to start
an |EI NBS program

None

Which NBS test is performed for IEl in
TREC

KREC

TREC + KREC

Neonatal exome

What is/are the problem/s for not implementing IEI NBS?

Financial
Technical

Lack of awareness of the importance of
early diagnosis of IEl

Not a priority amidst many other health
problems

Other

18 (51.4)
14 (40)

2 (5.7)

1(2.9)
your country?
31(91.1)
2(5.9)
1(3)
0 (0)

1(2.9)

5(2.2)

Latin America | Asia 46 | Africa 18| Europe 27 Oceania
90 (39.3) (20.1) (7.9) (11.8)
32 (32.7) 24 (52.2)| 4(22.2) | 12 (44.4)
40 (40.8) 14 (30.4)| 1(5.6) 7 (25.9)
26 (26.5) 8(17.4) | 13(72.2)| 8(29.6)

3(3.1) 8(17.4) | 1(5.6) 4 (14.8)
33 (33.7) 4 (8.7) 2(11.1) 2(7.4)
26 (26.5) 3 (6.5) 0 (0) 9 (33.3)
36 (36.7) 31(67.4)| 15(83.3)| 12 (44.5)

27 (45) 10(71.4)| 0(0) 5(41.7)

3(5) 3(21.4) 0 (0) 4 (33.3)
24 (40) 1(7.2) | 3(16.7) | 2(16.7)
6 (10) 0 (0) 0 (0) 1(8.3)
(You can choose more than one answer).
23 (25.6) 22 (47.8)| 11 (61.1)| 9(33.3)
12 (13.3) 8(17.4) | 5(27.8) | 4(14.8)
21 (23.3) 21 (45.7)| 12 (66.7)| 5 (18.5)
19 (21.1) 24 (52.2)| 9 (50) 4 (14.8)
6 (6.7) 0 (0) 0 (0) 0 (0)

Total 229
(100)

103 (45)
69 (30.1)
57 (24.9)

34 (14.8)
57 (24.9)

41 (17.9)

97 (42.4)

75 (59.5)
4 (3.2)
34 (27)

13 (10.3)

64 (27.9)
30 (13.1)
61 (26.6)

58 (25.3)

7 (3.1)

(continued)
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Total 229
(100)

Latin America
90 (39.3)

North America Asia 46 | Africa 18 | Europe 27 | Oceania

(20.1) (7.9) (11.8) 5 (2.2)

n = 35 (15.3)

In your opinion, which of these reasons is the biggest problem for not implementing IEI NBS? (Please select one.)

8

Financial 13 (37.1) 7(24.2) | 4(26.7) | 6(54.5) 30 (32,3)
Technical 10 (28.6) 9(31.1) | 8(53.3) | 5(45.5) 1(50) 33 (35,5)
Lack of awareness of the importance of 1(2.9) 11 (31.4) 11 (37.9)| 3(20) 0 (0) 26 (28)

early diagnosis of IEI

Not a priority amidst many other health 1(2.9) 1(3.4) 0 (0) 0 (0) 1 (50) 3(3,2)

problems

Other 0 (0) 1(3.4) 0 (0) 0 (0) 1(0,1)

Is there reimbursement for IEI NBS in your country?

Public health system 15 (46.9) 22 (24.7) 12 (27.9) 3(18.8) 11 (50) 2 (50) 65 (31,6)
Insurance based 3(9.4) 11 (12.4) 2(4.7) 2(9.1) 18 (8.7)
Both 12 (37.5) 13 (14.6) 1(2.3) 1(6.2) 2(9.1) 29 (14.1)
None 2(6.2) 43 (48.3) 28 (65.1)| 12 (75) 7 (31.8) 2 (50) 94 (45.6)

Table 2. (Continued) NBS availability around the world, problems of implementation, and reimbursement. n = 229 (%)
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Fig. 2 Worldwide Newborn Screening status.

Seventeen percent of the respondents reported
the use of molecular diagnosis for all patients with
I[El. By contrast, the majority of respondents
declared the use of molecular diagnosis for only
some patients. The delayed diagnosis®! that is
partly attributed to the unavailability of molecular
diagnosis can result in a more severe disease
phenotype in low and middle income countries
in comparison to other regions.*?

Transplants in patients with |El are highly complex
and should be performed in centers with continuous
and significant experience in these procedures and
that participate in collaborative studies.*® Referral
centers and treatment by HSCT are present in
almost all of the surveyed regions, making early
intervention feasible when NBS is used. Another
important issue that limits the worldwide
implementation of NBS is the need for a well-
established setting to confirm or rule out IEIl diag-
nosis in positive cases before referral to HSCT cen-
ters. In this regard, the selection of referral centers
must be accurate with proven experience in the field.
The European Reference Network-Rare Immunode-
ficiency, Autoinflammatory, and Autoimmune

RUSSIAN
FEDERATION

N @rareres

L wRsAL
vy

Disease Network continues to perform relevant
research.

The limited number of participants, lack of rep-
resentation in all countries, and the use of a non-
validated questionnaire are limitations of this
study.

In conclusion, this pilot study focused on the
status of NBS for IEl worldwide. The survey data
indicate that few countries perform NBS, with NBS
in the early stages of implementation in a few other
countries. The findings highlight the difficulties,
mainly financial and technical, hindering the
application of NBS for IEl in resource-challenged
countries. This is despite the widespread pres-
ence of immunology referral centers and the
availability of HSCT and IVIG replacement therapy.
NBS helps doctors establish an early diagnosis of
IEl and provide timely curative treatment, which
saves the lives of these patients. Therefore, there is
an urgent need to expand NBS for IEI by over-
coming the difficulties in its implementation. This
can only be achieved by sharing experiences,
technologies, and resources at an international
level.
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Countries

Is there a national registry for IEl in your country?

Yes

Argentina, Bolivia, Brazil, Colombia, Chile, Costa Rica, El Salvador, Mexico,
Venezuela, United States of America, Morocco, Czech Republic, Estonia, Georgia,
Portugal, Serbia, Sweden, Turkey, United Kingdom, Uzbekistan, Hong Kong, India,
Indonesia, Japan, Korea, Kuwait, Lebanon, Malaysia, Peoples Republic of China,
Philippines, Qatar, Singapore, Taiwan.

Are there referral centers for IEl in your country?

Yes

Argentina, Bolivia, Brazil, Colombia, Chile, Costa Rica, Ecuador, El Salvador,
Honduras, Mexico, Peru, Venezuela, Canada, United States of America, Australia,
Morocco, Sudan, Egypt, Kenya, Czech Republic, Georgia, Portugal, Croatia, Sweden,
Turkey, United Kingdom, Uzbekistan, Hong Kong, India, Indonesia, Israel, Japan,
Korea, Kuwait, Lebanon, Malaysia, Philippines, Qatar, Singapore, Taiwan.

Are there Hemathopoietic Stem Cell Transplantation referral centers for IEl in your country?

Yes

Are there gene-t

Yes

Argentina, Bolivia, Brazil, Colombia, Chile, Costa Rica, Dominican Republic, Ecuador,
El Salvador, Honduras, Mexico, Peru, Venezuela, Canada, United States of America,
Australia, Morocco, Egypt, South Africa, Czech Republic, Georgia, Portugal, Croatia,
Sweden, Turkey, United Kingdom, Uzbekistan, Hong Kong, India, Indonesia, Israel,
Kuwait, Lebanon, Malaysia, Philippines, Qatar, Taiwan, United Arab Emirates.

herapy projects available in your country?

Brazil, Colombia, Chile, Costa Rica, Dominican Republic, El Salvador, Mexico,
Venezuela, Canada, United States of America, Czech Republic, Portugal, Hong Kong,

Malaysia, Philippines, Qatar.

Is there reimbursement for immunoglobulin replacement therapy in your country?

Public health
system

Insurance based

Both

Panama, Canada, Australia, Lybia, Morocco, Sudan, Czech Republic, Georgia,
Portugal, Croatia, Sweden, United Kingdom, Uzbekistan, Kosovo, Serbia, Hong Kong,
India, Israel, Kuwait, Lebanon, Philippines, Taiwan, Singapore.

Colombia, Dominican Republic, Nicaragua, Kenya, Egypt, Sudan, Japan, Philippines.

Argentina, Bolivia, Brazil, Colombia, Chile, Costa Rica, Ecuador, El Salvador,
Honduras, Mexico, Peru, Venezuela, United States of America, Egypt, Kenya, Estonia,

Table 3. Registry, referra

Abbreviations

Turkey, India, Korea, Indonesia, Malaysia, Peoples Republic of China, Qatar.
| centers, HSCT, gene-therapy and IVIG reimbursement availability around the world

Author’s contribution

DNA, desoxyribonucleic acid; HSCT, hematopoietic stem
cell transplantation; IVIG, intravenous immunoglobulin; IEI,
inborn errors of immunity; KRECs, kappa deleting-
recombination excision circles; NBS, newborn screening;
PID, primary immunodeficiency; qRT-PCR, quantitative
reverse transcription polymerase chain reaction; SCID, se-
vere combined immunodeficiency; TRECs, T-cell receptor
excision circles.

Financial support
There is no financial support.

Availability of data and materials
The material is available with authors.

Herberto José Chong-Neto: Conceptualization;
investigation; writing -original draft; methodology;
validation; visualization; writing -review and editing; formal
analysis; data curation; supervision. Nesrine Radwan:
Conceptualization, writing original draft, reviewing results,
editing. Anténio Condino-Neto: Conceptualization,
reviewing manuscript. Nelson Augusto Rosério Filho:
Conceptualization; investigation; writing -original draft;
methodology; validation; visualization; writing -review and
editing; formal analysis; data curation; supervision. José
Antonio Ortega-Martell: Conceptualization, writing original
draft, reviewing manuscript and editing. Zeinab A El-Sayed:
Conceptualization, constructing investigational tool, writing
original draft, revising methodology and results, reviewing
manuscript and editing, supervision.


https://doi.org/10.1016/j.waojou.2024.100920

Volume 17, No. 6, Month 2024

Ethics approval and consent to participate

The project was approved by the World Allergy
Organization Board of Directors as an initiative of Inborn
Errors of Immunity Committee.

Consent for publication
All authors agreed for this work to be published in the
World Allergy Organization Journal.

Declaration of competing interest
Nothing to declare.

Acknowledgments

The authors would like to thank World Allergy Organization
for distributing the e-mails to the participants during the
study period.

Author details

“Division of Allergy and Immunology, Complexo Hospital
de Clinicas da Universidade Federal do Parand, Curitiba,
Brazil. ®Pediatric Allergy, Immunology and Rheumatology
Unit, Children’s Hospital, Ain Shams University, Cairo,
Egypt. “Institute of Biomedical Sciences, University of So
Paulo, S50 Paulo, Brazil. “Health Sciences Institute,
Autonomous University of Hidalgo State, Mexico.

REFERENCES

1. Tangye SG, Al-Herz W, Bousfiha A, et al. Human inborn errors
of immunity: 2019 update on the classification from the
International Union of Immunological Societies expert
committee. J Clin Immunol. 2020;40(1):24-64.

2. Dinur-Schejter Y, Stepensky P. Social determinants of health
and primary immunodeficiency. Ann Allergy Asthma Immunol.
2022;128:12, 1.

3. Quinn J, Modell V, Orange JS, Modell F. Growth in diagnosis
and treatment of primary immunodeficiency within the global
Jeffrey Modell Centers Network. Allergy Asthma Clin Immunol.
2022;18(1):19. https://doi.org/10.1186/s13223-022-00662-6.

4. Jiang T, Li Z, Zhang Q. Advances in neonatal screening for
primary immune deficiencies. Exp Ther Med. 2016;11:1542-
1544.

5. Pai SY, Logan BR, Griffith LM, et al. Transplantation outcomes
for severe combined immunodeficiency, 2000- 2009. N Engl J
Med. 2014;371:434-446.

6. El-Sayed ZA, Radwan N. Newborn screening for primary
immunodeficiencies: the gaps, challenges, and outlook for
developing countries. Front Immunol. 2020;10:2987. https://
doi.org/10.3389/fimmu.2019.02987.

7. Kanegane H, Hoshino A, Okano T, et al. Flow cytometry-based
diagnosis of primary immunodeficiency diseases. Allergol Int.
2018;67:43-54.

8. Khalturina EO, Degtyareva ND, Bairashevskaia AV,
Mulenkova AV, Degtyareva AV. Modern diagnostic capabilities

20.

21.

22.

23.

24.

11

of neonatal screening for primary immunodeficiencies in
newborns. Clin Exp Pediatr. 2021;64(10):504-510.

. Douek DC, McFarland RD, Keiser PH, et al. Changes in thymic

function with age and during the treatment of HIV infection.
Nature. 1998;17:690-695, 396(6712.

. King J, Ludvigsson JF, Hammarstrom L. Newborn screening for

primary immunodeficiency diseases: the past, the present and
the future. J Clin Immunol. 2018;38(1):56-66.

. Nakagawa N, Imai K, Kanegane H, et al. Quantification of

kappa-deleting recombination excision circles in Guthrie cards
for the identification of early B-cell maturation defects.
J Allergy Clin Immunol. 2011;128:223-225.

. Jeffrey model foundation. https://infodpi.org/town-hall/

newborn-screening/. Accessed May 7, 2024.

. Rhim JW. Importance of neonatal screening for primary

immunodeficiencies. Clin Exp Pediatr. Clin Exp Pediatr.
2021;64(10):519-520.

. Modell V, Knaus M, Modell F. An analysis and decision tool to

measure cost benefit of newborn screening for severe
combined immunodeficiency (SCID) and related T-cell
lymphopenia. Immunol Res. 2014,60(1):145-152.

. Kwan A, Abraham RS, Currier R, et al. Newborn screening for

severe combined immunodeficiency in 11 screening programs
in the United States. JAMA. 2014;312(7):729-738.

. Kobrynski LJ. Newborn screening in the diagnosis of primary

immunodeficiency. Clin Rev Allergy Immunol. 2021 Jul 22.
https://doi.org/10.1007/s12016-021-08876-z.

. Chan K, Davis J, Pai SY, Bonilla FA, Puck JM, Apkon M.

A Markov model to analyze cost-effectiveness of screening for
severe combined immunodeficiency (SCID). Mol Genet
Metabol. 2011;104:383-389.

. McHugh ML. Interrater reliability: the kappa statistic. Biochem

Med. 2012;22(3):276-282.

. Notarangelo LD. Primary immunodeficiencies. J Allergy Clin

Immunol. 2010;125(Suppl 2):5182-5194.

Gennery AR, Slatter MA, Grandin L, et al. Transplantation of
hematopoietic stem cells and long-term survival for primary
immunodeficiencies in Europe: entering a new century, do we
do better? J Allergy Clin Immunol. 2010;126:602-610.

Railey MD, Lokhnygina Y, Buckley RH. Long-term clinical
outcome of patients with severe combined immunodeficiency
who received related donor bone marrow transplants without
pretransplant chemotherapy or post-transplant GVHD
prophylaxis. J Pediatr. 2009;155:834-840.

King JR, Grill K, Hammarstréom L. Genomic-based newborn
screening for inborn errors of immunity: practical and ethical
considerations. Int J Neonatal Screen. 2023;11(9):22. https://
doi.org/10.3390/ijns9020022, 2.

Brown L, Xu-Bayford J, Allwood Z, et al. Neonatal diagnosis of
severe combined immunodeficiency leads to significantly
improved survival outcome: the case for newborn screening.
Blood. 2011;117(11):3243-3246. https://doi.org/10.1182/
blood-2010-08-300384.

Routes JM, Grossman WJ, Verbsky J, et al. Statewide newborn
screening for severe T-cell lymphopenia. JAMA. 2009;302:
2465-2470.


http://refhub.elsevier.com/S1939-4551(24)00051-6/sref1
http://refhub.elsevier.com/S1939-4551(24)00051-6/sref1
http://refhub.elsevier.com/S1939-4551(24)00051-6/sref1
http://refhub.elsevier.com/S1939-4551(24)00051-6/sref1
http://refhub.elsevier.com/S1939-4551(24)00051-6/sref2
http://refhub.elsevier.com/S1939-4551(24)00051-6/sref2
http://refhub.elsevier.com/S1939-4551(24)00051-6/sref2
https://doi.org/10.1186/s13223-022-00662-6
http://refhub.elsevier.com/S1939-4551(24)00051-6/sref4
http://refhub.elsevier.com/S1939-4551(24)00051-6/sref4
http://refhub.elsevier.com/S1939-4551(24)00051-6/sref4
http://refhub.elsevier.com/S1939-4551(24)00051-6/sref5
http://refhub.elsevier.com/S1939-4551(24)00051-6/sref5
http://refhub.elsevier.com/S1939-4551(24)00051-6/sref5
https://doi.org/10.3389/fimmu.2019.02987
https://doi.org/10.3389/fimmu.2019.02987
http://refhub.elsevier.com/S1939-4551(24)00051-6/sref7
http://refhub.elsevier.com/S1939-4551(24)00051-6/sref7
http://refhub.elsevier.com/S1939-4551(24)00051-6/sref7
http://refhub.elsevier.com/S1939-4551(24)00051-6/sref8
http://refhub.elsevier.com/S1939-4551(24)00051-6/sref8
http://refhub.elsevier.com/S1939-4551(24)00051-6/sref8
http://refhub.elsevier.com/S1939-4551(24)00051-6/sref8
http://refhub.elsevier.com/S1939-4551(24)00051-6/sref9
http://refhub.elsevier.com/S1939-4551(24)00051-6/sref9
http://refhub.elsevier.com/S1939-4551(24)00051-6/sref9
http://refhub.elsevier.com/S1939-4551(24)00051-6/sref10
http://refhub.elsevier.com/S1939-4551(24)00051-6/sref10
http://refhub.elsevier.com/S1939-4551(24)00051-6/sref10
http://refhub.elsevier.com/S1939-4551(24)00051-6/sref11
http://refhub.elsevier.com/S1939-4551(24)00051-6/sref11
http://refhub.elsevier.com/S1939-4551(24)00051-6/sref11
http://refhub.elsevier.com/S1939-4551(24)00051-6/sref11
https://info4pi.org/town-hall/newborn-screening/
https://info4pi.org/town-hall/newborn-screening/
http://refhub.elsevier.com/S1939-4551(24)00051-6/sref13
http://refhub.elsevier.com/S1939-4551(24)00051-6/sref13
http://refhub.elsevier.com/S1939-4551(24)00051-6/sref13
http://refhub.elsevier.com/S1939-4551(24)00051-6/sref14
http://refhub.elsevier.com/S1939-4551(24)00051-6/sref14
http://refhub.elsevier.com/S1939-4551(24)00051-6/sref14
http://refhub.elsevier.com/S1939-4551(24)00051-6/sref14
http://refhub.elsevier.com/S1939-4551(24)00051-6/sref15
http://refhub.elsevier.com/S1939-4551(24)00051-6/sref15
http://refhub.elsevier.com/S1939-4551(24)00051-6/sref15
https://doi.org/10.1007/s12016-021-08876-z
http://refhub.elsevier.com/S1939-4551(24)00051-6/sref17
http://refhub.elsevier.com/S1939-4551(24)00051-6/sref17
http://refhub.elsevier.com/S1939-4551(24)00051-6/sref17
http://refhub.elsevier.com/S1939-4551(24)00051-6/sref17
http://refhub.elsevier.com/S1939-4551(24)00051-6/sref18
http://refhub.elsevier.com/S1939-4551(24)00051-6/sref18
http://refhub.elsevier.com/S1939-4551(24)00051-6/sref19
http://refhub.elsevier.com/S1939-4551(24)00051-6/sref19
http://refhub.elsevier.com/S1939-4551(24)00051-6/sref20
http://refhub.elsevier.com/S1939-4551(24)00051-6/sref20
http://refhub.elsevier.com/S1939-4551(24)00051-6/sref20
http://refhub.elsevier.com/S1939-4551(24)00051-6/sref20
http://refhub.elsevier.com/S1939-4551(24)00051-6/sref21
http://refhub.elsevier.com/S1939-4551(24)00051-6/sref21
http://refhub.elsevier.com/S1939-4551(24)00051-6/sref21
http://refhub.elsevier.com/S1939-4551(24)00051-6/sref21
http://refhub.elsevier.com/S1939-4551(24)00051-6/sref21
https://doi.org/10.3390/ijns9020022
https://doi.org/10.3390/ijns9020022
https://doi.org/10.1182/blood-2010-08-300384
https://doi.org/10.1182/blood-2010-08-300384
http://refhub.elsevier.com/S1939-4551(24)00051-6/sref24
http://refhub.elsevier.com/S1939-4551(24)00051-6/sref24
http://refhub.elsevier.com/S1939-4551(24)00051-6/sref24

12

25.

26.

27.

28.

29.

Chong-Neto et al. World Allergy Organization Journal (2024) 17:100920

http://doi.org/10.1016/j.waojou.2024.100920

Verbsky JW, Baker MW, Grossman W, et al. Newborn screening
for severe combined immunodeficiency; the Wisconsin
experience (2008-2011). J Clin Immunol. 2012;32:82-88.

Padilla CD, Krotoski D, Therrell BL. Newborn screening
progress in developing countries—overcoming internal
barriers. Semin Perinatol. 2010;34:145-155.

Stray-Pedersen A, Sorte HS, Samarakoon P, et al. Primary
immunodeficiency diseases: genomic approaches delineate
heterogeneous Mendelian disorders. J Allergy Clin Immunol.
2017;139:232-245.

Pavey AR, Bodian DL, Vilboux T, et al. Utilization of genomic
sequencing for population screening of immunodeficiencies in
the newborn. Genet Med. 2017;19:1367-1375.

Blom M, Bredius RGM, van der Burg M. Future perspectives of
newborn screening for inborn errors of immunity. Int J
Neonatal Screen. 2021;7:74.

30.

31.

32.

33.

King JR, Notarangelo LD, Hammarstrém L. An appraisal of the
Wilson & Jungner criteria in the context of genomic-based
newborn screening for inborn errors of immunity. J Allergy
Clin Immunol. 2021;147:428-438.

Baris S, Abolhassani H, Massaad MJ, et al. The Middle East and
North Africa diagnosis and management guidelines for inborn
errors of immunity. J Allergy Clin Immunol Pract. 2023;11:158-
180.e11.

Aghamohammadi A, Rezaei N, Yazdani R, et al. Consensus
Middle East and North Africa registry on inborn errors of
immunity. J Clin Immunol. 2021;41:1339-1351.

Daudt LE, Macedo AV de, Guimaraes RF, et al. Hematopoietic
stem cell transplantation for pediatric acute lymphoblastic
leukemia - SBTMO/SOPOBE 2020 consensus guidelines:
SBTMO/SOPOBE guidelines: pediatric ALL. J Bone Marrow
Transpl Cel Ther. 2021;2:84-94.


http://refhub.elsevier.com/S1939-4551(24)00051-6/sref25
http://refhub.elsevier.com/S1939-4551(24)00051-6/sref25
http://refhub.elsevier.com/S1939-4551(24)00051-6/sref25
http://refhub.elsevier.com/S1939-4551(24)00051-6/sref26
http://refhub.elsevier.com/S1939-4551(24)00051-6/sref26
http://refhub.elsevier.com/S1939-4551(24)00051-6/sref26
http://refhub.elsevier.com/S1939-4551(24)00051-6/sref27
http://refhub.elsevier.com/S1939-4551(24)00051-6/sref27
http://refhub.elsevier.com/S1939-4551(24)00051-6/sref27
http://refhub.elsevier.com/S1939-4551(24)00051-6/sref27
http://refhub.elsevier.com/S1939-4551(24)00051-6/sref28
http://refhub.elsevier.com/S1939-4551(24)00051-6/sref28
http://refhub.elsevier.com/S1939-4551(24)00051-6/sref28
http://refhub.elsevier.com/S1939-4551(24)00051-6/sref29
http://refhub.elsevier.com/S1939-4551(24)00051-6/sref29
http://refhub.elsevier.com/S1939-4551(24)00051-6/sref29
http://refhub.elsevier.com/S1939-4551(24)00051-6/sref30
http://refhub.elsevier.com/S1939-4551(24)00051-6/sref30
http://refhub.elsevier.com/S1939-4551(24)00051-6/sref30
http://refhub.elsevier.com/S1939-4551(24)00051-6/sref30
http://refhub.elsevier.com/S1939-4551(24)00051-6/sref31
http://refhub.elsevier.com/S1939-4551(24)00051-6/sref31
http://refhub.elsevier.com/S1939-4551(24)00051-6/sref31
http://refhub.elsevier.com/S1939-4551(24)00051-6/sref31
http://refhub.elsevier.com/S1939-4551(24)00051-6/sref32
http://refhub.elsevier.com/S1939-4551(24)00051-6/sref32
http://refhub.elsevier.com/S1939-4551(24)00051-6/sref32
http://refhub.elsevier.com/S1939-4551(24)00051-6/sref33
http://refhub.elsevier.com/S1939-4551(24)00051-6/sref33
http://refhub.elsevier.com/S1939-4551(24)00051-6/sref33
http://refhub.elsevier.com/S1939-4551(24)00051-6/sref33
http://refhub.elsevier.com/S1939-4551(24)00051-6/sref33
https://doi.org/10.1016/j.waojou.2024.100920

	Newborn screening for inborn errors of immunity: The status worldwide
	Introduction
	Methods
	Results
	Discussion
	AbbreviationsDNA, desoxyribonucleic acid; HSCT, hematopoietic stem cell transplantation; IVIG, intravenous immunoglobulin;  ...
	Abbreviations
	Financial supportThere is no financial support.
	Financial support
	Availability of data and materialsThe material is available with authors.
	Availability of data and materials
	Author's contributionHerberto José Chong-Neto: Conceptualization; investigation; writing –original draft; methodology; vali ...
	Author's contribution
	Ethics approval and consent to participateThe project was approved by the World Allergy Organization Board of Directors as  ...
	Ethics approval and consent to participate
	Consent for publicationAll authors agreed for this work to be published in the World Allergy Organization Journal.
	Consent for publication
	Declaration of competing interest
	Acknowledgments
	References


