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Abstract

Globalization, migration, urbanization, and environmental changes exert a significant impact on human
health, particularly on immune system function. These factors have contributed to evolving
perspectives on congenital immunodeficiencies, now more accurately referred to as inborn errors of
immunity (IEIl). Previously considered rare and underdiagnosed, these disorders are currently
recognized as a major global health concern.

Advances in molecular genetic technologies have enabled early and precise diagnosis of IEI.
International collaboration, the development of global registries, and the standardization of clinical
protocols have increased detection rates worldwide. Environmental influences also affect immune
function through modulation of the microbiota and microbiome.

Neonatal screening using TREC/KREC assays is increasingly becoming standard practice in many
countries for the early detection of severe forms of |IEl, such as severe combined immunodeficiency
(SCID). The concept of IEI reflects a paradigm shift, recognizing immune disorders as complex,
dynamic conditions. The immune system is now viewed not only as a collection of cells and molecules
but as an integrated ecosystem interacting with genetic and environmental factors.

Keywords: Inborn Errors of Immunity, Primary Immunodeficiency, Globalization, Neonatal Screening,
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INTRODUCTION
In recent decades, globalization has economic and communication systems. It
profoundly influenced medicine alongside has facilitated the discovery of previously

unrecognized diseases and enabled the
rapid global exchange of scientific
knowledge regarding diagnosis and
treatment. Enhancing the translation of
Yazigma lgiin slaqa: scientific findings into clinical practice has
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interactions across geographical, ethnic, inborn errors of immunity (IEI) has been
and social boundaries have further shaped adopted to reflect this complexity [2,7,8].
immune responses. These developments Changing Perspectives in a Globalizing
have led to a transformation in the World

.understand.in.g _ of .congenital Globalization has accelerated progress in
immunodeficiencies. Once considered rare medical technologies and genetic research.
and poorly characterized, these conditions Modern molecular diagnostic methods
are now recognized as a significant global allow early and accurate identification of
health issue [2,3,8]. Historically, primary IEI. International cooperation, global
immunodeficiencies ~ were  frequently databases, and standardized clinical
misdiagnosed or overlooked, with patients protocols have significantly increased
receiving only symptomatic treatment for detection rates. Although these conditions
recurrent infections. Advances in were previously under recognized
immunology  and genetics . have substantial progress has been achieved in
demon.strated that  these  disorders recent years. Nevertheless, globalization
comprise a heterogeneous group of presents both advantages and challenges
diseases with diverse clinical (Figure 1) [1 ’3]_

manifestations. Consequently, the term

Advantages: Challenges:

A g 9

The emergence of megacities leads to
the rapid spread of infectious
diseases.

Globalization allows health services
to be closer to the population.

A 4 A 4

Increasing migration and
urbanization, environmental

Globalization enables close influences and interracial marriages
cooperation between countries. affect gene mutation, the phenotype,
and clinical presentation of immune

diseases.

Figure 1. Advantages and challenges of globalization.

The foundation of immune function lies ranging from severe combined
within the human genome. Epigenetic immunodeficiency (SCID) to mild antibody
modifications regulate gene expression and deficiencies. Conversely, similar clinical
are highly sensitive to environmental phenotypes may arise from different
factors such as infections, microbiome genetic mutations [5,12].

composition, toxins, and stress. As a result, Key mechanisms underlying genetic
individuals with the same genetic mutation variability include:

may exhibit markedly different phenotypes, « Gene frequency
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« Diversity of gene expression
« Gene—gene interactions
« Environmental influences [6,7]

Globalization, urbanization, environmental
pollution, and changes in the microbial
environment can lead to the following
consequences: increased incidence of
certain genetic diseases in the population,
changes in the clinical symptoms of genetic
diseases, increased risk of genetic
predisposition, and the spread of rare
mutations in consanguineous marriages.
From the perspective of modern genetics
and immunology, immunodeficiency
diseases are of particular interest.
Previously, many children with severe
primary immunodeficiencies died at an
early age. Today, thanks to modern and
effective treatments such as
immunoglobulin therapy, bone marrow
transplantation, and gene therapy, patients
survive into adulthood and have children.
As a result, some rare mutations (CTLA4
deficiency, LRBA deficiency, APDS
(PIK3CD), STAT3, and ADA deficiency)
can persist and become more common in
the population.

Environmental factors also influence
immune function through their effects on
the microbiota and microbiome. The
microbiome comprises all microorganisms
and their genetic material residing in and on
the human body, forming a complex
ecosystem that affects metabolism,
immunity, and overall health. Its
composition is highly individualized and
influenced by diet, lifestyle, and
environmental exposures.

The microbiota plays a critical role in
immune system development, immune
memory formation, and immune regulation.
Under normal conditions, the immune
system and microbiota maintain a balanced
relationship that ensures protection against
pathogens while preserving tolerance to
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harmless antigens. However, factors such

as excessive antibiotic use and dietary
additives may disrupt this balance, leading
to immune dysregulation.

The development of the immune system
and the maintenance of homeostasis are
just two of the many areas in which the
microbiota is important. It is known that a
healthy microbiota balance is important in
the  management of inflammatory
responses by  supporting immune
tolerance. In this regard, first of all, the
interactions between the microbiota and the
immune system are investigated, and the
influence of the microbiota on the immune
system is studied in detail. Then, the
molecular and cellular mechanisms of the
microbiota balance in specific autoimmune
diseases can be evaluated. In this regard,
the interactions and clinical manifestations
of these two mechanisms should be
studied, and therapeutic approaches
targeting the microbiota, such as prebiotics,
probiotics, and fecal microbiota
transplantation, may be prescribed [12].
Microbiome alterations in patients with IEI
may result in dysbiosis, microbial
translocation, mucosal immune
dysfunction, chronic inflammation, and
impaired immune regulation. These
processes contribute to complications such
as autoimmunity, lymph proliferation, and
malignancy, significantly affecting patient
outcomes and quality of life [9,10,12].

IElI in the Context of the COVID-19
Pandemic

The COVID-19 pandemic highlighted
variability in immune responses across
populations. Environmental factors such as
urban density, pollution, and microbiome
diversity may influence susceptibility and
disease severity.

The pandemic also exposed vulnerabilities
in healthcare systems, particularly affecting
patients with |EI. Disruptions in plasma
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donation negatively  impacted the
availability of immunoglobulin replacement
therapy, a cornerstone of treatment.

Patients with IEl are at increased risk of
infections, and ongoing research explores
genetic predisposition to severe COVID-19.
Additionally, vaccine responses in these
patients may be suboptimal due to impaired
B- and T-cell immunity. Consequently,

efforts have intensified to develop more
durable

effective  and immunization

strategies [5].

Figure 2. New forms of primary immunodeficiency

Next-generation sequencing (NGS) has
identified more than 690 gene defects
associated with |IEl. Thus, there has been a
shift the paradigm from isolated genetic
defects to complex networks of immune
dysregulation, from the importance of a
single gene to the multiple interactions of
genetic changes [1, 5, 12]. As a result, new
forms of PID have emerged (Figure 2).

Newborn Screening Programs

Newborn  screening  programs  are
implemented in many countries and now it
is part of routine healthcare, although the
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New Concepts in Inborn Errors of
Immunity

Advances in molecular genetics have
redefined the classification of immune
disorders, leading to the adoption of the
term inborn errors of immunity (IEI). The
immune system is now conceptualized as a
dynamic and integrated ecosystem. The
concept of the immunome has emerged,
reflecting the interaction between genetic
factors and environmental influences

[3,4,6].

e disruption of the apoptosis process

range of screened conditions varies widely.
Initially introduced for the detection of
phenylketonuria, these programs now have
expanded significantly over time [12, 13].
This program allows us to detect several
serious hereditary diseases before clinical
symptoms even appear. Also, it plays a
critical role in preventing severe
complications. This is particularly important
for primary immunodeficiencies, where
early diagnosis can be life-saving.

In 2022, this program in Azerbaijan is
dedicated to the following diseases:
phenylketonuria, cystic fibrosis,
adrenogenital syndrome, hypothyroidism,
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and galactosemia. In 2026-2027, the
program plans to include testing for severe
combined immunodeficiency (SCID) using
a heel-prick blood test.
TREC/KREC-based screening is
increasingly used for early detection of
severe IEI, particularly SCID. TREC reflects
newly formed T-lymphocytes. It is a small
DNA fragment formed during T-cell
development in the thymus and indicates
the number of naive T cells. KREC reflects
newly formed B cell.

SCID is characterized by: impaired T-cell
development, reduced or absent B cells,
dysfunction of natural killer (NK) cells

Early diagnosis enables timely
hematopoietic stem cell transplantation
(HSCT), significantly improving outcomes.
This underscores the importance of early
identification in reducing morbidity and
mortality [1, 6].

Future Directions

« Integration of artificial intelligence in
immunological diagnostics

e Development of global registries
combining genomic and clinical data

« Strengthening multidisciplinary
collaboration

e Expansion of telemedicine to
improve access in low-resource settings
[4,5]

CONCLUSION

A multidisciplinary approach is essential in
the management of patients with I|El,
involving immunologists, pediatricians,
geneticists, infectious disease specialists,
and other healthcare professionals.
Globalization has transformed the
understanding and management of primary
immunodeficiencies. Advances in
diagnostics, treatment, and international
collaboration have improved patient
outcomes. Continued progress in this field
will further enhance our understanding of
immune system disorders and support the
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development of innovative therapeutic
strategies.
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QLOBALLASMA DOVRUND® IMMUNITETIN ANADANGOLM®  SOHVLORI: ELMI
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Xiilaso

Qloballagsma, migrasiya, urbanizasiya ve atraf mihitde bas veren deyisiklikler insan saglamligina,
xususile immun sisteminin funksional vaziyystine shamiyyatli tasir gdstarir. Bu amillerin tasiri
naticesinde anadangalme immun c¢atismazliglari hagqinda elmi tesavvirler shamiyyastli deracede
dayismis ve hazirda bu xastaliklor daha genis anlayis olan immunitetin anadangalme sahvleri (Inborn
Errors of Immunity — IEI) termini ile ifade olunur. Bvvallaer nadir ve ¢ox zaman gec diagnostika olunan
xastaliklar kimi giymatlandirilon bu patologiyalar hazirda global sshiyyanin mihim problemlarindan biri
hesab edilir.

Molekulyar-genetik texnologiyalarin surstli inkisafi immunitetin anadangalma sahvlerinin erken ve
daqgiq diagnostikasina imkan yaratmisdir. Beynalxalq amakdashgdin genislonmasi, global xaste
registrlorinin yaradilmasi ve klinik protokollarin standartlasdiriimasi butin dinyada bu xastsliklerin
askar edilma seaviyyasinin ylksalmasina serait yaratmisdir. Eyni zamanda, etraf muhit amillerinin
mikrobiota va mikrobiomun terkib ve funksiyasina tesiri immun sisteminin faaliyyatinin
formalasmasinda mihim rol oynayir.

TREC/KREC analizlerindan istifade etmakle neonatal skrining bir sira dlkalsards agir immun
catismazhgi formalarinin, xususile agir kombina olunmus immun catismazhiginin (SCID) erken
askarlanmasi maqgsadile getdikce daha genis tetbiq olunur ve standart diagnostik yanasmaya
cevrilmakdadir.

immunitetin anadangelme sahvleri konsepsiyasinin formalasmasi immun pozgunluglarina yanagsmada
yeni paradigmani aks etdirir. Bu konsepsiyaya asasan, immun sisteminin xasteliklari sadeca ayri-ayri
immun htceyralerinin va ya molekullarinin funksional pozgunlugu kimi deyil, genetik ve atraf muhit
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amilleri ila qarsiligh elagada olan mirekkeb ve dinamik proseslar kimi giymatlendirilir. Muasir
yanagsmada immun sistemi yalniz hiceyra ve molekullarin macmusu deyil, genetik xususiyyatler ve
atraf muhit amilleri ile qarsiligl slagaede faaliyyst gdsteran integrasiya olunmus bioloji ekosistem kimi
nazardan kegirilir.

Acar sézlar: immunitetin anadangslme sahvleri, birincili immun ¢atismazlhgi, globallasma, neonatal
skrininq, mikrobiom.
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Peslome

mobanusaumsa, wMurpaums, ypbaHusaums W U3MEHEHWUs OKpyXarwlwehn cpedbl OKasblBaloT
CYLLIEeCTBEHHOE BIMSIHWE Ha 3[10POBbE YenoBeka, B YaCTHOCTU Ha (PYHKUMOHMPOBaHWE WUMMYHHOM
cuctembl. BosgencteBne atux ¢akTtopoB OOYCrOBMIO M3MEHEHNE COBPEMEHHLIX NMPEenCcTaBfEHUN O
BPOXOEHHbIX MMMyHOAedMUMTaX, KOTopble B HacTosiwee BpeMs 6onee koppekTHO o6o3HavatoTcs
TEPMUHOM 8pOXOeHHble owubku ummyHumema (Inborn Errors of Immunity, I|El). PaHee
paccmaTpuBaBLUMECH KaK pefKue 1 YacTo HegoamarHoctupyemMble 3aboneBannsi, JaHHblE COCTOSHNS
B HaCToOsILLee BpeMs NpU3HaHbl 3Ha4nmow rnobanbHor NpobneMon 3apaBooOXpaHeHUs.

HocTmkeHnss B 0bnactv MOMeKyrnsapHO-reHeTUYECKUX TEeXHONornm obecneynmnu BO3MOXHOCTWU ANS
paHHewn N TOYHON ANarHOCTUKM BPOXAEHHbIX OLUMBOK MMyHUTETa. MexayHapoaHoe COTpYAHUYECTBO,
cosfaHne rnobanbHbIX PEerMcTpoB M CTaHA4apTM3auusa KITMHUYECKMX MPOTOKOMNOB CrnocobcTBoBanu
MOBBILUEHNIO BbISBNSEMOCTN AaHHbIX 3abonesaHun BO Bcem mupe. CylleCTBEHHOE BWUSHWE Ha
dPYHKUMOHMPOBAHME UMMYHHOM CUCTEMbI OKa3blBalOT Takke (hakTopbl OKpyXarolen cpefbl, B TOM
yucne NoCpeacTBOM MOAYNALUMM MUKPOBUOTLI 1 MUKpOBUoMa.

HeoHaTanbHbIA CKPUHUHI C ucnonb3oBaHnem metogoB onpegeneHms TREC/KREC Bce uvauwe
CTaHOBWUTCHA CTaHOaApPTHOW MpakTUKOW B psge CTpaH AN paHHEro BbISBNEHUs TsKenbix opm
BPOXOEHHbIX OWNOOK MMMYyHUTETA, B YaCTHOCTM THAXENOro KOMOGUHMPOBaAHHOIO MMMyHodeduumTa
(SCID).

CoBpemMeHHast KOHUEemnuua BPOXAEHHbIX OLWWOOK MMMyHUTETa OTpaxaeT CMeHy napagurmbl B
MOHUMAHUN UMMYHHbIX HapPYLLUEHWUI KaK CMOXHbIX U AUHAMUYECKUX COCTOAHUI. MIMMyHHasa cuctema B
HacTosiLlee BpeMsi pacCMaTpuBaETCs HE TOMbKO KaK COBOKYMHOCTb KNETOK W MOSEKys, HO U Kak
WHTerpupoBaHHasi Guonorudeckas cuctema, @YHKLMOHMPOBaHME KOTOPOW  OnpeaensieTcs
B3aMMOAENCTBUEM reHeTUYEeCKMX (PakTopOB N (PakTOPOB OKpYXatoLen cpeapl.

Knroueeblie crioga: 8poxOeHHble OWUubKU UMMyHUmMema, [epsuyHble UMMYyHOOepuUUMBb,
enobasnusauusi, HeOHamarsbHbIU CKPUHUHE, MUKpobuoma.
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