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Abstract: Autoimmune manifestations of primary minor immunodeficiencies (PMDs)—highly prevalent condi-
tions that may represent a population-level model of autoimmunity—have not been systematically analyzed. The
study aims to evaluate the current evidence for associations between PMDs and autoimmune syndromes. A sys-
tematic search of PubMed (MEDLINE) for 1980-2025 was conducted using keywords related to PMDs and autoim-
mune syndromes. The search was performed in two stages: an initial broad screening and a subsequent refined
search with specific disease-related terms. High-quality peer-reviewed studies most relevant to the study objec-
tives were selected. Available evidence indicates that PMDs commonly manifest through autoimmune syndromes
according to a principle of universality, with important geographic, ethnic, age-related, sex-related, and ontoge-
netic variation. The strength of PMD-autoimmunity associations varies widely, reflecting major heterogeneity in
both disease mechanisms and study quality. Key factors influencing clinical and epidemiological findings include
terminological inconsistencies, multiple autoimmune pathways, heterogeneity of PMD origin and evolution, over-
lap with other immunodeficiencies and comorbidities, variability of clinical phenotypes, difficulties distinguishing
PMDs from secondary immunosuppression, and the absence of standardized diagnostic criteria for many PMDs.
Elementary models of autoimmune induction in immunocompromised individuals are proposed, together with a
framework for personalized assessment of autoimmune disease in the context of PMDs, and implications for ratio-
nal immunotherapy are discussed. PMDs are associated with diverse autoimmune syndromes and likely represent
a major etiological factor of human autoimmunity at the population level. However, this data should be validated
in further studies.
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1. Introduction

The last decade has been marked by a rapid increase in the frequency of autoimmune diseases in the human
population [1-3]. There is a growing awareness that autoimmune lesions are associated with an increasing burden
on human health and society, which intensifies scientific research in this area [4,5]. Despite impressive progress in
describing the effector mechanisms of autoimmunity [6], insufficient attention has been paid to the origin of this
immune-mediated phenomenon [7]. In particular, the etiology of autoimmune syndromes [8,9], the initial stages
of their pathogenesis [10], the role and place of the initial stimuli that trigger autoimmunity [11], as well as the
conditions that contribute to the breakdown of immune tolerance to the body’s own antigens under the influence
of triggers have been studied insufficiently [12].
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The results of recent scientific research in the field of clinical immunology, immunogenetics, microbiology and
molecular biology have shed light on the fundamental factors and conditions for the development and mechanisms
of initiation of autoimmune reactions in humans [13]. This data, however, has not yet received proper generalization
and systematization and is insufficiently implemented in clinical practice [14]. The role of immunodeficiencies, espe-
cially inborn errors of immunity [15], in the induction of immune-dependent syndromes in general and autoimmune
reactions in particular has been shown [16]. The understanding of the spectrum of known primary immunodeficien-
cies (PID), their epidemiology, and genetic and clinical heterogeneity has expanded [17]. Diagnostic criteria have
been clarified, including the association with autoimmune phenomena [18]. Children with autoimmunity, allergy
and lymphoproliferative syndromes may suffer from an inborn error of immunity in at least in 26% of cases [19].
The data have been accumulated on the response to immunotherapeutic interventions in various diseases of the im-
mune system [20]. The unprecedented heterogeneity of PID has been shown, among which such forms of the disease
have been identified (for example, mannose-binding lectin deficiency [21] or selective IgA molecule deficiency [22]),
which are sufficient in frequency in the population and degree of clinical manifestation to be a relevant model of the
etiological factor in the development of heterogeneous human autoimmune syndromes on a population scale and,
accordingly, for routine clinical practice of doctors of various specialties.

These significant scientific achievements lead to the understanding of the fact that it is precisely those clinically
manifest PIDs that are widespread in the human population that may be an insufficient link in the complex structure
of modern ideas about the origin of autoimmunity in humans. So, immunotherapy is a potential way to carry out
an integrated treatment of a complex of syndromes associated with autoimmunity [16,23].

Despite the unprecedented accumulation of scientific evidence, new ideas have not yet been properly reflected
in the current standards of diagnosis and treatment in rheumatology. One of the reasons for this discrepancy may
be the lack of scientifically substantiated models that would combine into a single whole the important components of
the mechanism of development of autoimmune syndromes in immunocompromised individuals. This model must take
into account the state of immunity, the action of microbial triggers and the induction of autoreactive immunocompetent
cells and autoantibodies as an effector link in a complex pathological process [24]. The creation of such relevant models
will not only clarify the understanding of autoimmunity as a complex integral immune-dependent phenomenon. But
it will also improve modern algorithms for the diagnosis and treatment of various autoimmune syndromes. It helps to
make personalized multidisciplinary approaches aimed not only at relieving the clinical consequences of the disease.
The purpose will be to eradicate the causes of the development of autoimmunity in each specific case.

2. The Aim of the Study

Based on the analysis of data from scientific publications, to assess the current evidence base of the association
of primary minor immunodeficiencies and autoimmune syndromes in humans in order to create, based on the
synthesis of such data, an integrative model of the development of autoimmunity as a universal pathological clinical
phenomenon in immunocompromised individuals with the identification of ways to improve diagnostics, therapy,
and prophylaxis.

3. Research Objectives

1.  to study the evidence base accumulated so far on the association of primary minor immunodeficiencies and
autoimmune syndromes in humans;

2.  tocarry out a critical analysis of the conditions and factors that could have influenced both the current depth
of study of the problem and the results of the conducted clinical studies;

3. tooutline ways to solve existing problems and outline promising directions for further research;

4.  to present a generalized scientific concept dedicated to the role of primary minor immunodeficiencies in au-
toimmune syndromes in humans for basic science and routine clinical practice.

4. Materials and Methods
4.1. Baseline Data

Before proceeding to the description of the search process, it should be noted that the methodological devel-
opments used in this work have been highlighted in previous publications. They include the formulation of the
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definition of PMD and 13 attributive criteria for establishing the minor nature of immunodeficiency, as well as a ta-
ble of differential diagnosis of classical and minor immunodeficiencies, which was developed based on the analysis
of 65 years of data accumulation in publications from the scientific database PubMed (MEDLINE).

Unlike the classical model of PID—typically described as an uncommon and clinically severe condition with
substantial lethality—PMDs are relatively frequent in the general population and present with broad phenotypic
diversity and unpredictable patterns of progression.

In this article, the terms “PMD”, “minor PID”, and “mild immunodeficiency” are used synonymously to refer to
the same phenomenon. This should be emphasized to avoid confusion.

Thus, the following criteria for identifying primary immunodeficiency as a minor disease of the immune system
were applied (these criteria were derived from a previous systematic review devoted to the phenomenology of PMD
as such):

1.  Occurrence rates within the general population that are considerably higher than expected for traditionally
recognized primary immunodeficiency disorders.

2. Functional impairment limited to a single element of the immune system rather than combined or systemic
defects.

3.  Clinical manifestation that is not age-restricted and may arise at any period of life.

4.  Persistence of a clinically inapparent state throughout development in a substantial subset of affected individ-
uals (approximately one-fifth or more).

5.  Anunstable disease pattern marked by alternating quiescent intervals and sudden symptomatic episodes dif-
fering in intensity and duration.

6.  Pronounced variability of clinical expression, observable both among genetically related individuals and within
the same patient over time.

7.  Symptom severity typically low enough to resemble immune-associated conditions seen in individuals with-
out confirmed immunodeficiency.

8.  Published observations describing cases in which symptoms regress without targeted therapeutic interven-
tion.

9.  Clinical reports indicating either uncertain disease trajectories or comparatively favourable long-term out-
comes.

10. Documented instances of atypical or unforeseen disease-related complications.

11. Rare descriptions of abrupt and unexplained fatal events in affected persons.

12. Evidence suggesting that certain immune abnormalities may confer evolutionary or biological advantages
under specific conditions.

13. Historical tendencies toward underestimation or dismissal of these immune abnormalities due to their appar-
ently mild clinical significance.

Immunodeficiency was considered minor in published papers if at least 9 of the 13 proposed criteria were met
(all allocated 36 PMD’s nosological units correspond to at least 9 of 13 criteria when extrapolating back 13 criteria
for publications on the topic of PMD in PubMed (MEDLINE) from 1960 to 2025).

Based on these criteria, an original clinical and laboratory classification of PMD was developed and validated
during a preliminary systematic search, which outlined the list and structure of nosological forms that can be called
PMDs and have been adequately described in the scientific literature to date. All analyses carried out further in this
systematic review are based on previous developments, adequately published in peer-reviewed medical scientific
periodicals.

This systematic review does not develop diagnostic criteria, a list, or a classification of PMDs, but only uses an
already developed and well-founded nomenclature that has previously been reviewed and published. This system-
aticreview is dedicated to finding evidence of the association of PMDs with autoimmune syndromes, to demonstrate
at what stage of development of this problem we are currently considering and how the accumulated data can be
applied in clinical medicine. In addition, this systematic review will critically revise the developed nomenclature
on the specific example of studying the association with the autoimmunity phenomenon, to show what difficulties
and pitfalls prevent a deep and comprehensive study of the problem in order to optimize further research in this
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area.

4.2. Analytical Parameters

Study type: systematic literature review.

Data source: PubMed (MEDLINE).

Time frame: 1980-2025.

Search strategy: Two-stage keyword-based screening (broad — specific).

Disease domains: PMDs and autoimmune syndromes in humans.

Inclusion criteria: meta-analysis, systematic reviews, population studies, randomized controlled trials, well
prepared retrospective researches and suitable clinical cases, 20 well characterized nosological forms of PMDs from
the list of key words at the second stage of selection (from transitory hypogammaglobulinemia of infancy to cyclic
neutropenia), 36 well known nosological forms of autoimmune syndromes from the list of key words at the second
stage of selection (from rheumatic fever to celiac disease), 1980-2025 years of publication, adults and children, men
and women.

Exclusion criteria: case reports, editorials, non-English, non-retrievable, methodological problems in scientific
research, non-included PMD in the list of PMDs nosological forms, non-included nosology in the list of autoimmune
syndromes, years of publication below 1980, non-available full text or well-prepared abstract.

Evidence weighting: Preference for meta-analyses, population studies, and controlled clinical trials

Outcome measures: Frequency, spectrum, and strength.

4.3. Methodology of Selection (Study Selection Process)

During the presented study, a systematic review of the results of scientific publications on the outlined topic
from the abstract electronic scientometric bibliographic database of publications from peer-reviewed medical pe-
riodicals PubMed (MEDLINE) was carried out for the period from 1980 to 2025 by keywords through a sequential
two-stage search.

At the initial stage of the scientific search, such general keywords as “primary immunodeficiency”, “inborn er-
rors in immunity”, “primary minor immunodeficiency”, “primary mild immunodeficiency”, “immunosuppression”,
“immunodepression” were used, which were combined in an arbitrary order with such general keywords as “autoim-
munity”, “autoagression”, “autoreactivity”, “autoimmune syndrome”, “autoimmune disease”, “rheumatic syndrome”.

As a result of the preliminary scientific search, 1,177 scientific publications were found, 74 of which were
included in the literature list of this review based on full compliance with the aim and objectives of this study.

In further in-depth scientific research, the following clarifying keywords from the field of primary minor im-
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mia”, “selective IgM deficiency”, “selective IgA deficiency”, “selective IgG subclasses deficiency”, “selective IgE de-
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ficiency”, “selective IgD deficiency”, “selective myeloperoxidase deficiency”, “selective eosinophilic peroxidase de-
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ficiency”, “selective mannose binding lectin deficiency”, “deficiency of serine proteases, associated with mannose
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binding lectin”, “NK-cell deficiency”, “NKT-cell deficiency”, “CD16 molecule deficiency”, “CD8 molecule deficiency”,
“CD64 molecule deficiency”, “idiopathic CD4 + T-cell lymphopenia”, “chronic idiopathic neutropenia”, “chronic be-
nign neutropenia”, “cyclic neutropenia”, which were combined in any order with such clarifying keywords from the
field of autoimmune syndromes as “rheumatic fever” (RF), “systemic sclerosis” (SS), “scleroderma” (ScD), “antiphos-
pholipid syndrome” (APL), “rheumatoid arthritis” (RA), “juvenile idiopathic arthritis” (JIA), “systemic lupus erythe-
matous” (SLE), “lupus nephritis” (LN), “primary Sjogren’s syndrome” (pSS), “dermatomyositis” (DM), “seronegative
arthritis” (SA), “systemic vasculitis” (SV), “autoimmune thyroiditis” (AT), “Grave’s disease” (GD), “type 1 diabetes
mellitus” (DM1T), “Addison disease” (AD), “pernicious anemia” (PA), “autoimmune cytopenias” (AC), “autoimmune
hemolytic anemia” (AHA), “idiopathic thrombocytopenic purpura” (ITP), “aplastic anemia” (AA), “vitiligo (VG)”, “au-
toimmune encephalitis” (AE), “pediatric autoimmune neuropsychiatric disorders associated with streptococcal in-
fections” (PANDAS), “autoimmune polyneuropathy” (AP), “Crohn’s disease” (CD), “non-specific ulcerative colitis
(NUC)”, “ankylosing spondylarthritis” (AS), “autoimmune hepatitis” (AH), “autoimmune uveitis” (AU), “myasthe-
nia gravis” (MG), “multiple sclerosis” (MS), “Guillain-Barré syndrome” (GBS), “Behcet syndrome” (BS), “Henoch-

Schonlein purpura” (HSP), “pemphigus vulgaris” (PV), “celiac disease” (CeD). As a result of the in-depth search, an
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additional 1138 scientific articles were found, of which 227 were included in the final list of literature based on full
compliance with the aim and objectives of the study.

In total, 301 scientific publications were included in the final list of literature after two consecutive stages of
selection.

Boolean operator structure

Boolean operators were structured to maximize sensitivity while maintaining specificity in identifying relevant
publications. The search strategy combined controlled vocabulary and free-text terms using predefined logical
operators.

PMDs were linked using the OR operator to capture terminological variability (e.g., “minor immunodeficiency”
OR “partial immunodeficiency” OR “mild immunodeficiency variants”). Autoimmune syndromes were similarly
grouped using OR (e.g., “autoimmune disease” OR “autoimmunity” OR “immune-mediated disorder”).

These two concept blocks were then combined using the AND operator to ensure the retrieval of studies ad-
dressing both PMDs and autoimmune manifestations simultaneously. Where appropriate, exclusion criteria were
applied using the NOT operator to remove studies focusing exclusively on secondary immunodeficiency, immuno-
suppressive therapy, malignancy-associated immune dysfunction, or animal models.

Nested Boolean logic and parentheses were used to preserve correct operator precedence, and truncation sym-
bols were applied selectively to capture word variants. This structured Boolean approach ensured comprehensive
coverage of relevant literature while minimizing the retrieval of irrelevant records (Table 1).

Table 1. PRISMA 2020—Compliant Search Strategy.

Search Component

Terms and Boolean Structure

Purpose

Concept 1: Primary minor
immunodeficiencies (PMDs)

(“primary immunodeficiency” OR “primary minor
immunodeficiency” OR “inborn errors in immunity” OR “primary
mild immunodeficiency” OR “immunosuppression” OR
“immunodepression”)

Capture heterogeneous
terminology for PMDs

Concept 2: Autoimmune
syndromes

(“autoimmune disease” OR “autoimmunity” OR “autoimmune
syndrome” OR “rheumatic syndrome”)

Capture a broad spectrum of
autoimmune manifestations

Concept combination

(Concept 1) AND (Concept 2)

Identify studies addressing both
PMDs and autoimmunity

Exclusion block

NOT (“secondary immunodeficiency” OR “immunosuppressive
therapy” OR “HIV” OR “malignancy-associated immunodeficiency”
OR “animal model”)

Exclude secondary and
non-human studies

Filters applied

Humans; English language; publication years 1980-2025

Ensure relevance and feasibility

Database PubMed (MEDLINE) Primary literature source
Search type Two-stage: broad screening followed by refined disease-specific Increase sensitivity and specificity
searches
Full PubMed query

Stage 1. Broad sensitivity search

((“primary immunodeficiency” OR “primary minor immunodeficiency” OR “inborn errors in immunity”
OR “ primary mild primary immunodeficiency” OR “ immunosuppression”)

AND

(“autoimmune disease” OR “autoimmunity” OR “autoimmune syndrome” OR “ rheumatic syndrome”))

NOT

(“secondary immunodeficiency” OR HIV OR malignancy OR “immunosuppressive therapy”)

AND Humans[Mesh]
AND English[lang]

Stage 2. Refined precision search

((“selective IgA deficiency”[Title/Abstract] OR SIgAD[Title/Abstract]
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OR “IgG subclass deficiency”[Title/Abstract]

OR “specific antibody deficiency”[Title/Abstract]

OR “selective IgM deficiency”[Title/Abstract] OR SIgMD|Title/Abstract]
OR “partial complement deficiency”[Title/Abstract]

OR “MBL deficiency”[Title/Abstract]

OR “mannose-binding lectin deficiency”[Title/Abstract]

OR “Selective IgE deficiency”[Title/Abstract] OR SIgED[Title/Abstract]
OR “Selective IgD deficiency”[Title/Abstract] OR SIgDD[Title/Abstract] ... and other keywords)
AND

(“autoimmune cytopenia”[Title/Abstract]

OR “autoimmune thyroiditis”[Title/Abstract]

OR “inflammatory bowel disease”[Title/Abstract]

OR “autoimmune arthritis”[Title/Abstract]

OR “systemic lupus erythematosus”[Title/Abstract]

OR “rheumatoid arthritis”[Title/Abstract] ... and other keywords))
NOT

(“secondary immunodeficiency”[Title /Abstract]

OR HIV[Title/Abstract]

OR AIDS|Title/Abstract]

OR malignancy[Title/Abstract]

OR chemotherapy|[Title/Abstract]

OR “immunosuppressive therapy”[Title/Abstract]

OR “organ transplantation”[Title/Abstract]

OR mouse|[Title/Abstract]

OR murine[Title/Abstract]

OR animal[Title/Abstract])

AND Humans[Mesh]

AND English[lang]

4.4. Risk of Bias

Wide diversity of PMDs and autoimmune syndromes in humans, different amount of known PMDs and au-
toimmune syndromes in different decades, differences in criteria for autoimmune syndromes and PMDs diagnosis
verification in different years, non-standardized methodological approaches for 45 years of scientific studying, ex-
tremely uneven distribution of articles in the decade according to some nosological forms, different depth of study
of the problem in various PMDs and autoimmune syndromes, which made it difficult to generalize.

Risk of bias was addressed through multiple complementary methodological safeguards. First, selection bias
was reduced by applying predefined eligibility criteria and a two-stage screening process that included both ti-
tle/abstract and full-text assessment, minimizing preferential inclusion of studies with positive findings.

Second, information and misclassification bias were limited by prioritizing studies with clearly defined diag-
nostic criteria for primary minor immunodeficiencies and autoimmune syndromes, and by excluding studies in
which immune abnormalities could be explained by secondary immunosuppression, age-related immune dysfunc-
tion, or transient immune changes.

Third, reporting and publication bias were mitigated by evaluating the consistency of findings across multiple
independent studies and study designs rather than relying on isolated reports. Associations supported only by
single or low-quality studies were treated as hypothesis-generating.

Fourth, confounding bias was addressed through qualitative stratification by immune pathway, PMD type, age
group, and autoimmune phenotype, allowing separation of biologically distinct mechanisms.

Finally, interpretive bias was minimized by using an evidence-weighted synthesis approach in which conclu-
sions were driven primarily by higher-quality, reproducible data and by explicitly acknowledging residual uncer-
tainty in the limitations section.
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4.5, Data Extraction

In compiling the reference list, priority was assigned to studies providing the highest levels of scientific evi-
dence. These included systematic reviews and meta-analyses, large population-based investigations, randomized
controlled trials, well-designed retrospective case-control studies, and extensive analytical reviews grounded in
clinical research data. Reports describing isolated clinical cases were excluded unless they offered notable histori-
cal relevance or unique contextual significance, as such evidence is generally considered limited in reliability.

Several categories of publications were omitted from consideration, including correspondence to editors, com-
mentaries and rebuttals, conference abstracts, opinion-driven papers, proceedings of scientific meetings, textbook
chapters, and monographic sections. Non-English publications, papers lacking accessible full texts or informative
abstracts, and studies relying on obsolete diagnostic approaches were also excluded. Particular caution was exer-
cised regarding works employing outdated laboratory techniques—such as rosette-based assays previously used
for diagnosing cellular immunodeficiencies—because these methods may compromise diagnostic validity and the
reliability of derived conclusions.

Greater emphasis was placed on research published within the past decade in order to incorporate contempo-
rary advances and the most current perspectives in immunodiagnostics. Nevertheless, because comprehensive sys-
tematic evaluations of the relationship between primary minor immunodeficiencies and autoimmune syndromes
remain scarce, efforts were made to integrate evidence accumulated across the entire searchable timeframe. Re-
stricting the analysis to a narrow publication window would have produced a fragmented and potentially mislead-
ing representation of the field, particularly given the markedly uneven historical distribution of studies across spe-
cific immune disorders.

The methodological rigor and scientific credibility of each publication served as decisive criteria for inclusion.
Key considerations included robustness of study design, appropriateness of statistical methodology, reliability and
clinical relevance of laboratory diagnostic techniques, clarity and quality of illustrative materials reflecting primary
data, and the overall validity and evidentiary strength of the authors’ interpretations.

4.6. Study Quality Assessment

The quality of evidence included in this systematic review was assessed using an evidence-weighted, design-
sensitive approach tailored to the heterogeneity of studies on PMDs. Each publication was evaluated for clarity
and validity of PMD and autoimmune syndrome definitions, adequacy of exclusion of secondary immunodeficiency
and age-related immune dysfunction, appropriateness of study design and population selection, and internal con-
sistency between immunological findings and clinical outcomes.

Higher methodological weight was assigned to meta-analyses, population-based cohort studies, and controlled
clinical trials with clearly defined diagnostic criteria and exclusion strategies. Observational studies with limited
control of confounders were included with moderate weight, while case reports and small uncontrolled series were
restricted to qualitative, hypothesis-generating interpretation only.

Given the absence of uniform diagnostic standards for many PMDs and the exploratory nature of this research
field, a formal numerical scoring system was not applied. Instead, studies were categorized as providing high, mod-
erate, or low confidence evidence. Evidence-weighted synthesis ensured that principal conclusions were driven
primarily by higher-quality and more reproducible data.

4.7. Potential Confounders

Factors that distort true PMD-autoimmunity associations were heterogeneous diagnostic criteria for PMDs,
overlap between primary and secondary immunodeficiency, trigger-dependent expression of autoimmunity, ge-
netic modifiers influencing autoimmune phenotype, comorbid infections and immune-modulating therapies.

Several methodological strategies were applied to minimize the impact of potential confounders in this system-
atic review. First, strict eligibility criteria were used to preferentially include studies with clearly defined diagnostic
criteria for PMDs and autoimmune syndromes, reducing misclassification bias. Studies in which immune abnor-
malities could be attributed to secondary immunodeficiency, immunosuppressive therapy, malignancy, chronic
infection, or malnutrition were excluded or analyzed separately. Second, age-related immune dysfunction was
addressed by prioritizing studies that applied age-adjusted immunological reference ranges and explicitly distin-
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guished PMDs from immune immaturity or immunosenescence. Third, subclinical or transient immune abnormali-
ties were minimized by excluding studies based solely on isolated laboratory findings without clinical relevance or
longitudinal confirmation. Fourth, heterogeneity arising from comorbid conditions and mixed immune phenotypes
was addressed through stratified qualitative synthesis according to immune pathway, PMD category, and autoim-
mune phenotype. Finally, conclusions were based primarily on consistent findings replicated across independent
studies and supported by mechanistic plausibility, limiting the influence of residual confounding factors.

4.8. Selection Bias

Factors affecting who enters clinical studies were recruitment from tertiary referral centres, overrepresenta-
tion of severe autoimmune cases, exclusion of asymptomatic or mildly affected PMD carriers, underdiagnosis of
subclinical immunodeficiency, and loss of patients with transient or fluctuating PMD phenotypes.

Selection bias was minimized through several predefined methodological measures. First, a comprehensive
search strategy covering a wide time span (1980-2025) and using both broad and specific keywords was employed
to reduce the likelihood of preferential inclusion of studies reporting positive or severe outcomes.

Second, a two-stage screening process was applied, consisting of independent title/abstract screening followed
by full-text eligibility assessment, ensuring that study inclusion was based on predefined criteria rather than out-
come direction.

Third, to avoid overrepresentation of severe or atypical cases, population-based studies and large cohort anal-
yses were prioritized over tertiary referral center reports and highly selected clinical series. Small case reports and
narrowly defined cohorts were excluded or restricted to qualitative interpretation.

Fourth, studies focusing exclusively on advanced autoimmune disease or treatment-refractory cases were in-
terpreted cautiously, and their findings were not allowed to disproportionately influence overall conclusions.

Finally, conclusions were based on consistency across diverse populations, study designs, and immune pheno-
types, reducing dependence on any single selectively recruited cohort.

4.9, Inherent Constraints

Biological and methodological limitations were the extreme phenotypic variability of PMDs, the evolutionary
instability of immunodeficiency over time, mixed and overlapping pathogenic mechanisms, the limited availability
of population-based immune screening, and difficulty separating causation from association.

Inherent biological and methodological constraints of studying PMDs and autoimmunity were acknowledged
and mitigated through study design and analytical strategy. First, extreme phenotypic heterogeneity and tempo-
ral variability of PMDs were addressed by synthesizing evidence across multiple immune pathways and clinical
phenotypes rather than relying on single-disease models.

Second, overlapping pathogenic mechanisms were managed through mechanistic stratification of PMDs (in-
nate vs. adaptive; cellular vs. humoral), allowing differentiation of shared versus distinct autoimmune pathways.
This reduced oversimplification arising from biological complexity.

Third, limitations related to non-uniform diagnostic standards were mitigated by prioritizing studies with
clearly defined criteria and by evaluating consistency of associations across studies using different diagnostic thresh-
olds.

Fourth, the inability to infer causality from observational data was addressed by applying temporal, mechanis-
tic, and reproducibility criteria when interpreting associations, thereby reducing overinterpretation of correlational
findings.

Finally, conclusions were framed conservatively, emphasizing population-level patterns and reproducible trends
rather than absolute estimates, and residual constraints were explicitly acknowledged in the limitations section.

4.10. Exclusion of Overlap with Subclinical Immunodeficiencies, Age-Related Immune Dysfunc-
tion, and Secondary Immunosuppression

To minimize misclassification, studies were critically assessed for potential overlap between PMDs, subclinical
immune variations, age-related immune dysfunction, and secondary immunosuppression.

Subclinical immunodeficiencies were excluded by prioritizing studies in which PMDs were defined using es-
tablished laboratory thresholds or clearly stated diagnostic criteria rather than incidental or borderline immune
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abnormalities detected in asymptomatic populations. Reports describing isolated laboratory deviations without
clinical relevance or longitudinal confirmation were excluded.

Age-related immune dysfunction (immunosenescence or immune immaturity) was addressed by excluding stud-
ies in which immune abnormalities could be reasonably attributed to physiological extremes of age. Pediatric studies
required persistence of immunological abnormalities beyond age-adjusted reference ranges, while adult studies were
evaluated for explicit differentiation between PMDs and age-associated declines in immune parameters.

Secondary immunosuppression was excluded by preferential inclusion of studies that ruled out immunosup-
pressive medications, malignancy, chronic infections, malnutrition, or systemic inflammatory diseases as primary
causes of immune dysfunction. Studies in which immune abnormalities developed exclusively after initiation of
immunosuppressive therapy or as a direct consequence of autoimmune disease activity were excluded.

When complete exclusion was not possible due to limitations in reporting, such studies were retained only for
qualitative synthesis and interpreted with caution. This approach reduced contamination of the PMD cohort and
strengthened inference regarding primary immunodeficiency-associated autoimmunity.

4.11. Software Versions

Graphical abstract created using BioRender (web-based platform, BioRender.com; accessed 2025). Final layout
and vector export prepared in Adobe Illustrator CC 2024. Figures were created with BioRender (BioRender.com)
and finalized in Adobe Illustrator CC 2024 (Table 2).

Table 2. PRISMA 2020—Aligned Methods Summary.

No. Section/Topic Description

1 Title Systematic review of associations between primary minor immunodeficiencies and

autoimmune syndromes
3 Rationale PMDs are common, clinically significant, and insufficiently studied as population-level
contributors to autoimmunity
4 Objectives To assess evidence for PMD-autoimmunity associations and develop an integrative pathogenic
model
s - Peer-reviewed human studies reporting defined PMDs and clinically confirmed autoimmune
5 Eligibility criteria . . - .
syndromes; exclusion of secondary immunodeficiency-only studies
6 Information sources PubMed (MEDLINE)
7 Search strategy Two-stage search: broad immun.odeficiency./z.lutoimmunity terms followed by PMD- and
disease-specific keywords
8 Selection process Title and abstract screening followed by full-text eligibility assessment
9 Data collection process Structured qualitative extraction of study. design, PMDIty.pe, autoimmune outcomes, and
methodological characteristics
10 Data items PMD category, affected immune pathway, autoimmune syndrome type, study design, evidence
level
11 Study risk of bias assessment Qualitative assessment of diagnostic validity, selection bias, confounding, and reporting
transparency

12 Effect measures Not applicable (qualitative and evidence-weighted synthesis)
13a Synthesis methods Narrative synthesis with hierarchical evidence weighting
13b Handling heterogeneity Stratification by immune pathway, PMD type, and autoimmune phenotype
13c Missing data No imputation; studies with incomplete data were included only in the qualitative synthesis

. . No formal correction; robustness ensured via consistency, evidence hierarchy, and mechanistic
13d Multiple comparisons s
plausibility

14 Reporting bias assessment Indirect assessment through comparison of higher- and lower-quality studies

15 Certainty assessment Evidence categorized as high, moderate, or low confidence

16 Study selection Two-stage screening resulted in the final inclusion of 301 publications

17 Study characteristics Broad range of PMDs, autoimmune syndromes, study designs, and populations

18 Risk of bias in studies Diagnostic heterogeneity and selection bias were identified as major limitations
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Table 2. Cont.

No. Section/Topic Description
19-22 Results svnthesis Qualitative summary of PMD-autoimmunity associations without pooled quantitative
Y estimates
23 Discussion Interpretation of findings, limitations, and clinical implications
24 Registration Not registered (exploratory systematic review)

Identification of PMDs and their association with autoimmune syndromes in this systematic review was
achieved through a rigorous, multi-step process (Figure 1). The initial stage involved broad keyword searches
in the PubMed (MEDLINE) database, followed by a more targeted selection using specific nosological forms and
syndromes. Each included publication was carefully evaluated for relevance and quality, with priority given to
robust study designs and up-to-date diagnostic methodologies. Through this approach, the review aimed to en-
sure that only well-characterised PMDs and autoimmune syndromes, supported by substantial evidence, were
considered, thereby enhancing the reliability of the findings.
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Figure 1. Scheme of the research structure (PRISMA flow diagram 2020).

5. Methodological Framework and Evidence Synthesis Strategy

5.1. Justification for Key Methodological Choices

1. Useofalong time frame (1980-2025)

Autoimmune manifestations of primary minor immunodeficiencies (PMDs) have been described unevenly over
decades, with many entities reported only sporadically or in small cohorts. Restricting the search to recent years
would have systematically excluded foundational observations and rare but informative associations, leading to
biased underestimation of PMD-autoimmunity links.

2.  Two-stage search strategy
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A broad first-stage search was necessary to capture heterogeneous terminology used for PMDs and autoim-
mune syndromes. The second, refined stage allowed targeted identification of specific PMD-autoimmunity pairs,
minimizing false negatives while reducing irrelevant retrieval.

3. Preference for high-quality study designs

Meta-analyses, population-based studies, and controlled clinical trials were prioritized because they reduce
random error, selection bias, and publication bias compared with isolated case reports. Case reports were excluded
unless historically or mechanistically informative.

4.  Inclusion of multiple PMD categories

PMDs encompass diverse defects of innate and adaptive immunity. Limiting analysis to antibody deficiencies
or classical PIDs would have produced a reductionist model and failed to capture the universality of autoimmunity
across immune pathways.

5. Focus on clinically significant PMDs

PMDs were selected because of their high population prevalence and measurable clinical impact, making them
more suitable for modelling autoimmunity at a population level than rare, severe primary immunodeficiencies.

6. Emphasis on heterogeneity and bias assessment

Explicit identification of diagnostic variability, phenotype instability, and overlap with secondary immunode-
ficiency was essential to prevent misclassification and over- or underestimation of true PMD-autoimmunity asso-
ciations.
5.2. Prespecified Analyses

Before data extraction, the following analyses were defined:
- PMD-autoimmunity mapping

Identification of associations between individual primary minor immunodeficiencies and specific autoimmune
syndromes across published studies.

- Strength of evidence assessment

Classification of PMD-autoimmunity associations according to study design, sample size, and level of evidence
(meta-analyses, population studies, controlled trials, observational studies).

- Mechanistic stratification

Grouping of PMDs by affected immune pathways (innate vs. adaptive; cellular vs. humoral) to assess whether
autoimmune risk differed by immunological domain.

- Phenotypic heterogeneity analysis

Evaluation of variability in autoimmune expression across the same PMD, including mono-autoimmune versus
poly-autoimmune phenotypes.

- Bias and confounder evaluation

Systematic identification of diagnostic, selection, and biological factors that could distort observed PMD-
autoimmunity associations.

- Integrative model synthesis

Development of a unified conceptual model linking PMDs, immune dysregulation, and autoimmune disease
development.

5.3. Assumptions Testing
Key working assumptions were evaluated through predefined cross-checks within the literature corpus:

1.  Universality of PMD-autoimmunity association
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This assumption was tested by examining whether autoimmune syndromes were reported across multiple,
mechanistically distinct PMDs (humoral, cellular, innate, and adaptive). Consistent reporting across unrelated
PMDs supported a non-disease-specific, universal relationship.

2.  Population relevance of PMDs

Prevalence data from epidemiological and screening studies were compared with autoimmune disease fre-
quencies to assess whether common PMDs could plausibly contribute to autoimmunity at the population level.

3. Independence from secondary immunodeficiency

Studies distinguishing congenital or genetically determined PMDs from treatment- or disease-induced im-
munosuppression were analysed separately to confirm that autoimmunity occurred in primary immune defects.

4, Causative rather than coincidental association

Temporal sequencing (PMD preceding autoimmunity), familial clustering, and mechanistic plausibility (defects
in tolerance, clearance, or immune regulation) were used to test whether observed associations exceeded chance
co-occurrence.

5. Robustness to diagnostic heterogeneity

Findings were compared across studies using different diagnostic thresholds and laboratory definitions to de-
termine whether associations persisted despite methodological variability.
5.4. Missing Data Handling

Because this study was based on published literature, missing data primarily reflected incomplete reporting
within individual studies rather than loss of raw patient data. To minimize bias from incomplete information, the
following approach was applied:

Study-level inclusion

Studies were included if they provided sufficient data to confirm both the presence of a primary minor immun-
odeficiency and an autoimmune syndrome, even if some secondary variables (e.g., demographic details or labora-
tory thresholds) were missing.

Outcome prioritization

When multiple outcome measures were reported, the most clinically relevant and clearly defined autoimmune
outcomes were used. Studies lacking definable autoimmune endpoints were excluded.

No statistical imputation

No imputation or reconstruction of missing numerical data was performed, because raw datasets were not
available and imputation across heterogeneous study designs would introduce artificial precision.

Qualitative synthesis for incomplete data

Associations reported without full quantitative detail were included only in qualitative synthesis, not in any
comparative or evidence-weighting assessments.

Sensitivity to reporting bias

The impact of missing information was evaluated by comparing results from well-documented studies with
those from incompletely reported studies to ensure that key conclusions were not driven by poorly reported data.
5.5. Corrections for Multiple Comparisons

Because this work was a qualitative and evidence-weighted systematic review rather than a single pooled
quantitative meta-analysis, formal statistical correction for multiple comparisons (e.g., Bonferroni or false dis-
covery rate adjustment) was not applied. Instead, control for multiplicity was addressed through methodological
safeguards:

Evidence hierarchy
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Associations were weighted according to level of evidence (meta-analyses, population studies, controlled trials,
observational studies), reducing the impact of spurious findings from small or uncontrolled reports.

Consistency requirement

PMD-autoimmunity associations were considered robust only when supported by multiple independent stud-
ies or by large population-based analyses.

Mechanistic plausibility filter

Reported associations were evaluated in the context of known immunological mechanisms (tolerance failure,
impaired clearance, immune dysregulation), limiting false-positive interpretations.

Separation of exploratory and confirmatory findings
Rare or single-study associations were treated as hypothesis-generating rather than confirmatory evidence.

This approach minimized inflation of false-positive conclusions while preserving sensitivity to detect biologi-
cally meaningful PMD-autoimmunity relationships.

6. Results and Discussion

6.1. Critical Analysis of the Conditions and Factors That Could Have Influenced Both the Current
Depth of Study of the Problem

6.1.1. General Results

It has been found that diseases of the immune system often manifest as autoimmune syndromes along with
other clinical symptoms due to the weakening of the function of maintaining immune tolerance to the antigens of
the body [25]. Autoimmunity is a class or representative feature of immunodeficiencies. It is naturally observed in
both primary and secondary immunodeficiencies, in cases of damage to both innate and adaptive immunity, with
the involvement of both cellular and humoral components of the immune system [26]. An autoimmune syndrome
can be the first clinical manifestation of previously asymptomatic PID [27]. There are even such forms of PID, such
as primary polyendocrinopathy syndromes, which manifest exclusively in the form of autoimmunity without other
clinical manifestations [28].

The study identified the current evidence base of the association of primary minor immunodeficiencies and au-
toimmune syndromes in humans, which is demonstrated in the relevant section of this publication. When studying
the material, the main potential factors were identified that could influence the state of the current evidence base
and could be an obstacle to the rational conduct of further research. Such factors include terminological aspects,
a wide variety of mechanisms of autoimmunity development, extreme heterogeneity of immunodeficiencies in ori-
gin, form and evolutionary scenario, the possibility of arbitrary combination with other immunodeficiencies and
diseases, the phenomena of variability of the clinical course and heterogeneity of the clinical picture, the difficulty
of distinguishing the phenotypes of PID and associated secondary immunosuppression, unspecified diagnostic cri-
teria for a number of immunodeficiencies, difficulties in distinguishing the phenotypes of immunodeficiencies and
associated autoimmune syndromes. All these factors are described in detail below. The aim is to understand both
the reasons for the current gaps in the evidence base and ways to overcome potential systematic errors. It is im-
portant, accordingly, to improve the quality of scientific research when conducting further controlled studies in the
outlined direction.

6.1.2. Terminological Aspects

Currently, common variable immunodeficiency (CVID) and selective IgA deficiency are the most studied PIDs
from the point of view of induction of autoimmune syndromes in humans [29]. In these PIDs, the development of
almost all known clinical nosologies of autoimmune nature has been described and a specific spectrum of autoim-
munity in the clinical picture has been established. However, certain autoimmune reactions have been described
in almost all known PIDs. Therefore, the association of PID and autoimmune syndromes now seems obvious. How-
ever, the low frequency in the population of most PIDs does not allow us to consider these rare clinical phenomena
sufficiently representative on a population scale. Rare PIDs can not play the role of a universal source of develop-
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ment of the phenomenon of autoimmunity, which is quite common among people.

Currently, more than 450 forms of PID are known in humans [30], most of which occur only in a meager
1-1.5% of the modern human population [31]. These are the so-called classical PIDs. For example, they are
“classical” PIDs according to Goudouris [4], or “classic” PIDs according to Sacco etal. [30]. They were the first to be
described in the history of the study of human immune system diseases. An example of such an immunodeficiency
is the so-called “classic ataxia-telangiectasia” according to Lnu et al. [32]. Classical PIDs are sometimes also called
major immunodeficiencies. This term was proposed by Gross et al. in 1992 [33] and supported by Azizoglu
et al. in 2024 [34]. These diseases usually involve many immune factors simultaneously and result in clinical
manifestations of marginal severity with a dramatic course of the disease and a mostly unfavourable prognosis.

In contrast to classical (major) PID, there are so-called minor PID. Such a term was proposed by Litzman et
al. in 1995 [35], and supported by Vivarelli et al. in 2021 [36]. These immunodeficiencies involve mostly only one
immune factor. Such diseases are milder in clinical manifestations without the obligatory pattern of early onset,
marginal severity of clinical manifestations, dramatically unfavourable course of the disease, and high mortality.
Alternatively, primary minor immunodeficiencies (PMIDs) are sometimes called mild immunodeficiencies. Such a
term was proposed by Van Kessel et al. in 1999 [37] and supported by Janssen et al. in 2018 [38]. Their clinical
symptoms in many (but not all) cases can be milder than those of classical diseases of the immune system. Some-
times PMDs are also referred to as incomplete PID. Such a term was proposed by Smits et al. [39]. Really, in some
of them only fragments of the broader immunological phenotypes of well-known classical PIDs are formed. For
example, selective IgA deficiency can be considered as part of the CVID phenotype [40]. There are even proposals
to designate PMDs as “immunodeficiency-like states” [41]. In fact, they are similar, but do not fully correspond to
the clinical and laboratory features of classical PID.

Minor (mild, incomplete) diseases of the immune system, numbering only about 30-40 nosologies, collectively
cover more than 20% of the modern inhabitants of the planet. So, PMDs are fairly representative models of the etio-
logical factor of autoimmune syndromes in humans on a population scale. The accumulation of additional evidence
in the field of PMDs strengthened the idea that autoimmunity as a phenomenon is a consequence of immunode-
ficiency at the population level. There are not only individual rare cases in some families with rare diseases of
the immune system [42]. The classification of PMDs according to the affected immune factor, branch and type of
immunity described so far in humans is given in Table 3.

Table 3. Classification of known PMDs in humans.

No. Classification
I Disorders of the cellular branch of innate immunity:
A Quantitative:
a. neutrophil disorders:
- familial benign neutropenia (FBN) [43];
- chronic idiopathic neutropenia (CIN) [44];
- cyclic neutropenia (CyN) [45].
b. eosinophil disorders:
- chronic idiopathic eosinopenia (CIE) [46].
[ lymphocyte disorders:
- natural Killer cell deficiency (NKD) [47];
- natural Killer T-cell deficiency (NKTD) [48];
- CD16 molecule deficiency (CD16D) [24].
d. monocyte disorders:
- selective monocytopenia (SM) [49].
B. Qualitative:

neutrophil myeloperoxidase deficiency (MPOD) [50];
eosinophilic peroxidase deficiency (EPOD) [51];
primary perforin deficiency (PPD)* [52];

CD64 molecule deficiency (CD64D) [53].

Disturbances of the humoral branch of innate immunity:

- deficiency of complement system proteins, primarily the terminal components of the cascade that form the membrane
attack complex, C6D [54], C7D [55], C8D [56], CID [57];

- deficiency of mannose-binding protein (lectin) deficiency (MBLD) [21];

- deficiency of serine protease type 2 associated with mannose binding protein (lectin) (mannose binding protein (lectin)
associated serine protease 2 deficiency (MASP1D) [58]; MASP2D [59].
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Table 3. Cont.

No. Classification

Deficiency of the humoral branch of adaptive immunity:

- transitory hypogammaglobulinemia of infancy (THI) [60];

- unclassified hypogammaglobulinemia (UH) [61];

- selective (isolated) IgM deficiency (SIgMD) [62,63];

- selective (isolated) IgG deficiency (SIgGD) [64];

- selective (isolated) IgG subclass deficiencies (SIgGSD) [65]: (SIgG1D [37], SIgG2D [66], SIgG3D [67], SIgG4D [68]);

- selective (isolated) IgA deficiency (SIgAD) [69];

- selective (isolated) IgA subclass deficiencies (SIgASD): SIgA1D, SIgA2D [70];

- selective (isolated) secretory IgA deficiency (SslgAD) [71];

- selective (isolated) IgE deficiency (SIgED) [72,73];

- selective (isolated) IgD deficiency (SIgDD) [74,75];

- specific antibody deficiency with normal IgG [76], including antipolysaccharide antibodies (SAD, SPAD) [77] or
monogenic inborn errors of immunity with impaired IgG response to polysaccharide antigens but normal IgG levels and
normal IgG response to protein antigens [78];

- impaired glycosylation of IgA1, or galactosa-deficient IgA1 [78];

- other dysimmunoglobulinemias (combined deficiencies of immunoglobulins of different classes and/or subclasses), such
as combined deficiency of IgA1, 1gG2, IgG4 and IgE [79] or IgG1, IgG3, IgE [80] or IgM, IgA, IgE, SPAD [81].

I

Deficiency of the cellular branch of adaptive immunity:

v - idiopathic CD4 + T-cell lymphocytopenia (ICD4 + TL) [82,83], or non-SCID T-cell lymphopenia at newborn screening [84];
- iCD8 molecule deficiency (CD8D) [85].
v Combined immunodeficiencies, such as a combination of NK cell deficiency and chronic neutropenia in GINS1 deficiency [86]

or a combination of MBLD and IgA1 with impaired glycosylation [87].

Note: * excluding hemophagocytic lymphohistiocytosis.

Although in most cases the distinction is clear, the line between major PID and PMD can sometimes be blurred
in atypical forms of classical PID. It was shown, for example, by a novel mutation in the BTK (Bruton tyrosine kinase)
gene. In such cases, the laboratory phenotype of X-linked agammaglobulinemia is reduced to a selective deficiency
of the IgM molecule, mimicking this form of PMD [88].

6.1.3. Diversity of Mechanisms of Autoimmunity

Currently, the following mechanisms of induction of autoimmunity in PMD have been identified: altered
responses of germinative centers of lymphatic follicles of immune organs [89], disruption of the pathways of
central [90] and peripheral negative selection of lymphocytes [1], uncontrolled proliferation of lymphocytes, in-
effective function of the cytoskeleton of immunocompetent cells [28], defects in innate immunity accompanying
persistent hyperinflammation [91] and defective clearance of the organism from infectious agents that can act
as triggers of autoimmunity [28]. Microbial triggers can induce autoimmunity through the mechanism of molec-
ular mimicry, bystander activation and through the mediation of superantigens [1]. In immunodeficiencies, the
formation of the normal intestinal microbiome may be disrupted [92]. It can lead to a state of secondary immune
dysregulation with a predisposition to autoimmunity [93].

The pathways of autoimmunity differ in disorders of innate and adaptive immunity. Sogkas G et al. identify
the following main mechanisms for the induction of autoimmune reactions in inborn errors of immunity: increased
proinflammatory cell death, activation of myeloid cells, involvement of the cGAS-STING (cyclic GMP-AMP synthase
-stimulator of interferon genes) pathway, hyperactivation of innate immunity receptors, dysregulation of signals
from proinflammatory cytokines, defects in the maturation and/or functioning of Tregs, defects in apoptosis of ac-
tivated lymphocytes [94]. In contrast, the predominant pathways of autoimmunity differ in cellular and humoral
immunodeficiencies. In humoral immunodeficiencies, as in complement and immunoglobulin system defects, the
primary focus is on weakening the clearance of microorganisms [95], apoptotic material and cellular detritus [96],
disruption of the functioning of the antiidiotypic immunoglobulin network [97] and the pathways of solubilization
and resolubilization of circulating immune complexes [98]. But in cellular immunodeficiencies, the prerogative be-
longs to the damage of the fundamental reciprocal relationships between regulatory subpopulations of lymphocytes
Th1,Th2, Th17, Treg [1] and, accordingly, the formation of an aberrant balance ofkey cytokines IFNy/IL-4/IL-17 /IL-
10 [99], anomaly activation of proinflammatory pathways, for example, IL-6 R/JAK/STAT3 [100], and the associated
disruption of the processes of polarization of macrophages M0/M1/M2 [101] (Table 4). Heterogeneity of patho-
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genetic mechanisms of autoimmunity in PMD is noted even within the framework of one nosological unit. Thus,
such diversity was well characterized by Bagheri Y et al. on the example of SIgAD [102].

Table 4. The mechanism of development of autoimmunity at different PMDs.

No. Immune Defect Tolerance Breakdown Autoimmune Pathway Clinical Forms
Increased proinflammatory cell death,
. . . activation of myeloid cells, involvement of e
Cellular 1nnat‘e immunity the cGAS-STING pathway, hyperactivation Delay hypersen51t1v1ty (IV-type
1 (phagocytosis, NK cells, . . . reactions according to RA, CD, AS
of innate immunity receptors, O
NKT-cells) . : Gell-Coombs classification)
dysregulation of signals from
proinflammatory cytokines [94]
Impaired blood clearance of microbial Cytotoxic (II-type reactions
Humoral innate antigens, delayed removal of according to Gell-Coombs
. . autoantigens and detritus in necrotic and classification) and immune SLE, SV, APL, LN,
2 immunity (complement . . . rs
system) apoptotic foci, delayed clearance of complex disorders (III-type glomerulonephritis
y circulating immune complexes by reactions according to
macrophages in the spleen and liver [96] Gell-Coombs classification)
Aberrant reciprocal relationships
between regulatory subpopulations of Cytotoxic (II-type reactions
Cellular adaptive lymphocytes Th1, Th2, Th17, Treg [1], according to Gell-Coombs
. . P pathological balance of key cytokines classification) and delayed RA, CD, AS, DM1T,
3 immunity (T-helpers,

cytotoxic T-cells)

IFNy/IL-4/IL-17 /IL-10 [99], anomaly
activation of IL-6 R/JAK/STAT3 pathway
[100], disruption of polarization of

hypersensitivity (IV-type
reactions according to
Gell-Coombs classification)

AA,NUC, AC

macrophages M0/M1/M2 [101]

Overload of mucous membranes with
microbial antigens, disruption of the
functioning of the antiidiotypic
immunoglobulin network [97] and the
pathways of solubilization and
resolubilization of circulating immune
complexes [98]

Cytotoxic (II-type reactions
according to Gell-Coombs
classification) and immune
complex disorders (I1I-type
reactions according to
Gell-Coombs classification)

Humoral adaptive
4 immunity
(immunoglobulins)

SLE, SS, DM, pSS, SA,
NUC, AC, CeD

The unprecedented diversity of mechanisms of autoimmunity development even with the same immunode-
ficiency creates some difficulties. They exist both in the fundamental understanding of the problem of autoim-
mune manifestations of PMDs in theoretical medicine, and in the assessment of the pathogenesis of autoimmune
syndromes in clinical studies and the personalized search for the mechanism of autoimmunity development in an
immunocompromised patient in medical practice.

6.1.4. Heterogeneity by Origin

The above-mentioned PMDs are primary, since they are all genetically determined phenomena. At the same
time, PMDs can be of three types depending on their ability to be inherited and the chronology of occurrence. First,
PMDs can be hereditary phenomena [103]. The causal genetic abnormality of PMD is inherited from the parents
with the appearance of an associated immunological phenotype from the moment of birth and can be further trans-
mitted to the offspring (the pathological gene is contained in the germ cells of the fertile proband). Secondly, PMDs
can be inborn [104,105], or congenital [106,107]. The causal genetic abnormality of PMD is not transmitted by the
germ cells of the parents. It originated during embryogenesis under the influence of certain factors, and forms an
immunological phenotype from the moment of birth. Itis not transmitted to subsequent generations. Errors are not
contained in the germ cells, but they cause a violation of the endurance and/or fertility of the carrier. The examples
are various chromosomopathies, which are the cause of SIgMD in humans in at least 16.2% of cases [108]. Thirdly,
PMDs can be acquired diseases [109]. They are the result of the delayed formation of the immunological phenotype
until the period of postnatal ontogenesis without the obligatory ability to be inherited by subsequent generations.
Acquired forms of PMD may result from genetically determined epigenetic dysregulation of genome expression with
postnatal onset of the phenomenon of epigenetic reprogramming [110]. For example, it is possible in SIgAD [111].
The PMDs may be transferred during allogeneic bone marrow transplantation from a donor to a recipient during post-
natal ontogeny. Such cases have been described, in particular, in SIgG2SD [112], SIgAD [109,113] and CyN [114]. The
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fact that PMDs may in some cases be acquired creates some confusion with secondary immunodeficiencies. They
are considered exclusively acquired conditions. It requires some changes in the nomenclature to clarify termino-
logical confusion.

In accordance with the division of PMD into hereditary, congenital and acquired, Freiberger et al.,, using the
example of SIgAD, propose to distinguish between sporadic and familial forms of PMD in humans [115]. Highly
consanguineous populations are affected by PMDs [116]. Such a simple classification may be more convenient for
clinical practice.

The complexity of the situation lies in the fact that currently known forms of PMDs can be interpreted as hered-
itary, congenital and acquired. It is possible in the case of genetically determined immunoregulatory disorders
associated with methylation [111]. The existing nomenclature, which distinguishes only primary and secondary
immunodeficiencies, cannot adequately represent the complex pattern of immunocompromised states in humans,
so it requires significant refinement in accordance with modern scientific achievements.

6.1.5. Heterogeneity in Form

PMDs can be quantitative [43] and qualitative [50], transient [60] and permanent [22], cyclic [45] and irregu-
lar [82] in manifestations associated with damage to the innate [21] and adaptive immunity [82], humoral [22] and
cellular [82] branches, the local mucosal compartment of the immune system [71] and systemic immunity [82].

In terms of quantitative immune factor deficiencies, PMDs are described as total [117] (absolute [118,119]
and complete [24,50,120]), and partial [33,119,121] (subtotal [117], moderate [122] and subnormal [67,123]). In
terms of qualitative immune factor deficiencies, PMDs are described as complete [50], profound [124], and mod-
erate [125]. All of them may be clinically significant. While total forms of some PMDs may be rare [63], partial
immunodeficiencies are a fairly common phenomenon in the general population. They are typical among patients
with immune-dependent syndromes [33,126] (Figures 2 and 3).

Thus, the manifestation of mild hypogammaglobulinemia with subnormal values of serum concentrations of
immunoglobulins of different classes was shown by Janssen LMA et al. Such patients have recurrent respiratory in-
fections, bronchiectasis, persistent pain phenomena, cognitive impairment, a feeling of pronounced weakness and
social interaction disorders [38]. Subnormal SIgG1SD leads to the development of autoimmune syndromes (50.0%),
hypothyroidism (24.1%), atopy (29.8%), and other forms of allergy (31.5% of cases) [127]. Subnormal SIgG3SD also
leads to the development of autoimmune syndromes (33.1%), hypothyroidism (14.9%), atopy (29.8%), and other
forms of allergy (41.3% of cases) [67]. Subnormal deficiencies of C6 and C7 may be clinically manifested [128].

Figure 2 illustrates the hierarchical structure of PMDs according to the depth of deficiency of the affected im-
mune factor and its functional activity. PMDs are subdivided into quantitative (classical PMD, cPMD) and qualitative
or functional (functional PMD, fPMD), each of which may present as complete, total, partial, subtotal, or subnormal
forms. In contrast to classical primary immunodeficiencies, where immune defects are usually profound and stable,
PMDs form a continuous spectrum of immunological impairment, ranging from minimal subclinical abnormalities
to near-complete loss of a specific immune component. Importantly, even subnormal and moderate deficiencies
can be clinically significant, particularly in predisposing to autoimmune and immune dysregulatory syndromes. A
key feature highlighted in this figure is the distinction between quantitative and qualitative defects. In functional
PMDs, the concentration of an immune factor may remain within the normal range, whereas its biological activity
is critically impaired, leading to defective immune regulation and loss of tolerance. Therefore, reliance on absolute
laboratory values alone may underestimate the true degree of immune dysfunction in such patients. Overall, Fig-
ure 2 emphasizes that PMDs are not binary conditions but represent a continuum of immune insufficiency with
direct implications for susceptibility to infection, allergy, and autoimmunity, underscoring the need for integrated
quantitative and functional immunological assessment in both research and clinical practice.

Figure 3 demonstrates the conceptual relationship between quantitative and qualitative PMDs according to
the depth of deficiency of the affected immune factor. The diagram illustrates how both numerical reductions (quan-
titative PMD) and functional impairments (qualitative PMD) can lead to comparable levels of immune insufficiency,
even when absolute laboratory values appear normal. The figure emphasizes that immune competence is deter-
mined not only by the concentration of immune components but also by their biological activity. Thus, a patient
with normal levels of an immunological parameter but severely reduced functional capacity may be immunologi-
cally equivalent to another patient with a marked quantitative deficiency. This overlap explains why individuals
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with functional PMD can develop recurrent infections, immune dysregulation, and autoimmune syndromes despite
apparently “normal” laboratory profiles. By aligning quantitative and qualitative deficiencies along the same contin-
uum of immune factor availability and activity, Figure 3 highlights the need for an integrated diagnostic approach.
Functional assays should complement conventional quantitative measurements in order to accurately characterize
immune status and identify clinically significant immunodeficiency. Overall, Figure 3 supports the concept that
PMD represents a multidimensional spectrum of immune dysfunction, in which both the amount and the perfor-
mance of immune factors determine the risk of immune-mediated pathology, including autoimmunity.

Primary minor (mild) immunodeficiencies (PMDs)

/\.

Quantitive, or classical (¢PMDs) Qualitive, or functional (fPMDs)
Complete
(a rn:imarel Absolute Partial Complate Profound Moderate
- (very low) (low) (approximatel
yzero) ry (very low) (low)
¥ Zero)
Subtotal Moderate Subnormal
(approximately (medium low) (approximately
absolute) normal)

Figure 2. Structure of PMD by depth of deficiency of the affected immune factor [24,35,37,47,50,67,119,122,124,125].

Normal level
Moderate PMD 7]
Subnormal PMD
Moderate PMD
Profound PMD
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Absolute PMD
Total
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Figure 3. Correlation of different forms of quantitative and qualitative PMD by the depth of deficiency of the affected
immune factor.

Research investigating associations between PMDs and autoimmunity should encompass the full spectrum
of the multimodal diversity of known immunodeficiency forms. It is necessary to avoid reductionist approaches to
assessment. Such mistakes may produce biased results by modifying and/or downplaying the associations between
PMDs and autoimmune syndromes in humans.

6.1.6. Heterogeneity of Evolutionary Scenarios of the Laboratory Phenotype

Sgrulletti M et al. point to fundamentally different evolutionary scenarios of the development of PMDs dur-
ing human ontogenesis. It may have an impact on the risk and manner of autoimmune manifestation in different
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nosologies and in different patients [129]. Thus, spontaneous progression of SIgAD to the CVID phenotype at a
certain point in ontogenesis with the formation of the phenomenon of hypogammaglobulinemia is possible [40].
Conversely, an unexpected reduction of the immunological phenotype of CVID with profound hypogammaglobu-
linemia persisting for many years to limited manifestations of SIgAD is also known [130].

However, not only inter-nosological, butalso intra-nosological individual evolutionary scenarios of PMD events
are possible. As Lim CK et al. showed, by the puberty period, the total form of SIgAD transforms into the partial
form of SIgAD in at least 60% of cases [131]. It is explained by the phenomenon of age-related maturation of the
human immune system.

Such metamorphoses may be associated with the fact that one and the same mutation can lead to different
immunological phenotypes depending on additional conditions. Thus, mutations in the TACI gene (transmembrane
activator and CAML interactor), or TNFRSF13B (tumor necrosis factor receptor superfamily, member 13B) can lead
to the formation of a hypogammaglobulinemia phenotype in some patients with the immunological picture of CVID,
and selective deficiencies of classes and subclasses of immunoglobulins in others, even within the same family [132].

In accordance with the phenomenon of evolutionary instability of the laboratory phenotype in PMDs, Joller
PW et al. in 1981 proposed to distinguish between transitory and persistent forms of SIgAD in humans [133].

Similarly, Johnson ML et al,, studying age-dependent changes in the immunological phenotypes of CVID and
SIgAD, distinguished progressive and reversible forms of the diseases. It could differ even among members of the
same family with the same PMD [133].

Considering the known fluctuations in the levels of the affected immune factor, Kazi A et al,, using the example of
SIgED, proposed a classification of PMD according to the evolutionary scenario of events. Firstly, they distinguished a
stable, or “chronic” SigéD form. The depth of the immune factor deficiency is relatively the same in different periods
of ontogenesis. The secondary, “oscillating” form of SIgED was described. The depth changes significantly throughout
life in different directions. Thirdly, “newly diagnosed” SIgED forms are possible. An unknown further development
scenario is present in such cases. Fourthly, “normalized” SIgED forms are observed. A gradual approach of the affected
immune indicator to the normal level during a certain period of ontogenesis was evaluated [134].

The maximum manifestation of the normalization form of the evolutionary scenario of PMD development is
the so-called reversal [131], or reversible [135] humoral deficiencies in children. The compensation of the immuno-
logical phenotype up to 12 years of age is observed in such cases. The proportion of reversible forms of humoral
PMDs can reach 50% of cases in some nosologies [131] (Figure 4).

Zero

Progressive

Newly diagnosed
Oscillating

N

Reversible, orreversal, or transitory

Normalized

Figure 4. Diversity of evolutionary scenarios of PMD development by the number of affected immune factors [131,
133-135].

Figure 4 illustrates the diversity of evolutionary trajectories of PMDs during human ontogenesis, based on lon-
gitudinal changes in the level or activity of the affected immune factor. The figure highlights that PMDs are dynamic
rather than static conditions, and that their immunological phenotypes may change substantially over time. Sev-
eral principal evolutionary patterns are depicted. In the progressive form, the depth ofimmunodeficiency increases
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over time, potentially leading to worsening immune dysregulation and a rising risk of autoimmune and infectious
complications. In the oscillating form, immune factor levels fluctuate, creating alternating periods of apparent im-
munological stability and vulnerability. The normalized form reflects gradual recovery or partial compensation of
immune function, whereas the reversible (transitory) form describes temporary immunodeficiency, particularly in
childhood, with subsequent normalization during immune system maturation. Finally, the newly diagnosed form
represents cases in which the long-term trajectory has not yet been established. This dynamic view is essential
for understanding the relationship between PMD and autoimmunity. Autoimmune manifestations may arise not
only in progressive or severe immunodeficiency, but also during transient or apparently favourable normalization
phases, when immune regulation remains unstable despite improving laboratory values. Consequently, a single
time-point measurement may fail to capture the true immunological risk profile of a patient. Overall, Figure 4 un-
derscores that PMDs are evolving biological phenomena, and that their temporal behaviour must be considered in
both clinical management and research on immune-mediated diseases, particularly autoimmunity.

We must take into account the full spectrum of evolutionary scenarios for the development of PMDs when
conducting clinical studies. It may allow more accurate reproduction of patterns of association with autoimmune
syndromes. The development of autoimmunity can be observed even in seemingly prognostically favourable nor-
malization scenarios of events. But such PMD forms are often mistakenly excluded from scientific studies as clini-
cally insignificant phenomena.

6.1.7. The Problem of Combined Forms of PMDs

PMD is most often an isolated, or selective phenomenon [40]. Only one immune factor is affected in such cases.
The term “isolated” PMD was proposed by Barton et al. in 2014 [136]. We think that the term “isolated” is much
better than “selective”. It can avoid misdiagnosis with immunodeficiencies with selective predisposition for one
microbe. However, there are also reports of combined [33] or complex [118] forms of PMDs. Several different
diseases of the immune system are noted in one patient in such cases. It’s together cause immunodeficiency is an
integral phenomenon. The term “complex” PMDs was proposed by Hogendorf et al. [118]. We think that the term
“complex” PMD is much better than “combine”. It points not only to coexisting, but also to possible interactions
between different PMDs in one person.

Currently, 4 forms of immune system diseases combinations involving PMDs are known. Firstly, combinations
with other genetic diseases associated with immunosuppression were possible. The example is a combination of
SIgG4SD and Down syndrome [68]. Secondly, the combination of PMD with classical PID is known. For example,
CVID and SMBLD may coexist in some patients [27]. Thirdly, PMD may combine with another PMD. The combi-
nation of C6D and C7D is described [128]. And, fourthly, PMD may coexist with secondary immunodeficiencies.
For example, in patients with AIDS, SMBLD may be present [137]. The character of a combination affects the risk,
nature and severity of associated autoimmune reactions and sensitivity to treatment.

If we talk about the combination of different PMDs in one patient, then we should distinguish between the com-
bination of different PMDs with damage to one branch of the immune system and different branches of the immune
system. For example, phagocytosis is affected in the combination of MPOD and CyN [138]. It is a monomodal com-
bination, or monomodal complex form of PMD. The complement system and the humoral component of adaptive
immunity are affected in the combination of SMBLD and SIgGSD [139]. It is a bimodal combination, or a bimodal
complex form of PMD. It is possible to combine not only two, but many PMDs in one patient in an arbitrary manner.
There are polymodal combinations, or polymodal complex forms of PMD. For example, Bijker EM et al. reported
the simultaneous presence of SIgMD, NKD and SPAD in one patient with invasive pneumococcal infection [140].

A distinction should be made between cases of a single immunodeficiency with the phenotype of several PMDs
and combinations of several independent genetically heterogeneous PMDs. In the first case, the pseudocombina-
tions are present. For example, the combination of SIgAD and SIgED in the case of a single etiological mutation in
the DCLRE1C (DNA Cross-Link Repair 1C) gene presence is a typical pseudocombination [141]. In the second case,
the true combinations are present. The example of true combinations is the case of coexisting C6D and C7D in one
patient caused by two independent mutations in the C6 and C7 genes [128].

When talking about the combination of PMD and secondary immunodeficiency, one should distinguish be-
tween a combination of unrelated diseases and a combination of related PMD and secondary immunodeficiency,
which is essentially a consequence of PMD. The case of an unrelated combination is coexisting AIDS and SMBLD in
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the same patient [137]. Thus, it has been shown that SIgG2SD can lead to the production of autoantibodies to IgA
molecules. It can be due to the formation of secondary IgA deficiency, which expands the immunological phenotype
of primary SIgG2SD [142]. This is an example of a related combination.

In monomodal combined PMD, the so-called “matryoshka” effect may be observed. In such cases each subse-
quent smaller immunodeficiency, when deepening the diagnostic search, appears as if incorporated into another,
larger one. Itis possible, for example, in the case of SIgGD with low total IgG concentration in the blood [64]. During
further studying the subclass composition of the IgG pool, SIgG2SD can be additionally detected [66], and further,
within the deficient IgG2 pool, SPAD [77]. And all these three humoral PMDs may be independent diseases. There
are so-called “hidden” combinations.

Clinical trials should consider the possibility of various combined forms of PMDs. The detection of them may
facilitate the wider involvement of specialized genetic studies in the diagnostic search process. It may more accurately
reproduce the complex patterns of association of different PMDs and various autoimmune syndromes in humans.

6.1.8. The Problem of Diagnostic Criteria for PMDs

As Batista CHR et al. showed on the example of SIgMD, in the diagnosis of PMDs in humans different diagnostic
criteria can still be applied to the same PMD in different patients, which can create confusion in the diagnostic
process [108]. At the same time, Janssen LMA et al. on the example of the so-called “truly” SIigMD demonstrated
how the use of too strict (and in essence reductionist) laboratory diagnostic criteria distorts the real frequency
of PMDs in the population [63]. It transfers a large number of so-called unclassified forms of SIgMD in humans
(unclassified primary antibody deficiency (unPAD)) into a diagnostically uncertain “gray” zone, which, however,
can also have significant clinical significance [143].

Two approaches are usually used in the diagnosis of PMDs: absolute and relative. The absolute approach de-
clares a fixed rigid limit below which the immunodeficiency zone is located. For example, we can make a diagnosis
of SIgED at a serum IgE concentration below 2.0-2.5 kU/L [144]. With apparent simplicity, such an approach may
hide several pitfalls. One of them is associated with differences in measurement results when using different lab-
oratory techniques, even within the same diagnostic method. Thus, when using classical ELISA, the criterion for
diagnosing SIgED is a serum IgE concentration below 10 IU/mL. It was shown by Schoettler et al. [145]. However,
modern ELISA reagents with more accurate calculation of the result allow using a diagnostic limit for SIgED at the
level of 2.0 kU/L [72]. Therefore, when diagnosing PMDs, it is important to consider the fact in what way a given
laboratory performs measurements. This complicates the formation of unified standards in the field of PMDs.

The relative approach indicates that for the diagnosis of PMDs a decrease in the level of an immunological
indicator by at least 2 standard deviations (SD) from a well-characterized age-, ethnic- and/or geographic norm
is necessary [33,118]. Batista CHR et al. compared the informativeness of the absolute (less than 0.2 g/L in chil-
dren and 0.3 g/L in adults) and relative approaches (a decrease of 2 SD from the regional norm) in SIgMD. It was
shown that the same frequency of allergic rhinitis, bronchial asthma and respiratory infections in both groups is
present [108]. The problem with the approach is that for many immune indicators there are still no relevant data
on regional, ethnic and/or age-related norms. And the normal ranges from different laboratories are often based
on insufficiently verified information. They can even contradict each other, which creates diagnostic confusion.

When diagnosing immunoglobulin subclass deficiencies, the more significant diagnostic data may not be abso-
lute data, but the ratio of concentrations of different subclasses to each other. For example, absolute subclass propor-
tions, 60-70% IgG1, 20-30% IgG2, 5-8% IgG3 and 1-3% IgG4, or a stable interclass ratio of the type “IgG1 greater
than IgG2 greater than IgG3 greater than IgG4” according to Papadea and Check are useful [146]. It is possible to
use the proportions of individual IgG subclasses relative to the pool of total IgG in the blood (IgG1:1gG2:1gG3:1gG4 =
22:8:2:1) [147]. Special indices of the correlations of different subclasses of immunoglobulins with each other can
also be informative. For example, in SIgG2SD, the feasibility of using the IgG1/IgG2 index for verification of the clini-
cal diagnosis of this PMD has been shown [148]. However, these features are often ignored in clinical studies and are
still used to a limited extent in clinical practice.

Itis also necessary to consider the presence of not only quantitative, but also qualitative forms of PMDs. In the
latter case, despite the normal amount of the immune factor, its functional activity is critically reduced. Thus, there
can be both quantitative (classical) and qualitative (functional) NKD [47]. Although many scientific studies about
the association with autoimmunity have taken into account exclusively the quantitative form of these PMDs. It may
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be a reductionist non-relevant approach.

The diagnostic criteria for PMD may vary depending on the functional state of the organism. It is not always
considered in scientific research. Thus, the lower limit of the normal serum concentration of MBL in pregnant
women is twice as high as in the general population [149]. Regarding immune factors that perform the function of
acute phase proteins, the criterion for associated PMDs may vary depending on both the state of the autoimmune
syndrome (exacerbation or remission) and the function of the target organ affected by autoimmunity (for example,
hypo- or hyperthyroidism in AT). It was shown in the example of SMBLD [150].

The diagnostic criteria for PMDs proposed for clinical practice should not be rigid, but rather adaptive and
flexible. It has to consider both the known features, spectrum of diversity and evolutionary scenarios of the de-
velopment of PMDs themselves, and the functional state of the host organism and the specifics of the associated
autoimmune syndrome.

6.1.9. The Problem of Variability of Clinical Course

PMDs are characterized by unprecedented heterogeneity and variability of clinical phenotype. It complicates
their diagnosis in clinical practice and the selection of patients for participation in studies. These two phenomena
lead to a certain discrepancy between the laboratory and clinical phenotypes of PMDs. It was well characterized in
SIgAD by Aghamohammadi A et al. on the example of the depth of immunodeficiency and the associated severity
of clinical manifestations of autoimmunity [151]. It was shown by Gulez N et al. in SIgAD on the example of the
number of autoantibodies in the blood serum and the severity of symptoms of autoimmunity [152].

Variability consists of the possibility of asymptomatic periods in the course and arbitrary change or layering of
heterogeneous syndromes in the same PMD in different patients. The asymptomatic state can be associated with the
implementation of compensatory mechanisms within the immune system. Jénsson G et al. showed that the G2ZM(n)
allotype, which is associated with high synthesis of antipolysaccharide IgG2, can compensate to some extent for the in-
fectious manifestations of MBLD [153]. However, indirect (aberrant) compensations can be unstable and incomplete,
which causes the transient asymptomatic period of PMDs. Barka et al. showed a pathological multireactive pattern
of autoantibody production in patients with asymptomatic SIgAD. It indicated the readiness to induce autoimmune
disease under the influence of a trigger even during the “favourable” phase of the disease [154]. Catanzaro JR et al.
revealed the formation of intestinal dysbiosis with secondary immune dysregulation in SIgAD. It was identified de-
spite the compensatory hyperproduction of secretory IgM, which eliminated the infectious syndrome [155]. Back in
1996, it was demonstrated that initially asymptomatic SIgAD in healthy blood donors during follow-up manifests itself
as infectious, autoimmune and/or oncological syndromes within the next 10 years in at least 80% of cases [156]. It
indicates the illusory nature of the notion of lifelong asymptotic status as a representative feature of PMDs in humans.

PMDs during the asymptomatic period are often excluded from clinical studies and dispensary observations in
medical practice. So, this incomplete penetrance in inborn errors of immunity was presented as a “skeleton in the
closet” by Bogunovic [157]. It may hide a systematic error. The asymptomatic course of PMDs during this period of
ontogenesis does not exclude the possibility of the development of associated autoimmunity in the next decade of
the patient’s life.

6.1.10. The Problem of Heterogeneity of Clinical Phenotype

Heterogeneity is associated with fundamentally different clinical manifestations of the same PMD in different
patients, despite the degree of kinship between them [158]. The phenomenon of heterogeneity can be intra- and
intersyndromal. In the intrasyndromal phenomenon, the heterogeneity of the clinical picture of PMD is manifested
within one associated clinical syndrome. If we talk more specifically about autoimmunity, then one family member
with the same PMD may suffer from SLE, the second—from RA, and the third—from SS [115]. In the intersyndromal
phenomenon of heterogeneity, in one family member with a certain PMD, an infectious syndrome may prevail, in
the second—allergic, and in the third—autoimmune. It creates the illusion of the presence of different, unrelated
diseases in one family [145,159]. But really it is one disease with different clinical manifestations.

Yazdani R et al,, considering the phenomenon of heterogeneity of the clinical picture, used as an example SIgAD.
They proposed a classification of PMDs according to the current clinical phenotype, distinguishing asymptomatic,
minor infections, allergic, autoimmune, and severe phenotypes of immune system diseases [160].

The case reports suggest the principle of universality - the possibility of any autoimmune reaction devel-
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oping in any PMD. But data from controlled clinical trials suggest a possible closer association between certain
PMDs and some autoimmune reactions, such as SMBLD and SLE [161]. The principle of universality leads to two
clinical phenomena that are still poorly understood by clinicians. The first one—the development of different
forms of autoimmunity in members of the same family with the same PMD, as occurs, for example, in families
with SIgAD [158]. And the second one—development of the same autoimmune syndrome with similar clinical
manifestations in different, unrelated patients with fundamentally different PMDs. Thus, the SLE phenotype can
develop both in SIgAD (humoral immunodeficiency) [22], in MBLS (complement system deficiency) [162] or in
ICD4 + TL (cellular immunodeficiency) [82].

One of the reasons for the heterogeneity of autoimmune syndromes in PMDs is the phenomenon of patho-
genetic heterogeneity of PMDs themselves. It was demonstrated by Bagheri Y et al. using the example of SIgAD.
As it turned out, impaired maturation of B-lymphocytes into plasma cells committed to IgA synthesis in SIgAD can
be caused by various factors. Among them, the influence of HLA molecules, abnormal composition of T- and B-
lymphocyte subpopulations, impaired expression of cytokine, chemokine and their receptor genes, abnormalities
in apoptosis regulation and changes in the intestinal microbiome [102].

The veil of mystery surrounding the problem of choosing the form of autoimmunity in PMD in a particular
patient has now been lifted [163]. It has been determined that the so-called channelling of the autoimmune syn-
drome into a certain form in PMDs. It may be influenced by some additional mutations that critically disrupt im-
mune regulation in PMDs, but do not determine the laboratory phenotype of PMD itself. Thus, Ferreira et al. in a
controlled clinical study demonstrated that the presence of an additional mutation interferon-induced helicase 1
(IFIH1) rs1990760G>A contributes to the more frequent formation of SLE and DM1T phenotypes in patients with
SIgAD [164]. A similar pattern of influence in SIgAD was identified in the polymorphism c-type lectin domain family
16, member A (CLEC16A) rs6498142C>G and 29 other loci [164]. Another factor that may direct autoimmunity in
a certain way in PMDs is HLA molecules [165,166], in particular, the 8.1 haplotype in SIgAD [167] (Figure 5).

PMDs
(for example, SIgAD, caused by constant region deletion of
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Figure 5. Elementary schematic diagram of the mechanism of induction of autoimmunity in immunocompromised
individuals with PMD.

Although there is no close correlation between immunological and clinical phenotypes in PMDs [151], there
are some data indicating increasingly severe consequences for the development of autoimmunity as the immune
deficiency deepens. Thus, it has been shown that pSS and AT are formed more often in CVID (hypogammaglobu-
linemia) than in SIgGSD [136]. Barton JC et al. in a comparative clinical study involving 35 patients with CVID and
more than 300 people with SIgGSD demonstrated a relationship between the depth of humoral immunodeficiency
and the severity of associated infectious and autoimmune syndromes [136].

Figure 5 presents a simplified mechanistic model of autoimmune disease induction in immunocompromised
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individuals with PMDs. The scheme integrates genetic susceptibility, impaired immune defence, microbial trigger-
ing, and immune dysregulation into a unified pathogenic cascade. The model shows that PMD, caused for example
by a structural defect in immunoglobulin genes (such as deletion of the IgA constant region), leads to weakened
immune resistance against latent or persistent microorganisms, such as Epstein-Barr virus (EBV). Reactivation or
persistent replication of such triggers promotes chronic immune stimulation and the generation of cross-reactive
immune responses. In this immunologically unstable environment, molecular mimicry, bystander activation, and
defective clearance of antigenic material facilitate the breakdown of immune tolerance. An important element of
the model is the role of additional genetic modifiers that do not determine the immunodeficiency phenotype it-
self but direct (“channel”) the autoimmune response into a specific clinical form. For example, polymorphisms in
genes such as IFIH1 (rs1990760 G>A) predispose SIgAD carriers to the development of SLE rather than other au-
toimmune diseases. Thus, PMD creates a permissive background for autoimmunity, whereas modifier genes and
environmental triggers determine the specific autoimmune phenotype. Overall, Figure 5 conceptualizes autoim-
munity in PMD as the result of a multistep interaction between primary immune insufficiency, microbial triggers,
immune dysregulation, and genetic channelling factors, providing a framework for understanding the remarkable
heterogeneity of autoimmune manifestations in immunodeficient individuals.

Usually, the formation of one autoimmune syndrome in a patient with PMD is reported. But cases of two or even
multiple autoimmune syndromes with one immune dysfunction are also possible. Shimamura Y et al. described the
development of two autoimmune syndromes in a person with SIgMD: SLE and APS [168]. In contrast, Hua L. et al.
reported a case of SIgAD in a 48-year-old patient with three autoimmune syndromes: AHA, SLE and AT [69]. Baleva
MP. etal. in the partial form of SIgAD described the development of even four syndromes: AD, AH, AT and CeD [169].

The form of PMD may affect not only the actual development of a particular autoimmune syndrome, but also the
structure of its clinical manifestations. PMDs transform the clinical picture of the associated autoimmune syndrome
in different ways, enhancing some manifestations and, conversely, weakening others. Thus, Tanha N et al. found that
SMBLD increases the risk of developing severe LN in the structure of the clinical picture of SLE [170]. Hogendorf
A. et al. stratified DM1T by associated PMDs. They demonstrated that not only the severity and clinical course of
autoimmune endocrinopathy depended on immunodeficiency, but also the pattern of comorbidity [118]. However,
SMBLD can attenuate the inflammatory and immunological phenotypes of the associated pSS, as Ramos-Casals M.
etal. described [171].

PMDs can also complicate the laboratory diagnosis of some associated immune-dependent syndromes. They
can affect the informativeness of key verification paraclinical tests that are widely used in clinical practice. It is
noted, for example, in SIgAD and CeD. There are pseudo-negative results of the determination of specific IgA to tis-
sue transglutaminase in serum [172]. Kojo S et al. recommend dividing SLE, SS and pSS into a-GalCer-positive and
a-GalCer-negative variants. So, NKTD affects the severity, prognosis and sensitivity to treatment of these autoim-
mune syndromes [173]. Indeed, associated PMDs can affect both sensitivity and tolerance to several recommended
treatment approaches for autoimmune syndromes. Thus, Rahiminejad MS et al. demonstrated a contraindication
to splenectomy in ITP associated with SPAD. In such cases, a higher risk of developing septicaemia as a result of
curative surgery is present [77].

The results of clinical studies indicate that the risk of developing autoimmune syndromes is higher than in
the general population, not only in patients with PMDs themselves, but even in their closest relatives. They were
considered healthy until the manifestation of autoimmunity, without developing characteristic immunological phe-
notypes of PMDs [125,174].

Thus, the unprecedented heterogeneity of PMDs in clinical manifestations should be taken into account when
conducting scientific studies. Possible impact of PMDs on the form, severity, course, prognosis and treatment of the
associated autoimmune syndrome is also important. It would allow a more complete and deeper characterization
of the relationship between PMDs and the phenomenon of autoimmunity in the human population.

6.1.11. Correlation of PMD and Secondary Immunosuppression Phenotypes

Autoimmune diseases that have developed in a patient with PMDs can induce secondary immunodeficiency by
consuming immune factors and deepening the state of immune dysregulation. It complicates the structure of the
existing immunodeficiency in such cases. Ballow M et al. speak of “crossovers” between primary and secondary
immunodeficiencies in the case of autoimmune syndromes and malignant neoplasms [175]. States of immunocom-
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promise are formed, which are more than a simple summation of symptoms of primary and secondary immun-
odeficiency. This phenomenon requires special terminology for its description, which, however, has not yet been
developed. We propose to designate such states as “tertiary” immunodeficiency, emphasizing their complex, inte-
gral nature.

Ithas been shown that secondary immunodeficiency can mask PMDs. For example, it is described in secondary
hypogammaglobulinemia caused by rituximab (a monoclonal antibody to the CD20 molecule of B-lymphocytes).
This secondary immunodeficiency can mask pre-existing SIgAD or CVID associated with the autoimmune syndrome
or neoplasia for which rituximab was prescribed [175,176]. Hypogammaglobulinemia caused by SLE can mask pre-
existing humoral PMDs (SIgAD and/or SIgG2SD) that previously led to the development of the autoimmune disease
itself[177]. Pre-existing PMDs can significantly determine the subsequent formation of secondary immunodeficien-
cies. For example, secondary hypogammaglobulinemia from the use of rituximab can be determined not only by
the pharmacological action of the immunobiological drug, but also by the pre-existing humoral PMDs underlying
the present autoimmunity [178,179].

It is difficult to assess the ratio of contributions of primary and secondary immunodeficiencies to the immuno-
logical profile of a patient with an autoimmune syndrome. It is important to evaluate the results of the multifaceted
interaction between them. Therefore, Ottaviano G et al. speak of a kind of mysterious border (“enigmatic border”) be-
tween primary and secondary hypogammaglobulinemia when using rituximab in SLE and oncological lesions [180].
Sogkas G et al. demonstrated that hypogammaglobulinemia in rheumatic diseases, initially diagnosed in the clinic
as secondary (i.e., caused by the autoimmune process itself), in at least 46.9% of cases is actually associated with
congenital mutations that disrupt the process of antibody genesis (i.e., primary in nature) [94].

The difficulty of distinguishing the phenotypes of PMDs and associated secondary immunosuppression in au-
toimmunity may lead to an underestimation of the role of PMDs in the development of autoimmune syndromes. It
can result in a large overestimation of the significance of secondary immunodeficiency in such cases.

6.1.12. Correlation of PMD and Autoimmune Syndrome Phenotypes

Sometimes PMDs can mimic some autoimmune diseases. For example, CVID with associated T-cell lymphoma
caused confusion with JIA in the report of Jesus et al. [181]. In another case, CyN completely imitated the manifes-
tations of CD according to the data of the publication of Guarino et al. [182]. The phenotype of some autoimmune
syndromes can change to the PMD’s phenotype during ontogenesis. For example, the typical syndrome complex
of SLE can gradually transform into the clinical and immunological phenotype of CVID with a picture of hypogam-
maglobulinemia and systemic inflammation [183]. This transformation is called the term “transition” according to
Goldstein and Karsh [183]. But Baum et al. proposed another term, “conversion,” for such cases [184].

Scientific studies often ignored the phenomena of mimicry and transition (conversation). It may be a system-
atic error in the field of association of PMDs and autoimmune syndromes.

6.2. Current Evidence Base for the Association of PMDs and Autoimmune Syndromes in Humans

The current evidence base for the association of PMDs and known autoimmune syndromes in humans is
quite heterogeneous and differs significantly across PMDs. It can range widely from the results of multiple well-
designed meta-analyses and systematic reviews in MBLD (evidence level A) and a single meta-analysis in SIgAD
(A).InSIgED and CIE, anumber of large population-based studies are available (B). The results of multi- and single-
centre prospective controlled clinical trials and retrospective observational reviews in ICD4 + TL, NKD, NKTD, UH,
THI, SIgGD, SIgMD, SIgGSD and SPAD are presented (B, C). The data from small controlled and uncontrolled clini-
cal trials and multiple case reports in MPOD, CD8D, and CD16D are available (C). Casuistic well-prepared clinical
reports of individual patients in FBN, CIN, CyN, MASP2D, CD64D and deficiencies of the terminal components of
the complement system C6-C9 are present (D). There are currently no reports of autoimmunity in EPOD, SM, PPD
and SIgDD (0).

Certain geographic, regional, racial, ethnic, age, gender and ontogenetic features of the association with certain
PMDs and/or autoimmune syndromes are noted. However, it should be tested in additional clinical studies for
relevance.

The results of the study of the current evidence base of the Association of PMDs and Autoimmune Syndromes
in Humans are systematized in Table 5. There are additional indications of the nature of PMDs, frequency in the
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modern human population, diagnostic criteria in clinical practice and levels of evidence of the detected relationship
(according to the Centre for Evidence-Based Medicine). It can improve the understanding of the detected associa-
tions and their potential clinical significance on a population scale.

Table 5. Current evidence for the association of PMDs and known autoimmune syndromes in humans.

Affected Branch of the Frequency/ Prevalence Level of Evidence (Centre for

PMD

Immune System

in the Population

Diagnostic Criteria

Evidence Base

Evidence-Based Medicine)

MBLD

Complement system

5-10% of the modern
population

Partial form < 1,000
ng/mL, total form < 500
ng/mL, complete form <

50 ng/mL

Meta-analysis Xu etal. (2021), 14 studies from 36 databases, polymor-
phisms in exon 1 of MBL2—RA risk in Brazilian and Indian populations,
MBL2 promoter—in East Asian populations [21].

Meta-analysis Mahto et al. (2020), 23 studies, 3074 patients with SLE
and 3,985 controls: MBL-2 variants (A > O and A > B)—SLE risk, pro-
moter polymorphism (Y-221X)—protection from SLE [162].
Meta-analysis Zhang et al. (2015), 18 studies, 4,810 patients and 4,585
controls: polymorphism of codon 54 of MBL2—RA risk, especially
seropositive and erosive forms, more often in East Asian populations
[185].

Meta-analysis by Yuan et al. (2021) (20 studies, 7,194 patients, 7,401
healthy individuals): MBL2 A/B and A/O polymorphisms—risk of SLE
[161].

Meta-analysis by Song et al. (2014), 12 studies, 1623 patients, 1671
controls, functional MBL alleles D, L and X—risk of RA, MBL B allele—
protection from pSS [186].

El Alami et al. (2026), case-control study, 435 adults, association with
DM2T in the Moroccan population [187].

Kaur et al. (2024), case-control study, MBL2 variants act as plausible
markers for RA [188].

Jahan et al. (2024), adults with GBS (n = 300) and healthy controls (n
=300) in Bangladesh, association with GBS and severity of GBS [189].
Controlled clinical trials are associated with DM [190], AS [191], NUC
and CD [192], and PANDAS as a form of AE [6].

Clinical case reports indicate the possibility of association with almost
all known forms of autoimmunity.

2A
(high strength)

THI

Humoral branch of
adaptive immunity

1:164 confirmed THI and
1:103 possible THI

Serum immunoglobulin
concentration of all classes
<7g/L,or <2 SD from the

lower limit of normal

Moschese et al. (2008), prospective clinical study, 77 children—
autoimmune diseases in 4% of cases, with preservation of immuno-
logical phenotype during the first 24 months and risk of autoimmune
reactions among 28% of individuals without full compensation of im-
munological phenotype after 24 months [60].

2C
(low strength)

UH

Humoral branch of
adaptive immunity

4/5-1/5 of patients with a
primary diagnosis of THI

Serum immunoglobulin
concentration of all classes
<7g/L,or <2 SD from the

lower limit of normal

Kubicka-Trzaska (2000), retrospective observational study, 50 adults
(29 women (58%) and 21 men (42%)), UH in 11 individuals with AU
(22% of cases) [193].

Cuadrado etal. (2019), cross-sectional study, 83 adults with LN. UH in
8.4% of cases [194].

2C
(low strength)

SIgAD

Humoral branch of
adaptive immunity

1:170-1:400

Partial form < 0.6 g/L,

total form < 0.07 g/L, or <

2 SD below the lower limit
of normal

Vosughimotlagh et al. (2023), meta-analysis, systematic review, 40
studies, adults and children, various autoimmune syndromes in 22%
of cases, most often in CeD, CD, NUC, RA [22].

Ludvigson etal. (2014), population-based cohort study, 2100 patients
with SIgAD, 18 653 controls, risk of DM1T (5.9% vs. 0.57%), CD (2.4%
vs. 0.42%), NUC (1.7% vs. 0.46%), RA (2.2% vs. 0.5%), JIA (0.76% vs.
0.09%), SLE (0.57% vs. 0.06%), AT (2.46% vs. 0.59%) [195].

Odineal et al. (2020), extensive literature review, adults and children,
strong association of SIgAD and SLE, AT, DM1T, CD, NUC, RA, JIA, AS,
VG; weaker association—ScD, CeD, AH, ITP, AHA [196].

Wangetal. (2011), large-scale screening results, close association with
GD, SLE, DM1T, CeD, MG, RA [197].

Giingoren et al. (2025), retrospective analysis, n = 45, autoimmune
syndromes in 13.3% cases, predominantly—AT, vitiligo, ITP [198].
Clinical case reports indicate an association with almost all known
forms of autoimmunity.

3A
(high strength)

SIgMD

Humoral branch of
adaptive immunity

1:385

Partial form < 0.8 g/L,
total form < 0.4 g/L, or <2
SD below the lower limit
of normal

Ni etal. (2020), cross-sectional epidemiological study, 139,668 adults,
various autoimmune syndromes in 60.32% of cases [199].

Caka et al. (2021), retrospective analysis, 55 children, 18% autoim-
mune and immunoinflammatory syndromes (BS, AC, CD, AP, DM1T)
[200].

Lucuab-Fegurgur and Gupta et al. (2019), retrospective analysis, 62
adults, various autoimmune syndromes in 43% of cases [201].
Goldstein et al. (2006), retrospective analysis, 36 adults, antinuclear
antibodies (ANA) in 13% of cases [202].

Yeletal. (2009), retrospective analysis, 15 adults, various autoimmune
syndromes in 20% of cases [203].

Cuadrado etal. (2019), cross-sectional study, 83 adults with LN. SIgMD
in 16.9% of cases [194].

Perazzio et al. (2016), a prospective controlled study, 300 adults with
SLE, 301 controls. SIgMD and/or SIgGSD in 28.7% of cases vs. 3.3% of
controls; p < 0.001 [41].

2B
(moderate strength)

SIgGSD

Humoral branch of
adaptive immunity

Frequency:
1:26-1:400

<60% 1gG1, <20% 1gG2,
<5% IgG3, <1% IgG4, or
“IgG1 greater than IgG2
greater than IgG3 greater
than IgG4”, or proportions
of individual subclasses
relative to the total IgG
pool (IgG1:1gG2:1gG3:1gG4
=22:8:2:1)

Barton JC et al. (2014), observational clinical study, 398 adults with
SIgGSD, various autoimmune syndromes, especially pSS and AT [136].
Barton et al. (2022), observational clinical study, 132 women with SIg-
GSD (48 subnormal IgG1, 49 combined subnormal IgG1/IgG3, 35 sub-
normal IgG3)—SLE, RA, pSS [204].

Hogendorf et al. (2021), observational retrospective study, 395 chil-
dren with DM1T, humoral deficiencies, mostly SIgGD, SIgAD, in 22.8%
of cases [118].

Oxelius et al. (1986), observational study, 313 children with SIgGSD,
DM1T and SHP with SIgG3D [205].

2B
(moderate strength)

SIgGD

Humoral branch of
adaptive immunity

Unspecified

Serum IgG concentration
<6 g/L [58], or <2 SD
below the lower limit of
normal

Shin et al. (2020), comparative study. CVID—105, SIgG2SD—108,
SIgGD—129, SPAD—44 adults. Higher frequency of autoimmune re-
actions against connective tissue in PMD and neoplasia in CVID with
the same frequency of infections [206].

2B
(moderate strength)
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Table 5. Cont.

PMD

Affected Branch of the Frequency/ Prevalence

Immune System in the Population

Diagnostic Criteria

Evidence Base

Level of Evidence (Centre for
Evidence-Based Medicine)

SPAD

Humoral branch of

adaptive immunity Unspecified

Specific IgM <37; 1gG <26;
IgA <13 U/mL (to
bacterial polysaccharides),
or attenuated response to
polyvalent polysaccharide
pneumococcal vaccine
(<0.035 pg/mL)

Filion et al. (2019), comparative study of CVID (mean serum IgG concen-
tration=2.5g/L) (n=124)and SIgGD (5.5 g/L) (n = 128) in adults. Higher
frequency of various autoimmune syndromes in CVID (40%) compared
with SIgGD (15%), especially AC (33% vs. 5% of cases) (p < 0.0001) [64].
Gerek et al. (2025), comparative study. Higher frequency of various au-
toimmune syndromes in CVID (n = 111) (33,3%) compared with SIgGD
(n=19) (10,5%) [207].
Dogru et al. (2025), comparative study. Higher frequency of AC in CVID
(n =270) compared with SIgGSD (n = 96), but in SIgGSD, higher JIA [208].
Lacombe etal. (1997), retrospective analysis, 119 adults with SIgGD in a
screening of 3,005 persons, risk of various autoimmune syndromes [209].
Khokar and Gupta (2019), retrospective analysis, 78 adults, increased fre-
quency of various autoimmune syndromes in SIgGSD [210].
Rahiminejad et al. (2013), case-control study, 36 children, SIgGSD in 11%,
SPAD in 39% of cases in ITP [77].
Khil'chenko et al. ~ (2020), observational study, 100—PV, 100—
higus foli 99—bullous higoid, 55 adults—linear IgA bul-
lous dermatosis, association with SIgG2SD [211].
Bertoli et al. (2014), observational study, 28 adults with autoimmune
cochleovestibular neuritis in 275 controls, association with subnormal
SIgG1SD and SIgG3SD [123].
Barton et al. (2016), observational study, 54 adults, subnormal
SIgG1SD—various autoimmune syndromes in 50.0% of cases, especially
AT [127].
Barton et al. (2020), observational study, 18 adults, subnormal
SIgG2SD—various autoimmune syndromes in 44.4% of cases [66].
Barton et al. (2016), observational study, 121 adults, subnormal
SIgG3SD—various autoimmune syndromes in 33.1% of cases, especially
AT [67].
Eriksson et al. (1995), prospective controlled study, SIgG2SD in 30 of 34
adults with pSS. The 1gG1/1gG2 index is higher than in the control group
(n=40) (p < 0.0001) [148].

2B
(moderate strength)

SIgED

Humoral branch of

. 1
adaptive immunity 1:30 (3%)

Partial deficiency <10
1U/mL. Total deficiency <
10 IU/mL (classical
ELISA), and < 2.0-2.5 KU/L
(high-precision ELISA)

Magen et al. (2014), epidemiological study, 18,487 people, various au-
toimmune syndromes in children and adults [72].

Al et al. (2021), population-based study, 34,809 patients (21,875 chil-
dren, 12,934 adults), various autoimmune diseases in 15.4% of cases
[212].

Nemet et al. (2025), population-based study (n = 123,393), higher num-
ber of autoimmune syndromes in SIgED (HR = 1.266; 95% CI: 1.099-
1.458) compared to normal IgE levels [213].

Smith et al. (1997), controlled clinical study, 420 adults, Allergy-
I 1 Clinic, various i syndromes in SIgED in 46%, in
the control group—in 15% of cases (p < 0.0001) [126].

Zhang et al. (2024), cross-sectional study, Tertiary hospital, 223 adults,
various autoimmune syndromes in 10.31% of cases [214].

Unsal et al. (2025), retrospective study, Inmunodeficiency referral cen-
ter, 677 adults, various autoimmune syndromes in 18.3% of cases [215].
Gerek et al. (2025), retrospective cohort study (n = 3,692), autoimmune
syndromes were higher in the SIgED versus controls (25.2% vs. 15.6%; p
<0.001), especially - AT, vitiligo, BD [216].

Picado et al. (2023), retrospective analysis, 52 adults, various autoim-
mune syndromes in 34.6% of cases [144].

1B
(moderate strength)

ICD4 + TL

Cellular branch of Frequency :
adaptive immunity 1:400 in Europe

<500 cells per 1
pl—partial deficiency, <
300 cells per 1
ul—complete deficiency

Cudrici et al. (2021), prospective single-center study, 67 adults, autoim-
mune syndromes in 54% of cases, one in 34% of cases, two or more in
20% of cases. Another 19% of patients have autoantibodies with an in-
complete clinical phenotype [217].

Perez-Diez et al. (2020), prospective single-center study, 72 adults, poly-
modal autoantibody profile as a representative feature [218].

Régent et al. (2014), retrospective analysis, 40 adults, various autoim-
mune syndromes in 35% of cases [82].

Ahmad et al. (2013), retrospective analysis, 401 adults, various autoim-
mune syndromes in 14.2% of cases [219].

Mandl et al. (2004), prospective single-center study, 80 adults with anti-
SSA + pSS. 1CD4 + TL in 16% of cases [220].

Kirtava etal. (1995), prospective single-center study, 115 adults with pSS.
ICD4 + TL in 5.2% of cases [221].

2B
(moderate strength)

MPOD

1:2000-4000 in Europe

Phagocytosis and the USA

Activity < 18 conventional
units (CU) for ELISA

Small controlled clinical trials and case reports—RF [222], RA [223], MS
[224], AT [225].

2C
(low strength)

NKD

Cellular branch of innate

immunity Unspecified

< 5% of the total blood
lymphocyte pool for cNCD

Green et al. (2005), case-control study, nSLE = 64, nRA = 17. Moderate
NKD in 20% of women and 75% of men with SLE, in 35% of women with
RA. Profound NKD in 25% of women with SLE. Moderate NKD in 10% of
healthy women and 29% of healthy men from families with SLE [125].
Villanueva et al. (2005), case-control study, 20 children, NKD in 50% of
cases in JIA [226].

Gascon et al. (1986), case-control study, 43 adults. NKD in 76% of cases
in AA [227].

1c
(low strength)

NKTD

Cellular branch of innate

immunity Unspecified

Deficiency criterion:
< 3% of the total
lymphocyte pool for
cNKTD

Tudhope et al. (2010), a prospective single-center study. 43 adults with
RA and 23 controls. Lower iNKT numbers (median 0.001% vs. 0.021%, p
< 0.001) and poorer response to a-GalCer (median fold-expansion 31 vs.
121, p = 0.037) in RA. Profound NKTD in RA. Association of NKTD with
CRP levels [124].

Lee etal. (2010), a prospective single-center study, 20 adults, adult-onset
Still’s Disease. Reduced iNKT numbers and response to a-GalCer. Sec-
ondary NK functional impairment [228].

Cho et al. (2012), a prospective single-center study, 128 adults, 92
healthy controls. Reduced iNKT numbers and response to «-GalCer in
SLE. Correlation with SLEDAI [48].

Wither et al. (2008), a prospective single-center study, 367 adults, first-
degree relatives with SLE, and 102 healthy individuals. NKTCD is asso-
ciated with ANA in families with SLE. Correlation of results in parents,
siblings and probands - NKTD heritability [229].

Kojo etal. (2001), a prospective single-center study, included adults with
RA (n =20), SLE (n =18), SSc (n=13), SS (n = 17), BS (n = 20) and healthy
subjects (n = 13). Quantitative NKTD—48.6%, qualitative NKTD—48.6%
of cases with autoimmunity, except BS. Impact of NKTD on prognosis and
response to treatment [173].

1c
(low strength)

CIE

Phagocytosis 1:1000

<0.015 x 10(9)/L

Magen et al. (2024), a large population-based study, 12,140 adults with
ICE, control group—24,280 people. Increased frequency of various au-
toimmune syndromes [46].

2B
(moderate strength)
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As Table 5 shows, PMDs form associations with autoimmune syndromes in a variable manner, most consistent
with the principle of a universal relationship. However, according to the current evidence base, it is still possible to
identify the closest associations between some forms of PMDs and autoimmune syndromes (Table 6).

Table 6. Some of the closest associations between PMDs and autoimmune syndromes.

No. PMD Category Autoimmune Syndrome Strength of Evidence (Centre for Evidence-Based Medicine)
1 MBLD SLE, RA [21,162] 2A (high strength)
2 SIgAD CeD, CD, NUC, RA, JIA, AT, DM1T [22] 3A (high strength)
3 ICD4 + TL RA, CD, AA, DM1T, pSS [82,217,218]. 2B (moderate strength)
4 SIgGSD SLE, SV, AC, pSS, DM1T [118,136,204] 2B (moderate strength)
5 SIgED SLE, AC, RA, AT [72,212,213] 1B (moderate strength)

6.3. Integral Concept of PMDs in Autoimmune Syndromes and Rethinking of Therapy

[t turns out that PMD is an ambivalent phenomenon. It includes, on the one hand, a decrease in immunore-
sistance due to the lack of a certain immune factor with the associated activation of microbial triggers [24]. And,
on the other hand, it can be due to immune dysregulation with secondary reciprocal hyperactivation of the part
of the immune system not involved in the PMD phenotype. It can result in the generation of an autoimmune syn-
drome [1] (Figure 6). Building a holistic picture of the pathogenesis of an integral disease with the definition of
at least three key components—the causal immunodeficiency, the relevant microbial trigger and the associated
autoimmune syndrome is important for achieving complete, comprehensive control over the immune-dependent
pathological process. And, accordingly to the clinical picture, total control is possible through triple therapy: im-
munotherapy of immunodeficiency as an etiological factor and, at the same time, the initial link in pathogenesis,
antimicrobial therapy to eliminate the trigger as a conductor and modulator of autoimmunity (intermediate link
in pathogenesis) and immunosuppressive therapy for autoimmunity itself (effector link in pathogenesis of the dis-
ease) (Figure 6) [230]. Interestingly, immunotherapy, which can currently be recommended for the treatment of
PMDs, often turns out to be effective for the treatment of associated microbial triggers and autoimmune diseases.
Thus, it demonstrates an integral polymodal immunomodulatory therapeutic effect, which may be a guide to ratio-
nal monotherapy of a complex pathogenetically structured immune-dependent human pathology. So, in this way,
we can avoid polypharmacy. Given this data, it is difficult to overestimate the ability of a physician to correctly se-
lect a particular immunotherapeutic agent for an immunocompromised patient with PMD with clinically manifest
microbe-induced autoimmunity.

3. Immunosuppressive treatment:
methylprednisolone, cytostatics, etc.

Autoimmune
syndrome, such
as SLE
Immunodeficiency, EBV
e.g, SlgG3D \
2. Valacyclovir

1. Intravenous human immunoglobulin as
replacement immunotherapy for SlgG3D

Figure 6. Wave model of immunodeficiency with microbe-induced associated autoimmune syndrome as an am-
bivalent phenomenon and the principle of oppositely directed integral therapeutic interventions (on the example
of the pathogenetic triad “SIgG3SD + EBV + SLE”).

Figure 6 demonstrates a basic model of the functional state of the immune system in PMDs in light of associated
autoimmune syndromes. It illustrates the paradoxically ambivalent state of the immune system in PMDs. Some im-
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mune factors are deficient (for example, IgG3 subclass in SIgG3SD), creating a state of reduced immune resistance
predisposing to the reactivation of certain opportunistic microbial triggers of autoimmunity, such as EBV. At the
same time, the other non-affected part of the immune system, due to the loss of reciprocal suppressive effects from
lost immune cells or proteins, is in a state of hyperactivation and can be involved in the development of an autoim-
mune reaction by a microbial trigger (for example, SLE). This ambivalent state, modulated by a microbial trigger, is
best described by a wave model, since a physical wave also has two opposing phases, which inseparably constitute
its essence. The wave model of PMDs explains the need for effective ambivalent immunomodulatory therapeutic
approaches with paradoxically multidirectional influences that simultaneously aim at weakening immune factors
(substitutional IVIG for SIgG3SD) and suppressing abnormally activated ones (chemical immunosuppressants for
SLE).

Thus, intravenous normal human immunoglobulin (IVIG) is the standard of treatment for humoral PMDs in which
serum IgG molecules are deficient [231,232]. It can provide temporary direct and complete replacement of serum
antibody deficiency [39,233]. In SIgMD and SIgAD, IVIG preparations containing only IgG molecules, but not IgM and
IgA, can be used for surrogate replacement. The clinical benefit of such therapy has been demonstrated in the results
of some clinical trials [234]. However, in SIgMD and SIgAD, direct replacement of the immune factor deficiency is also
possible through the use of a special IVIG preparation enriched with IgM and IgA molecules [235]. The benefit of such
interventions has also been demonstrated in some clinical trials [20,236]. Although the data for the routine use of
this approach are currently insufficient. Kaveri SV et al. rightly note that immunoglobulin therapy for humoral PID is
more than mere replacement therapy. It can additionally eliminate the manifestations of associated autoimmune and
allergic syndromes [237]. Thus, Kim JH et al. in a specially designed study demonstrated the complete elimination
of clinical manifestations of bronchial asthma during intravenous immunoglobulin replacement therapy for SIgGSD
without the need for additional use of glucocorticosteroids [238]. Indeed, AP [123] and AC [77], in the structure of
associated PMDs in which humoral immunity disorders play a large role, respond better to IVIG. It is currently the
first line of therapy for many of these autoimmune syndromes. However, in other forms of autoimmunity, where the
proportion of complement defects, phagocytosis and/or cellular immunodeficiencies is higher (for example, in SLE,
RA, BC and Churg-Strauss syndrome), IVIG is less effective. Thus, in CVID, associated LN can respond dramatically to
IVIG [239]. These indirect data indicate a high probability that immunotherapy of the causative PID also affects the
associated autoimmune syndrome. It should be tested in further clinical trials. Such insights will open the way to an in-
depth personalized multidisciplinary treatment of autoimmune syndromes. We must take into account the PMDs that
underlie them. The clinical potential of this approach was reported by Kojo S et al. in 2001 based on the results of a
study of autoimmune manifestations of NKTD [173]. Although in the case of cellular immunodeficiency, recombinant
human interleukin 2 (hr-IL2) may be more useful [240]. Su G et al. demonstrated the benefit of a differentiated
approach to the treatment of SLE depending on the nature of the PID underlying the autoimmune syndrome [241].
Fata F et al. reported the complete elimination of not only the laboratory phenotype of CyN, but also the clinical and
histological manifestations of associated CD after immunotherapy with recombinant granulocyte colony-stimulating
factor (hrG-CSF) as the basic therapy of CyN [242]. Eradication of the associated autoimmune syndrome by treatment
with PMDs has also been demonstrated in animal models [243].

Similar to IVIG in humoral PID, cytokine therapy including recombinant human interferons -alpha, -beta, -
gamma (hrIFN -a, -B, -y), hr-IL2, hrG-CSF, and thymosin-al (th-al) peptide therapy, has shown effectiveness in
cellular immune diseases. It also has cross-therapeutic effects on associated microbial triggers and autoimmune
syndromes [240] (Table 7). There are even reports of the combined use of different immunotherapeutic agents in
autoimmune syndromes, for example, IVIG and hrIFN-alpha in AH [244].

It is advisable to select an immunotherapy agent not only according to PMDs, but also to take into account the
immunomodulatory effect of this agent on the associated microbial trigger and autoimmune syndrome, which differ
in different immunotherapeutic drugs. Conversely, when choosing a basic therapy for autoimmunity, it is advisable
to take into account not only the form of the autoimmune syndrome itself, but also the features of the associated
PMDs and the probable microbial trigger of the breakdown of immune tolerance to autoantigens of the human body.

It seems rational to try to use only one immunotherapeutic agent, which, due to its simultaneous polymodal
immunomodulatory action, would provide an integral therapeutic effect on all three key components of the patho-
genesis of a complex clinical phenomenon: PMD, microbial trigger and autoimmune reaction. It would minimize
the use of drugs by eliminating the need for additional therapy. An example of such an approach is the use of IVIG
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at a dose of 2 g/kg/month for CMV-induced Guillain-Barré syndrome in a patient with SIgGSD or SIgMD [200].

Table 7. Cross-therapeutic activity of immunotherapeutic agents for PMD and autoimmune syndromes.

Immunotherapeutic PMD Autoimmune Syndromes
Agent
Kawasaki syndrome, GBS, chronic inflammatory demyelinating
VG SIgGSD, SIgGD, SPAD, UH, THI [39] polyneuropathy, multifocal motor neuropathy, ITP, DM, MG, PV [237]
hrlFN-alpha NKD [47], NKCD [245], ICD4 + BS [247,248], Charge-Strauss syndrome [249] (eosinophilic
p TCD [246] granulomatosis with polyangiitis) [250], AU [251], DM1T [252]
hriFN-beta NKTCD [253] MS [253]

NKD [47], NKTD [254], ICD4 +

hrlFN-gamma TCD [255], PPD [52], MPOD [225] RA [256]
Th-al ICD4 + TCD [257], NKCD [258] CD, ITP, autoimmunity after COVID-19 vaccination [259]
hr-IL2 NKD [47], ICD4 + TCD [82] SLE [260,261], LN [240]
hrG-CSE hrGM-CSF FBN, CyN, CIN [242] RA [262], CD [263]

Ignoring the causal PMDs leads to adverse clinical effects in medical practice, when, despite compensation
for the associated autoimmune syndrome, the patient further develops new clinical manifestations of PMD. Thus,
Narsai T et al. reported the transformation of EBV-induced autoimmune gastritis into EBV-induced gastric adeno-
carcinoma in a patient with SIgMD in the case of isolated use of autoimmune syndrome therapy without affecting
the viral trigger and PMD [264]. Ignoring the causal PMD can also lead to iatrogenic effects due to the influence
of the applied immunosuppressive therapy for autoimmunity on the natural course of the immune system disease.
Thus, Ajao SO et al. reported the development of iatrogenic Kaposi’s sarcoma after the use of vedolizumab for NUC
due to ignoring the causal immunodeficiency that led to inflammatory bowel disease [265].

Kurobane et al. first reported the complete resolution of SIgAD after allogeneic bone marrow transplanta-
tion [266]. However, it remains an open question whether the autoimmune syndromes associated with PMD
will disappear. For example, HadzZié N et al. demonstrated that primary sclerosing cholangitis can be completely
resolved after allogeneic hematopoietic stem cell transplantation for the treatment of cellular immunodeficiency
in patients [267].

6.4. Ways to Correct Current Errors

Barreto ICDP et al. state that PIDs are much more common phenomena in the human population than it seems
at first glance. They should become part of the routine work of general practitioners [268]. Accordingly, Shin JJ et
al. indicate a significant expansion of ideas about the spectrum of clinical manifestations of diseases of the immune
system in humans, which goes far beyond the well-known infectious syndrome [206]. Autoimmunity is a typical
manifestation of PMD [167], and therefore Sogkas G et al. call for more persistent attempts to search for inborn
errors in immunity in rheumatic diseases, given the known close relationship between them [269].

The lack of awareness among physicians and a certain bias in the scientific community regarding the problem of
PMD is a serious obstacle both to conducting further clinical studies and to the application of the evidence obtained
in the course of such studies in wide clinical practice. It is not without reason that the titles of articles on PMD often
use such emotional epithets as forgotten [270], ignored [271], underestimated [272] or undervalued [120] immune
system disease. And Vo Ngoc DT et al., considering the problem of SIgAD, speak of “the long and winding road” of
scientific research and clinical understanding of the phenomenology of SIgAD in humans [273]. Ignoring a number
of clinically significant PMDs leads to both distortion of the modern doctrine of immune-dependent manifestations
of immune system diseases and, probably, inaccuracies in statistical data on their prevalence in the modern human
population. Thus, Stiehm RE. et al., summarizing the results of the work of immunological centers, state the 4 most
common PIDs in children, in particular, THI, SIgGSD, SIgAD and SPAD [274]. Although in fact the most common
forms of PID in the pediatric population are MBLD (5-10%) [21], SIgDD (6-9%) [74], SIEED (3%) [72] and SIgGSD
(atleast 1% of people) [37].

The lack of understanding of the clinical significance of PMDs in humans is one of the main reasons for ignoring
these diseases by scientists and clinicians. Accordingly, Al S et al., conducting a population-based study of SIgED,
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asked a key fundamental question: “is there a clinical significance of very low serum immunoglobulin E level?” They
ultimately demonstrated a sharp increase in the frequency of allergic, autoimmune and oncological syndromes in
individuals with this PMD [212]. However, SIgED, as well as a number of other PMDs, is still not included in many PID
registries in humans [31]. Even small deviations of immunological parameters from the normative values in PMDs
can be clinically significant. Thus, severe clinical consequences of mild hypogammaglobulinemia [38], subnormal
forms of SIgG1SD [37], SIgG2SD [66], SIgG3SD [67] and even SIgG4SD [68] have been demonstrated.

The use of too strict, even reductionist, diagnostic criteria that do not take into account the diversity of the
described forms of PMDs and the known evolutionary scenarios of their development is also a serious obstacle to
a full understanding of the depth of the problem. It damages the proper clinical application of the obtained scien-
tific evidence. Thus, Janssen LMA et al.,, using the example of SIgMD, claim a large number of so-called unclassified
forms of PMDs (unPMD), which, however,; can have severe clinical manifestations [143]. In particular, partial forms
of PMD are often ignored. Accordingly, Jamee M. et al. substantiated the distinction between total (serum IgA con-
centration less than <7 mg/dL; so-called “selective IgA deficiency” (SIgAD)) and partial IgA deficiency (serum IgA
concentration less than the lower limit of normal, but above 7 mg/dL; so-called “partial IgA deficiency” (PIgAD)).
They demonstrated that in both forms of this PMD, an abnormally increased number of cases of respiratory infec-
tions, autoimmune polyendocrinopathies, and other autoimmune syndromes are noted [275].

Although the emergence of autoimmune syndromes in PMDs is becoming an increasingly well-known phe-
nomenon, their understanding may still remain rather superficial and incomplete. Are they “complete strangers”
or “two sides of the same coin” [276]? Describing autoimmunity in PMDs solely as a “crossroads” between autoim-
mune reactions and immunodeficiency [12,26,277] is incomplete. These phenomena not only coexist in the same
patientata certain pointin time, but are also interconnected in etiology and pathogenesis [22]. The alternative term
“overlap” has the same gnoseological problem [278]. In fact, it is often the same process in different manifestations,
and not a simple intersection of two independent diseases. It is also incorrect to present autoimmune syndromes
as complications [168] or comorbidities [275] of PMDs. The autoimmunity itself is a clinical manifestation of im-
munodeficiency. Based on these positions, the ideas of Schmidt RE et al. that immunodeficiencies and associated
autoimmune syndromes are different components of the one process (“two sides of the same coin”) seem more
correct [279]. Walter JE et al. noted that autoimmunity is not a random, but a regular and constant (“continuum”)
pathological process in immunocompromised individuals [280]. The same applies to the ideas about “crossovers”
between primary and secondary immunosuppression in autoimmunity [104]. Secondary immunosuppression can
be not only a separate clinical phenomenon independent of PID, but also a regular evolutionary continuation of the
PMD phenotype under the influence of certain additional factors, including some immunosuppressive therapeutic
interventions [177].

Certain terminological uncertainty and some reductionism in diagnostic criteria, insufficient understanding of
the diversity of PMDs in terms of form, origin, evolutionary scenario of development, interaction with each other
and with other diseases, poor understanding of the phenomena of heterogeneity of the clinical picture and vari-
ability of the clinical course of PMDs, imprecise distinction between PMD phenotypes and associated secondary
immunosuppression, difficulty in assessing the correlations between PMD phenotypes and associated autoimmune
syndromes are the conditions and factors that have led to both significant achievements, contradictions and gaps in
modern science about PMDs. And, without a doubt, such subjective human factors as bias and lack of awareness are
also present. So, modern scientific evidence of PMDs association with autoimmune syndromes is still incomplete.
There are “evidence, controversies and gaps” by Taietti I et al. on the example of SIgMD [281]. This situation leads
to the preservation of the currently outdated approach to diagnosing autoimmune syndromes, mostly as idiopathic
phenomena, without the need to clarify the etiological factor and individual mechanism of development. It does not
allow the use of available additional highly effective methods of personalized treatment, including immunotherapy
of causal immunodeficiency and interventions aimed at the trigger of autoimmunity.

It is necessary to increase the awareness of scientists and doctors about the problem of PID on the basis of im-
partiality and priority of scientific evidence. It could ensure wider diagnosis of PMDs in patients with autoimmune
pathology in clinical practice with the implementation of a progressive personalized multidisciplinary approach to
patient management with the provision of etiotropic and deepening pathogenetic therapy of the disease. We can
agree with the ideas of Hogendorf et al. [118] and Kojo et al. [173] regarding the need to stratify associated autoim-
mune syndromes according to the causes of PID. This would provide an impetus for further clinical research aimed
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at studying the heterogeneity of PMDs in humans, the breadth of its clinical phenotype, evolutionary development
scenarios, relevant and comprehensive diagnostic criteria, and the closeness of the association with various autoim-
mune and other immune-dependent syndromes. It can be due to the development of effective immunotherapeutic
approaches to compensate for PMDs and, accordingly, the manifestations of associated autoimmunity.

6.5. Directions for Further Research

The accumulated evidence base of the Association of PMDs and Autoimmune Syndromes in Humans should
be the basis for intensifying further clinical research in this direction. A wider coverage of PMDs nosologies is nec-
essary when studying the relationship with immune-dependent pathology in order to correct the existing hetero-
geneity of the strength of evidence for different PMDs [282]. Implementation of large population studies involving
medical data from tens and even hundreds of thousands of respondents, as has already been done with SIgED, will
strengthen the position of the scientific statement that PMDs are associated with the phenomenon of autoimmunity
in humans [283].

Separately, diagnostic searches should be directed at attempts to identify differences in clinical manifestations
and/or laboratory markers in autoimmune syndrome depending on the associated PMDs [284]. In other words, it is
necessary to clarify how the causal PMD affects the clinical and laboratory phenotype of the associated autoimmune
syndrome [285]. Accumulated evidence to date suggests that SIgAD-mediated SLE and NKD-mediated SLE may
differ in a number of key clinical and laboratory attributes [125]. So, we must take PMDs into account. It may lead to
stratification of autoimmune syndromes by associated immune system diseases, thereby optimizing diagnostic and
prognostic processes in the direction of personalized medicine. Bibliometrics of scientific biomedical publications
on primary immunodeficiency diseases in the Arab world is a perfect example of the first step on this way [286].

The interplay between genetic and epigenetic factors in PMD manifestation must be studied properly [287,288].

The next area of clinical research should be to study the possible impact of causal PMDs on the sensitivity of
the associated autoimmune syndrome to conventional immunosuppressive treatment, as well as to test the scien-
tific hypothesis that basic therapy of causal PMDs may improve the results of conventional immunosuppressive
treatment of associated autoimmune syndromes [289,290].

It is important to use the 5-year experience from the German Screening Program dedicated to syndromic in-
born errors of immunity in TREC-Newborn Screening [291]. We have to find simple and informative biomarkers of
PMDs in rheumatic patients for clinical practice [292]. Building alliances for early detection of PMDs from primary
care to hematology and clinical immunology is very important to solve these problems [293]. A practical reference
for the allergist/immunologist and the allergy-immunology fellow-in-training is necessary [294].

It may provide a more progressive personalized approach to diagnostic and therapy selection in many patients
with PMDs.

6.6. Limitations

It is necessary to admit that PMDs are studied heterogeneously. Along with deeply studied immunodeficien-
cies, such as SIgAD and MBLD, there are nosologies that have been reported quite a bit, for example, EPOD and
SIgDD. For some forms of PMDs, there are still no thorough reviews, systematic reviews, or meta-analyses. During
the long period covered by this systematic review, different laboratory measurement methods, units, and different
diagnostic criteria for some PMDs were used, which makes it difficult to compare and generalize the results.

Heterogeneity is also characteristic of autoimmune syndromes. The list of autoimmune diseases is constantly
expanding, so some nosological forms were not covered in early studies. The diagnostic criteria of autoimmune
diseases have changed over time, as well as laboratory methods of measuring biomarkers for diagnosis verification.
There may be overlapping mechanisms of the development of different autoimmune syndromes, which creates
difficulties in the interpretation of data in mixed syndromes.

Most cited data demonstrate association rather than causation. This fact leaves doubts about the existence of
a cause-and-effect relationship. However, the mechanisms underlying the development of autoimmunity in most
known PMDs are well understood, and a separate section of this review is devoted to them. Furthermore, there are
no studies with negative results that would refute the association. Therefore, there is no controversy. Most likely,
this is due to insufficient research in some areas.

Despite rigorous selection criteria, residual misdiagnosis cannot be completely excluded. In some studies, dif-
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ferentiation between primary minor immunodeficiencies and subclinical immune variants, age-related immune
dysfunction, or secondary immunosuppression may have been incomplete. Age-dependent immune immaturity
or immunosenescence, transient immune alterations, and immune suppression related to chronic disease or im-
munomodulatory therapy could have been misclassified as primary immune defects. In addition, incomplete re-
porting of exclusion criteria in retrospective studies limited the ability to fully disentangle primary from secondary
immune abnormalities. Such misclassification may have led to both overestimation and underestimation of PMD-
autoimmunity associations. However, consistency of findings across multiple independent studies and immune
pathways suggests that the principal conclusions remain robust.

Potential confounders (genetic susceptibility, environmental exposures, infections, treatment effects) are not
systematically addressed.

Narrative synthesis limitations and the absence of pooled effect sizes are also present.

All these features create certain limitations in the systematization of knowledge about PMDs, and the correc-
tion of these shortcomings should be the subject of further clinical research.

7. Ethical Aspects

This study was conducted in accordance with established ethical standards for research involving human data.
As a systematic review based exclusively on analysis of previously published, anonymized data, it did not involve
direct contact with human participants, collection of identifiable personal information, or intervention. Therefore,
approval from an institutional ethics committee and informed consent were not required.

The review adhered to principles of transparency, accuracy, and responsible reporting, including careful cita-
tion of original sources and critical appraisal of study quality. Potential ethical concerns related to misclassification
or overinterpretation of findings were addressed through conservative evidence weighting and explicit acknowl-
edgment of study limitations.

8. Conclusions

Until now, no attempt has been made to globally systematize data on the association between PMDs and autoim-
mune syndromes in humans, despite the accumulation of data over more than 45 years. This is the first systematic
review on PMDs and autoimmunity, which shows the state of research on this topic to date over a long period of
time. This became possible after clarification of the phenomenology of PMDs, the growth of scientific knowledge
about the variety, frequency, and clinical significance of PMDs and the development of a clinical and laboratory
classification of PMDs in humans, i.e., creation of the theoretical and methodological basis of PMDs.

As the results of this review show, PMDs are associated with the development of the whole spectrum of known
autoimmune syndromes in humans on a population scale in a universal manner with some nosological prerogatives,
age, ethnic, geographical and gender differences. Due to its diversity, widespread nature, and critical importance,
PMDs are a fairly representative natural model of the development of various autoimmune syndromes in people at
the expense of the entire population.

Obtained data can help to better understand the phenomenology and wide diversity of mechanisms of the
development of immune-dependent syndromes, both on a population scale and in particular individuals, for funda-
mental medical sciences. Also this can improve diagnostic approaches, the selection of both immunosuppressive
therapy for autoimmune manifestations and basic immunotherapy for underlying PMDs for practical medicine. So,
we can provide a potentially more effective integrative personalized multidisciplinary approach to patient man-
agement with etiopropic influences [295-297]. Autoimmune diseases can be divided into subgroups depending
on the associated PMDs in rheumatology. PMDs can be divided into associated autoimmune syndromes in clinical
immunology [298,299]. It becomes possible to establish the etiology of the so-called idiopathic syndromes and
prescribe not only pathogenetic and symptomatic, but also etiotropic therapy [300,301]. It must take into account
during conducting diagnostic searches and building a structure of clinical diagnoses in routine medical practice.
Therefore, it is difficult to overestimate the data obtained in this review.

The identification of the relationship between PMDs and autoimmune syndromes contributes to progress in
the diagnosis, clinical management and prognosis of patients suffering from heterogeneous autoimmune pathol-
ogy. It allows the identification of the etiology of the existing immunodependent lesion, which opens the way to
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personalized etiotropic treatment. Such therapy affects not only the pathogenesis of the disease, but also the cause
of the development of the pathology. It also provides an opportunity to better predict complications and clinical
consequences on an individual basis.

However, there are a number of limitations that could affect the final conclusion. There is extremely heteroge-
neous and, apparently, insufficient evidence base for a number of PMDs. It is advisable to conduct additional ratio-
nally designed clinical studies in the field of the association of PMDs with the phenomenon of autoimmunity. It is
necessary to take into account reasonable observations and a number of potential errors and shortcomings. They
are thoroughly discussed in this review. Key factors influencing clinical and epidemiological findings include termi-
nological inconsistencies, multiple autoimmune pathways, heterogeneity of PMD origin and evolution, overlap with
other immunodeficiencies and comorbidities, variability of clinical phenotypes and course, difficulties distinguish-
ing PMDs from secondary immunosuppression, and the absence of standardized diagnostic criteria for many PMDs.
Overlap with subclinical immunodeficiency, age-related immune dysfunction, and secondary immunosuppression
remains unclear. Potential confounders (genetic susceptibility, environmental exposures, infections, treatment ef-
fects, etc.) are not absolutely excluded. The solving of these problems would allow us to clarify the role and place
of PMDs in the development of autoimmune syndromes in humans. So, we will improve the clinical consequences
of autoimmune syndromes in immunocompromised individuals.

At the same time, we did not find negative studies that would not encourage the association of PMDs and au-
toimmunity in humans. Thus, it is not a matter of controversy, but of insufficient study of some nosologic units. It
is natural for such a variety of forms of PMDs and autoimmune syndromes. In addition, the association of a number
of PMDs and autoimmune syndromes has been confirmed by the results of qualitative meta-analyses and system-
atic reviews. Fundamental science has demonstrated many pathogenetic mechanisms of breakdown of immune
tolerance in PMDs. Immunotherapeutic agents used for the treatment of PMDs also help with many autoimmune
syndromes that are associated with these PMDs. These data allow us to lean towards a cause-and-effect relation-
ship, rather than a random combination or variable predisposition. However, the model of PMDs as a universal
factor in the development of autoimmunity in humans undoubtedly requires further validation.

So, to avoid the overinterpretation of results, we should clearly distinguish exploratory findings from validated
conclusions and explicitly acknowledge the limitations of in silico or indirect evidence. To achieve this goal, a large
body of new, well-designed, high-quality clinical trials investigating the Association of PMDs and Autoimmune Syn-
dromes in Humans is needed. The results of this systematic review should be viewed with caution as encouraging
data that require further careful verification.

Thus, for the first time, data on the global association of PMDs with autoimmune syndromes in humans have
been collected, which is significant for theoretical and practical medicine. It changes our fundamental knowledge
about the nature of immunocompromise phenomenon in humans. This should be reflected in diagnostic and ther-
apeutic recommendations for practicing doctors and become the subject of further clinical studies. However, we
have to perform a philosophical rethinking of the problem of PMDs based on the scientific evidence accumulated to
date. It is necessary to make related methodological changes in the organization of the research process. Without
these transformations, it is hardly possible to achieve significant progress in the field of studying the Association of
PMDs and Autoimmune Syndromes in Humans.

Funding

This work received no external funding.

Institutional Review Board Statement

Not applicable.

Informed Consent Statement

Not applicable.

Data Availability Statement

The date can be found at https://pubmed.ncbi.nlm.nih.gov/.

34


https://pubmed.ncbi.nlm.nih.gov/

Trends in Inmunotherapy | Volume 10 | Issue 02

Conflicts of Interests

The author declares no conflict of interest.

Al Use Statement

During the preparation of this work the author used ChatGPT 4.0 for some tables and figures building. The

author subsequently reviewed and edited content as necessary and take full responsibility for the final content of

the publishing article.

References

1. Amaya-Uribe, L.; Rojas, M.; Azizi, G.; et al. Primary immunodeficiency and autoimmunity: A comprehensive
review. J. Autoimmun. 2019, 99, 52-72.

2. Li, P; Wang, Q.; Yang, Y,; et al. Autoimmune thyroid disease and human health: A systematic review of
Mendelian randomization studies. Front. Immunol. 2025, 16, 1689498.

3. Masoch, E; Durieu, I.; Roubertou, Y.; et al. Primary humoral immunodeficiencies associated with en-
teropathies: An update. Rev. Med. Interne 2026, in press. [CrossRef] (in French)

4.  Goudouris, E.S. Immunodeficiencies: non-infectious manifestations. J. Pediatr. 2021, 97, S24-S33.

5. Khanbabaee, G.; Pourghasem, M.; Jamee, M.; et al. Demographic, clinical, and immunological features in com-
bined immunodeficiency patients: a comparative analysis of those with and without pulmonary manifesta-
tions - a multicenter study from Iran. BMC Pulm. Med. 2026, 26, 100.

6. Celik, G.G.; Tas, D.A,; Tahiroglu, A.Y,; et al. Mannose-Binding Lectin 2 Gene Polymorphism in PANDAS Patients.
Noro Psikiyatr Ars. 2018, 56, 99-105.

7.  Amador, WEO,; Vitor, I.C.; Tomé, M.R,; et al. Global epidemiology and determinants of autoimmune hepati-
tis recurrence post-liver transplantation: A systematic review and meta-analysis. Transplant. Rev. 2026, 40,
100984.

8.  Di Cosmo, L.; Mulic-Al Bunni, S.; Goh, Y,; et al. Systematic Review and Meta-Analysis of the Clinical Features
Associated With Seronegative Autoimmune Encephalitis. Neurol. Neuroimmunol. Neuroinflamm. 2026, 13,
€200540.

9.  Alhumaid, S.; Al Mutared, K.M.; Al Alawi, Z.; et al. Severity of SARS-CoV-2 infection in children with inborn
errors of immunity (primary immunodeficiencies): a systematic review. Allergy Asthma Clin. Inmunol. 2023,
19, 69.

10. Tzang, C.C; Sheng, H.; Kuo, V.F; et al. Association between COVID-19 and New-Onset Autoimmune Diseases:
Updated Systematic Review and Meta-Analysis of 97 Million Individuals. Clin. Rev. Allergy Immunol. 2025, 68,
111.

11. Moundir, A;; Jeddane, L.; Bousfiha, A.A. Insights into the genetic theory of infectious diseases. Tunis Med. 2024,
102,521-528.

12. Woessner, N.M; Keller, B.; Minguet, S. LCK at the crossroad of immunodeficiency and autoimmunity: Mecha-
nisms and therapeutic opportunities. Immunol. Lett. 2026, 279, 107126.

13.  Cortesi, M,; Soresina, A.; Dotta, L.; et al. Pathogenesis of Autoimmune Cytopenias in Inborn Errors of Immu-
nity Revealing Novel Therapeutic Targets. Front. Inmunol. 2022, 13, 846660.

14.  Tsoulis, M.W,; Williams, K.W. Keeping up with recent developments in immunodeficiency. Ann. Allergy Asthma
Immunol. 2025, 134, 259-268.

15.  Kose, H.; Akalin, A. Clinical and genetic spectrum of inborn errors of immunity: a retrospective study on
outcomes at a single center. Front. Inmunol. 2026, 17,1758410.

16. Lee, PY; Abraham, R.S. The complex relationship between inborn errors of immunity and autoimmunity. J.
Allergy Clin. Immunol. 2026, 157, 337-339.

17. Bousfiha, A;; Moundir, A.; Tangye, S.G.; et al. The 2022 Update of IUIS Phenotypical Classification for Human
Inborn Errors of Immunity. J. Clin. Immunol. 2022, 42, 1508-1520.

18. Tangye, S.G.; Al-Herz, W.; Bousfiha, A.; et al. Human Inborn Errors of Immunity: 2022 Update on the Classi-
fication from the International Union of Immunological Societies Expert Committee. J. Clin. Immunol. 2022,
42,1473-1507.

19.  Fumagalli, R,; Saettini, F. Expanding the Spectrum of Selective IgM Deficiency: From Infections to Immune

Dysregulation. Int. J. Mol. Sci. 2025, 26, 9003.

35


https://doi.org/10.1016/j.revmed.2026.02.005

Trends in Inmunotherapy | Volume 10 | Issue 02

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Collet, A,; Coiffard, B.; Ledoult, E.; et al. IgA and IgM-enriched Immunoglobulins in Primary Immunodeficien-
cies: a Pilot Study. J. Clin. Immunol. 2025, 46, 2.

Xu, J.; Chen, G.; Yan, Z.; et al. Effect of mannose-binding lectin gene polymorphisms on the risk of rheumatoid
arthritis: Evidence from a meta-analysis. Int. J. Rheum. Dis. 2021, 24, 300-313.

Vosughimotlagh, A.; Rasouli, S.E.; Rafiemanesh, H.; et al. Clinical manifestation for immunoglobulin A defi-
ciency: a systematic review and meta-analysis. Allergy Asthma Clin. Inmunol. 2023, 19, 75.

Aluri, ].; Cooper, M.A. Somatic mosaicism in inborn errors of immunity: Current knowledge, challenges, and
future perspectives. Semin. Immunol. 2023, 67, 101761.

Zhang, W,; Scott, A.F.; Mohr, D.W,; et al. Complete CD16A Deficiency and Defective NK Cell Function in a Man
Living with HIV. J. Clin. Immunol. 2025, 45, 98.

Lamas, A.; Faria, R.; Marinho, A.; et al. The mosaic of systemic lupus erythematosus: From autoimmunity to
autoinflammation and immunodeficiency and back. Autoimmun. Rev. 2024, 23, 103675.

Dupré, L.; Castanon, I.; Boztug, K. Immune-related actinopathies at the cross-road of immunodeficiency, au-
toimmunity and autoinflammation. Nat. Rev. Immunol. 2026, 26, 89-111.

Torres-Salido, M.; Cortés-Hernandez, J.; Balada, E.; et al. Systemic lupus erythematosus as a first presenta-
tion of common variable immunodeficiency associated with infrequent mannose-binding lectin gene poly-
morphisms. Rheumatol. Int. 2011, 31, 537-541.

Vemula, M.; Oftedal, B.E.; Iraji, D.; et al. A novel heterozygous pathogenic AIRE variant causing autoimmunity
but not infectious susceptibility. J. Hum. Immun. 2025, 1, e20250151.

Ugrakly, S.; Colkesen, F; Tatar, S.; et al. Association between gut microbiota-derived TMAO, systemic inflam-
matory markers, and echocardiographic findings in patients with common variable immunodeficiency. BMC
Immunol. 2026, 27, 18.

Sacco, K.A.;; Notarangelo, L.D.; Delmonte, 0.M. When to suspect inborn errors of immunity in Epstein-Barr
virus-related lymphoproliferative disorders. Clin. Microbiol. Infect. 2023, 29, 457-462.

Lumsden, J.M.; Urv, TK. The Rare Diseases Clinical Research Network: a model for clinical trial readiness.
Ther. Adv. Rare Dis. 2023, 4, 1-18.

Lnu, P; Sehgal, V,; Kapila, S.; et al. Ataxia Telangiectasia Presenting as Cervical Dystonia. Cureus 2022, 14,
e30723.

Gross, S.; Blaiss, M.S.; Herrod, H.G. Role of immunoglobulin subclasses and specific antibody determinations
in the evaluation of recurrent infection in children. J. Pediatr. 1992, 121, 516-522.

Azizoglu, Z.B.; Babayeva, R.; Haskologlu, Z.S.; et al. DIAPH1-Deficiency is Associated with Major T, NK and ILC
Defects in Humans. J. Clin. Inmunol. 2024, 44, 175.

Litzman, ].; Ward, A.M.; Wild, G.; et al. Serum IgD levels in children under investigation for and with defined
immunodeficiency. Int Arch Allergy Immunol. 1997, 114, 54-58. [CrossRef]

Vivarelli, E.; Matucci, A.; Bormioli, S.; et al. Effectiveness of low-dose intravenous immunoglobulin therapy in
minor primary antibody deficiencies: A 2-year real-life experience. Clin. Exp. Inmunol. 2021, 205, 346-353.
Van Kessel, D.A.; Horikx, PE.; Van Houte, A/].; et al. Clinical and immunological evaluation of patients with
mild IgG1 deficiency. Clin. Exp. Immunol. 1999, 118, 102-107.

Janssen, L.M.A,; Bassett, P,; Macken, T, et al. Mild Hypogammaglobulinemia Can Be a Serious Condition. Front.
Immunol. 2018, 9, 2384.

Smits, B.M.; Kleine Budde, I.; de Vries, E.; et al. Immunoglobulin Replacement Therapy Versus Antibiotic
Prophylaxis as Treatment for Incomplete Primary Antibody Deficiency. J. Clin. Imnmunol. 2021, 41, 382-392.
Aghamohammadi, A.; Mohammadji, J.; Parvaneh, N.; et al. Progression of selective IgA deficiency to common
variable immunodeficiency. Int. Arch. Allergy Immunol. 2008, 147, 87-92.

Perazzio, S.F; Granados, A.; Salomio, R.; et al. High frequency of immunodeficiency-like states in systemic
lupus erythematosus: a cross-sectional study in 300 consecutive patients. Rheumatology 2016, 55, 1647-
1655.

Lew, J.; Suresh, S.; Corriveau-Bourque, C. A descriptive analysis of autoimmune cytopenias in children with
inborn errors of immunity. Paediatr. Child Health 2025, 30, 705-709.

Merz, L.E.; Story, C.M.; Osei, M.A,; et al. Absolute neutrophil count by Duffy status among healthy Black and
African American adults. Blood Adv. 2023, 7,317-320.

Ogbue, 0.D.; Kewan, T.; Bahaj, W.S.; et al. New approaches to idiopathic neutropenia in the era of clonal
hematopoiesis. Exp. Hematol. Oncol. 2023, 12, 42.

Yu, L.; Li, Y;; Li, W,; et al. Case report: A cyclic neutropenia patient with ELANE mutation accompanied by
hemophagocytic lymphohistiocytosis. Front. Inmunol. 2024, 15, 1474429.

36


https://doi.org/10.1159/000237643

Trends in Inmunotherapy | Volume 10 | Issue 02

46.

47.
48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Magen, E.; Vinker-Shuster, M.; Merzon, E.; et al. Chronic idiopathic eosinopenia, allergic, and autoimmune
disorders. J. Allergy Clin. Inmunol. Pract. 2024, 12, 1933-1936.

Orange, ].S. How | Manage Natural Killer Cell Deficiency. J. Clin. Imnmunol. 2020, 40, 13-23.

Cho, Y.N; Kee, SJ.; Lee, S.J.; et al. Numerical and functional deficiencies of natural killer T cells in systemic
lupus erythematosus: their deficiency related to disease activity. Rheumatology 2011, 50, 1054-1063.
Belohlavkova, P; Hrochova, K.; Fatorova, I.; et al. MonoMAC syndrome with GATA2 novel mutation: A case
report. Leuk. Res. Rep. 2022, 18, 100346.

Milligan, K.L.; Mann, D.; Rump, A.; et al. Complete Myeloperoxidase Deficiency: Beware the “False-Positive”
Dihydrorhodamine Oxidation. J. Pediatr. 2016, 176, 204-206.

Cappelletti, P; Doretto, P; Signori, D.; et al. Eosinophilic peroxidase deficiency. Cytochemical and ultrastruc-
tural characterization of 21 new cases. Am. J. Clin. Pathol. 1992, 98, 615-622.

Merselis, L.C.; Jiang, S.Y.; Nelson, S.F; et al. MPEG1 /Perforin-2 Haploinsufficiency Associated Polymicrobial
Skin Infections and Considerations for Interferon-y Therapy. Front. Immunol. 2020, 11, 601584.

van de Winkel, ].G.; de Wit, T.P; Ernst, L.K; et al. Molecular basis for a familial defect in phagocyte expression
of IgG receptor I (CD64). J. Immunol. 1995, 154, 2896-2903.

Rauscher, C.K,; Fajt, M.L.; Bryk, ].; et al. Clinical implications of C6 complement component deficiency. Allergy
Asthma Proc. 2020, 41, 386-388.

Balduit, A.; Bianco, A.M.; Mangogna, A.; et al. Genetic bases of C7 deficiency: systematic review and report of
a novel deletion determining functional hemizygosity. Front. Immunol. 2023, 14, 1192690.

Lamb, E.R; Criss, A.K. Terminal complement complexes with or without C9 potentiate antimicrobial activity
against Neisseria gonorrhoeae. mBio 2025, 16,e0014125.

Zheng, G.; Zhang, ].; Peng, K,; et al. Complement C9 deficiency as a novel risk factor for invasive Candida
esophagitis in children: a single case in-depth analysis. BMC Pediatr. 2026, 26, 293. [CrossRef]

Oliveira Cavalcanti, E.; Freitas Lidani, K.C.; de Freitas Oliveira Toré, C.; et al. MASP1 Gene Polymorphism and
MASP-3 Serum Levels in Patients with Chronic Chagas Disease. Immunol. Invest. 2022, 51, 2108-2121.
Tereshchenko, S.Y.; Smolnikova, M.V.; Freidin, M.B. Ficolin-3 and MASP-2 gene variants in Siberian arctic pop-
ulations: Summarized evidence of selective pressure for the high frequency of lectin complement pathway
deficiency. Scand. J. Immunol. 2023, 97, e13249.

Moschese, V,; Graziani, S.; Avanzini, M.A.; et al. A prospective study on children with initial diagnosis of tran-
sient hypogammaglobulinemia of infancy: results from the Italian Primary Immunodeficiency Network. Int.
J. Immunopathol. Pharmacol. 2008, 21, 343-352.

Suarez-Cuartin, G.; Lores, C.; Gomez-Olivas, ].D.; et al. Primary Humoral Immunodeficiencies and Bronchiec-
tasis in Adults. J. Clin. Med. 2025, 15, 179.

Ozdemir, E.; Karaselek, M.A.; Guner, S.N.; et al. Pediatric selective IgM deficiency: clinical features and a pre-
liminary risk index for immunoglobulin replacement therapy. Immunol. Res. 2025, 73, 175.

Janssen, L.M.A.; Macken, T,; Creemers, M.C.W,; et al. Truly selective primary IgM deficiency is probably very
rare. Clin. Exp. Immunol. 2018, 191, 203-211.

Filion, C.A.; Taylor-Black, S.; Maglione, PJ.; et al. Differentiation of Common Variable Inmunodeficiency From
IgG Deficiency. J. Allergy Clin. Immunol. Pract. 2019, 7, 1277-1284.

Imam, K.; Huang, J.; White, A.A. Isotype deficiencies (IgG subclass and selective IgA, IgM, IgE deficiencies).
Allergy Asthma Proc. 2024, 45,317-320.

Barton, ].C.; Barton, ].C.; Bertoli, L.F;; et al. Characterization of adult patients with IgG subclass deficiency and
subnormal IgG2. PLoS One 2020, 15, e0240522.

Barton, ].C; Bertoli, L.F,; Barton, ].C.; et al. Selective subnormal IgG3 in 121 adult index patients with frequent
or severe bacterial respiratory tract infections. Cell. Imnmunol. 2016, 299, 50-57.

Jeraiby, M.A. Molecular basis of immunoglobulin heavy constant G4 gene (IGHG4)-related low serum IgG4
subclasses in Down syndrome. Saudi Med. J. 2021, 42, 975-980.

Hua, L.; Guo, D.; Liu, X; et al. Selective IgA Deficiency with Multiple Autoimmune Comorbidities: A Case
Report and Literature Review. Iran. J. Immunol. 2023, 20, 232-239.

Canales-Herrerias, P; Garcia-Carmona, Y.; Shang, J.; et al. Selective IgA2 deficiency in a patient with small
intestinal Crohn'’s disease. J. Clin. Invest. 2023, 133, e167742.

Polosukhin, V.V;; Richmond, B.W.; Du, R.H.; et al. Secretory IgA Deficiency in Individual Small Airways Is As-
sociated with Persistent Inflammation and Remodeling. Am. J. Respir. Crit. Care Med. 2017, 195,1010-1021.
Magen, E.; Schlesinger, M.; David, M. Selective IgE deficiency, immune dysregulation, and autoimmunity. Al-
lergy Asthma Proc. 2014, 35, e27-€33.

37


https://doi.org/10.1186/s12887-026-06681-1

Trends in Inmunotherapy | Volume 10 | Issue 02

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

Tiirk, M.; Yilmaz, I. From Selective Immunoglobulin E (IgE) Deficiency to Primary Immunodeficiencies Co-
existing with Chronic Spontaneous Urticaria: A Call for Immunological Survey. J. Clin. Pract. Res. 2025, 47,
642-643.

Fraser, PA.; Schur, PH. Hypoimmunoglobulinemia D: frequency, family studies, and association with HLA. Clin.
Immunol. Inmunopathol. 1981, 19, 67-74.

Zhang, Y,; Hou, Y.; Yu, M,; et al. IgD in nucleus of pro-B cells promotes pro-B cells proliferation by regulating
E2F3 expression. Cell Biosci. 2025, 15, 149.

Hatcher, V.R,; Alix, V.C.; Hellu, T.S.; et al. Primary Immunodeficiency: Specific antibody deficiency with normal
IgG. Allergy Asthma Proc. 2024, 45, 321-325.

Rahiminejad, M.S.; Mirmohammad Sadeghi, M.; Mohammadinejad, P; et al. Evaluation of humoral immune
function in patients with chronic idiopathic thrombocytopenic purpura. Iran. J. Allergy Asthma Immunol.
2013, 12, 50-56.

Fasshauer, M.; Dinges, S.; Staudacher, O.; et al. Monogenic Inborn Errors of Immunity with impaired IgG re-
sponse to polysaccharide antigens but normal IgG levels and normal IgG response to protein antigens. Front.
Pediatr. 2024, 12, 1386959.

Plebani, A.; Carbonara, A.O.; Bottaro, A.; et al. Two siblings with deficiency of IgA1, IgG2, IgG4 and IgE due to
deletion of immunoglobulin heavy chain constant region genes. Year Immunol. 1993, 7, 231-235.
Drygiannakis, I.; Theodoraki, E.; Tsafaridou, M.; et al. Crohn’s Disease-Like Features in a Patient With IgE and
Selective IgG1 and IgG3 Deficiency. Cureus 2023, 15, e34655.

Castillo-Sigales, A.A.; Acuatla-Munguia, P,; Palafox-Olvera, A.; et al. Primary immunodeficiency with hypogam-
maglobulinemia and minimum midline defect. Rev. Alerg. Mex. 2025, 72, 100. (in Spanish)

Régent, A.; Autran, B.; Carcelain, G.; et al. Idiopathic CD4 lymphocytopenia: clinical and immunologic charac-
teristics and follow-up of 40 patients. Medicine 2014, 93, 61-72.

Wang, T, Liu, S.; Liang, X.; et al. Lupus nephritis association with idiopathic CD4 + T lymphocytopenia: a case
report of a young man with recalcitrant warts. BMC Nephrol. 2025, 26, 381.

Soomann, M.; Prader, S.; Agyeman, PK.A.; et al. Natural History of Swiss Infants with Non-SCID T-cell Lym-
phopenia Detected by Newborn Screening: A Cohort Study. J. Clin. Immunol. 2025, 45, 166.

dela Calle-Martin, O.; Hernandez, M.; Ordj, ].; et al. Familial CD8 deficiency due to a mutation in the CD8 alpha
gene. J. Clin. Invest. 2001, 108, 117-123.

Mackley, M.P; Brager, R.; Geddie, H.; et al. Expanding Phenotype of GINS1 Deficiency: A Case Report and
Review of the Literature. Clin. Genet. 2026. [CrossRef]

Stea, E.D.; Pesce, F,; Bari, I.D.; et al. MBL2 deficiency and IgA Nephropathy in transplant patients: Is comple-
ment inhibition always beneficial? Eur. J. Intern. Med. 2026, 106765.

Markocsy, A.; Kapustova, D.; Cere$, A,; et al. Atypical Manifestation of X-linked Agammaglobulinemia - the
Importance of Genetic Testing. Acta Medica 2024, 67, 60-63.

Naor, S.; Schiby, G.; Adam, E.; et al. Abnormal immunoglobulin expression and B-cell follicle organization in
inborn errors of immunity/primary immunodeficiency. Virchows Arch. 2025. [CrossRef]

Florova, M.; Abreu-Mota, T.; Paesen, G.C.; et al. Central tolerance shapes the neutralizing B cell repertoire
against a persisting virus in its natural host. Proc. Natl. Acad. Sci. US.A. 2024, 121,e2318657121.

Rimland, C.A.,; Lam, M.T,; Lee, PY. DOCK8 at the crossroads of immunodeficiency and hyperinflammation. J.
Allergy Clin. Immunol. 2025, 155, 1199-1201.

Ho, H.E.; Radigan, L.; Meffre, E.; et al. IgA defects in CVID lead to bacterial translocation, increased serum
y-interferon, and BAFFE. . Hum. Immun. 2026, 2, e20250080.

Conrey, PE.; Denu, L.; O'Boyle, K.C,; et al. IgA deficiency destabilizes homeostasis toward intestinal microbes
and increases systemic immune dysregulation. Sci. Immunol. 2023, 8, eade2335.

Sogkas, G.; Dubrowinskaja, N.; Adriawan, .R.; et al. High frequency of variants in genes associated with pri-
mary immunodeficiencies in patients with rheumatic diseases with secondary hypogammaglobulinaemia.
Ann. Rheum. Dis. 2021, 80, 392-399.

Donald, K;; Petersen, C.; Turvey, S.E.; et al. Secretory IgA: Linking microbes, maternal health, and infant health
through human milk. Cell Host Microbe 2022, 30, 650-659.

Dong, L.; Jiang, H.; Chen, K; et al. Mannan-Binding Lectin Deficiency Limits Inflammation-induced Myeloid-
Derived Suppressor Cells Expansion via Modulating Tumor Necrosis Factor Alpha-triggered Apoptosis. Int. J.
Biol. Sci. 2022, 18, 1580-1593.

Timofeeva, A.M.; Sedykh, S.E.; Nevinsky, G.A. Anti-Idiotypic Antibodies in Immune Regulation and Disease:
Therapeutic Promise for Next-Generation Vaccines. Vaccines 2025, 13, 1224.

38


https://doi.org/10.1111/cge.70147
https://doi.org/10.1007/s00428-025-04378-x

Trends in Inmunotherapy | Volume 10 | Issue 02

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

Halma, C.; Daha, M.R;; van der Meer, ].W,; et al. Effect of monomeric immunoglobulin G (IgG) on the clearance
of soluble aggregates of IgG in man. J. Clin. Lab. Immunol. 1991, 35, 9-15.

Tavares Dantas, A.; Rodrigues de Almeida, A.; Ferraz Cordeiro, M.; et al. Thiazolidine derivative (LPSF/CR-
35) modulates the production of IL-174, IL-10, IL-4, TFN, CCL2 and CXCL8 in PBMC from systemic sclerosis
patients. Pharmacol. Rep. 2026, 78, 292-302.

Zhou, Z.; Lourens, M.S.; Meesilpavikkai, K.; et al. Gain-of-Function Variant in STAT3 and Retinal Macular
Edema: Insights into the IL-6R/JAK/STAT3 Pathway in Retinal Pigment Epithelium. Ocul. Immunol. Inflamm.
2025, 34, 1-15.

Luo, X,; Xu, L.; Caj, |J.; et al. CMTM6 promotes synovial proliferation and macrophage polarization by pre-
venting ubiquitination of TAK1 in rheumatoid arthritis. J. Orthop. Transl. 2026, 56, 101005.

Bagheri, Y.; Sanaei, R.; Yazdani, R.; et al. The Heterogeneous Pathogenesis of Selective Immunoglobulin A
Deficiency. Int. Arch. Allergy Immunol. 2019, 179, 231-246.

Nagieva, S.; Smirnikhina, S. Allogeneic Hematopoietic Stem Cell Transplantation as a Therapeutic Approach
for Hereditary Diseases. Biomedicines 2025, 13, 2903.

Ballow, M.; Leiding, ].W. Precision Medicine in the Treatment of Primary Immune Deficiency Patients With
Disorders of Immune Dysregulation. Clin Rev Allergy Immunol. 2022, 63, 1-8.

Grumach, A.S.; Goudouris, E.S. Inborn Errors of Immunity: how to diagnose them? J. Pediatr. 2021, 97,
$84-590.

Borg Azzopardi, D.; Vella, A.; Ceci Bonello, E.; et al. SRP54-related congenital neutropenia: a multidisci-
plinary effort. BMJ Case Rep. 2026, 19, e270598.

Zhuo, L.; Ma, P; Chen, M.; et al. Novel pathogenic variant in the deficiency in ELF4, X-linked (DEX): case
report and literature review. Orphanet J. Rare Dis. 2025, 20, 535.

Batista, C.H.R.; Smanio, M.C.M.; Poltronieri, PB.; et al. Selective IgM deficiency: evaluation of 75 patients
according to different diagnostic criteria. Immunol. Res. 2024, 73, 15.

Eigenmann, PA.; Ambinder, R.F; Lederman, H.M. Chronic sinusitis with acquired immunoglobulin A (IgA)
deficiency after bone marrow transplantation. Otolaryngol. Head Neck Surg. 1997, 117, S226-S228.

Liu, S;; Ma, S,; Liu, G.; et al. CK2B Induces CD8 + T-Cell Exhaustion through HDAC8-Mediated Epigenetic
Reprogramming to Limit the Efficacy of Anti-PD-1 Therapy in Non-Small-Cell Lung Cancer. Adv. Sci. 2025, 12,
e2411053.

Zhang, ].; van Oostrom, D.; Li, ].; et al. Innate Mechanisms in Selective IgA Deficiency. Front. Inmunol. 2021,
12,649112.

Hammarstrom, L.; Smith, C.I. Development of [gG2 deficiency in a bone-marrow-transplanted patient. Trans-
plantation 1987, 43,917-9109.

Abedi, M.R,; Hammarstrém, L.; Ringdén, O.; et al. Development of IgA deficiency after bone marrow trans-
plantation. Transplantation 1990, 50, 415-421.

Krance, R.A.; Spruce, WE.,; Forman, S.J.; et al. Human cyclic neutropenia transferred by allogeneic bone
marrow grafting. Blood 1982, 60, 1263-1266.

Freiberger, T.; Litzman, ].; Vondruskova, E. Role of aspartic acid at position 57 of the HLA-DQ beta chain in
sporadic and familial forms of selective IgA deficiency. Cas Lek. Cesk. 2001, 140, 770-773.

Alajmi, A.; Alsharidah, S.; Khalifa, N.; et al. Spectrum of Primary Immune Regulatory Disorders in Children
in a Highly Consanguineous Population: Report from a National Registry. J. Clin. Inmunol. 2026, 46, 25.

El Sissy, C.; Rosain, ].; Vieira-Martins, P,; et al. Clinical and Genetic Spectrum of a Large Cohort With Total
and Sub-total Complement Deficiencies. Front. Inmunol. 2019, 10, 1936.

Hogendorf, A.; Szymanska, M.; Krasinska, J.; et al. Clinical heterogeneity among pediatric patients with au-
toimmune type 1 diabetes stratified by immunoglobulin deficiency. Pediatr. Diabetes 2021, 22, 707-716.

Moschese, V,; Chini, L.; Graziani, S.; et al. Follow-up and outcome of symptomatic partial or absolute IgA
deficiency in children. Eur. J. Pediatr. 2019, 178, 51-60.

Koenen, M.H.; van Montfrans, ].M.; Sanders, E.A.M.; et al. Inmunoglobulin A deficiency in children, an un-
dervalued clinical issue. Clin. Immunol. 2019, 209, 108293.

Zivkovié, ].; Lipej, M.; Bani¢, L; et al. Respiratory and allergic disorders in children with severe and partial
immunoglobulin A immunodeficiency. Scand. J. Immunol. 2019, 90, e12828.

Perazzio, S.F;; Silva, N.P; Carneiro-Sampaio, M.; et al. Mild and moderate Mannose Binding Lectin deficiency
are associated with systemic lupus erythematosus and lupus nephritis in Brazilian patients. Rev. Bras. Reuma-
tol. 2016, 56, 220-227.

Bertoli, L.F; Pappas, D.G.; Barton, ].C.; et al. Serum immunoglobulins in 28 adults with autoimmune sen-

39



Trends in Inmunotherapy | Volume 10 | Issue 02

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

sorineural hearing loss: increased prevalence of subnormal immunoglobulin G1 and immunoglobulin G3.
BMC Immunol. 2014, 15, 43.

Tudhope, S.J.; von Delwig, A.; Falconer, |.; et al. Profound invariant natural killer T-cell deficiency in inflam-
matory arthritis. Ann. Rheum. Dis. 2010, 69, 1873-1879.

Green, M.R;; Kennell, A.S.; Larche, M.].; et al. Natural Killer cell activity in families of patients with systemic
lupus erythematosus: demonstration of a killing defect in patients. Clin. Exp. Immunol. 2005, 141, 165-173.

Smith, ].K.; Krishnaswamy, G.H.; Dykes, R.; et al. Clinical manifestations of IgE hypogammaglobulinemia. Ann.
Allergy Asthma Immunol. 1997, 78, 313-318.

Barton, ].C.; Bertoli, L.F; Barton, ].C.; etal. Selective Subnormal IgG1 in 54 Adult Index Patients with Frequent
or Severe Bacterial Respiratory Tract Infections. J. Immunol. Res. 2016, 1405950.

Orren, A.,; Wiirzner, R.; Potter, P.C.; et al. Properties of a low molecular weight complement component Cé6
found in human subjects with subtotal C6 deficiency. Immunology 1992, 75, 10-16.

Sgrulletti, M.; Costagliola, G.; Giardino, G.; et al. The Evolutionary Scenario of Pediatric Unclassified Primary
Antibody Deficiency to Adulthood. J. Clin. Med. 2023, 12, 4206.

Jolles, S.; Tyrer, M.; Johnson, M.; et al. Long term recovery of IgG and IgM production during HIV infection in
a patient with common variable immunodeficiency. J. Clin. Pathol. 2001, 54, 713-715.

Lim, C.K; Dahle, C; Elvin, K; et al. Reversal of Immunoglobulin A Deficiency in Children. J. Clin. Immunol.
2015, 35,87-91.

Castigli, E.; Wilson, S.A.; Garibyan, L.; et al. TACI is mutant in common variable immunodeficiency and IgA
deficiency. Nat. Genet. 2005, 37, 829-834.

Joller, PW.; Buehler, A.K.; Hitzig, W.H. Transitory and persistent IgA deficiency. Reevaluation of 19 pediatric
patients once found to be deficient in serum IGA. J. Clin. Lab. Immunol. 1981, 6,97-101.

Kazi, A.; Strauch, C.; Roy, S.; et al. Temporal patterns of IgE levels in patients with IgE deficiency. Ann. Allergy
Asthma Immunol. 2024, 133, 346-347.

Desar, I.M.; Weemaes, C.M.; van Deuren, M.; et al. Reversible hypogammaglobulinaemia. Neth. J. Med. 2007,
65,381-385.

Barton, J.C.; Bertoli, L.F; Barton, ]J.C. Comparisons of CVID and IgGSD: Referring Physicians, Autoimmune
Conditions, Pneumovax Reactivity, Inmunoglobulin Levels, Blood Lymphocyte Subsets, and HLA-A and -B
Typing in 432 Adult Index Patients. J. Inmunol. Res. 2014, 542706.

Kelly, P; Jack, D.L.; Naeem, A.; et al. Mannose-binding lectin is a component of innate mucosal defense against
Cryptosporidium parvum in AIDS. Gastroenterology 2000, 119, 1236-1242.

Erbagci, Z. Noma-like gangrenous cheilitis in a child with cyclic neutropenia associated with myeloperoxi-
dase deficiency. Pediatr. Dermatol. 2003, 20, 519-523.

Barton, ].C.; Barton, J.C.; Bertoli, L.E. Clinical and laboratory associations of mannose-binding lectin in 219
adults with IgG subclass deficiency. BMC Immunol. 2019, 20, 15.

Bijker, E.M.; Bateman, E.A.L.; Triick, |.; et al. Screening for Immunodeficiencies in Children With Invasive
Pneumococcal Disease: Six-year Experience From a UK Children’s Hospital. Pediatr. Infect. Dis. |]. 2022, 41,
575-578.

Nahum, A.; Somech, R.; Shubinsky, G.; et al. Unusual phenotype in patients with a hypomorphic mutation
in the DCLRE1C gene: IgG hypergammaglobulinemia with IgA and IgE deficiency. Clin. Immunol. 2020, 213,
108366.

Jiménez, A.; Alvarez-Doforno, R.; Garcia Rodriguez, M.C.; et al. Autoantibodies in patients with IgA and IgG2
deficiencies. APMIS 1991, 99, 327-332.

Janssen, L.M.A,; Reijnen, 1.C.G.M.; Milito, C.; et al. Protocol for the unclassified primary antibody deficiency
(unPAD) study: Characterization and classification of patients using the ESID online Registry. PLoS One 2022,
17,e0266083.

Picado, C.; de Landazuri, I.0.; Vlagea, A.; et al. Spectrum of Disease Manifestations in Patients with Selective
Immunoglobulin E Deficiency. J. Clin. Med. 2021, 10, 4160.

Schoettler, ].J.; Schleissner, L.A.; Heiner, D.C. Familial IgE deficiency associated with sinopulmonary disease.
Chest 1989, 96, 516-521.

Papadea, C.; Check, I.]. Human immunoglobulin G and subclasses: biochemical, genetic, and clinical aspects.
Crit. Rev. Clin. Lab. Sci. 1989, 27, 27-58.

Park, ].K.; Kim, D.; Lee, ].M.; et al. Clinical Utility of Personalized Serum IgG Subclass Ratios for the Differ-
entiation of IgG4-Related Sclerosing Cholangitis (IgG4-SC) from Primary Sclerosing Cholangitis (PSC) and
Cholangiocarcinoma (CCA). J. Pers. Med. 2022, 12, 855.

40



Trends in Inmunotherapy | Volume 10 | Issue 02

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.
168.

169.

170.

171.

172.

Eriksson, P; Almroth, G.; Denneberg, T; et al. I[gG2 Deficiency in Primary Sjogren’s Syndrome and Hyper-
gammaglobulinemic Purpura. Clin. Inmunol. Inmunopathol. 1994, 70, 60-65.

Potlukova, E.; Freiberger, T.; Limanova, Z.; et al. Association between low levels of Mannan-binding lectin
and autoimmune thyroid disease in pregnancy. PLoS One 2013, 8, e81755.

Potlukova, E.; Jiskra, |.; Freiberger, T, et al. The production of mannan-binding lectin is dependent upon thy-
roid hormones regardless of the genotype: A cohort study of 95 patients with autoimmune thyroid disorders.
Clin. Immunol. 2010, 136, 123-129.

Aghamohammadi, A.; Cheraghi, T.; Gharagozlou, M.; et al. IgA deficiency: correlation between clinical and
immunological phenotypes. J. Clin. Inmunol. 2009, 29, 130-136.

Gulez, N.; Karaca, N.E.; Aksu, G.; et al. Increased percentages of autoantibodies in immunoglobulin A-
deficient children do not correlate with clinical manifestations. Autoimmunity 2009, 42, 74-79.

Jonsson, G.; Oxelius, V.A.; Truedsson, L.; et al. Homozygosity for the IgG2 subclass allotype G2M(n) protects
against severe infection in hereditary C2 deficiency. J. Immunol. 2006, 177, 722-728.

Barka, N.; Shen, G.Q.; Shoenfeld, Y.; et al. Multireactive pattern of serum autoantibodies in asymptomatic
individuals with immunoglobulin A deficiency. Clin. Diagn. Lab. Immunol. 1995, 2, 469-472.

Conrey, P.E.; Denu, L.; O’Boyle, K.C.; et al. IgA deficiency destabilizes homeostasis toward intestinal microbes
and increases systemic immune dysregulation. Sci. Immunol. 2023, 8, eade2335.

Koskinen, S. Long-term follow-up of health in blood donors with primary selective IgA deficiency. J. Clin.
Immunol. 1996, 16, 165-170.

Bogunovic, D. Incomplete penetrance in inborn errors of immunity: A skeleton in the closet-The sequel. J.
Hum. Immun. 2025, 1,e20250064.

Erkogoglu, M.; Metin, A.; Kaya, A.; et al. Allergic and autoimmune disorders in families with selective IgA
deficiency. Turk. J. Med. Sci. 2017, 47, 592-598.

Johnson, M.L.; Keeton, L.G.; Zhu, Z.B.; et al. Age-related changes in serum immunoglobulins in patients with
familial IgA deficiency and common variable immunodeficiency (CVID). Clin. Exp. Inmunol. 1997, 108, 477 -
483.

Yazdani, R.; Latif, A.; Tabassomi, F; et al. Clinical phenotype classification for selective immunoglobulin A
deficiency. Expert Rev. Clin. Immunol. 2015, 11, 1245-1254.

Yuan, Z.C.; Xu, W.D,; Lan, Y.Y;; et al. Association of MBL2 gene polymorphisms and systemic lupus erythe-
matosus susceptibility: A meta-analysis. Int. J. Rheum. Dis. 2021, 24, 147-158.

Mahto, H.; Pati, A.; Sahu, S.K;; et al. Association of MBL-2 gene polymorphisms with systemic lupus erythe-
matosus: an updated meta-analysis and trial sequential analysis. Lupus 2020, 29, 1227-1237.

Bayati, P,; Neamah, D.H.; Bagheri, Y; et al. Elevated IL-27 and altered anti-inflammatory cytokine levels in
SLE patients with end-stage renal disease. Clin. Biochem. 2026, 143,111106.

Ferreira, R.C.; Pan-Hammarstrom, Q.; Graham, R.R.; et al. Association of IFIH1 and other autoimmunity risk
alleles with selective IgA deficiency. Nat. Genet. 2010, 42, 777-780.

Poddighe, D.; Capittini, C. The Role of HLA in the Association between IgA Deficiency and Celiac Disease. Dis.
Markers 2021, 2021, 8632861.

Vorechovsky, 1.; Webster, A.D.; Plebani, A.; et al. Genetic Linkage of IgA Deficiency to the Major Histocom-
patibility Complex: Evidence for Allele Segregation Distortion, Parent-of-Origin Penetrance Differences, and
the Role of Anti-IgA Antibodies in Disease Predisposition. Am. . Hum. Genet. 1999, 64, 1096-1109.

Singh, K.; Chang, C.; Gershwin, M.E. IgA deficiency and autoimmunity. Autoimmun. Rev. 2014, 13, 163-177.

Shimamura, Y.; Maeda, T.; Abe, K.; et al. Selective immunoglobulin M deficiency complicated by systemic
lupus erythematosus and antiphospholipid syndrome: a case report and review of literature. CEN Case Rep.
2021, 10, 435-441.

Baleva, M.P; Mihaylova, S.; Yankova, P; et al. A rare case of Addison’s disease, hepatitis, thyreoiditis, positive
IgG anti-tissue transglutaminase antibodies and partial IgA deficiency. Cent. Eur. . Immunol. 2016, 41, 217-
220.

Tanha, N.; Troelsen, L.; From Hermansen, M.L.; et al. MBL2 gene variants coding for mannose-binding lectin
deficiency are associated with increased risk of nephritis in Danish patients with systemic lupus erythemato-
sus. Lupus 2014, 23,1105-1111.

Ramos-Casals, M.; Brito-Zerdn, P; Soria, N.; et al. Mannose-binding lectin-low genotypes are associated
with milder systemic and immunological disease expression in primary Sjogren’s syndrome. Rheumatology
(Oxford) 2009, 48, 65-69.

Nasr, I; Al Kindi, M.; Al Abri, S.; et al. Selective Immunoglobulin A Deficiency Among Omani Patients

41



Trends in Inmunotherapy | Volume 10 | Issue 02

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

186.
187.

188.

189.

190.

191.

192.

193.

194.

195.

196.

197.

198.

Screened for Celiac Disease: A Cross-sectional Study. Oman Med. J. 2025, 40, e731.

Kojo, S.; Adachi, Y;; Keino, H.; et al. Dysfunction of T cell receptor AV24A]J18+,BV11+ double-negative regu-
latory natural killer T cells in autoimmune diseases. Arthritis Rheum. 2001, 44, 1127-1138.

Fahl, K;; Silva, C.A.; Pastorino, A.C.; et al. Autoimmune diseases and autoantibodies in pediatric patients and
their first-degree relatives with immunoglobulin A deficiency. Rev. Bras. Reumatol. 2015, 55, 197-202.

Ballow, M.; Sdnchez-Ramon, S.; Walter, ].E. Secondary Immune Deficiency and Primary Immune Deficiency
Crossovers: Hematological Malignancies and Autoimmune Diseases. Front. Immunol. 2022, 13, 928062.

Labrosse, R.; Barmettler, S.; Derfalvi, B.; et al. Rituximab-induced hypogammaglobulinemia and infection
risk in pediatric patients. J. Allergy Clin. Inmunol. 2021, 148, 523-532.

Suyama, K.; Kawasaki, Y.; Abe, Y.; et al. Development of common variable immunodeficiency in IgA- and
IgG2-deficient patients with systemic lupus erythematosus. Pediatr. Nephrol. 2012, 27, 489-492.

Engel, E.R.; Walter, ].E. Rituximab and eculizumab when treating nonmalignant hematologic disorders: in-
fection risk, immunization recommendations, and antimicrobial prophylaxis needs. Hematol. Am. Soc. Hema-
tol. Educ. Program 2020, 2020, 312-318.

Otani, .M.; Lehman, H.K,; Jongco, A.M.; et al. Practical guidance for the diagnosis and management of sec-
ondary hypogammaglobulinemia: A Work Group Report of the AAAAI Primary Immunodeficiency and Al-
tered Immune Response Committees. J. Allergy Clin. Immunol. 2022, 149, 1525-1560.

Ottaviano, G.; Sgrulletti, M.; Moschese, V. Secondary rituximab-associated versus primary immunodeficien-
cies: The enigmatic border. Eur. J. Immunol. 2022, 52, 1572-1580.

Jesus, A.A;; Jacob, C.M,; Silva, C.A.; et al. Common Variable Immunodeficiency Associated with Hepatosplenic
T-Cell Lymphoma Mimicking Juvenile Systemic Lupus Erythematosus. Clin. Dev. Immunol. 2011, 2011,
428703.

Guarino, A.D.; Luglio, G.; Imperatore, N.; et al. Cyclic Neutropenia Mimicking Crohn’s Disease: Two Case
Reports and a Narrative Review. J. Clin. Med. 2023, 12, 6323.

Goldstein, R.; Karsh, J. Transition of SLE to common variable hypogammaglobulinemia. Am. J. Med. 1990,
88, 554.

Baum, C.G.; Chiorazzi, N.; Frankel, S.; et al. Conversion of systemic lupus erythematosus to common variable
hypogammaglobulinemia. Am. J. Med. 1989, 87, 449-456.

Zhang, C; Zhu, ].; Li, S.L.; et al. The association of mannose-binding lectin genetic polymorphisms with the
risk of rheumatoid arthritis: a meta-analysis. J. Recept. Signal Transduct. Res. 2015, 35, 357-362.

Song, G.G.; Bae, S.C,; Seo, Y.H.; et al. Meta-analysis of MBL polymorphisms. Z. Rheumatol. 2014, 73, 657-664.

El Alami, H.; Bouqdayr, M.; Errafii, K.; et al. Association of MBL2 gene polymorphisms with type 2 diabetes
and its complications in Moroccan population. Nucleosides Nucleotides Nucleic Acids 2026, 45, 131-152.

Kaur, T,; Kashyap, S.S.; Arora, S.; et al. Mannose-Binding Lectin Gene Variants as Disease Susceptibility
Biomarkers in Rheumatoid Arthritis. Genet. Test. Mol. Biomarkers 2024, 28, 360-366.

Jahan, I.; Hayat, S.; Khalid, M.M.; et al. Association of mannose-binding lectin 2 gene polymorphisms with
Guillain-Barré syndrome. Sci. Rep. 2022, 12,5791.

Werth, V.P; Berlin, J.A.; Callen, ]J.P; et al. Mannose Binding Lectin (MBL) Polymorphisms Associated with
Low MBL Production in Patients with Dermatomyositis. J. Invest. Dermatol. 2002, 119, 1394-1399.

Im, C.H.; Kim, ].; Lee, YJ.; et al. Mannose-binding lectin 2 gene haplotype analysis in Korean patients with
ankylosing spondylitis. Rheumatol. Int. 2012, 32, 2251-2255.

Kovacs, M.; Papp, M.; Lakatos, P.L.; et al. Low mannose-binding lectin (MBL) is associated with paediatric
inflammatory bowel diseases and ileal involvement in patients with Crohn disease. J. Crohns Colitis 2013, 7,
134-141.

Kubicka-Trzaska, A. Immunologic disturbances in patients with idiopathic posterior uveitis. Klin. Oczna
2000, 102, 253-258.

Cuadrado, M.].; Calatayud, I.; Urquizu-Padilla, M.; et al. Inmunoglobulin abnormalities are frequent in pa-
tients with lupus nephritis. BMC Rheumatol. 2019, 3, 30.

Ludvigsson, ].E; Neovius, M.; Hammarstrom, L. Association Between IgA Deficiency & Other Autoimmune
Conditions: A Population-Based Matched Cohort Study. J. Clin. Immunol. 2014, 34, 444-451.

Odineal, D.D.; Gershwin, M.E. The Epidemiology and Clinical Manifestations of Autoimmunity in Selective
IgA Deficiency. Clin. Rev. Allergy Immunol. 2020, 58, 107-133.

Wang, N.; Shen, N.; Vyse, TJ.; et al. Selective IgA deficiency in autoimmune diseases. Mol. Med. 2011, 17,
1383-1396.

Giingoren, E.Y.; Caliskan, N.; Ozkalkan, B.; et al. Insights into the clinical spectrum of selective IgA deficiency:

42



Trends in Inmunotherapy | Volume 10 | Issue 02

199.

200.

201.

202.

203.

204.

205.

206.

207.

208.

209.

210.

211.

212.

213.

214.

215.

216.

217.

218.

219.

220.

221.

222.

223.

Data from two centers. Allergol. Immunopathol. 2025, 53, 32-37.

Ni, ].; Zhang, ].; Chen, Q.; et al. The epidemiology and clinical features of selective immunoglobulin M defi-
ciency: A single-center study in China. J. Clin. Lab. Anal. 2020, 34, e23289.

Caka, C.; Cimen, O.; Kahyaoglu, P; et al. Selective IgM deficiency: Follow-up and outcome. Pediatr. Allergy
Immunol 2021, 32, 1327-1334.

Lucuab-Fegurgur, D.L.; Gupta, S. Comprehensive clinical and immunological features of 62 adult patients
with selective primary IgM deficiency. Am. J. Clin. Exp. Immunol. 2019, 8, 55-67.

Goldstein, M.F,; Goldstein, A.L.; Dunsky, E.H.; et al. Selective IgM immunodeficiency: retrospective analysis
of 36 adult patients with review of the literature. Ann. Allergy Asthma Immunol. 2006, 97, 717-730.

Yel, L.; Ramanuja, S.; Gupta, S. Clinical and immunological features in IgM deficiency. Int. Arch. Allergy Im-
munol. 2009, 150, 291-298.

Barton, J.C.; Barton, ].C.; Bertoli, L.F. Hydroxychloroquine therapy and serum immunoglobulin levels in
women with IgG subclass deficiency and systemic lupus erythematosus, Sjéogren syndrome, and rheumatoid
arthritis: a retrospective study. Arch. Immunol. Ther. Exp. 2022, 70, 14.

Oxelius, V.A;; Hanson, L.A.; Bjorkander, ].; et al. IgG3 deficiency common in obstructive lung disease Hered-
itary in families with immunodeficiency and autoimmune disease. In Immunoglobulin Subclass Deficiencies
(Monographs in Allergy); S Karger Ag: Basel, Switzerland; New York, NY, USA, 1986; pp. 106-115.

Shin, ].J.; Liauw, D.; Siddiqui, S.; et al. Immunological and clinical phenotyping in primary antibody deficien-
cies: a growing disease spectrum. J. Clin. Immunol. 2020, 40, 592-601.

Gerek, M.E.; Colkesen, F; Onalan, T.; et al. Comparative analysis of demographic and clinical features in
common variable immunodeficiency and selective immunoglobulin G deficiency. Allergy Asthma Proc. 2025,
46, 498-505.

Dogru, D.; Dogru, Y.; Atschekzei, F; et al. Reappraisal of IgG subclass deficiencies: a retrospective compara-
tive cohort study. Front. Inmunol. 2025, 16, 1552513.

Lacombe, C.; Aucouturier, P; Preud’homme, J.L. Selective I1gG1 deficiency. Clin. Immunol. Inmunopathol.
1997, 84, 194-201.

Khokar, A.; Gupta, S. Clinical and immunological features of 78 adult patients with primary selective IgG
subclass deficiencies. Arch. Immunol. Ther. Exp. 2019, 67, 325-334.

Khil’chenko, S.; Boch, K.; van Beek, N.; et al. Alterations of total serum immunoglobulin concentrations in
pemphigus and pemphigoid: selected IgG2 deficiency in bullous pemphigoid. Front. Med. 2020, 7, 472.

Al S.; Asilsoy, S.; Uzuner, N.; et al. Is there a clinical significance of very low serum immunoglobulin E level?
J. Clin. Immunol. 2021, 41, 1893-1901.

Nemet, S.; Elbirt, D.; Cohen, R.; et al. IgE deficiency (<2.5 IU/mL) in children: clinical insights from a
population-based study of 123,393 subjects. Pediatr. Allergy Immunol. 2025, 36, e70092.

Zhang, ].; Ni, ].; Kong, W,; et al. Various clinical manifestations of 223 patients with IgE deficiency in a tertiary
hospital in China: a cross-sectional study. Medicine (Baltimore) 2024, 103, e38397.

Unsal, H.; Ekinci, A.; Aliyeva, G.; et al. Characteristics of patients with low serum IgE levels and selective IgE
deficiency: data from an immunodeficiency referral center. Clin. Immunol. 2025, 270, 110403.

Gerek, M.E; Colkesen, F; Onalan, T;; et al. Selective immunoglobulin E deficiency and its association with
autoimmune and autoinflammatory diseases. Allergy Asthma Proc. 2025, 46, €91-e97.

Cudrici, C.D.; Boulougoura, A.; Sheikh, V,; et al. Characterization of autoantibodies, immunophenotype and
autoimmune disease in a prospective cohort of patients with idiopathic CD4 lymphocytopenia. Clin. Immunol.
2021, 224,108664.

Perez-Diez, A.; Wong, C.S.; Liu, X,; et al. Prevalence and pathogenicity of autoantibodies in patients with
idiopathic CD4 lymphopenia. J. Clin. Invest. 2020, 130, 5326-5337.

Ahmad, D.S.; Esmadi, M.; Steinmann, W.C. Idiopathic CD4 lymphocytopenia: spectrum of opportunistic in-
fections, malignancies, and autoimmune diseases. Avicenna J. Med. 2013, 3, 37-47.

Mandl, T; Bredberg, A.; Jacobsson, L.T; et al. CD4 + T-lymphocytopenia - a frequent finding in anti-SSA
antibody seropositive patients with primary Sjégren’s syndrome. J. Rheumatol. 2004, 31, 726-728.

Kirtava, Z.; Blomberg, J.; Bredberg, A.; et al. CD4 + T-lymphocytopenia without HIV infection: increased
prevalence among patients with primary Sjogren’s syndrome. Clin. Exp. Rheumatol. 1995, 13, 609-611.

Patiroglu, T.; Eke Gling6r, H.; Belohradsky, ].S.; et al. Myeloperoxidase deficiency: the secret under the flag
of unstained cell. Turk. J. Haematol. 2013, 30, 232-233.

Bell, A.L.; Markey, G.M.; Alexander, H.D.; et al. Myeloperoxidase deficiency in a patient with rheumatoid
arthritis: oxygenation and radical activity by phagocytic cells. Br. J. Rheumatol. 1993, 32, 162-165.

43



Trends in Inmunotherapy | Volume 10 | Issue 02

224.

225.

226.

227.

228.

229.

230.
231.

232.

233.

234.

235.

236.

237.

238.

239.

240.

241.

242.

243.

244.

245.

246.

247.

248.

Ramsaransing, G.; Teelken, A.; Prokopenko, V.M.; et al. Low leucocyte myeloperoxidase activity in patients
with multiple sclerosis. J. Neurol. Neurosurg. Psychiatry 2003, 74, 953-955.

Maltsev, D.V. Effectiveness of long-term continuous immunomodulatory therapy with gamma-recombinant
interferon in patients with clinically manifest forms of neutrophil myeloperoxidase deficiency. Arch. Venez.
Farmacol. Ter. 2020, 39, 672-679.

Villanueva, |.; Lee, S.; Giannini, E.H.; et al. Natural killer cell dysfunction is a distinguishing feature of sys-
temic onset juvenile rheumatoid arthritis and macrophage activation syndrome. Arthritis Res. Ther. 2005, 7,
R30-R37.

Gascon, P; Zoumbos, N.; Young, N. Analysis of natural killer cells in patients with aplastic anemia. Blood
1986, 67, 1349-1355.

Lee, S.J.; Cho, Y.N,; Kim, TJ.; et al. Natural killer T cell deficiency in active adult-onset Still’s disease: corre-
lation of deficiency of natural killer T cells with dysfunction of natural killer cells. Arthritis Rheum. 2012, 64,
2868-2877.

Wither, ].; Cai, Y.C.; Lim, S.; et al. Reduced proportions of natural killer T cells are present in the relatives of
lupus patients and are associated with autoimmunity. Arthritis Res. Ther. 2008, 10, R108.

Perez, E. Future of therapy for inborn errors of immunity. Clin. Rev. Allergy Immunol. 2022, 63, 75-89.

Jang, ].H.; Kim, ].H.; Park, H.S. Current issues in the management of IgG subclass deficiencies in adults with
chronic respiratory diseases. Allergy Asthma Immunol. Res. 2023, 15, 562-579.

Collet, A.; de Chambure, D.P,; Moitrot, E.; et al. Non-allergic hypersensitivity reactions to immunoglobulin
preparations in antibody deficiencies: what role for anti-IgA IgG and complement activation? Clin. Rev. Al-
lergy Immunol. 2024, 67, 47-57.

Shehadeh, S.; Betschel, S.; Cameron, D.W,; et al. Immunoglobulin treatment and clinical outcomes: data
from the Ontario immunoglobulin treatment program multicenter case registry. Ther. Adv. Hematol. 2025,
16,1-11.

Goldstein, M.F,; Hilditch, G.J.; Dvorin, D.J.; et al. Immunoglobulin replacement for selective IgM immunodefi-
ciency, bronchiectasis, and asthma. Ann. Allergy Asthma Immunol. 2016, 116, 172-173.

Spano, S.; Licitra, G.; Cucciolini, G.; et al. The efficacy of [gM-enriched immunoglobulin (elg) administration
for treatment of sepsis and septic shock in adult surgical patients: a single-center, retrospective, observa-
tional study. J. Clin. Med. 2026, 15, 1526.

Arduin, L.; Cassir, N.; Coiffard, B. IgA/IgM enriched immunoglobulin therapy for recurrent pulmonary infec-
tions in a patient with partial IgA deficiency and lung transplantation. Transpl. Infect. Dis. 2026, e70189.

Kaveri, S.V.; Maddur, M.S.; Hegde, P; et al. Intravenous immunoglobulins in immunodeficiencies: more than
mere replacement therapy. Clin. Exp. Inmunol. 2011, 164, 2-5.

Kim, ].H.; Ye, YM.; Ban, G.Y.; et al. Effects of immunoglobulin replacement on asthma exacerbation in adult
asthmatics with IgG subclass deficiency. Allergy Asthma Immunol. Res. 2017, 9, 526-533.

Geneviéve, M.; Bonnet, F; Michaux, C.; et al. Lupus nephritis associated with common variable immunode-
ficiency: favourable outcome with intravenous immunoglobulin treatment. Rev. Med. Interne 2012, 33, e31-
e33.

Zhang, X.; Feng, R.; Shao, M.; et al. Low-dose interleukin-2 as an alternative therapy for refractory lupus
nephritis. Rheumatol. Ther. 2021, 8, 1905-1914.

Su, G.; Lai, J.; Zhu, J.; et al. Analysis of five cases of monogenic lupus related to primary immunodeficiency
diseases. Inflamm. Res. 2021, 70,1211-1216.

Fata, F; Myers, P,; Addeo, |.; et al. Cyclic neutropenia in Crohn’s ileocolitis: efficacy of granulocyte colony-
stimulating factor. J. Clin. Gastroenterol. 1997, 24, 253-256.

Wilson, C.S.; Hoopes, E.M.; Falk, A.C.; et al. Ahuman IgM enriched immunoglobulin preparation, Pentaglobin,
reverses autoimmune diabetes without immune suppression in NOD mice. Sci. Rep. 2022, 12, 11731.

Malaguarnera, M.; Guccione, N.; Musumeci, S.; et al. Intravenous immunoglobulin plus interferon-alpha in
autoimmune hepatitis C. BioDrugs 2004, 18, 63-70.

Okumura, A.; Ishikawa, T.; Maeno, T.; et al. Changes in natural killer T cells subsets during therapy in type C
hepatitis and hepatocellular carcinoma. Hepatol. Res. 2005, 32, 213-217.

Seymour, ].E; Estey, E.H.; Keating, M.].; et al. Response to interferon-alpha in patients with hairy cell
leukemia relapsing after treatment with 2-chlorodeoxyadenosine. Leukemia 1995, 9, 929-932.

Rizza, P.; Moretti, F; Belardelli, F. Recent advances on the immunomodulatory effects of IFN-alpha: impli-
cations for cancer immunotherapy and autoimmunity. Autoimmunity 2010, 43, 204-209.

Uke, P; Gorodkin, R.; Beare, N. Biologic therapy for Behget’s uveitis: a systematic review. Br. J. Ophthalmol.

44



Trends in Inmunotherapy | Volume 10 | Issue 02

249.

250.

251.

252.

253.

254.

255.

256.

257.

258.

259.

260.

261.

262.

263.

264.

265.

266.

267.

268.

269.

270.

271.

2020, 104,1045-1051.

Metzler, C.; Csernok, E.; Gross, W.L.; et al. Interferon-alpha for maintenance of remission in Churg-Strauss
syndrome: a long-term observational study. Clin. Exp. Rheumatol. 2010, 28, 24-30.

Seeliger, B.; Forster, M.; Happe, ].; et al. Interferon-a for induction and maintenance of remission in
eosinophilic granulomatosis with polyangiitis: a single-center retrospective observational cohort study. J.
Rheumatol. 2017, 44, 806-814.

Fardeau, C.; Simon, A.; Rodde, B.; et al. Interferon-alphaZa and systemic corticosteroid in monotherapy in
chronic uveitis: results of the randomized controlled BIRDFERON study. Am. J. Ophthalmol. 2017, 177, 182-
194.

Brod, S.A.; Atkinson, M.; Lavis, V.R,; et al. Ingested [FN-alpha preserves residual beta cell function in type 1
diabetes. J. Interferon Cytokine Res. 2001, 21,1021-1030.

Gigli, G.; Caiellj, S.; Cutuli, D.; et al. Innate immunity modulates autoimmunity: type 1 interferon-beta treat-
ment in multiple sclerosis promotes growth and function of regulatory invariant natural killer T cells through
dendritic cell maturation. Immunology 2007, 122, 409-417.

Matsuda, H.; Takeda, K.; Koya, T;; et al. Plasticity of invariant NKT cell regulation of allergic airway disease
is dependent on IFN-gamma production. J. Immunol. 2010, 185, 253-262.

Samileh, N.; Ahmad, S.; Farzaneh, A. Immunity status in children with Bacille Calmette-Guerin adenitis. A
prospective study in Tehran, Iran. Saudi Med. . 2006, 27, 1719-1724.

Machold, K.P; Neumann, K.; Smolen, ].S. Recombinant human interferon gamma in the treatment of rheuma-
toid arthritis: double blind placebo controlled study. Ann. Rheum. Dis. 1992, 51, 1039-1043.

Schulof, R.S.; Lloyd, M.J.; Cleary, P.A.; et al. A randomized trial to evaluate the immunorestorative properties
of synthetic thymosin-alpha 1 in patients with lung cancer. J. Biol. Response Mod. 1985, 4, 147-158.

Sugahara, S.; Ichida, T.; Yamagiwa, S.; et al. Thymosin-alphal increases intrahepatic NKT cells and CTLs in
patients with chronic hepatitis B. Hepatol. Res. 2002, 24, 346-354.

Dinetz, E.; Lee, E. Comprehensive review of the safety and efficacy of thymosin alpha 1 in human clinical
trials. Altern. Ther. Health Med. 2024, 30, 6-12.

La Cava, A. Low-dose interleukin-2 therapy in systemic lupus erythematosus. Rheumatol. Immunol. Res.
2023, 4,150-156.

Su, Q.Y,; Luo, J.; Wang, X.M,; et al. Efficacy, safety and the lymphocyte subsets changes of low-dose IL-2 in
patients with systemic lupus erythematosus: a systematic review and meta-analysis. Immun. Inflamm. Dis.
2024, 12,e1165.

Breban, M.; Dougados, M.; Picard, F.; et al. Intensified-dose (4 gm/m?2) cyclophosphamide and granulocyte
colony-stimulating factor administration for hematopoietic stem cell mobilization in refractory rheumatoid
arthritis. Arthritis Rheum. 1999, 42, 2275-2280.

Valentine, ].E; Fedorak, R.N.; Feagan, B.; et al. Steroid-sparing properties of sargramostim in patients with
corticosteroid-dependent Crohn'’s disease: a randomised, double-blind, placebo-controlled, phase 2 study.
Gut 2009, 58, 1354-1362.

Narsai, T,; Su, H.; Braxton, D. Collagenous gastritis in primary selective IgM deficiency: transition to EBV+
gastric adenocarcinoma. Case Rep. Immunol. 2021, 5574944.

Ajao, S.0.; Jayasingam, R.; Shaaban, H. latrogenic Kaposi’s sarcoma unmasked by vedolizumab in a patient
with ulcerative colitis and well-controlled human immunodeficiency virus: a case report. Int. J. Crit. Illn Inj.
Sci. 2021, 11,177-180.

Kurobane, I; Riches, P.G.; Sheldon, |.; et al. Incidental correction of severe IgA deficiency by displacement
bone marrow transplantation. Bone Marrow Transplant. 1991, 7, 494-495.

Hadzi¢, N.; Nademi, Z.; Deheragoda, M.; et al. Chronic cholangiopathy associated with primary immune
deficiencies can be resolved by effective hematopoietic stem cell transplantation. J. Pediatr. 2019, 209, 97-
106.

Barreto, I.C.D.P; Barreto, B.A.P,; Cavalcante, E.G.D.N.; et al. Immunological deficiencies: more frequent than
they seem to be. J. Pediatr. (RioJ.) 2021, 97, S49-S58.

Sogkas, G.; Witte, T. The link between rheumatic disorders and inborn errors of immunity. EBioMedicine
2023, 90, 104501.

Garcia Pavon Osorio, S.; Lopez Tiro, ].J.; Gémez Vera, J. IgE deficiency: a forgotten disease? Rev. Alerg. Mex.
2009, 56,192-197. (in Spanish)

Louis, A.G.; Gupta, S. Primary selective IgM deficiency: an ignored immunodeficiency. Clin. Rev. Allergy Im-
munol. 2014, 46, 104-111.

45



Trends in Inmunotherapy | Volume 10 | Issue 02

272.

273.

274.
275.

276.

2717.

278.

279.

280.

281.

282.

283.

284.

285.

286.

287.

288.

289.

290.

291.

292.

293.

294.

295.

296.

297.

298.

299.

Gupta, S.; Gupta, A. Selective IgM deficiency—an underestimated primary immunodeficiency. Front. Im-
munol. 2017, 8, 1056.

Vo Ngoc, D.T; Krist, L.; van Overveld, EJ.; et al. The long and winding road to IgA deficiency: causes and
consequences. Expert Rev. Clin. Immunol. 2017, 13, 371-382.

Stiehm, R.E. The four most common pediatric immunodeficiencies. Adv. Exp. Med. Biol. 2007, 601, 15-26.

Jamee, M.; Alaei, M.R.; Mesdaghi, M.; et al. The prevalence of selective and partial immunoglobulin A defi-
ciency in patients with autoimmune polyendocrinopathy. Immunol. Invest. 2022, 51, 778-786.

Mancuso, G.; Bechi Genzano, C.; Fierabracci, A.; et al. Type 1 diabetes and inborn errors of immunity: com-
plete strangers or 2 sides of the same coin? J. Allergy Clin. Inmunol. 2023, 151, 1429-1447.

Grimbacher, B.; Warnatz, K;; Yong, PEK,; et al. The crossroads of autoimmunity and immunodeficiency:
lessons from polygenic traits and monogenic defects. J. Allergy Clin. Inmunol. 2016, 137, 3-17.

Khalaf, L.; Hamdan, M.; Lahlouh, M.; et al. Overlapping autoimmunity and immunodeficiency: a case of
selective IgA deficiency with autoimmune hemolytic anemia. BMC Pediatr. 2026, 26, 153.

Schmidt, R.E.; Grimbacher, B.; Witte, T. Autoimmunity and primary immunodeficiency: two sides of the
same coin? Nat. Rev. Rheumatol. 2018, 14, 7-18.

Walter, J.E.; Ayala, I.A.; Milojevic, D. Autoimmunity as a continuum in primary immunodeficiency. Curr. Opin.
Pediatr. 2019, 31, 851-862.

Taietti, I.; Votto, M.; De Filippo, M.; et al. Selective IgM deficiency: evidence, controversies, and gaps. Diag-
nostics 2023, 13, 2861.

Akalu, Y.T; Bogunovic, D. Inborn errors of immunity: an expanding universe of disease and genetic archi-
tecture. Nat. Rev. Genet. 2024, 25, 184-195.

Tiong, B.K.; Dahhan, T. Selective immunoglobulin E deficiency: an overlooked hypogammaglobulinemia and
its association with rheumatoid arthritis. Curr. Opin. Rheumatol. 2026, in press. [CrossRef]

Ward, A.C. The interleukin-7 receptor signaling pathway and its perturbation in immunodeficiency, autoim-
mune disease and lymphoid malignancy. Biomolecules 2026, 16, 219.

Sagun, F; Colkesen, F,; Gerek, M.E.; et al. Autoimmune cytopenias in inborn errors of immunity: associations
with monogenic mutations and immunologic parameters. BMC Immunol. 2025, 26, 66.

Ben Abdelaziz, A.; Zanina, Y.; Bradai, S.; et al. Bibliometrics of scientific biomedical publications on primary
immunodeficiency diseases in the Arab world (2020-2024). Tunis Med. 2025, 103, 990-1000.

Rodriguez-Ubreva, ].; Calvillo, C.L.; Forbes Satter, L.R; et al. Interplay between epigenetic and genetic alter-
ations in inborn errors of immunity. Trends Immunol. 2023, 44, 902-916.

Xiao, Z.; He, R.;; Zhao, Z.; et al. Dysregulation of epigenetic modifications in inborn errors of immunity. Epige-
nomics 2024, 16, 1301-1313.

Ashkanani, G.; Rob, M.; Yousef, M.; et al. The effects of microbiome modulating therapies on inflammatory
markers in autoimmune disease: a systematic review and meta-analysis. Nutrients 2026, 18, 560.

Torrance, R.; Orf, K.; Fox, T.A. Gene therapy for inborn errors of immunity: past progress, current status and
future directions. Rare Dis. Orphan Drug J. 2025, 4, 29.

Graafen, L.; Speckmann, C.; Bakhtiar, S. Syndromic inborn errors of immunity in TREC-newborn screening:
5-year experience from the German screening program. J. Clin. Inmunol. 2026, 46, 35. [CrossRef]

Gadl, Z.; Meehan, C,; Yilmaz, M.; et al. Investigating biomarkers for inborn errors of immunity in a prospec-
tive study of patients with autoimmune cytopenia. Pediatr. Blood Cancer 2026, 73, e70074.

Riviere, J.G.; Pasquet, M.; Gambineri, E. Building alliances for early detection of immunodeficiencies: from
primary care to hematology. Front. Immunol. 2026, 16, 1701384

Bellanti, J.A.; Settipane, R.A. Essentials of an immunodeficiency primer: a practical reference for the al-
lergist/immunologist and the allergy-immunology fellow-in-training (FIT). Allergy Asthma Proc. 2024, 45,
291-293.

Zheng, S.; Lowe, D.M. Current infectious disease management challenges in inborn errors of immunity. Ann.
Clin. Microbiol. Antimicrob. 2025, 24, 60.

Zygadto, |.; Cieslik, M.; Dumycz, K.; et al. Efficacy and safety of bacterial immunostimulants in immunodefi-
cient individuals: a systematic review and meta-analysis. Pediatr. Allergy Immunol. 2026, 37,e70276.

Zygadlo, ].; Procyk, G.; Balsam, P; et al. Autoantibodies in atrial fibrillation—state of the art. Int. J. Mol. Sci.
2023, 24,1852.

Yilmaz, D.; Soyoz, M.; Sahin, A.; et al. Association between mannose binding lectin gene polymorphisms and
clinical severity of COVID-19 in children. Mol. Biol. Rep. 2023, 50, 5871-5877.

Abdalgani, M.; Hernandez, E.R.; Pedroza, L.A.; et al. Clinical, immunologic and genetic characteristics of 148

46


https://doi.org/10.1097/BOR.0000000000001150
https://doi.org/10.1007/s10875-026-01995-2

Trends in Inmunotherapy | Volume 10 | Issue 02

patients with NK cell deficiency. J. Allergy Clin. Inmunol. 2025, 155, 1623-1634.

300. Mousavi, S.; Hosseini, M.H.; Sarandili, S.; et al. Myeloperoxidase deficiency: a rare case. Cureus 2024, 16,
e€63596.

301. Kolak,S.; Colkesen, F; Gerek, M.E.; etal. Comparison of clinical characteristics in primary immunodeficiency
patients based on the presence of autoimmunity or autoinflammation. Allergy Asthma Proc. 2026, 47, 149-
156.

Copyright © 2026 by the author(s). Published by UK Scientific Publishing Limited. This is an open access article
BY under the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).

Publisher’s Note: The views, opinions, and information presented in all publications are the sole responsibility of the respective
authors and contributors, and do not necessarily reflect the views of UK Scientific Publishing Limited and/or its editors. UK
Scientific Publishing Limited and/or its editors hereby disclaim any liability for any harm or damage to individuals or property
arising from the implementation of ideas, methods, instructions, or products mentioned in the content.

47



	Introduction
	The Aim of the Study
	Research Objectives
	Materials and Methods
	Baseline Data
	Analytical Parameters
	Methodology of Selection (Study Selection Process)
	Risk of Bias
	Data Extraction
	Study Quality Assessment
	Potential Confounders
	Selection Bias
	Inherent Constraints
	Exclusion of Overlap with Subclinical Immunodeficiencies, Age-Related Immune Dysfunction, and Secondary Immunosuppression
	Software Versions

	Methodological Framework and Evidence Synthesis Strategy
	Justification for Key Methodological Choices
	Prespecified Analyses
	Assumptions Testing
	Missing Data Handling
	Corrections for Multiple Comparisons

	Results and Discussion
	Critical Analysis of the Conditions and Factors That Could Have Influenced Both the Current Depth of Study of the Problem
	General Results
	Terminological Aspects
	Diversity of Mechanisms of Autoimmunity
	Heterogeneity by Origin
	Heterogeneity in Form
	Heterogeneity of Evolutionary Scenarios of the Laboratory Phenotype
	The Problem of Combined Forms of PMDs
	The Problem of Diagnostic Criteria for PMDs
	The Problem of Variability of Clinical Course
	The Problem of Heterogeneity of Clinical Phenotype
	Correlation of PMD and Secondary Immunosuppression Phenotypes
	Correlation of PMD and Autoimmune Syndrome Phenotypes

	Current Evidence Base for the Association of PMDs and Autoimmune Syndromes in Humans
	Integral Concept of PMDs in Autoimmune Syndromes and Rethinking of Therapy
	Ways to Correct Current Errors
	Directions for Further Research
	Limitations

	Ethical Aspects
	Conclusions

