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Introduction
Primary immunodeficiencies (PIDs) are a group of hereditary immune
disorders traditionally associated with recurrent infections. However, this clinical
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paradigm has shifted radically: autoimmune and rheumatological manifestations
are now observed in 52-56% of patients with immune dysregulation disorders
and phagocyte defects [4]. Furthermore, in a significant proportion of children,
rheumatological symptoms precede infectious complications, creating substantial
diagnostic challenges.

The 2024 TUIS classification identifies 559 variants of Inborn Errors of
Immunity (IEI) caused by mutations in 508 genes [1]. This represents a twofold
increase over the last decade, driven by the implementation of Next-Generation
Sequencing (NGS) technologies. While the prevalence of PID is estimated at 6
per 10,000 population, the median diagnostic delay remains at 2.7 years—
candidly, a catastrophic figure for the 21st century.

The primary diagnostic difficulty lies in the fact that children with
rheumatological manifestations of PID are often misdiagnosed with juvenile
idiopathic arthritis (JIA) or systemic lupus erythematosus (SLE). Consequently,
they remain on long-term conventional immunosuppressive therapy, which is not
only ineffective but may, in some cases, exacerbate the disease course [5].
Meanwhile, molecular diagnostics opens the door to targeted therapy, such as
Abatacept for CTLA4/LRBA deficiency, JAK inhibitors for STAT mutations,
and IL-1 blockade for autoinflammatory syndromes.

The aim of this review is to systematize the immunogenetic mechanisms
of theumatological manifestations in children with PID and to summarize data on
the efficacy of personalized therapy. Special emphasis is placed on
CTLA4/LRBA deficiency and STAT gain-of-function (GOF) mutations, as these
areas currently possess the most extensive clinical experience and evidence base
for targeted approaches.

Materials And Methods

This systematic review was conducted in accordance with the PRISMA
guidelines. A comprehensive search was performed across the
PubMed/MEDLINE, Scopus, and Web of Science databases covering the period
from January 2015 to February 2025. Search terms included: primary
immunodeficiency, inborn errors of immunity, rheumatologic manifestations,
arthritis, CTLA4, LRBA, STAT gain-of-function, targeted therapy, abatacept,
and JAK inhibitors. Inclusion criteria were: pediatric population (0—18 years),
confirmed PID, presence of rheumatological manifestations, and molecular
verification of the diagnosis [6].

Out of 287 identified publications, 25 original sources were selected,
including large-scale multicenter cohorts, systematic reviews, and clinical trials
on targeted therapy. Immunological evaluation included quantitative
determination of immunoglobulins, immunophenotyping (CD3/4/8/19/NK, Treg-
FOXP3+, double-negative T-cells), complement system assessment
(C3/C4/CH50/AH50), and functional tests (DHR-test, interferon signature).
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Genetic diagnostics were based on Next-Generation Sequencing (NGS), with
subsequent variant classification according to ACMG criteria.
Limitations of the Review

Several important limitations should be noted. First, the heterogeneity of
diagnostic methods across different centers makes a direct comparison of
immunological parameters difficult. Second, for rare syndromes (such as
interferonopathies), only small case series are available, which precludes the
possibility of drawing statistically robust conclusions. Third, there is a potential
publication bias, as severe and unusual cases are published more frequently,
which may distort the perception of a typical disease course. Finally, for relatively
new agents (such as leniolisib for APDS and JAK inhibitors for
interferonopathies), long-term safety and efficacy data are currently lacking; most
existing studies are limited to 2—-3 years of follow-up.
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Results

Immunogenetic Mechanisms of Rheumatological Manifestations

Literature analysis allowed for the identification of five core pathogenetic
mechanisms underlying the rheumatological manifestations in PID:

1. Impairment of Peripheral Tolerance (CTLA4/LRBA): This is perhaps
the most well-studied mechanism. CTLA4 functions as a critical inhibitory
checkpoint by counteracting CD28 co-stimulatory signals. CTLA4
haploinsufficiency leads to uncontrolled T-cell activation [7]. A breakthrough
discovery established that LRBA deficiency results in enhanced lysosomal
degradation of CTLAA4, clinically presenting with a similar phenotype. The
largest comparative study of 434 patients (222 CTLA4 vs. 212 LRBA) revealed
key differences: LRBA deficiency has an earlier onset (median 3.5 vs. 12 years),
a more severe course, and a higher frequency of arthritis (15% vs. 9%).

2. JAK-STAT Pathway Hyperactivation (STATI1/3-GOF): Gain-of-
function (GOF) mutations in the STAT1 and STAT3 genes lead to constitutive
activation of cytokine signaling pathways. A multicenter study of 191 patients
with STAT3-GOF showed a median age of onset at 2.3 years, while the median
age at diagnosis was 12 years—a colossal delay [8]. Interestingly, arthritis occurs
in 35% of patients and vasculitis in one-third. An increase in double-negative
(CD4-CDS8-) T-cells (>20%) 1s observed in 83% of those tested, serving as a
valuable diagnostic marker. STAT1-GOF is characterized by chronic candidiasis
in >90% of patients combined with autoimmune manifestations.

3. Constitutive PI3K-AKT-mTOR Activation (APDS): Activating
mutations in PIK3CD (most commonly p.E1021K) cause Activated PI3K-delta
Syndrome (APDS), characterized by lymphoproliferation, recurrent infections,
and arthritis in 20-30% of patients [9]. Notably, there is an increased risk of B-
cell lymphomas, requiring heightened oncological vigilance.

4. Excessive Production of Type I Interferons (Interferonopathies):
Mutations in genes such as TREX1, RNASEH2A/B/C, SAMHDI1, ADAR, and
TMEM173 (STING) lead to the accumulation of cytoplasmic nucleic acids and
activation of the cGAS-STING pathway, inducing an interferon response [10].
Clinically, this manifests as vasculitis, arthritis, and an early-onset SLE-like
phenotype. The interferon signature in peripheral blood (elevated expression of
[FI27, IF144L, IFIT1, ISG15) serves as a screening biomarker.

5. Impaired Clearance of Apoptotic Cells (Complement Defects):
Deficiencies in the early components of the classical pathway (Cl1q, C1r/Cls, C2,
C4) are the most potent genetic risk factors for Systemic Lupus Erythematosus
(SLE). Clq deficiency is associated with SLE development in 93% of
homozygous carriers, and C4 deficiency in 75% [11]. The mechanism involves
impaired clearance of apoptotic cells, leading to the exposure of autoantigens and
the production of antinuclear antibodies.
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Clinical Case Study from the Literature

A notable case described by Lo et al. (2015) illustrates these points [3]: A
6-year-old girl presented with progressive enteropathy, recurrent pneumonia, and
polyarthritis resistant to methotrexate and infliximab. The findings of
lymphopenia, hypogammaglobulinemia, and a reduction in switched memory B-
cells suggested an underlying Primary Immunodeficiency (PID).

NGS (Next-Generation Sequencing) identified a biallelic mutation in
LRBA, resulting in a total absence of the protein. Following the initiation of
Abatacept, the patient's diarrhea resolved, infections ceased, and remission of
arthritis was achieved. Within six months, the patient gained 4.5 kg, and follow-
up endoscopy showed normalization of the intestinal mucosa. This case vividly
demonstrates how molecular diagnostics can fundamentally transform
management strategies.

Targeted Therapies in PID and Autoimmunity

Abatacept in CTLA4/LRBA Deficiency: A Turkish study of 98 patients
showed that traditional immunosuppression provides only partial or no control in
72% of patients with LRBA deficiency [12]. Abatacept (soluble CTLA4-Ig)
achieves complete control in 43% of LRBA patients and 60% of those with
CTLAA4 haploinsufficiency. Early initiation is critical: patients with prolonged
disease activity prior to Abatacept administration demonstrate significantly
poorer responses. In our view, this represents one of the few examples of true
precision medicine in pediatric theumatology.

JAK Inhibitors in STAT-GOF and Interferonopathies: A multicenter study
of 10 pediatric patients with STAT1-GOF treated with ruxolitinib demonstrated
a reduction in the IDDA activity index from a median of 15.99 to 7.55 [13].
Autoimmune cytopenias and candidiasis respond within 1-8 weeks, while
keratitis and hepatitis show slower improvement (4-8 months). In
interferonopathies, the effect is variable: some patients show a reduction in the
interferon signature and improved neuromotor skills, though outcomes depend on
starting therapy before irreversible neurological deficits develop.

IL-1 Blockade in Autoinflammatory Diseases: In randomized controlled
trials for CAPS, Canakinumab (anti-IL-1B) showed a complete response in 97%
of patients with Muckle-Wells syndrome and 71% with NOMID/CINCA [14]. In
colchicine-resistant Familial Mediterranean Fever (FMF), canakinumab ensures
complete attack control in 61% of patients vs. 6% in the placebo group (p <
0.001). Long-term follow-up confirmed the prevention of amyloidosis and the
preservation of hearing.

PI3K Inhibitors in APDS: In an open-label Phase II study of 31 patients,
Leniolisib (a selective PI3K6 inhibitor) administered at 70 mg twice daily led to
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a lymph node response ( >50% reduction) in 47% of patients by week 12 [15].
The normalization of CD19+ B-cells and switched memory B-cells allowed some
patients to discontinue immunoglobulin replacement therapy. The safety profile
1s acceptable, with upper respiratory tract infections, headache, and diarrhea
being predominantly mild.

Diagnostic Algorithm

Based on the literature analysis, a five-stage algorithm is proposed for
practicing pediatric rheumatologists:

Step 1. Clinical "Red Flags": Onset before 6 years of age; combination of
infections and autoimmunity; recurrent febrile attacks with arthritis; familial
episodes of fever; resistance to NSAIDs/GCS/methotrexate; and chronic
candidiasis.

Step 2. Basic Screening: CBC (identify lymphopenia and
thrombocytopenia!); immunoglobulins (IgG/A/M/E); lymphocyte
subpopulations (CD3/4/8/19/NK); and complement components
(C3/C4/CH50/AHS50). In case of abnormalities, immediate consultation with an
immunologist is required.

Step 3. Advanced Evaluation: Expanded immunophenotyping (Treg,
double-negative T-cells, cTth); DHR-test (if CGD is suspected); interferon
signature; and post-vaccination antibody titers.

Step 4. Genetics: NGS panel for PID (including CTLA4, LRBA, PIK3CD,
STATI, STAT3, FOXP3, MEFV, NLRP3, C1QA, TREX1, RNASEH2B, etc.) or
Whole Exome Sequencing (WES) for atypical phenotypes.

Step 5. Multidisciplinary Interpretation: Joint consultation between an
immunologist and a rheumatologist; variant classification according to ACMG
guidelines; and development of a personalized clinical protocol.
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TABLE
Table 1A. Primari Immunodeficiencies with Immune Disreiulation
CTLA-4 CTLA4 Arthritis,  vasculitis,  granulomas,
insufficiency / autoimmune cytopenia
haploinsufficiency
LRBA-deficiency LRBA Chronic arthritis, autoimmune
vasculitis, enterocolitis
APDS (PI3KJ0) PIK3CD/PIK3R1 Arthralgia, arthritis,
lymphoproliferation, autoimmunity
CVID + Various Arthritis,  vasculitis,  sarcoid-like
autoimmunity granulomas
IPEX FOXP3 Arthritis (less common), dermatitis,
multiorgan autoimmunity
STAT3-GOF STAT3 Early-onset vasculitis, arthritis (35%),
autoimmune cytopenia, risk of
lymphoma
STATI1-GOF STATI1 Arthritis, vasculitis, chronic

candidiasis >90%

Table 1B. Autoinﬂammatori Sindromes with Rheumatoloiical Features

FMF (CCJI) MEFV Acute mono- and oligoarthritis, serositis,
abdominal crises

TRAPS TNFRSFIA Migratory arthritis, myalgia, persistent
fevers

MKD/HIDS MVK Arthritis, cervical lymphadenopathy, rash

NLRP3-CAPS NLRP3 Chronic urticariatarthritistfever, CNS
involvement

Blau Syndrome NOD2 Granulomatous arthritis, uveitis

Table 1C. Complement System Defects with Rheumatological and
Autoimmune Manifestations
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Clq, Clr, Cls, C2, C4 Early-onset SLE-like  syndrome, arthritis,
vasculitis, glomerulonephritis

Complement Factor H/I Vasculitis, atypical Hemolytic Uremic Syndrome

Deficiency (aHUS) phenotype
Table 1D. Combined Immunodeficiencies and Phaiocite Defects
Wiskott-Aldrich WAS Vasculitis, arthritis, SLE-like manifestations
(WAS)
DiGeorge TBX1 Autoimmune arthritis, vasculitis
(22q11.2)
Omenn Syndrome RAG1/2  Erythroderma, autoimmune manifestations
CGD CYBB, Granulomatous arthropathies, vasculitis,
CYBA, colitis
NCF1
LAD ITGB2 Chronic skin inflammation, ulcers, impaired

wound healing
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Table 2A. Interpretation of Immunoglobulin Abnormalities in PID

Diainosis

Low IgG CVID, XLA, Combined Recurrent infections and
Immunodeficiencies autoimmunity

Low IgA CVID, selective IgA Arthritis and vasculitis
deficiency

High IgM + low Hyper-IgM (CD40L, AID, Autoimmune cytopenias
IgG/IgA UNG)

Igg  >1000-2000 STAT3-HIES, DOCKS, Cutancous manifestations

[U/ml PGM3 and autoimmunity
High IgG and [gA  NLRP3-CAPS, FMF, Mimics autoimmunity
STATI1-GOF

Table 2B. Limihocite Subioiulations

Low CDI19+ B- XLA (BTK), CVID, Infections and arthritis
cells APDS

High CD19+ APDS, CD21L- Lymphadenopathy and
deficiency autoimmunity

JH-T (CD4-CD8-) STAT3-GOF, ALPS High-risk marker for

>20% lymphoma!

CD4/CD8 < 1 ALPS, STAT3-GOF, Autoimmune cytopenia and
CTLA4/LRBA splenomegaly

Low Treg IPEX, CTLA4, LRBA Arthritis, enteropathy, and

(FOXP3+) cytopenias

Table 2C. Comilement Sistem and Functional Assais in PID Diainosis

Low CH50 Clq, Clr/Cls, C2, C4- Systemic

deficieny autoimmune/vasculitic
phenotype.
Low AHS50 Alternative  pathway Atypical HUS (aHUY),
(Normal CH50) defects vasculitis.

36|Page


https://biomedglobe.com/index.php/gibmr

Global Insights in Biomedical & Multidisciplinary Research (GIBMR)
Volume 01, Issue 02, April-2026

Available Online at: https://biomedglobe.com/index.php/gibmr
ISSN (Online): 3054-5900

Low C3 | (Normal Factor H / Factor I HUS-like syndrome, vasculitis.
C4) deficiency

High  Interferon TREXI1, RNASEH2B, Early-onset SLE, vasculitis,

Signature 1 SAMHDI1, TMEM173 arthritis.
DHR Test (No CGD (CYBB, CYBA, Granulomatous arthropathies,
oxidative burst) NCF1) colitis.

Table 3. Targeted Therapy Based on Specific Molecular Defects in PID

CTLA4/LRBA Abatacept Full control in 43-60%; survival rates

comparable to HSCT.
STAT1/3-GOF Ruxolitinib,  53% reduction in IDDA score; clinical
Baricitinib response within 1-8 weeks.
APDS Leniolisib 47% reduction in lymphadenopathy by

week 12; B-cell normalization.

CAPS (NLRP3)  Canakinumab Complete response: MWS 97%, NOMID
71%, FCAS 100%.

CCJI (MEFV) Colchicine — In colchicine resistance: 61% vs. 6%
Canakinumab (placebo) response rate.

Interferonopathies JAK Reduction in IFN-signature; variable
inhibitors CNS response observed.
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Conclusion

The literature analysis demonstrates that rheumatological manifestations in
children with primary immunodeficiencies (PID) are not a rarity, but rather the
rule for specific genetic defects. A median diagnostic delay of 2.7 years is
unacceptable in the era of accessible Next-Generation Sequencing (NGS) and
targeted therapy [16]. A critical factor is the heightened clinical suspicion of
pediatric rheumatologists regarding PID in cases of atypical presentation, early
onset, or resistance to standard therapy.

Five primary pathogenetic mechanisms have been established, each of
which dictates the approach to targeted therapy. The results in CTLA4/LRBA
deficiency are particularly impressive: Abatacept does not merely control
symptoms but achieves survival rates comparable to Hematopoietic Stem Cell
Transplantation (HSCT), without the associated transplant toxicity. JAK
inhibitors have ushered in a new era for treating STAT-GOF mutations and
interferonopathies, although their long-term safety profiles require further
investigation.

The developed five-stage diagnostic algorithm is practical and ready for
implementation into routine pediatric rheumatology practice. Basic
immunological screening is accessible in most centers; upon detecting
abnormalities, timely consultation with an immunologist and NGS diagnostics
enable a molecular diagnosis and the initiation of pathogenetic therapy.
Conclusions

1. Rheumatological manifestations occur in 10-50% of children with primary
immunodeficiency (PID), depending on the genetic defect, and often
precede infectious complications, creating diagnostic challenges for
practicing rheumatologists.

2. Five primary immunogenetic mechanisms have been identified: impaired
peripheral tolerance (CTLA4/LRBA), JAK-STAT hyperactivation
(STAT1/3-GOF), PI3K-AKT-mTOR activation (APDS), type I interferon
hyperproduction (interferonopathies), and complement defects (C1q/C4).

3. Molecular diagnostics enables personalized targeted therapy, which
significantly outperforms traditional immunosuppression in terms of
efficacy and safety.

4. Abatacept achieves complete control in 43-60% of patients with
CTLA4/LRBA deficiency; JAK inhibitors reduce the IDDA score by 53%
in cases of STAT-GOF; and canakinumab demonstrates a 97% complete
response rate in CAPS.

5. A five-stage diagnostic algorithm (clinical flags - basic screening -
advanced evaluation — NGS - multidisciplinary interpretation) allows for
a reduction in the median diagnostic delay and the timely initiation of
targeted therapy.
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