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RELEVANCE

Henoch-Schonlein purpura, now more specifically termed IgA Vasculitis (IgAV), is the most
common systemic vasculitis in children. While often a self-limiting disease, it can lead to severe
and chronic complications, most notably IgA vasculitis nephritis (IgAV-N), which can progress
to end-stage renal disease. The pathogenesis is fundamentally driven by the formation and
deposition of IgA-containing immune complexes in the small vessel walls of target organs.
Understanding the precise role of these immune complexes—their composition, size, and
quantity—and elucidating their relationship with the diverse clinical manifestations (skin, joint,
gastrointestinal, and renal) is of critical importance. This knowledge is essential for developing
prognostic biomarkers to identify children at high risk for severe complications like nephritis and
for designing targeted therapies that go beyond non-specific immunosuppression.
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AKTYAJIBHOCTD

I'emopparnveckuii BaCKyJIMT, B HAcToOsIIee Bpemsi 0ojee TOYHO Ha3biBaeMbIid IgA-BacKyauToMm
(IgAV), saBnserca Hambosiee PacHpPOCTPAHEHHBIM CHCTEMHBIM BACKYJIUTOM Yy JeTeil. XOTs 3To
3a00JieBaHUE 4YacTO CaMOOTPAHMYMBAIOLIEECS, OHO MOXET NPUBOAUTH K TKEIBIM U
XPOHUYECKUM OCJIOKHEHHSIM, B TIepBYIo ouepenb K IgA-Backynut-Hedputy (IgAV-N), KoTOpbIii
MOXKET IPOrpecCUpoBaTh 10 TEPMUHAIBHOW CTAJWU IOYEYHOM HEIOCTaTOYHOCTH. B oCHOBe
naToreHesa JIKUT oOpa3oBaHME U OTJIOXKeHHE IgA-coiepikalluX HUMMYHHBIX KOMILJIEKCOB B
CTEHKAaX MEJKHMX COCYIOB OpraHoB-MuIIeHEW. [IoHMMaHWe TOYHOM pPOJIM ATUX MMMYHHBIX
KOMIUIEKCOB — HX COCTaBa, pa3Mepa U KOJIMYECTBA — U BBIACHEHUE HUX B3aUMOCBSI3H C
pa3HOOOpa3HbIMU  KJIMHUYECKHUMH IPOSABICHUSAMHU (KOKHBIMU, CYCTaBHBIMH, >KEIYJOYHO-
KUIIEYHBIMM M TIOYEYHBIMH) HMMEET pellalollee 3HaueHHe. OTU 3HaHUS HEOOXOIUMBl JUIs
pa3paboOTKU MPOTrHOCTUYECKUX OMOMApKEpOB C LEIbI0 BBISBICHMS JI€TE€H C BBICOKMM PHCKOM
TSDKEJBIX OCIOKHEHUH, TaKUX KaK HeQPUT, U Ul CO3JaHUs TapreTHON Tepanuy, BHIXOIIEH 3a
paMKH Hecne(PpHUIECKOH IMMYHOCYTIPECCHH.

KuarwueBsblie ciaoBa: [gA-Backynut, reMopparudyeckuii Backynut, nmypnypa lllenneiina-I'eHoxa,
MMMYHHBIE KOMIUIEKCHI, [gA-Hedponarus, romepyaoHedpuT, IeTCKUN BaCKYJIUT, IaTOTCHE3.

INTRODUCTION
IgA Vasculitis (IgAV), historically known as Henoch-Schonlein purpura (HSP),
represents the most frequently diagnosed systemic vasculitis in the pediatric population. It is
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fundamentally an immune-complex-mediated disease characterized by a leukocytoclastic
vasculitis affecting the small vessels, with pathognomonic deposition of immunoglobulin A (IgA)
as the dominant or co-dominant antibody. The incidence of IgAV peaks in children between the
ages of 4 and 6 years, often following an upper respiratory tract infection, suggesting a role for
infectious triggers in a genetically susceptible host.

The clinical presentation of IgAV is defined by a classic tetrad of signs and symptoms,
which can manifest in any order or combination. The most common and defining feature is a
non-thrombocytopenic, palpable purpuric rash, which typically appears in a symmetric, gravity-
dependent distribution on the lower extremities and buttocks. This is frequently accompanied by
transient, non-erosive arthritis or arthralgia, predominantly affecting the ankles and knees.
Gastrointestinal (GI) involvement, manifesting as colicky abdominal pain, nausea, vomiting, or
GI bleeding, is also a prominent feature.

While the cutaneous, articular, and most GI manifestations are typically self-limiting
and resolve without long-term sequelae, the primary determinant of morbidity and long-term
prognosis is the development of renal involvement, termed IgA vasculitis nephritis (IgAV-N).
This complication affects a significant portion of patients and can range in severity from
asymptomatic microscopic hematuria and mild proteinuria to fulminant nephritic or nephrotic
syndromes, hypertension, and acute kidney injury. A small but significant percentage of children
with IgAV-N, estimated at up to 5%, may progress to end-stage renal disease (ESRD), making
IgAV a notable cause of chronic kidney disease (CKD) with origins in childhood.

The central pathogenic event underlying all clinical manifestations of IgAV is the
formation, systemic circulation, and eventual deposition of IgA-containing immune complexes
in target organs. However, the precise characteristics of these complexes and how they relate to
the variable clinical severity, particularly the predisposition for severe nephritis, remain areas of
intense investigation. This review aims to systematically analyze the evidence regarding the
central role of immune complexes in the pathogenesis of IgAV and to critically evaluate the
association between the characteristics of these complexes and the specific clinical phenotypes
of the disease in children.

METHODS

This article is a comprehensive narrative review of the medical literature designed to
synthesize the current understanding of the role of immune complexes in pediatric IgAV. A
systematic search of electronic databases, including PubMed, Scopus, and Google Scholar, was
conducted for relevant articles published in the English language up to October 2025.

The search strategy employed a combination of Medical Subject Headings (MeSH) and
text keywords, including "Henoch-Schonlein purpura,” "IgA wvasculitis," "pathogenesis,"
"pathophysiology," "immune complex," "circulating immune complexes," "galactose-deficient
IgAl1," "complement pathway," '"pediatric," "childhood," '"nephritis," "gastrointestinal
involvement," and "clinicopathological correlation."

The review prioritizes peer-reviewed original research articles (both clinical and basic
science), meta-analyses, systematic reviews, and authoritative clinical practice guidelines.
Inclusion criteria were focused on studies that provided molecular, immunological,
histopathological, or clinical evidence linking immune complex formation, composition, and
deposition to the clinical manifestations of IgAV, with a particular emphasis on pediatric cohorts.
The collected data were synthesized to construct a cohesive narrative on the pathogenic cascade,
from molecular origins to clinical expression, and to analyze the strength of the evidence
connecting immune complex biomarkers to different forms of the disease.
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RESULTS

The literature review reveals a cohesive, multi-step model for the pathogenesis of IgAV,
with immune complexes at its core. The results can be categorized into the pathogenic
mechanism itself and the correlation of immunological markers with specific clinical forms.

The "Multi-Hit" Pathogenesis of Immune Complex Formation and Action

The evidence strongly supports a "multi-hit" hypothesis for the development of IgAV,
which is shared with IgA nephropathy (IgAN).

Hit 1: Production of Aberrantly Glycosylated IgAl: The initial step involves the
production of IgAl molecules with a defective glycosylation pattern in their hinge region.
Specifically, there is a deficiency in the addition of galactose to O-linked N-acetylgalactosamine
(GalNAc) residues, resulting in the formation of galactose-deficient IgAl (Gd-IgAl). This
appears to be a genetically predisposed trait.

Hit 2: Formation of Anti-Glycan Autoantibodies: The exposed, abnormal glycan
structures on Gd-IgA1l are recognized as neoantigens by the immune system, leading to the
production of specific autoantibodies, primarily of the IgG and IgA isotypes.

Hit 3: Formation of Pathogenic Circulating Immune Complexes (CICs): The binding of
these autoantibodies to Gd-IgA1 molecules results in the formation of large, multimeric immune
complexes. These Gd-IgA1-containing CICs are poorly cleared by the hepatic clearance system,
leading to their persistence and accumulation in the circulation.

Hit 4: Tissue Deposition and Complement Activation: These large CICs deposit in the
walls of small vessels in target organs. Once deposited, they potently activate the complement
system, primarily through the lectin and alternative pathways. This leads to the local generation
of pro-inflammatory mediators, including C3a and C5a.

Hit 5: Inflammatory Cell Infiltration and Tissue Damage: C3a and C5a act as powerful
chemoattractants, recruiting neutrophils to the site of deposition. The subsequent infiltration and
degranulation of these neutrophils cause a leukocytoclastic vasculitis, leading to endothelial
damage, increased vascular permeability, and local hemorrhage.

Correlation of immune complexes with clinical forms - The strength of the association
between these pathogenic immune complexes and the severity of organ involvement varies
significantly.

Renal Involvement (IgAV-N): The evidence for a strong association here is
overwhelming. Multiple studies consistently demonstrate that children with IgAV-N have
significantly higher serum levels of Gd-IgA1 and Gd-IgA1/IgG CICs compared to children with
IgAV without nephritis or healthy controls. Furthermore, high levels of these complexes at
disease onset are shown to be a predictive risk factor for the subsequent development and
persistence of nephritis. The gold standard for diagnosis, renal biopsy, confirms this link with the
pathognomonic histopathological finding of dominant IgA and C3 deposition in the glomerular
mesangium. The intensity of this deposition often correlates with clinical severity.

Gastrointestinal (GI) Involvement: Histopathological studies of GI biopsies from
affected children confirm the presence of IgA-dominant vasculitis in the submucosal vessels,
verifying that IC deposition is the underlying cause. However, the data linking the circulating
levels of these ICs to the severity of GI symptoms (e.g., pain, bleeding) are less consistent. While
levels are elevated, a clear quantitative correlation is not well established.

Cutaneous and Articular Involvement: The palpable purpura and arthritis are direct
results of IC deposition in the dermal and synovial microvasculature, respectively. However, as
nearly all patients exhibit skin involvement, circulating IC levels do not effectively discriminate
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between mild and severe cutaneous disease. Similarly, the severity of arthritis, which is typically
transient, does not correlate well with systemic measurements of ICs.

Table 1: Summary of association between immune complexes and clinical
manifestations of IgAV

Strength of correlation with
Clinical form Underlying pathophysiology circulating pathogenic ICs
(e.g., Gd-IgA1l)

STRONG (Predictive of risk,
severity, and persistence)

IC deposition in glomerular mesangium,;
intense complement-mediated
inflammation and proliferation.

IC deposition in submucosal small | MODERATE (Causative, but
Gastrointestinal | vessels, causing edema, ischemia, and | poor quantitative correlation

Renal
(Nephritis)

hemorrhage. with severity)
IC deposition in dermal post-caplllag WEAK (Causative, but does
Cutaneous venules, causing leukocytoclastic . )
) not predict severity)
vasculitis.
IC deposition in synovial .
. . . . WEAK (Causative, but does
Articular microvasculature, causing transient . .
. . not predict severity)
inflammation.
DISCUSSION

The results of this review confirm that immune complexes are the central pathogenic
drivers of IgA Vasculitis and its varied clinical manifestations. The elucidation of the "multi-hit"
hypothesis, with Gd-IgA1 at its origin, has transformed our understanding of the disease from a
vaguely understood hypersensitivity reaction to a specific, molecularly defined autoimmune
process.

The most critical finding with direct clinical implications is the powerful and specific
association between the pathogenic Gd-IgA1-containing immune complexes and IgA vasculitis
nephritis. This strong correlation is likely explained by the unique physiological role of the
glomerular mesangium, which functions to clear macromolecules and immune complexes from
the circulation. In IgAV, this function leads to the preferential trapping of the large, poorly
soluble CICs, making the kidney a primary site of injury. This robust link establishes these
specific immune complexes not just as pathogenic mediators but as highly promising prognostic
biomarkers. The ability to measure levels of Gd-IgAl or related CICs at disease onset could
allow for a paradigm shift in management: from a "watchful waiting" approach to a proactive,
risk-stratified strategy. Children with high levels of these biomarkers could be identified as being
at high risk for severe nephritis and could be monitored more closely, with a lower threshold for
performing a renal biopsy and initiating early, aggressive immunosuppressive therapy to prevent
irreversible kidney damage.

In contrast, the weaker correlation of circulating IC levels with the severity of extra-
renal manifestations suggests the involvement of other modulating factors. While IC deposition
is the necessary trigger for skin, joint, and GI symptoms, the ultimate severity of inflammation in
these tissues may be more dependent on local factors, such as vascular bed characteristics, local
endothelial activation states, and genetic variations in local inflammatory response pathways.
This explains why two children with similar levels of circulating ICs might have vastly different
degrees of purpura or abdominal pain.
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A key limitation in translating these findings to routine clinical practice is the current
lack of standardized, widely available, and validated commercial assays for measuring Gd-IgA 1
and Gd-IgA1/IgG complexes. Developing such tools is a critical next step. Furthermore, most
studies are cross-sectional or retrospective; large, prospective, longitudinal studies are needed to
further validate the predictive value of these biomarkers over the full course of the disease.

Future research must focus on several key areas. First, standardizing and
commercializing biomarker assays is paramount. Second, investigating the specific triggers (e.g.,
infectious agents) that lead to the increased production of Gd-IgAl in susceptible individuals
could open avenues for primary prevention. Finally, the detailed understanding of the pathogenic
cascade presents novel therapeutic targets. Developing therapies that could specifically inhibit
the formation of Gd-IgA1, block the binding of anti-glycan autoantibodies, or inhibit the lectin
pathway of complement activation could offer more targeted and less toxic treatment options
than the broad immunosuppressants currently in use.

In conclusion, while IgA-containing immune complexes are the unifying cause of all
manifestations of IgA Vasculitis, their specific molecular signature, particularly the presence of
galactose-deficient IgA1, is most powerfully and prognostically linked to the development of
nephritis. This strong, specific association underscores the central role of these complexes in
determining long-term outcomes and represents a critical target for future diagnostic and
therapeutic innovation in the management of this common pediatric disease.

CONCLUSION

The pathogenesis of IgA Vasculitis in children is unequivocally driven by the formation
and deposition of IgA-containing immune complexes. The modern "multi-hit" model, centered
on aberrantly glycosylated IgA1, provides a compelling molecular explanation for this process.
While these immune complexes are responsible for the entire spectrum of clinical disease, their
utility as a biomarker shows a clear hierarchy. The correlation is strongest and most clinically
relevant for renal involvement, where higher levels of pathogenic complexes predict a greater
risk and severity of nephritis—the principal cause of long-term morbidity in IgAV. The
association with gastrointestinal, cutaneous, and articular disease severity is less direct.

This understanding highlights a critical future direction for clinical practice: the
development of reliable, standardized assays for Gd-IgA1 and related immune complexes. Such
tools could revolutionize the management of IgAV by allowing for early risk stratification,
helping clinicians decide which children need closer monitoring, renal biopsy, and more
aggressive immunosuppressive therapy, ultimately preserving long-term renal function..
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