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ABSTRACT

Pediatric autoimmune disorders represent a diverse group of conditions characterized by loss of immune tolerance, leading
to chronic inflammation and organ damage. Their incidence has risen globally over the past three decades, yet diagnostic
delays and suboptimal long-term outcomes remain common. This review provides a comprehensive overview of the
epidemiology, pathogenesis, clinical phenotypes, diagnostic biomarkers, current pharmacological management, long-term
outcomes, and future directions of major pediatric autoimmune disorders, including juvenile idiopathic arthritis (JIA),
pediatric-onset systemic lupus erythematosus (pSLE), type 1 diabetes (T1D), juvenile dermatomyositis (JDM), and
autoimmune hepatitis (AIH). The global prevalence of pediatric autoimmune diseases is approximately 4.5-5.0%, with JIA
being the most common (16-150 per 100,000 children). pSLE, though rarer (0.34-0.89 per 100,000), presents with more
severe organ involvement, including lupus nephritis in 67% of children. T1D incidence rises by 3.4% annually, and DKA
at diagnosis occurs in 25-40% of children. Pathogenesis involves HLA and non-HLA genetic variants (e.g., PTPN22,
STAT4) interacting with environmental triggers (viral infections, gut dysbiosis, vitamin D deficiency). Diagnosis relies on
autoantibody panels (ANA, anti-dsDNA, islet autoantibodies, myositis-specific antibodies), imaging, and histopathology.
Management has evolved from conventional DMARDs (methotrexate) to biologic agents (TNF inhibitors, IL-1/IL-6
blockers, belimumab, teplizumab). Pediatric autoimmune disorders are increasingly common, carry substantial long-term
morbidity, and often require early, aggressive, and individualized treatment approaches. Biologic therapies have improved
outcomes, but unmet needs remain in biomarker validation, safe treatment withdrawal, and equitable access to care.
Keywords: Pediatric autoimmunity; juvenile idiopathic arthritis; pediatric lupus; type 1 diabetes; juvenile dermatomyositis;
autoimmune hepatitis.

INTRODUCTION

Pediatric autoimmune disorders represent a approximately 4.2% among children and adolescents
heterogeneous group of diseases characterized by an under 18 years of age® This rise is attributed not only to
abnormal immune response directed against self-antigens, improved diagnostic tools and awareness but also to true
leading to chronic inflammation and tissue damage in increases in incidence, possibly linked to environmental
multiple organ systems. The developing immune system factors such as alterations in the gut microbiome, viral
in children, particularly the dynamic maturation of triggers, and vitamin D deficiency °.

regulatory T cells and the balance between pro-
inflammatory and anti-inflammatory cytokines, creates a
unique vulnerability to the loss of self-tolerance '. Over
the past three decades, the recognition of autoimmune
conditions in the pediatric population has substantially
increased, with an estimated cumulative prevalence of

Among the most frequently encountered pediatric
autoimmune disorders is juvenile idiopathic arthritis
(JIA), which affects approximately 3.5 to 15 per 10,000
children in North America and Europe*. JIA is not a single
disease but an umbrella term encompassing at least seven
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distinct categories defined by the International League of
Associations for Rheumatology (ILAR), including
oligoarticular, polyarticular, systemic, enthesitis-related,
psoriatic, and undifferentiated arthritis 4 Of these,
oligoarticular JIA accounts for nearly 50-60% of all cases
and carries a strong association with antinuclear
antibodies (ANA), present in about 70% of affected
children °. Despite the availability of intra-articular
corticosteroids and methotrexate as first-line therapy,
approximately 30% of JIA patients develop a refractory
disease course requiring biologic agents such as tumor
necrosis factor (TNF) inhibitors °.

Long-term outcomes have improved dramatically,
with remission rates exceeding 60% at five years when
early aggressive therapy is instituted; however, around
15% of children continue to have active arthritis into
adulthood, leading to significant functional disability and
reduced quality of life .

Systemic lupus erythematosus (SLE) in children,
termed pediatric-onset SLE (pSLE), is another major
autoimmune condition with an estimated annual
incidence of 0.3 to 0.9 per 100,000 children 2. pSLE
represents 15-20% of all SLE cases diagnosed
worldwide, and it is notable for a more aggressive disease
course compared to adult-onset SLE 7. The female
predominance is less pronounced in prepubertal children
(female-to-male ratio of approximately 2:1 to 3:1) but
rises sharply after menarche to reach 9:1, indicating a
strong hormonal influence 7. Renal involvement (lupus
nephritis) occurs in nearly 60-70% of children with
pSLE, compared to 40-50% in adults, and is a major
predictor of long-term morbidity and mortality 8. Despite
optimal immunosuppression with mycophenolate mofetil
or cyclophosphamide, up to 20% of children with
proliferative lupus nephritis progress to end-stage renal
disease within 10 years of diagnosis ®. The standard of
care for pSLE now includes hydroxychloroquine for all
patients (associated with a 50-60% reduction in disease
flares) and aggressive use of biologics such as
belimumab, which has been shown to reduce disecase
activity by 45% at 52 weeks °.

Another important pediatric autoimmune disorder
is juvenile dermatomyositis (JDM), the most common
inflammatory myopathy in children, with an estimated
incidence of 2 to 4 per 1,000,000 children annually *. JDM
is characterized by characteristic skin rash (heliotrope
rash and Gottron papules) and proximal muscle weakness,
and it is associated with vasculopathy that can affect the
gastrointestinal tract and calcinosis cutis, the latter
occurring in up to 40% of untreated or inadequately
treated children °.

The presence of myositis-specific antibodies (e.g.,
anti-p155/140, anti-MDAJS5) helps stratify prognosis, with
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anti-MDAS antibody-positive JDM being linked to
rapidly progressive interstitial lung disease in about 30%
of cases . Early initiation of high-dose corticosteroids
combined with methotrexate has been shown to improve
outcomes, with over 80% of children achieving remission
within two years; however, chronic damage such as
calcinosis and joint contractures persists in approximately
25% of patients despite treatment .

Autoimmune hepatitis (AIH), although less
common in children than in adults, represents a significant
cause of pediatric liver disease. AIH has a reported
incidence of 0.2 to 0.4 per 100,000 children per year and
accounts for approximately 2—-5% of all pediatric liver
transplants in Europe and North America ®. Two main
types of pediatric AIH are recognized: type 1 (ANA and
smooth muscle antibody positive) comprises 60—70% of
cases, while type 2 (anti-liver kidney microsome type 1
antibody positive) affects 30-40% and is associated with
a more aggressive course and higher risk of progression
to cirrhosis °. At presentation, up to 50% of children with
AIH already have histological evidence of bridging
fibrosis or cirrhosis, underscoring the insidious nature of
the disease.® First-line therapy with prednisolone and
azathioprine induces remission in approximately 80-90%
of children within six months, but relapse rates after
treatment withdrawal remain high (50-60% within two
years), necessitating long-term immunosuppression in
many patients °.

Type 1 diabetes (T1D) is the most common
endocrine autoimmune disorder in childhood, with a
global incidence increasing by 3-4% annually *. T1D is
caused by autoimmune destruction of pancreatic beta
cells, mediated by autoreactive CD4" and CD8* T cells as
well as autoantibodies against insulin, glutamic acid
decarboxylase (GADG65), and other islet antigens °.
Approximately 90% of children with new-onset T1D have
at least one detectable islet autoantibody, and the presence
of two or more autoantibodies confers a near-complete
lifetime risk of progression®. The peak incidence occurs
between ages 5 and 7 years and again during early puberty
(10-14 years), with a slight male predominance in high-
incidence populations 7. Long-term autoimmune sequelae
include an increased risk of autoimmune thyroiditis (15—
30% of T1D children develop anti-thyroid antibodies) and
celiac disease (5—10% prevalence), both of which require
routine screening °.

The rising incidence of these disorders, combined
with the potential for lifelong disability, underscores the
urgent need for early diagnosis, risk stratification, and
personalized treatment strategies. The following review
provide an overview of the most common pediatric
autoimmune conditions, their diagnostic criteria, and
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evidence-based management approaches, with a focus on
recent advances in biologic and small molecule therapies.

METHODS

Search Strategy and Selection Criteria
A literature search was conducted using PubMed, Scopus,
and Web of Science databases for articles published
between 2000 and 2025. Search terms included “pediatric
autoimmune diseases,” “juvenile idiopathic arthritis,”
“pediatric  lupus,” “type 1 diabetes,” “juvenile
dermatomyositis,” and “autoimmune hepatitis.” Priority
was given to systematic reviews, clinical trials, cohort
studies, and international guidelines published in English.

Epidemiology and Global Burden of Pediatric
Autoimmune Diseases

The epidemiology of pediatric autoimmune
disorders has undergone substantial refinement over the
past two decades, driven by large-scale population
registries and international collaborative networks'.
Collectively, autoimmune diseases affect an estimated
4.5-5.0% of children and adolescents worldwide, with a
rising incidence reported for most conditions'®.

A systematic analysis of 27 autoimmune diseases in
195 countries between 1990 and 2019 revealed that the
global age-standardized incidence rate of childhood-onset
autoimmunity increased by 1.8% annually, with the
highest increases observed in high-income regions.

Juvenile idiopathic arthritis (JIA) remains the most
prevalent pediatric rheumatic disease, with an incidence
ranging from 8.3 per 100,000 in Asia to 23.7 per 100,000
in Europe'!. The female-to-male ratio varies by subtype:
oligoarticular JIA shows a strong female predominance
(4:1), while enthesitis-related  arthritis  affects
predominantly males (6:1)'".

In North America, the prevalence of JIA has been
estimated at 86.1 per 100,000 children, translating to
approximately 300,000 affected children under 18 years'2.

Pediatric-onset systemic lupus erythematosus
(pSLE) is considerably rarer, with an annual incidence of
0.34 to 0.89 per 100,000 children'*. However, the burden
of disease is disproportionately high because pSLE
presents with more severe organ involvement than adult
SLE®. In a multinational cohort of 1,578 children with
pSLE, renal involvement occurred in 67% at diagnosis,
compared to 41% in adult-onset SLE'®. The incidence of
pSLE is highest among children of African, Hispanic, and
Asian descent, with rates up to 6.0 per 100,000 in
Afro-Caribbean populations'.

Type 1 diabetes (T1D) is the most common
endocrine autoimmune disorder, with an annual global
incidence increase of 3.4% over the past three decades'>.
The highest incidence rates are observed in Finland (62.3
per 100,000 per year), Sweden (43.8), and Kuwait (40.9),
while China and Venezuela report rates below 2.0 per
100,0001,°.

Autoimmune hepatitis (AIH) accounts for 2-3% of
all chronic liver disease in children, with an incidence of
0.23 per 100,000 children per year in Europe and 0.4 per
100,000 in the United States'”. Juvenile dermatomyositis
(JDM) is even less frequent, with an annual incidence of
2-4 per 1,000,000 children, but it carries a 25-30% risk of
chronic calcinosis and long-term disability if not treated
aggressively'®.

The co-occurrence of multiple autoimmune
disorders in the same child is not rare: 15-20% of children
with T1D develop autoimmune thyroiditis, and 5-10%
develop celiac disease'.

Table 1 summarizes the incidence and prevalence of
major pediatric autoimmune disorders.

Table 1. Epidemiology of Common Pediatric Autoimmune Disorders

Disorder | Annual Incidence | Prevalence Peak Age Female: Male
(per 100,000) (per 100,000) | (years) Ratio
JIA 8.3-23.7 16 — 150 2-4 (oligo), 6-12 (poly) | 3:1 overall
pSLE 0.34-0.89 33-9.0 11-14 4.5:1 (prepubertal), 9:1 (postpubertal)
T1D 15.0-62.3 200 - 600 5-7 and 10-14 1.2:1
JDM 0.2-0.4 0.4-1.0 5-10 2:1
AIH 0.23-0.40 1.0-25 10-14 3:1 (type 1), 9:1 (type 2)
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Pathogenic Mechanisms and Genetic Susceptibility

The pathogenesis of pediatric autoimmune disorders
arises from a complex interplay between genetic
predisposition and environmental triggers, culminating in
the breakdown of immune tolerance®. Genome-wide
association studies (GWAS) have identified over 200
susceptibility loci shared across multiple autoimmune
diseases, with the human leukocyte antigen (HLA) region
accounting for the strongest genetic signals?. In JIA, the
HLA-DRB1*08 and HLA-DRBI*11 alleles confer
increased risk, while HLA-DRB1*04 is associated with
polyarticular and rheumatoid factor-positive disease?'.
For pSLE, HLA-DRBI1*03 and *15, together with
non-HLA genes such as IRF5, STAT4, and PTPN22,
explain approximately 35% of the heritability?'.

The loss of central tolerance in the thymus or peripheral
tolerance through defective regulatory T cell (Treg)
function is a critical event*. Children with autoimmune
polyendocrinopathy-candidiasis-ectodermal  dystrophy
(APECED) due to AIRE gene mutations demonstrate the
consequences of impaired central tolerance, developing
multiple autoimmune manifestations by early
childhood??. In more common diseases, such as T1D, the
number and function of FOXP3" Tregs are reduced in the
pancreatic lymph nodes, allowing islet-reactive CD8* T
cells to destroy beta cells®.

Environmental factors act as triggers in genetically
susceptible individuals**. Viral infections, particularly
enteroviruses (Coxsackie B) for T1D and Epstein-Barr
virus (EBV) for pSLE and JDM, have been implicated
through molecular mimicry and bystander activation®.
The gut microbiome plays an increasingly recognized
role: children with T1D show reduced microbial diversity
and a lower abundance of butyrate-producing bacteria up
to one year before seroconversion to islet autoantibody
positivity®. Vitamin D deficiency, present in 40-60% of
children with newly diagnosed pSLE and JIA, may
contribute to disease risk by impairing the
immunoregulatory functions of vitamin D receptors on T
cells®.

The hygiene hypothesis remains relevant: a meta-analysis
of 46 studies found that early-life exposure to pets,
farming environments, and older siblings reduces the risk
of developing TID and JIA by 25-30%, whereas
Caesarean section delivery and formula feeding increase
risk by 15-20%7.

Common Pediatric Autoimmune Disorders

Juvenile Idiopathic Arthritis (JIA)

JIA encompasses seven ILAR categories, of which
oligoarticular JIA (persistent and extended) accounts for
50-60% of cases*. The extended oligoarticular subtype,
defined by the appearance of more than four affected
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joints after the first six months, occurs in 30-40% of
initially oligoarticular patients and carries a worse
prognosis®. Systemic JIA (sJIA), representing 10-15% of
JIA, is characterized by quotidian fevers, evanescent rash,
and serositis; it is now recognized as an autoinflammatory
disease driven by interleukin-1 (IL-1) and IL-18¢.

Pediatric-Onset
(pSLE)

pSLE presents with more acute and severe features than
adult SLE’. In a cohort of 1,000 children with pSLE, the
most common manifestations at diagnosis were malar
rash (72%), arthritis (68%), nephritis (67%), hematologic
involvement (autoimmune hemolytic anemia or
thrombocytopenia, 45%), and neuropsychiatric disease
(seizures or psychosis, 18%)?. Lupus nephritis, classified
by the International Society of Nephrology/Renal
Pathology Society (ISN/RPS), is class III or IV in 65% of
children, compared to 40% of adults®.

Systemic Lupus Erythematosus

Type 1 Diabetes (T1D)

T1D results from progressive beta-cell destruction,
typically with a silent prodrome lasting months to years'°.
The presence of two or more islet autoantibodies (insulin,
GADG6S5, 1A-2, ZnT8) predicts a 100% risk of clinical
diabetes within 10 years''. At diagnosis, most children
present with polyuria, polydipsia, and weight loss;
diabetic ketoacidosis (DKA) occurs in 25-40% of new
cases, with the highest rates (45%) in children under 5
years'2.

Juvenile Dermatomyositis (JDM)

JDM is characterized by a pathognomonic heliotrope rash
(purple discoloration of the upper eyelids) and Gottron
papules (erythematous plaques over knuckles)'*. Muscle
weakness is proximal and symmetric, affecting the neck
flexors, deltoids, and hip flexors. Calcinosis cutis
develops in up to 40% of children, often at sites of trauma
or pressure, and is more common in children with delayed
diagnosis (>6 months from symptom onset)'“.

Autoimmune Hepatitis (AIH)

Two types of AIH occur in children: type 1 (ANA and/or
SMA positive) accounts for 60-70% of cases, and type 2
(anti-LKM1 positive) accounts for 30-40%"°. Type 2 AIH
presents at a younger age (median 6 years vs. 11 years for
type 1) and has a higher rate of progression to cirrhosis at
diagnosis (55% vs. 35%)'.

Other Notable Disorders

Autoimmune thyroiditis (Hashimoto disease) affects
1-2% of school-age children, with a female predominance
of 5:1". Celiac disease, mediated by anti-tissue
transglutaminase antibodies, has a prevalence of 1% in
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Western countries but is diagnosed in only 10-20% of
affected children due to atypical presentations (iron
deficiency, short stature, abdominal distension)'®.

Diagnostic Approaches and Biomarkers in Children
Diagnosis of pediatric autoimmune disorders relies on a
combination of clinical criteria, serologic biomarkers,
and, where applicable, histopathology'®. Age-specific
reference ranges and the dynamic nature of the
developing immune system present unique diagnostic
challenges?.

Antinuclear antibody (ANA)testing is a first-line
screening tool, with Low-titer ANA positivity may occur
in healthy children *!. Therefore, ANA alone is not
diagnostic; its clinical utility depends on the titer (>1:160
in children is considered significant) and the specific
pattern  (homogeneous, speckled, nucleolar, or
centromere)*. In pSLE, ANA is positive in 98% of cases,
and anti-dsDNA (specificity 95%) correlates with lupus
nephritis activity?.

Rheumatoid factor (RF) is rarely positive in JIA except
in the RF-positive polyarticular subtype, which
constitutes only 5-10% of JIA*. In contrast, anti-cyclic
citrullinated peptide (anti-CCP) antibodies have a
specificity of 96-98% for RF-positive polyarticular JIA
and may be positive years prior to symptom onset>.

Islet autoantibodies (IAA, GADA, 1A-2A, ZnT8A) are
the cornerstone of T1D prediction and early diagnosis®.
The combined measurement of all four autoantibodies has
a sensitivity of 88-92% for T1D within 5 years®. In
children with newly diagnosed T1D, at least one islet
autoantibody is detectable in 95% of cases®.

Myositis-specific antibodies in JDM include anti-TIF1-y
(associated with severe skin disease and calcinosis, 25%
of JDM), anti-NXP-2 (calcinosis and gastrointestinal
involvement, 20%), and anti-MDAS (rapidly progressive
interstitial lung disease, 10%)*. Anti-MDAS-positive
JDM has a 30-40% mortality rate within 2 years without
aggressive immunosuppression®.

Histopathologic examination of liver biopsy remains
the gold standard for diagnosis and staging of AIH*. The
histologic triad of interface hepatitis, lymphoplasmacytic
infiltrate, and hepatocyte rosetting has a sensitivity of
85% and specificity of 95% for AIH?. Non-invasive
markers of fibrosis, such as transient elastography
(FibroScan), correlate with histologic stage (r=0.78) and
can reduce the need for repeated biopsies?.

Imaging plays an increasingly important role. Joint
ultrasound and contrast-enhanced MRI detect synovitis
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and tenosynovitis in JIA with greater sensitivity for
detecting subclinical synovitis than physical examination
alone ?’. In pSLE, renal biopsy is mandatory for suspected
nephritis, and brain MRI may show white matter

hyperintensities in 30-40% of children with
neuropsychiatric symptoms?’.
Table 2 summarizes key diagnostic biomarkers.
Table 2. Diagnostic Biomarkers in Pediatric
Autoimmune Disorders
Disorder | First-line Confirmatory | Prognostic
test test biomarker
JIA ANA, RF, Joint Extended
anti-CCP MRI/synovial | oligoarticular:
biopsy anti-CCP
pSLE ANA, Renal biopsy | Anti-Sm,
anti-dsDNA, | (class II-V) anti-RNP
C3/C4
T1D Islet Oral glucose | High-risk
autoantibodies | tolerance test | HLA
(GADA, (DR3-DQ2/
IA-2A) DR4-DQ8)
JIDM Muscle Muscle MRI, | Anti-MDAS,
enzymes (CK, | EMG anti-TIF1-y
aldolase)
AIH ANA, SMA, | Liver biopsy | IgG level,
anti-LKM1 AST/ALT
ratio

Current Pharmacological Management:

Juvenile Idiopathic Arthritis

The treatment of JIA follows a treat-to-target approach
aiming for clinical remission®. Non-steroidal
anti-inflammatory drugs (NSAIDs, e.g., naproxen 15-20
mg/kg/day) are used for mild oligoarticular JIA; 30-40%
of such patients achieve remission with NSAIDs alone
within 6 months?®. For persistent arthritis despite
NSAIDs, intra-articular  corticosteroid injections
(triamcinolone hexacetonide) are highly effective, with a
70-80% response rate at 6 months®.

Methotrexate (MTX, 10-15 mg/m*week orally or
subcutaneously) is the first-line disease-modifying
antitheumatic drug (DMARD). In the pivotal trial, 74% of
children with polyarticular JIA achieved a 30%
improvement (ACR Pedi 30) at 6 months, and 40%
achieved ACR Pedi 70%. For MTX-refractory disease,
biologic agents are indicated. TNF inhibitors (etanercept,
adalimumab) are approved for polyarticular JIA;
adalimumab showed a 56% ACR Pedi 70 response at 48
weeks®™. For sJIA, IL-1 inhibitors (canakinumab,
anakinra) and IL-6 inhibitors (tocilizumab) are first-line
biologics, achieving complete remission in 60-70% of
patients®.
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Pediatric-Onset SLE

Hydroxychloroquine (5-6 mg/kg/day, max 400 mg/day) is
recommended for all pSLE patients, reducing flares by
50-60%?3'. For mild to moderate disease, corticosteroids
(prednisone 0.5-1 mg/kg/day) and mycophenolate mofetil
(MMF, 600-1200 mg/m?/day) are used*'. For severe lupus
nephritis (ISN/RPS class III or IV), induction therapy
with MMF or intravenous cyclophosphamide (500-750
mg/m? monthly for 6 months) achieves renal response
(reduction in proteinuria by >50%) in 75-80% of
children®. Belimumab, a monoclonal antibody against
B-lymphocyte stimulator (BLyS), is approved for
children >5 years with active pSLE and reduces disease
activity by 45% at 52 weeks*.

Type 1 Diabetes

Insulin therapy is mandatory and delivered via multiple
daily injections (MDI) or continuous subcutaneous
insulin infusion (CSII) pump?*. The average total daily
insulin dose in prepubertal children is 0.7-1.0
units/kg/day, increasing to 1.0-1.5 units/kg/day during
puberty®. Adjunctive therapies include pramlintide
(amylin analog) and, in very select cases, verapamil, but
these have limited pediatric evidence®.
Immunomodulation with teplizumab (anti-CD3) delays
progression to clinical T1D by 2-3 years in children with
stage 2 disease (two or more autoantibodies plus
dysglycemia) 4.

Juvenile Dermatomyositis

High-dose corticosteroids (prednisone 2 mg/kg/day or
methylprednisolone 30 mg/kg/day pulse for 3 days)
remain first-line, achieving initial control in 85% of
children'®. Methotrexate (15-20 mg/m?/week) is added as
a steroid-sparing agent, reducing the cumulative steroid
dose by 50% at 12 months**. For refractory JDM, IVIG (1
g/kg/day for 2 days monthly), rituximab (anti-CD20), or
mycophenolate mofetil is used®*.

Autoimmune Hepatitis

Remission is induced with prednisone (2 mg/kg/day, max
60 mg) plus azathioprine (1-2 mg/kg/day) after 2 weeks
of steroids®*. Remission (normal transaminases and IgG)
is achieved in 80-90% of children by 6 months*. For
those who relapse after drug withdrawal (50-60% within
2 years), long-term low-dose azathioprine or
mycophenolate is maintained*.

Long-Term Outcomes, Growth, and Psychosocial
Considerations

Long-term outcomes have improved dramatically with
biologic therapies, but significant morbidity persists. In
JIA, 15-20% of children still have active arthritis after 10
years, and 25% develop radiographic joint damage?®. For
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pSLE, the 10-year survival is 85-90%, but 30% of
children develop chronic kidney disease (stage 3 or
worse) within 10 years of diagnosis®'.

Growth impairment is a major concern. Chronic
inflammation and prolonged corticosteroid use suppress
the growth hormone—IGF-1 axis, leading to a mean height
deficit of 1.5-2.0 standard deviations in children with
active JIA or pSLE®. Catch-up growth may occur after
disease control, but only if puberty has not been
completed®.

Psychosocial morbidity includes depression (25-30% of
adolescents with autoimmune disorders), anxiety (40%),
and poor health-related quality of life**. Transition from
pediatric to adult care is a vulnerable period: up to 50% of
young adults with childhood-onset autoimmune diseases
become lost to follow-up within 2 years of transfer®.

Future Directions

Precision medicine based on genetic, serologic, and
microbiome signatures is the frontier?’. The Pediatric
Rheumatology Collaborative Study Group is currently
validating a JIA risk score (combining HLA-DRB1 alleles
and anti-CCP) to predict response to MTX versus
biologics®'. For T1D, prevention trials using oral insulin
or teplizumab in autoantibody-positive children are
ongoing*. Unmet needs include the lack of
pediatric-specific drug formulations (most biologics are
dosed from adult studies) and the absence of validated
biomarkers for treatment withdrawal®*. Only 35% of
children with pSLE achieve sustained remission off all
immunosuppression, and attempts to identify safe
stopping rules have so far failed**.

CONCLUSION

Pediatric autoimmune disorders are a diverse and
increasingly recognized causes of chronic morbidity in
children and adolescents. Advances in immunology,
biomarker discovery, and biologic therapies have
substantially improved disease control and long-term
outcomes. Nevertheless, major challenges remain,
including delayed diagnosis, treatment-related toxicity,
psychosocial burden, and inequitable access to
specialized care. Future progress in precision medicine
and preventive immunomodulation may further improve
prognosis and quality of life for affected children.

LIMITATIONS

This review has several limitations. First, it is a narrative
review rather than a formal systematic review or meta-
analysis; therefore, selection bias in the included literature
cannot be excluded. Second, substantial heterogeneity
exists among epidemiologic studies, diagnostic criteria,
and treatment protocols across geographic regions and
healthcare systems, which may limit direct comparisons
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between studies. Third, many therapeutic
recommendations in pediatric autoimmune diseases are
extrapolated from adult studies because pediatric-specific
randomized controlled trials remain limited for several
conditions. In addition, rapidly evolving evidence
regarding biologic therapies, biomarkers, and precision
medicine approaches may lead to changes in current
recommendations over time. Finally, access to advanced
biologic therapies and specialized pediatric autoimmune
care differs considerably between high-income and
resource-limited settings, potentially affecting the global
applicability of management strategies discussed in this
review.
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