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Abstract Intravenous immunoglobulin (IVIG) provides re-
placement therapy in immunodeficiency and immunomodula-
tory therapy in inflammatory and autoimmune diseases. This
paper describes the immunemechanisms underlying six major
non-primary immunodeficiency pediatric diseases and the di-
verse immunomodulatory functions of IVIG therapy. In Ka-
wasaki disease, IVIG plays a major, proven, and effective role
in decreasing aneurysm formation, which represents an aber-
rant inflammatory response to an infectious trigger in a genet-
ically predisposed individual. In immune thrombocytopenia,
IVIG targets the underlying increased platelet destruction and
decreased platelet production. Although theoretically promis-
ing, IVIG shows no clear clinical benefit in the prophylaxis
and treatment of neonatal sepsis. Limitations in research de-
sign combined with the unique neonatal immunologic envi-
ronment offer explanations for this finding. Inflammation
from aberrant immune activation underlies the myelinotoxic
effects of Guillain-Barré syndrome. HIV-1 exerts a broad
range of immunologic effects and was found to decrease seri-
ous bacterial infections in the pre-highly active anti-retroviral
therapy (HAART) era, although its practical relevance in the
post-HAART era has waned. Clinical and experimental data
support the role of immunemechanisms in the pathogenesis of
childhood epilepsy. IVIG exerts anti-epileptic effects through
targeting upregulated cytokine pathways and antibodies
thought to contribute to epilepsy. Applications in six

additional pediatric diseases including pediatric asthma, atop-
ic dermatitis, cystic fibrosis, pediatric autoimmune neuropsy-
chiatric disorders associated with streptococcal infection
(PANDAS), autism, and transplantation will also be briefly
reviewed. From autoimmunity to immunodeficiency, a dy-
namic immunologic basis underlies major pediatric diseases
and highlights the broad potential of IVIG therapy.
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Introduction

Immunoglobulin replacement (Ig) therapy consists of pooled
polyclonal IgG from thousands of healthy donors with broad
applications. Commercial preparations of intravenous immu-
noglobulin (IVIG) contain >95 % IgGmonomers with a small
percentage of dimers, IgM, IgA, and other small proteins.
Classically, IVIG provides replacement therapy in immuno-
deficiency and immunomodulatory therapy in many non-
immunodeficiency diseases. Historically, the use of immuno-
globulin replacement dates back to Colonel (Dr.) Ogden
Bruton’s characterization of an inherited form of severe agam-
maglobulinemia that responded well to treatment with subcu-
taneous human serum globulin [1]. Yet, its history dates back
to its applications in treating infectious disease, as reflected in
the observation by von Behring and Kitasato in 1890 that
immune sera can treat diphtheria and tetanus [2]. Currently,
the FDA-approved indications for IVIG remain limited, al-
though at least 75 % of IVIG in the USA is administered
off-label for autoimmune or inflammatory conditions, most
commonly neurologic diseases [3].
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While the immunoglobulin replacement provided by IVIG
is well defined, the anti-inflammatory and immunoregulatory
functions of IVIG remain incompletely elucidated. Numerous
studies have reported that IVIG has effects on B cells, anti-
bodies, the complement system, T cell mechanisms, cell traf-
ficking, and cytokine-based mechanisms [3, 4]. For inflam-
matory and autoimmune diseases, IVIG is often administered
at doses four to five times those used in replacement therapy
for immunodeficiency [3]. Speculation remains regarding
whether the benefit of IVIG therapy in these contexts is direct
or simply an observed Bbystander^ effect [5]. IVIG is effective
in select autoimmune and inflammatory diseases, and differ-
ent underlying disease mechanisms likely underly why some
but not all autoimmune processes respond to IVIG. In some
cases, the specific mechanisms of these autoimmune process-
es are still being elucidated. In other diseases, attention has
shifted to the application of more targeted monoclonal
antibody-based therapies.

Still, IVIG is often administered when conventional thera-
py fails or no alternative therapy exists, and mixed outcomes
have been demonstrated across a wide range of diseases in
which the etiology remains elusive. The applications of IVIG
have expanded in both adult and pediatric diseases. Here, we
seek to review the non-primary immune deficiency applica-
tions of IVIG in six major pediatric diseases, chosen due to
their relevance to pediatrics. Specifically, we will explore the
applications of IVIG in Kawasaki disease (KD), immune
thrombocytopenia (ITP), Guillain-Barré syndrome (GBS),
preterm and neonatal sepsis, pediatric HIV-1, and intractable
childhood epilepsy (ICE). Other established indications for
IVIG including chronic lymphocytic leukemia (CLL), auto-
immune blistering diseases, inflammatory myopathies (der-
matomyositis), and chronic inflammatory demyelinating
polyradiculoneuropathy (CIPD) are predominantly adult dis-
eases that are relatively rare in pediatric populations and omit-
ted from specific discussion in this review. Here, wewill briefly
introduce each of the six diseases, the underlying immunologic
dysfunction, and the mechanism of action underlying IVIG as a
therapeutic. Applications of IVIG in six additional pediatric
diseases including pediatric asthma, atopic dermatitis, cystic
fibrosis, pediatric autoimmune neuropsychiatric disorders asso-
ciated with streptococcal infection (PANDAS), autism, and
transplantation are also briefly reviewed.

Kawasaki Disease

KD is an acute systemic vasculitis of childhood and the most
common cause of acquired heart disease of children in devel-
oped countries [5]. The vasculitis involves the small- and
medium-sized arteries, and symptoms include high fever,
rash, cervical lymphadenopathy, conjunctivitis, and mucocu-
taneous changes. The most concerning life-long morbidity

involves formation of ectasia or aneurysm of the coronary
arteries [6]. Themajority of childrenwithKDare under 5 years
old, with peak incidence between 18 and 24 months.

Immunologic Theories Behind KD

KD is believed to represent an aberrant inflammatory response
to an infectious trigger in a genetically predisposed individual
[6]. Activation ofmonocytes, macrophages, and inflammatory
cytokines such as tumor necrosis alpha (TNF-α), interleukin
(IL)-1, and IL-6 contributes largely to the inflammatory state
characteristic of KD [6]. The influx of neutrophils character-
izes the early stage, and resultant reactive oxygen species and
other mediators also contribute to endothelial inflammation
and resultant dysfunction [6, 7]. Specific Toll-like receptor
agonists (such a TLR-2) contribute to the upregulation of co-
stimulatory and inflammatory cytokines inducing coronary pa-
thology in KD [7]. KD is also characterized by the presence of
autoreactive anti-endothelial IgG and IgM antibodies that cause
endothelial lysis when stimulated by TNF-α or IL-1 [8].Mono-
cytes, CD8+ T cells, and plasma cells infiltrate the coronary
arterial wall leading to aneurysm formation [8].While no single
microbial entity has been identified, bacterial superantigens are
suspected to play an etiologic role given the similar clinical
mucocutaneous features shared between KD and staphylococ-
cal and streptococcal-mediated disorders [5]. The overexpres-
sion of particular T lymphocyte receptor Vβ families is asso-
ciated with a massive immune response in animal models sug-
gesting differential predisposition toward inflammation [9].
Additionally, T regulatory cells (Treg) and FOXP3 mRNA
gene expression appear significantly reduced in acute KD [10].

IVIG Treatment for KD

The American Heart Association recommends a single admin-
istration of 2 g/kg of IVIG within 5–10 days after onset of
fever. A meta-analysis of large, randomized studies showed
that IVIG and aspirin unequivocally shorten fever duration
and reduce coronary artery aneurysm formation from 15 to
25 % in those untreated down to less than 5 % after treatment
[8]. Still, approximately 10–20 % of patients experience the
persistence or recurrence of fever. Moreover, 5 % of children
experience transient coronary artery dilation and 1 %
still go on to develop giant aneurysms [8]. Genetic
polymorphisms encoding cytokines, chemokines, and
enzymes involved in signal transduction are thought to
explain differences in susceptibility to KD itself, as well
as the response to IVIG treatment [11].

IVIG appears to reduce immune activation and inflamma-
tion through several proposed mechanisms (Table 1). IVIG
inhibits the activation of monocytes, macrophages, and coro-
nary arterial endothelial cells more than T lymphocytes
in vitro. Interestingly, Kawasaki himself was the first to
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Table 1 Immune mechanisms underlying pediatric disease and IVIG

Disease Mechanism underlying disease Mechanism of IVIG activity

Inflammatory diseases

Kawasaki disease [5, 6, 9, 11]
(FDA-approved)

•Bacterial superantigen-mediated stimulation
of deregulated inflammation

•Activation of inflammatory cytokines
(TNF-α, IL-1, IL-6)

•Neutrophil activation, migration, and production
of ROS, NO

•Monocyte/macrophage activation
•Autoreactive anti-endothelial IgG, IgM antibodies
•Eosinophilia
•Decreased T regulatory cell/FOXP3

expression

•Neutralizes microbial superantigen triggers to KD
•Modulates cytokine, chemokine, and adhesion

molecule expression on endothelium
•Reduces NO production from neutrophils
•Inhibits monocyte and macrophage activation
•Blocks FcR binding
•Provides anti-idiotypic antibodies
•Augments T regulatory cells

Immune thrombocytopenia
[14, 16, 17, 19] (FDA-approved)

•Generation of autoantibodies against platelet
antigens (gpIIb/IIIa, gpIb/IX) and thrombopoietin

•Suppression of megakaryocytopoiesis
•Activation of inflammatory cytokines

(IL-6, TNF-α, MCP-1)
•Microbial trigger to inflammation (undefined)

•Blocks FcR on macrophages and platelets
•Inhibits opsonization
•Augments catabolism and clearance of antibodies

(to gpIIb/IIIa on platelets
•Inhibits pro-inflammatory cytokines

(IL-6, TNF-α, MCP-1)
•Increases anti-inflammatory cytokine (IL-10)
•Inhibits complement-mediated platelet destruction
•Provides passive immunity to combat microbial

trigger theorized to trigger ITP

Guillain-Barré syndrome [25, 27, 28]
(non-FDA-approved but strong
recommendation with criteria)

•Bacterial trigger (Campylobacter)
•Generation of autoantibodies against myelin

sheath/peripheral nerve
•Activation of macrophages
•Upregulation of adhesion molecules
•Activation of pro-inflammatory cytokines

(IFN-γ, IL-2, TNF-α, TNF-β)
•Superantigen stimulation associated with possible

bacterial triggers
•CD4 > CD8 T cell predominance
•Activation of B cells, plasma cells

•Neutralizes bacterial trigger
•Provides anti-idiotypic antibodies
•Inhibits complement-mediated myelin destruction
•Blocks FcR-mediated phagocytosis on macrophages
•Inhibits ADCC
•Downregulates inflammatory cytokines

(IL-2, IFN- , TNF-α, TNF-β)
•Augments T regulatory cell production
•Neutralizes bacterial triggers
•Interferes with superantigen-induced T cell activation
•Promotes remyelination
•Downregulates B cell activation and antibody

production

Diseases with impaired immunity (excluding primary immunodeficiency)

Neonatal sepsis [34, 42, 44]
(non-FDA-approved)

•Insufficient IgG (via passive immunity for preterm
infants and delay in ability to self-generate IgG)

•Decreased NK and monocyte activation
•Diminished neutrophil burst
•Inflammatory cascade triggered by sepsis
•Defective complement function

•Provides passive immunity
•Enhances opsonization, complement, phagocytosis

targeting encapsulated bacteria
•Promotes ADCC
•Enhances neutrophil function
•Inhibits inflammatory cytokine cascade
•Inhibits complement activation

Pediatric HIV-1 [46, 53]
(FDA-approved)

•Insufficient Ig via passive immunity
•Quantitative hypergammaglobulinemia with

functional hypogammaglobulinemia
•Abnormal mitogen stimulation
•Activation of inflammatory cytokines

(IL-1, IL-6, TNF-α)
•Dysfunctional CD4 T cell and Treg function
•HIV-1-mediated inhibition of B cell stimulation

and function and T cell clonal expansion

•Provides passive immunity
•Promotes ADCC
•Normalizes mitogen stimulation (Pokeweed)
•Downregulates inflammatory cytokines
•Enhances Treg cell function
•Provides antibodies against T cell receptor β chains
•Inhibits viral syncytia formation

Diseases with incompletely defined mechanisms

Intractable childhood epilepsy [57, 61]
(non-FDA-approved)

•Altered inflammatory cytokine milieu
•Decreased antibody subsets (IgA, IgG2)
•Autoantibodies with overall increased

total IgG, IgM

•Inhibits inflammatory cytokines
•Increases NK cell activity
•Provides anti-idiotypic antibodies
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describe peripheral blood eosinophilia in his initial cohort of
50 patients with KD [12].

Finally, Treg and FOXP3 mRNA gene expression both
increased after IVIG treatment [10]. These changes were not
associated with clinical endpoints such as coronary artery an-
eurysm involvement, but they suggest that an inflammatory
environment contributes to the Treg dysregulation which
IVIG therapy targets, although no direct linkage has been
established to date [10]. IVIG also suppresses an array of
immune activation genes in monocytes, including those acti-
vating Fc Rs and genes involved in TGF-β signaling [5]. Ge-
nomic studies have identified several genes encoding Fc RI
and Fc RIII on monocytes were reduced after IVIG [11]. Con-
versely, a reduced therapeutic response to IVIG is a known
risk factor for coronary aneurysm development [11].

Immune Thrombocytopenia

Primary ITP is characterized by thrombocytopenia typically
occurring several weeks after a viral illness. Acute pediatric
ITP is considered one of the most common acquired bleeding
disorders in children and is generally self-limited, with spon-
taneous resolution occurring within 6–12months in over 80%
of cases irrespective of intervention [13]. While most cases in
children are accompanied by mild mucosal bleeding, the risk
of severe intracranial hemorrhage (ICH) or gastrointestinal
hemorrhage fuels the impetus for treatment given its high
mortality rate [14]. The 2011 American Society of Hematol-
ogy Clinical Treatment Guideline lists IVIG as a first-line
treatment option favored over corticosteroids in settings when
a rapid increase in platelet count is desired. Dosing for this and
other indications reviewed are listed (Table 2).

Immune Mechanisms of ITP

Acute ITP represents the majority of pediatric ITP, while most
adult cases are chronic. The mechanisms underlying child-
hood ITP appear distinct from adult ITP, and some authors
theorize that childhood ITP results from transient immune
complex formation, whereas adult ITP is a manifestation of
an underlying autoimmune disorder often requiring

corticosteroids [15]. Two main mechanisms underlie the path-
ogenesis of ITP: (1) increased platelet destruction and (2) de-
creased platelet production [16].

Increased destruction occurs predominantly via autoanti-
bodies against platelet antigens such as glycoprotein IIb/IIIa
and glycoprotein Ib/IX that opsonize the platelets leading to
phagocytosis via the reticuloendothelial system [16, 17]. Mo-
lecular mimicry contributes to epitope spreading leading to
chronic ITP. T cell mechanisms underlying defective immune
tolerance have been proposed, given that platelet-associated
autoantibodies are undetectable in 40–50 % of ITP cases [16].
Decreased platelet production is also attributable to antiplate-
let antibodies that suppress megakaryocytopoiesis through the
direct inhibition of the thrombopoietin (TPO) receptor [18].
This observation is supported by studies showing that lower
than expected TPO levels were found in ITP patients [19].

Effects of IVIG Treatment on ITP

The application of IVIG in ITP dates back to 1981 when an
increase in platelets was observed after IVIG in a patient with
Wiskott-Aldrich syndrome [20]. Yet, suspicion of an immune
mechanism underlying ITP dates back earlier, raising interest
in ITP as a model for studying the effects of IVIG on other
autoimmune-mediated disorders. Today, ITP is the most com-
mon non-primary immunodeficiency-based indication for
IVIG in children. The primary mechanism of IVIG occurs
through the neutralization and clearance of pathogenic anti-
bodies, modulating or blocking the Fc receptors on platelets
and macrophages, and preventing the formation of immune
complexes, opsonization, and phagocytosis [21]. IVIG also
competitively saturates the neonatal Fc receptor (FcRn) and
increases the catabolism and clearance of antibodies, includ-
ing pathogenic ITP autoantibodies [21]. Finally, IVIG pro-
vides pathogen-blocking activity (passive immunity) given
that infection is a proposed trigger. These and other immune
modulatory effects are reviewed (Table 1 and Fig. 1).

Adverse Effects of IVIG on ITP

While IVIG is generally considered safe, common and serious
adverse effects include aseptic meningitis, anaphylaxis, and

Table 2 IVIG dosing for non-
primary immunodeficiency pedi-
atric diseases

Indication Dosing

Kawasaki disease (KD) 2 g/kg/dose as a single dose

Immune thrombocytopenia (ITP) 800–1,000 mg/kg/dose for 2 days or 400 mg/kg/day for 5 days

Pediatric Guillain-Barré syndrome (GBS) 2 g/kg/divided over 2–5 days

Neonatal sepsis prophylaxis 200–1,000 mg/kg monthly or at varying frequencies

Pediatric HIV 200–800 mg/kg/month

Intractable childhood epilepsy (ICE) 2 g/kg divided over 4–5 days to load, then 400 mg/kg/month
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thromboembolism (Table 3). Generally, thromboembolic
complications are rare in pediatric populations, but several
mechanisms specific to ITP have been identified to include
platelet activation, arterial vasospasm, increased fibrinogen
levels, increased plasma viscosity, increased factor XI concen-
tration, activation of serum complement, and increase in arte-
rial vascular tone (Table 3) [22]. A case of cerebral sinus
thrombosis in a child with ITP with a post-IVIG headache
highlights that thromboembolism remains a serious risk [23].
Another less severe adverse effect of IVIG is neutropenia,
which tends to be transient [24].

Pediatric Guillain-Barré Syndrome

GBS is an acute acquired inflammatory demyelinating
polyneuropathy that occurs in both adults and children and
is the most common cause of acquired neuropathy in the
post-poliomyelitis era. It is characterized by symmetric, as-
cending flaccid paralysis, weakness, or diminished deep

tendon reflexes. Although generally self-limited, severe rap-
idly progressive weakness may require ventilator support. It
has been associated with infectious triggers including Cam-
pylobacter jejuni. In general, the pediatric form is thought to
be clinically milder with greater likelihood of recovery, al-
though persisting muscle weaknesses was seen in 20–25 %
of cases in both the pre-IVIG and post-IVIG eras but with
milder deficits in the post-IVIG era [25, 26]. Moreover, age
younger than 9 years and rapid progression of symptomswith-
in 10 days were predictors of long-term sequelae [26].

Pathogenesis of GBS

Studies on the immunologic pathogenesis of GBS are pre-
dominantly based on animal model or in vitro studies, as
GBS resembles an animal-based disease entity called experi-
mental autoimmune neuritis (EAN). Macrophages play a key
role in phagocytosis and release of pro-inflammatory cyto-
kines which propagate axonal damage [27]. Both humoral
and cell-mediated immunity contribute to the pathogenesis

Innate Immunity Adaptive Immunity

• Inhibits opsonization  
• Inhibits phagocytosis via 

blocking Fc receptors, 
induction of Fc RIIb

• Modulates cell migration 
(ICAM-I, VCAM-I)

• Reduces NO production 
from neutrophils

• Inhibits monocyte 
activation

• Binds activating and 
inhibitory Fc R

• Inhibits ADCC

• Neutralizes microbial 
superantigen triggers 

• Augments regulatory T cell 
expression and activation

• Provides antibodies against 
TCR chain, CD4, CD8, 
HLA, chemokine receptors

• Fc-mediated inhibition of B 
cells

• Inhibits IL-6 production 
required for antibody secretion 
by plasma cells

• Induces apoptosis of  
autoreactive B cells

• Neutralizes autoantibodies & 
immune complexes

• Increases autoinantibody 
catabolism via FcRn

• Provides passive immunity to 
combat microbial triggers 

• Binds 
activated C1q, 
C3b, C4 & 
C3a, C5a

• Regulates 
dendritic cell 
receptor 
expression & 
migration

• Inhibits 
inflammatory 
cytokines  
(TNF- , IL-1, 
IL-6, IL-2, 
IFN- )

Fig. 1 Roles of IVIG in innate and adaptive immunity-specific mechanisms in innate and adaptive immunity are described including areas of overlap
specifically in complement, cytokine expression, and dendritic cell expression and activation [3, 4, 59]

Table 3 General and disease-
specific adverse effects of IVIG General adverse effects [56] Mild/moderate: fever, chills, flushing, headache, back pain chest pain,

bronchospasm, nausea, myalgias, aseptic meningitis

Serious: renal impairment/failure, seizures, thrombosis/stroke,
pulmonary edema, hemolysis, anaphylaxis

Adverse effects by disease

Immune thrombocytopenia [21, 22] Superior sagittal sinus thrombosis

Neutropenia

Guillain-Barré syndrome [30] Transaminitis

Pediatric HIV-1 [53] Increased risk of general adverse effects listed above
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of GBS. Antibodies to antigens found on the myelin sheath or
peripheral nerve correlate with disease severity [28, 29]. How-
ever, a major limitation in this finding was that elevated titers
of such antibodies were also observed in healthy controls [29,
30]. It was subsequently discovered that immunoglobulins
and particularly IgG bind nonspecifically to myelin proteins
found in the central and peripheral nervous systems [28]. Oth-
er antibodies target gangliosides and neural glycolipids. The
role of cell-mediated immunity also contributes to the patho-
genesis of GBS, and a predominance of CD4+ T helper cells
compared to CD8+ T cells and T regulatory cells is observed
[28]. CD4+ T cells play a pivotal role in the activation of
macrophages, B cell proliferation, production of plasma cells,
and the activation of cytokines with myelinotoxic effects via
the Th1 inflammatory pathway [28]. Inflammation from im-
mune activation is thought to disturb nerve impulse propaga-
tion through myelinotoxic effects [30].

The Therapeutic Role of IVIG

Along with plasmapheresis, corticosteroids, and supportive
therapy, IVIG is one of the major treatments for GBS. In
adults, IVIG and plasmapheresis have similar efficacy in has-
tening recovery from GBS [25]. Pediatric studies of IVIG
(2 g/kg divided over 2 or 5 days) are limited but suggest
benefit [25]. One multicenter randomized study fromWestern
Europe found that early treatment with IVIG was associated
with earlier motor recovery [31]. Other studies show that IVIG
was no better than supportive care, although the time from
symptom onset to maximum symptom severity was shorter
in patients who received IVIG within 10 days than patients
who did not receive IVIG [32]. Both efficacy and non-efficacy
have been documented in children with GBS, and most of
these studies are limited by small study design.

The most recent Cochrane Review published in 2012 de-
scribes the beneficial effect of IVIG in children over support-
ive care only, although the studies reviewed contained limita-
tions in study design [25]. Moreover, the pediatric studies also
showed a trend toward more clinical improvement with high-
dose compared with low-dose IVIG given over 2 days [25].

IVIG inhibits both humoral and cell-mediated mechanisms
activated in GBS (Table 1). IVIG also appears to target bacte-
rial triggers and counter superantigen-induced T cell activa-
tion via anti-toxin antibodies. In addition to its immunomod-
ulatory effects, IVIG has been described to promote
remyelination in animal models. In an EAN study, pooled
immunoglobulin from donor mice promoted remyelination
in studies in multiple sclerosis and in EAN [33, 34]. The
mechanism is unknown but proposed to occur through im-
proving the opsonization of myelin and axons, limiting the
secondary inflammatory cell infiltration and injury, and re-
moving myelin-associated debris [35].

Neonatal and Preterm Infant Sepsis

For nearly two decades, attention has focused on the use of
IVIG as a potential strategy to both prevent and reduce the
morbidity and mortality associated with neonatal sepsis, par-
ticularly in vulnerable preterm infants [36]. Neonatal bacterial
infections can be particularly devastating in this vulnerable
population, and antibodies play a particularly central role in
combating infections caused by encapsulated bacteria and
promoting Fc R-mediated phagocytosis and the deposition
of the opsonin complement C3b. In healthy newborns, IgG
originates via placental transfer predominantly in the third
trimester, with the highest IgG delivered typically at 38–
40 weeks gestation [36]. Preterm delivery alters this, as such
infants have profoundly low levels of IgG and do not begin
generating their own immunoglobulin until 6 months of age.
Hence, the application of IVIG to prevent neonatal sepsis
would appear particularly attractive given it could directly
supply the antibodies and additional immunomodulatory ben-
efits [36, 37].

Use of IVIG Prophylaxis in Preterm Infants

Theoretically, replacement IgG in preterm infants appeared
promising. Yet, despite extensive studies, no published guide-
lines clearly recommend its use [38]. Data on the use of pro-
phylactic IVIG appear mixed, with the majority of studies
showing minimal benefit and questionable clinical utility. A
2013 Cochrane Review of 19 studies performed across 10
countries included preterm and/or low-birth weight infants
and found IVIG was associated with a 3–4 % reduction in
serious nosocomial infection and shorter duration of hospital-
ization (mean 2.1 days) but no benefit in infant mortality from
infection [39]. Authors argue that this small but statistically
significant reduction in infection should be weighed against
the costs of broad recommendation across the large preterm
infant population [39]. In contrast, animal studies have sug-
gested potential detriment, showing that excessive IgG may
impair microbial clearance [40, 41].

IVIG for Treatment of Neonatal Sepsis

IVIG as a therapeutic adjuvant in neonatal sepsis has been
explored with immunologic mechanisms reviewed (Table 1).
Providing passive immunity to sick neonates underlies the
application of IVIG as a treatment modality for culture-
proven or suspected neonatal sepsis in addition to enhancing
opsonization, phagocytosis, and complement, promoting
antibody-dependent cytotoxicity (ADCC), modulating T cell
and macrophage activity via cytokines, stimulating B cell ef-
fector functions, and improving neutrophil-mediated killing
[36, 37]. Studies are limited by data derived from small and
heterogeneous studies. One multicenter trial of term neonates
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with symptoms of bacterial sepsis showed that a single dose of
IVIG in combination with antibiotics significantly delayed
death and suggested a role for IVIG in enhancing survival
[42]. Still, a recent randomized trial of 3,493 infants with
suspected sepsis evaluated the role of IVIG (500 mg/kg/dose)
as adjuvant therapy in infants already receiving IVantibiotics
and found no signi f icant difference in death or
neurodevelopmental outcomes [43].

Unique Nature of Neonatal Immunity

Multiple explanations address the limited efficacy of IVIG for
the prevention or treatment of neonatal sepsis [44]. Some are
based in limitations in study design such as varied inclusion
criteria, heterogeneity in dosing, variation in pathogens, the
low levels of antibodies to neonate-specific pathogens in
IVIG, and use of non-enriched IgM products. The limited
application of IVIG in sepsis may be attributable to the unique
nature of the neonatal immune system. In particular, one of the
theoretical benefits of IVIG is improving opsonization and
phagocytosis. However, preterm infants exhibit decreased
PMN opsonic capacity, phagocytosis, and respiratory burst
compared to term neonates and adults [45]. Hence, immuno-
globulin supplementation in a complement-reduced neonatal
environment derived from adult serum may be poorly
matched for vulnerable neonates [46].

Pediatric Human Immunodeficiency Virus (HIV-1)

Pediatric HIV-1/AIDS was recognized in the 1980s as a clin-
ical syndrome resembling agammaglobulinemia characterized
by recurrent bacterial infections and sepsis. HIV-1 is now
estimated to affect 3.3 million children worldwide, with pri-
mary transmission occurring vertically from infected mothers
[47]. Infants with perinatally acquired infection demonstrate a
shorter incubation period and a more rapid clinical course
compared to adults. The normal physiologic lymphocytosis
of infancy offsets the CD4+ T cell lymphopenia more typical-
ly observed in adult HIV-1 [48].

Immunology of Pediatric HIV

Although the main target of HIV is the CD4 T cell, HIV-1
exerts a broad range of immunologic effects. HIV itself has
envelope glycoproteins that have been shown to inhibit lym-
phoproliferative responses. For example, the envelope protein
gp120 serves to inhibit phytohemagluttin responses [49]. B
cell dysfunction is reflected in the hypergammaglobulinemia
and diminished functional antibody response. Residues on the
carboxyl end of the HIV-1 envelope glycoprotein gp41 have
been implicated in this dysfunctional B cell stimulatory activ-
ity which may deplete the remaining antigen-responsive

precursor B cell pool and suppress clonal expansion [50].
Moreover, uncontrolled HIV-1 viremia inhibits adequate IL-
2 in response to CD4 T cell stimulation [51]. Even after res-
toration of immune function with highly active anti-retroviral
therapy (HAART), B cell memory was not restored after vac-
cination or to naturally occurring viruses [52], signaling that
the fundamental ability of B cells to produce antibodies to
previously exposed antigens remained impaired. The relative
poor response was attributable to the deficiency of IgM
memory B cells, which also explains the increased risk to
encapsulated organisms [52]. Other aspects of compro-
mised B cell function are marked by the presence of in-
creased circulating immune complexes (associated with
the hypergammaglobulinemia) as well as occasional ob-
servation of hypogammaglobulinemia [53]. Moreover, in
pediatric HIV-1, infants who are infected prior to delivery
or perinatally receive incomplete passive transplacental
transfer of maternal IgG, a further disadvantage [54].

Rationale for IVIG

IVIG exerts a broad range of immunologic effects (Table 1) and
has been studied as both prophylaxis and treatment for pediatric
HIV-1 in the pre- and post-HAART eras. Prior to the era of
routine use of HAART, the rationale for use of IVIG was based
on the clinical similarity of infections in children with HIVand
those with congenital hypogammaglobulinemia, and IVIG was
found to decrease serious bacterial infections. HAART has
since substantially reduced morbidity and increased the life
expectancy of children with HIV-1 [55]. Prior to the routine
use of HAART, the National Institute of Child Health and Hu-
man Development study was the most rigorous randomized,
placebo-controlled study of IVIG in a multicenter population of
372 children receiving monthly IVIG and demonstrated de-
creased serious and minor bacterial infections and days of hos-
pitalization; however, IVIG had no effect on mortality [56].
Subsequently, Spector et al. conducted another randomized trial
in children receiving the anti-retroviral zidovudine and found
that IVIG decreased risk of serious bacterial infections only in
those subjects not receiving TMP-SMXprophylaxis [57]. IVIG
did not slow the decline in CD4+ Tcell counts or effect survival
[57]. While pediatric HIV-1 maintains its historic place as one
of the few pediatric-specific FDA-approved indications for
IVIG, its practical relevance in the post-HAARTera has waned.

Intractable Childhood Epilepsy (ICE)

Despite advances in treating epileptic disorders in childhood,
approximately 30 % of children with epilepsy do not respond
to conventional therapies, and alternative treatments are need-
ed. An immunologic mechanism was hypothesized to play a
role in epilepsy studies in animal models dating back to the
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1970s, contradicting the notion that the brain is an immuno-
logically privileged organ. In the 1980s, autoimmune mecha-
nisms were suspected after observing that IVIG effectively
treated some forms of ICE [58]. Since then, clinical and ex-
perimental data support the role of immune mechanisms in the
pathogenesis of childhood epilepsy, and IVIG has been used
to treat West syndrome, Lennox Gastaut syndrome, early
myoclonic encephalopathy, and Rasmussen syndrome with
promising results [59]. Immunologic abnormalities appear
disproportionately in epileptic patients and include decreased
IgA, IgG2, increased total IgG and IgM, anti-idiotype antibod-
ies, increased prevalence of certain human leukocyte antigen
(HLA) types, alterations in cytokine profiles, and autoanti-
bodies to neuronal signaling pathways [60, 61]. The favorable
response to immunomodulating treatments like corticoste-
roids and corticotrophin (ACTH) to treat seizure disorders
(West syndrome) also supports an immunologic role and the
potential value of IVIG as an adjunctive treatment option for
ICE [61].

Trials of IVIG for ICE

A multicenter review of 373 children suffering from ICE
across 29 studies published in the 1970s–1990s reports similar
responsiveness for refractory cases ranging from 30 to 50 %,
although studies were heterogeneous with controls lacking
[62]. A more recent, retrospective, multicenter study of 64
patients treated with IVIG for epileptic encephalopathy or
refractory epilepsy showed an overall 30 % response, and
improvement was seen in 75 % of idiopathic West syndrome
[61]. Although retrospective, the authors claim their study was
the largest consecutive study of IVIG therapy to children with
epilepsy and conclude that it may be beneficial for some forms
of ICE, although no common dominator among responders
was identified [61]. These data are consistent with other stud-
ies, although response rates remain variable [63].

IVIG Therapeutic Mechanisms

IVIG is thought to exert anti-epileptic effects through
targeting upregulated cytokine pathways and antibodies
thought to contribute to epilepsy (Table 1) [64]. Although
the mechanism is not fully elucidated, studies suggest IVIG
acts centrally to limit the progression of electrical seizure ac-
tivity into clinical seizures [63]. In Rasmussen syndrome,
characterized by focal seizures, progressive neurologic and
intellectual deterioration, chronic encephalitis, and hemispher-
ic atrophy, the identification of serum antibodies to the gluta-
mate receptor GluR3, anti-nuclear antibodies, increased total
IgG, and the presence of intrathecal oligoclonal Ig synthesis
suggests an autoimmunemechanism justifying the application
for IVIG in difficult-to-treat cases [59, 63].

Applications in Miscellaneous Pediatric Diseases

IVIG has been applied to other pediatric diseases of interest
with varying degrees of efficacy observed in light of other
available therapeutic modalities. These disease entities partic-
ularly relevant in pediatrics but of varying clinical utility are
reviewed here and include pediatric asthma, atopic dermatitis,
cystic fibrosis, PANDAS, autism, and transplantation.

In pediatric asthma, IVIG has been utilized to target the
chronic airway inflammation and as a potential steroid-
sparing therapeutic in small numbers of steroid-dependent
asthmatic children in the 1990s. While initial open label and
uncontrolled studies in populations of children receiving high-
dose IVIG appeared promising [65, 66], subsequent random-
ized, double-blind, placebo-controlled studies did not show
sufficient steroid-sparing effects [67, 68]. No significant sub-
sequent studies have been performed since. Overall, asthma
remains a heterogeneous disease driven and perpetuated by
multiple triggers. While some of these small studies suggest
IVIG may be helpful in very select populations, the overall
consensus is that insufficient data on efficacy in addition to
concerns about side effects do not warrant routine or broad
usage in the treatment of pediatric asthma.

IVIG has also been used in the treatment of atopic derma-
titis (AD), initially noted anecdotally in patients with KD or
ITP with dermatitis that improved after IVIG [69]. Other stud-
ies in patients with elevated IgE did not demonstrate benefit to
AD symptoms [70]. Other studies describe increased Th2 cy-
tokines including IL-4, IL-5, IL-10, and IL-13 in the acute
phase and Th1 cytokines (IFN-γ) in the chronic phase of
severe AD [71]. In a controlled study of 30 children treated
with IVIG (2 g/kg/month) and 10 treated with placebo [72],
patients demonstrated baseline increased levels of ICAM-1
and endothelial leukocyte adhesion molecule (ELAM-1). Af-
ter 3 months of IVIG, levels of ICAM-1, ELAM-1, and IL-5
were reduced and remained reduced 3 months after high-dose
IVIG therapy. Efficacy was also demonstrated at 3 months
based on SCORAD and immunologic markers but not at
6 months. Data from smaller studies [70, 73] suggests that in
select patients with severe, steroid-resistant AD, IVIG may be
efficacious. No randomized, controlled trials have been per-
formed, and caution with respect to the infusion frequency,
side effects, and cost are additional considerations in the ap-
plication of IVIG in pediatric atopic dermatitis.

IVIG has also been applied to select cases of children with
cystic fibrosis (CF) with secondary hypogammaglobulinemia,
but there remains no clear additional benefit or reduction in
morbidity based on studies performed several decades ago
[74]. One study retrospectively measured the serum immuno-
globulins of 419 patients with CF and demonstrated that in
contrast to older CF children and adolescents, nearly one quar-
t e r o f CF pa t i en t s l e s s than 10 yea r s o ld had
hypogammaglobulinemia [75]. This differential observation
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remained unexplained in studies of T and B lymphocyte func-
tion in vitro or in studies of IgG metabolism in vivo. The
authors did find that patients with hypogammaglobulinemia
demonstrated less severe lung disease than CF children with
normal or elevated IgG, a finding that was replicated in a pop-
ulation of 70 children [76]. The authors speculated that the pro-
gression of lung disease may be due in part to immune hyper-
activation in CF [75]. No significant further study has been
performed on CF and IVIG, so its applications remain limited.

PANDAS is a controversial disease entity that has histori-
cally been treated with steroids, IVIG, or plasma exchange
[77]. The disease is believed to be mediated by antibodies to
neuronal tissue after group Aβ-hemolytic streptococcal infec-
tion and associated with the presentation or exacerbation of
neuropsychiatric symptoms including tics and obsessive-
compulsive disorder. Recent retrospective analysis of a small
case series demonstrated that despite heterogeneous duration
of illness and recurrence, all patients benefited from IVIG
administration, even when the neuropsychiatric symptoms
had been present for several years prior to treatment [77].
IVIG is believed mechanistically to inactivate cross-reactive
antibodies even after a single course. The study was limited in
its retrospective nature, and patients were treated withmultiple
medications, including antibiotics and behavioral therapies.
Controversy surrounds both the diagnosis of PANDAS and
reliable ways tomeasure treatment response to IVIG, as symp-
toms may self-resolve with time irrespective of therapy ad-
ministered [78, 79]. Moreover, the lack of observed associa-
tion between therapeutic response and the rate of antibody
removal and how antibody-mediated processes in the periph-
ery can induce neuropsychiatric symptoms remains difficult to
answer [78]. Small studies from the late 1990s [78, 79] sug-
gested potential promise for highly select patients; however,
no further prospective, controlled studies have since been per-
formed to clarify the therapeutic benefit of IVIG.

Au t i sm spe c t r um d i s o r d e r s (ASD) r e f e r t o
neurodevelopmental diagnoses characterized by impaired social
interactions, communication, and restricted interests and activi-
ties [80]. Multiple environmental, genetic, and immunologic
factors have been theorized to contribute to the pathophysiology
of ASD. Speculation on the presence of autoantibodies to neural
antigens and immunologic alterations in lymphocyte subsets,
serum immunoglobulin subclasses, and cytokine production
has also been proposed [81]. Reportedly, the strongest evidence
lay in immunogenetic studies showing increased genetic abnor-
malities in HLA genes such as those encoding complement C4b
and HLA-DR found in children with ASD [81]. In small studies
of ASD children, a low serum IgA and selective IgA deficiency
was reported [82], while NK cells and CD4 T cells were also
decreased compared to non-ASD children [83]. Other research
debunks an immunologic basis for ASD and attributes associa-
tions to epiphenomena [83]. The authors identified that autoim-
mune factors were associated when improvement was observed

after IVIG; however, this study lacked objective behavioral
assessments [84]. A subsequent pilot study of seven au-
tistic children by DelGuidice-Asch et al. suggested that
IVIG did not improve autism symptom scores [85]. No
randomized, placebo-controlled studies of IVIG in ASD
have been performed to date, and its application remains
largely speculative.

Finally, bone marrow or hematopoietic stem cell transplan-
tation (BMT/HSCT) and solid organ transplantation are addi-
tional contexts in which IVIG offers immunomodulatory
functions and passive immunity. In adults, bone marrow trans-
plantation is an FDA-approved indication for IVIG and pro-
vides passive antibodies to prevent infection, reduces the oc-
currence of graft-versus-host disease (GVHD), and interrupts
acute antibody-mediated rejection (AMR) [59]. IVIG (1–
2 g/kg) treats patients with established AMR and preemptive-
ly treats patients with positive cross-match.

In the pre-ganciclovir era, randomized trials showed that
IVIG and hyperimmune anti-cytomegalovirus (CMV) IVIG
reduced the incidence of CMV infection in BMT patients.
However, a systemic review of both adult and pediatric trans-
plant patients treated with IVIG showed no difference in mor-
tality, infection-associated outcomes, or acute rejection [86].
While decreased interstitial pneumonitis was documented,
this benefit was outweighed by the deleterious increased risk
of hepatic veno-occlusive disease, associated with IVIG. Such
conclusions were derived from studies performed in the
1980s–1990s, and newer pre-transplant conditioning tech-
niques have since emerged, which raise question to the appli-
cability of older studies.

For acute GVHD, earlier studies and animal models showed
that IgG and F(ab′)2 fragment protect against acute but not
chronic GVHD [59]. In a multicenter study of adult and pedi-
atric patients across 10 centers, weekly IVIG (500 mg/kg) was
significantly associated with less acute GVHD given over
16 weeks post-transplant (44 versus 58 %) [87].

In solid organ transplantation, a small prospective study of
pediatric liver transplant patients showed that IVIG in combi-
nation with low-dose immunosuppression was associated with
a lower incidence of CMV disease, making IVIG an attractive
alternative to the antiviral ganciclovir [88]. However, this study
did not properly account for late-onset CMV infection. In pe-
diatric renal transplant patients, BK virus infection and BK
virus nephropathy are additional complications that can cause
graft rejection. IVIG containing these anti-polyomavirus anti-
bodies confer passive humoral immunity and immunomodula-
tory effects augmenting viral clearance [89].

Role of Subcutaneous Immunoglobulin (SCIg)

For the last few decades, Ig therapy in the form of
SCIg has been increasingly utilized and favored in the
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treatment of primary immunodeficiency for its improved
side effect profile, convenience with home infusions,
and improved steady state serum IgG levels [87]. Re-
cent research into applications of SCIg in non-primary
immunodeficiencies has focused primarily on CIPD and
inflammatory myopathies (polymyositis, dermatomyosi-
tis) in adults [90–92]. Preliminary studies in small num-
bers of patients in primarily European studies suggest
improved tolerability, patient satisfaction, and cost in
the disease stabilization period of these disorders [90,
93–95], although long-term efficacy and randomized
controlled studies are unavailable, and these studies
were performed in patients who received SCIg after
IVIG. Moreover, there are speculative theoretical advan-
tages of achieving peak IgG levels via IVIG in the
acute phase of diseases like KD and ITP, and IVIG
has been proposed to primarily target the humoral im-
mune component whereas SCIg is postulated to better
target the cellular component of the immune modulatory
response [91].

Conclusion

This review highlights the potential of IVIG therapy in
major pediatric diseases with a unique focus on immuno-
logic mechanisms and the role of IVIG in non-primary
immunodeficiency. The diverse applications of IVIG ex-
tend to inflammatory diseases such as Kawasaki disease,
ITP, and Guillain-Barré syndrome, diseases characterized
by impaired immunity such as in neonatal sepsis, HIV-1,
and those with still incompletely defined mechanisms such
as intractable childhood epilepsy. Additional applications
in pediatric asthma, atopic dermatitis, cystic fibrosis,
PANDAS, autism, and transplantation represent diverse
conditions in which IVIG has been applied with varying
clinical results. The studies describing mechanism of ac-
tion are limited in the extrapolated nature of the data from
in vitro or animal-based studies but nevertheless offer in-
sight into the disease and the broad-reaching impact of
IVIG itself. We currently embark upon an exciting era in
immunology. Our review highlights the diverse functions
of IVIG in pediatric disease across the spectrum from de-
ficiency to autoimmunity. Uncovering the still undefined
immunopathology underlying many pediatric diseases re-
mains a challenge to be embraced.
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