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Immune thrombocytopenia (ITP) is an immune-mediated acquired disease characterized 
by an isolated low platelet count (peripheral blood platelet count <100 x 109/L) in the 
absence of other causes that may be associated with thrombocytopenia.1 ITP in children 
is rare, with an annual incidence of 4.0-5.3/ 100,000 children.2 The majority of children 
presents with a typical history of acute development of purpura and bruising, often after 
a mild viral infection. Three phases of the disease have been defined: 1. ‘newly diagnosed 
ITP’: until 3 months from diagnosis; 2. ‘persistent ITP’, between 3 to 12 months from 
diagnosis and 3. ‘chronic ITP’, defined as a platelet count < 100 x 109/L lasting for more 
than 12 months.1 Most children with newly diagnosed ITP will recover within 6-12 months, 
and chronic ITP develops in only 20-25%.1,3-6 Severe bleeding is rare, but can be present at 
diagnosis or during the subsequent period of thrombocytopenia. Despite the transient and 
benign course of the disease, many clinicians observe that ITP has a significant impact on 
the quality of life of children and their families. Up to now it is not possible to predict at 
diagnosis who will recover with or without treatment and who will develop chronic disease.

Pathophysiology of ITP 
Physiologic platelet production is a complex process, which involves the development 
of megakaryocytes from hematopoietic stem cells in the bone marrow, remodeling of 
the cytoplasm of megakaryocytes into proplatelets and eventual scission into individual 
platelets that are released in the circulation, where they have an average lifespan of 10 
days.7,8 Circulating blood platelets are specialized cells that function to prevent bleeding 
and minimize blood vessel injury, but also feature several immunomodulating properties.9 
Upon stimulation, platelets are activated to release their granule contents and to spread on 
the affected tissue to create a physical barrier that prevents blood loss.8

Platelet production is primarily regulated by thrombopoietin (TPO), a cytokine predominantly 
synthesized and released by hepatocytes in the liver (figure 1).10  TPO binds to its receptor, 
cMPL, which is expressed on platelets, megakaryocytes and their progenitors. Binding to 
hematopoietic progenitor cells induces survival, proliferation and differentiation of these 
cells into the megakaryocytic lineage. The factors involved in proplatelet formation and 
release of platelets into the blood stream are not all known. The megakaryocytes and 
platelets are thought to regulate TPO plasma levels by binding to plasma TPO and it has 
been proposed that platelet-bound TPO is destructed at the end of the lifespan of the 
platelet. Only if the megakaryocytic and platelet mass is reduced, TPO levels are increased. 
The triggers leading to removal of senescent platelets from the blood circulation are not 
all known. Initially, it was thought that under physiological circumstances, platelets could 
also be removed from the circulation by apoptotic signals.12 Recently, it has been described 
in mice that during ageing of the platelet, modification of the sugar moieties occurs. 
Desialylation of membrane-bound platelet glycoproteins, such as the abundantly present 
glycoprotein Ib, leads to recognition of this structure by the Ashwell-Morell receptor of 
hepatocytes. Binding and uptake of the desialylated platelets by these cells subsequently 
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induces hepatic expression of TPO, thereby stimulating platelet production.13 Whether this 
is also an important regulation mechanism in humans is still not known.

In ITP, the balance between platelet production and platelet clearance is disturbed with 
accelerated clearance of platelets but, at least in some patients, also inhibited production 
leading to low platelet counts in peripheral blood. Pathogenesis is complex, but it is 
generally assumed that platelet-specific autoantibodies are the diagnostic hallmark and that 
these antibodies lead to accelerated clearance of opsonized platelets by binding to IgG-Fc 
receptor (FcγR) bearing phagocytes, particularly in the spleen.7 These antibodies may arise 
after an external trigger, like viral infections, due to cross-reactivity. Platelet autoantibodies 
are mainly directed against the glycoprotein (GP) IIbIIIa and the GPIbIX complex. GPIIbIIIa 
is involved in platelet activation by binding fibrinogen, whereas GPIb binds Von Willebrand 
factor. Antibodies against GPIIbIIIa may interfere with the function of this receptor leading 
to an increased bleeding tendency, as found in patients with acquired Glanzmann’s 
thrombasthenia.14 Anti-platelet antibodies may also be capable of activating the classical 
complement cascade, thereby providing another mechanism of platelet clearance.15 A 
recent finding, although not yet confirmed by others and debated in the literature, suggests 

Figure 1. Regulation of platelet production and the role of TPO in healthy individuals as well as in ITP. Figure 
based on Grozovsky, Blood. 2015;126(16):1877-188411
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that certain anti-GPIb antibodies trigger platelet desialylation, a process that would deviate 
immune-mediated platelet clearance from splenic macrophages to binding and uptake via 
the hepatic Ashwell-Morell receptor.16 If this FcγR-independent mechanism of ITP exists, 
this would provide a potential explanation for the relative refractoriness to splenectomy, as 
well as to steroid and IVIg treatment in patients with GPIb autoantibodies.11,16,17 

In the past decades, it has become clear that in ITP, in addition to platelet autoantibody-
mediated destruction, there is also an impaired production of platelets. Megakaryocytes 
express GPIb, GPIIbIIIa and likely other platelet antigens during their development, which 
makes them potential targets of ITP antibodies.7,18-20 Platelet autoantibodies are only 
detected in approximately 60% of patients. Failure to detect platelet autoantibodies might 
reflect limited test sensitivity. However it is also possible that additional mechanisms 
of platelet destruction may be present in a subset of patients.7 This may be caused by 
dysregulation of the cellular immune system resulting in autoreactivity, but has not been 
resolved yet in childhood ITP. CD8+ cytotoxic T cell mediated platelet destruction has 
been described, but a role in suppression of platelet production is not known.20-23 Recent 
evidence suggests that CD8+ cytotoxic T cells in certain ITP patients induce desialylation 
of platelets leading to platelet clearance in the liver,24 but whether this mechanism exists 
in children with ITP is not known yet. Deficiencies in peripheral blood regulatory T cell 
(Treg) number and function have been repeatedly observed in patients with active ITP, but 

Figure 2. Summary of mechanisms involved in the development of ITP and in clinical signs in ITP. APC: antigen 
presenting cell. Tcyt: T-lymphocyte. Th: T-helper cell. Breg: regulatory B cell. Treg: regulatory T cell.
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have mostly been studied in adult patients, as reviewed by Nishimoto and McKenzie.25,26 
Reduced Treg number and function might contribute to expanding of autoreactive B cells 
and lack of suppression of effector T cells. Moreover, a deficiency in B-regulatory cells has 
been observed, which might impair the recruitment of Tregs.27 All proposed pathogenetic 
mechanisms are summarized in figure 2.

IgG-Fc receptor polymorphisms in relation to ITP
Fc-gamma receptors (FcγRs) are receptors for IgG. IgG consists of a F(ab) (fragment, 
antigen-binding) region, which determines specificity to specific antigens, and a constant 
region, the Fc (fragment, crystallizable) region, which, among other functions, mediates 
the effector functions of IgG, including the interactions with their major receptors, the 
FcγRs. Based on their affinity for monomeric IgG, FcγRs can be divided into the high-affinity 
FcγRI and the low-affinity FcγRII and FcγRIII. All FcγRs contain either an immunoreceptor 
tyrosine-based activating (ITAM; FcγRI, FcγRIIa, FcγRIIc, FcγRIIIa, FcγRIIIb) or inhibitory 
(ITIM; FcγRIIb) motif in their alpha-chain.28 The function, expression and genetic variants of 
different human FcγRs are displayed in table 1.

Variation in the genes encoding human FcγRs determines function as well as expression 
among immune cells. Since autoantibody-mediated platelet destruction is thought to play 
a major role in occurrence of ITP and disease severity, several studies have been performed 
to study possible associations with these aspects of ITP and functionally relevant FcγR 
polymorphisms. 

Some alleles, such as FCGR2A*H131 and FCGR3A*V158 affecting the affinity of respectively 
FcγRIIa and FcγRIIIa or FCGR2C*ORF, leading to expression of the activating FcγRIIc, have 
been associated with the onset and severity of ITP.31,35-39 The presence of FCGR3B-HNA1a, 
leading to more efficient phagocytosis, and the 2B.4 promotor haplotype, leading to high 
expression of the inhibiting FcγRIIb receptor, are associated with response to IVIg treatment 
in patients with Kawasaki disease.40,41 The only study addressing this subject in children 
with ITP did not find any associations.39 Associations between FcγR polymorphisms and the 
course of ITP have been reported in three studies.36,37,39 FCGR2A*H131 nor FCGR3A*V158 
polymorphisms could be related to a chronic course of the disease, but FCGR2B-232I/T 
polymorphisms, only explored by Bruin et al., did show an association with development 
of chronic disease.36 

Since knowledge regarding the role of FcγR polymorphisms in development of ITP, severity 
of ITP, response to IVIg treatment and the course of the disease, is limited and mostly 
obtained by studying childhood and adult patients with chronic ITP, a possible role of these 
receptor polymorphisms in disease severity or immune modulation leading to spontaneous 
or IVIg-mediated recovery of platelet counts needs further investigation. 
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NK cells and myeloid cells, including macrophages, can express different FcγR variants, 
depending on the individual’s genotype, copy number variation (CNV), and promoter 
polymorphisms. B-cells seem to only express the single inhibitory receptor. Although these 
inhibitory FcγRIIb receptors are also expressed by monocytes, macrophages, and only rarely 
by NK cells or neutrophils, their presence is unlikely to explain the immunomodulatory 
capacity of IVIg, nor does the sialylation of IgG. 

IVIg treatment in ITP
IVIg contains the pooled immunoglobulin G (IgG) from the plasma of approximately a 
thousand or more blood donors. The exact working mechanism of IVIg in ITP is still not fully 
understood. Possible pathways of IVIg activity are listed in table 2. In human ITP, only Fc 

ITAM/ITIM Expression on Type Variants Functional relevance

FcγRI ITAM neutrophils, 
eosinophils 
(both induced)

FcγRIIa ITAM dendritic cells, 
macrophages, 
monocytes, 
neutrophils, 
eosinophils, 
platelets

SNP H131, R 
131

H131 has a higher binding 
affinity for IgG1 and IgG2 than 
R131.32

FcγRIIb ITIM NK cells*, 
dendritic cells, 
macrophages, 
monocytes (subsets), 
neutrophils*

SNP

Promoter 
haplotype

I232, T232

2B.1, 2B.2, 
2B.4

I232 inhibits FcγRI as well as 
B-cell receptor signaling more 
strongly than T23230

2B.2 is linked with an ORF in 
FCGR2C.31

2B.4 results in increased 
transcription of FCGR2B.

FcγRIIc ITAM NK-cells*,
dendritic cells*,
macrophages*,
monocytes*,
neutrophils*

SNP STOP, 
C-ORF, 
NC-ORF 

C-ORF is the only variant that 
results in expression of FcγRIIc.

FcγRIIIa ITAM NK-cells,
macrophages
monocytes (subsets)

SNP V158, 
F158

V158 has a higher binding 
affinity for all human IgG 
isotypes32

FcγRIIIb ITAM neutrophils
eosinophils (induced)

SNP HNA1a, 
HNA1b, 
HNA1c 
(SH)

HNA1a phagocytizes more 
efficiently than HNA1b.33,34

Table 1. Function, expression and genetic variants of different human FcγRs

ITAM: immunoreceptor tyrosine-based activating motif; ITIM: immunoreceptor tyrosine-based inhibitory motif; 
SNP: single nucleotide polymorphism.
* genotype dependent
Table adapted from Nagelkerke and Kuijpers, Front Immunol. 2015 Jan 21;5:674.28
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dependent mechanisms seem to play a role, of which the classically proposed mechanism 
of IVIg blocking activating FcγRs still appears to be the most likely explanation for the 
immunomodulatory effects in ITP.28,42 Despite the fact that working mechanisms of IVIg in 
ITP are not fully understood, we do know that treatment with IVIg is safe and effective in 
children with ITP, with an increase in platelet counts in the majority of patients within 48 
hours.43-47 These higher platelet counts will probably reduce bleeding tendency.

Severity of bleeding in children with ITP
Bleeding is the most clinically important outcome in ITP studies: it is what motivates 
physicians to institute treatment, it provokes physician, patient and parental anxiety and it 
is an important cause of morbidity and mortality.48 

Most children with newly diagnosed ITP have skin bleeding only, like hematomas, petechiae 
and purpura.  Some children have mucosal bleeding as well, particularly epistaxis, gum 
bleeding and in pubertal girls, menorrhagia. Gastro-intestinal tract bleeding and hematuria 
are rare. Severe bleeding, defined as internal organ bleeding or severe mucosal bleeding 
that warrants immediate treatment is rare, occurring in only 3% to 5% of children.2,49 The 
most feared bleeding complication, intracranial hemorrhage, occurs in only 0.1-0.5% of 
children with ITP.4-6,48,50-52 Up to now, there is no universally used bleeding score to objectively 
assess bleeding severity. The Buchanan bleeding score (table 3), developed and adapted by 

Table based on Schwab, Nat Rev Immunol. 2013 Mar;13(3):176-89 42 and Nagelkerke, Front Immunol. 2015 Jan 
21;5:674.28

Table 2. Mechanisms of action of IVIg

Fc-mediated mechanisms

1. Blocking of activating FcγR 

2. Up regulation of the inhibitory FcγRIIb by sialylated IgG Fc

3. Increased clearance of pathogenic antibodies by saturation of the neonatal FcR (FcRn)

4. Expansion of regulatory T cell (Treg) populations

5. Tipping the cellular balance from pro- to anti-inflammatory reactivity by modulating dendritic cells (DC) via 
FcγRIII

6. Modulation of activating and inhibitory FcγR expression on innate immune effector cells and B cells 

Fab-mediated mechanisms

8. Killing of target cells by antibody-dependent cytotoxicity (ADCC)

9. Blockade of cell-cell interactions mediated by cell-surface receptors

10. Neutralization of various agents, including chemokines, inflammatory cytokines and apoptosis inducing 
molecules

11. Neutralization of auto-antibodies by anti-idiotypic antibodies 

12. Scavenging of the anaphylatoxins C3a and C5a
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Buchanan and Adix has been used most extensively and has been independently validated 
in pediatric studies.53 

On the one hand, the relatively low bleeding tendency in children with ITP despite very low 
platelet counts is remarkable. Possible explanations may be the absence of concomitant 
inflammation or injury of endothelium, as is the case in chemotherapy-treated children, 
or enhanced functional capacity due to the high percentage of young reticulated platelets 
or to the presence of microparticles that are reported to have procoagulant properties.54 
On the other hand, clinicians observe that bleeding tendency not necessarily correlates 
with platelet counts in children with ITP, suggesting that in some children platelet function 
may be hampered, for example by the effect of the platelet autoantibodies interfering with 
platelet function. In general, platelet counts in ITP are too low to perform regular platelet 
function tests in ITP patients. Therefore, there is no tool to monitor the risk for an increased 
bleeding tendency and to start, for example, only in newly diagnosed ITP patients with a 
high risk for bleeding preventive treatment with IVIg.

Management of children with newly diagnosed ITP 
Whether children with newly diagnosed ITP should be treated with immune-modulating 
drugs or carefully observed unless they have bleeding grade 4 or 5 has been the subject 
of debate for many years. Until the end of the 20th century, the decision to treat children 
with ITP was mainly based on peripheral blood platelet counts. For example, the ASH 
guideline of 1996 did not support the option of avoiding treatment in case of platelet 
counts below 10 x 109/L.55 However, recent international guidelines advise to consider 
bleeding tendency, health-related quality of life (HRQoL) as well as lifestyle issues when 
making decisions on management, regardless of platelet counts.56,57 These guidelines 
agree with close observation in case of skin bleeding, also if platelet counts fall below 10 x 
109/L. In case of mild mucosal bleeding (grade 3 bleeding) and very low platelet counts no 
consensus exists on optimal management strategy. Whereas recent international guidelines 
advise treatment with corticosteroids or IVIg,56,57 in The Netherlands, a more conservative 
approach with medical treatment only in case of severe bleeding is advocated. 

Severe bleeding requires treatment with IVIg, corticosteroids or anti-RhD immunoglobulin, 
either alone or in combination and, if life threatening, also with platelet and red blood cell 
transfusions.56,57 In case of mucosal bleeding, anti-fibrinolytic agents can additionally be 
used, and, in pubertal girls with menorrhagia, hormonal medication may be indicated.

Treatment with IVIg in ITP was first reported by Imbach et al. in 198458 and has shown 
to be effective and safe in children with ITP. The recommended dose in ITP is 0.8-1.0 g/
kg.56,57 Platelet counts rise within 48 hours in 66-90% of patients and this effect lasts for 3-4 
weeks.43-47 As mentioned before, the exact working mechanism is not known.
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Anti-RhD immunoglobulin can only be used in RhD-positive, non-splenectomized 
individuals. Anti-RhD-coated erythrocytes will compete with antibody-opsonized platelets 
for binding to the FcγRs of the macrophages in the spleen, and thereby reducing platelet 
destruction.59 In The Netherlands, anti-RhD immunoglobulin is rarely used since it is 
reserved for prevention of anti-D immunization of RhD-negative pregnant women. 

Corticosteroids are used either in low dose (1-2 mg/kg/day for two weeks with slow 
tapering) or high dose (30 mg/kg/d for 3 days). There is no evidence to support any 
one dose, or dosing regimen, over others. Long-term corticosteroids should be avoided 
in children with acute ITP because of side effects. Remarkably little is known about how 
corticosteroids exactly result in restoring platelet counts in ITP patients, but a shift from 
pro-inflammatory to anti-inflammatory cytokines might play a role.60

Health Related Quality of Life in children with ITP
Despite its generally transient and benign course, childhood ITP is considered to have a 
major impact on health related quality of life (HRQoL). Many clinicians observe that patients 
and their families experience difficulties to cope with the uncertainty related to the course 
of the disease and the risk of bleeding.61 Children may feel restricted in their activities and 
parents may have fear of severe bleeding. Both children and parents may feel embarrassed 
by large skin bleedings. Recent management guidelines state that HRQoL issues should be 
taken into account while making decisions on management in childhood ITP.56,57 However, 
these statements are based on clinical experience rather than results of research since 
HRQoL studies in childhood ITP are scarce. 

Table 3. Grading of bleeding severity in children with ITP.

Grade Overall bleeding severity Description

0 None No new hemorrhage of any kind

1 Minor Few petechiae (≤ 100 total) and/or ≤5 small bruises (≤ 3 cm diameter); 
no mucosal bleeding

2 Mild Many petechiae (> 100 total) and/or > 5 large bruises (> 3 cm diameter); 
no mucosal bleeding

3 Moderate Overt mucosal bleeding (epistaxis, gum bleeding, oropharyngeal blood 
blisters, menorrhagia, gastrointestinal bleeding, others) that does not 
require immediate medical attention or intervention

4 Severe Mucosal bleeding or suspected internal hemorrhage (in the brain, lung, 
muscle, joint, elsewhere) that requires immediate medical attention or 
intervention

5 Life-threatening/fatal Documented intracranial hemorrhage or life-threatening or fatal 
hemorrhage in any site
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The influence of treatment on HRQoL in children with ITP was only addressed in two 
studies. Klaassen et al. showed a significant improvement of HRQoL scores in parents 
of children with chronic ITP receiving romiplostin (n=17) compared to placebo (n=5; 
p=0.008).62 In contrast, Grainger et al. did not find a difference in HRQoL scores in children 
with ITP that received therapy to increase platelet counts compared to those that were 
monitored without therapy.63 However, since HRQoL was not measured before as well as 
after institution of treatment and treatment was not randomly assigned, HRQoL could have 
been worse in treated children before start of treatment and could even have influenced 
treatment decisions. Based on these studies, it is not clear whether improvement of HRQoL 
can be achieved by treating children with ITP instead of carefully observe them. 

Risk factors for developing chronic ITP
Whereas adult ITP predominantly shows a chronic course, in children the majority of 
patients will recover within several weeks to months.3-6 Several studies have addressed risk 
factors for developing chronic ITP in children.36,64 The most important previously reported 
risk factors are a smoldering onset of disease, no preceding infection, higher platelet counts 
at diagnosis and an older age. Unexpectedly, Bruin et al. found an association between early 
treatment with IVIg in patients with newly diagnosed ITP and recovery from the disease. 
36 This was confirmed by a large case control study, performed on data from the Inter 
Continental ITP Study Group (ICIS).65 Since both studies were observational studies and not 
aimed to study the relation between IVIg treatment and recovery from ITP, we designed 
the multicenter randomized Treatment with or without IVIg for Kids with ITP (TIKI) trial to 
answer the question whether IVIg treatment can prevent a chronic course of the disease.

The TIKI trial
In the multicenter TIKI trial, children with newly diagnosed ITP were randomized to receive 
either a single dose of 0.8 g/kg IVIg or close observation with medical treatment only in 
case of severe bleeding (bleeding score 4 or 5). Clinical, laboratory and HRQoL data were 
collected at diagnosis and during follow-up at 1 week, 1 month, 3 months, 6 months and 12 
months. After approval by the institutional review board of the University Medical Center 
Utrecht, the study was opened in 60 Dutch hospitals. Two hundred patients were enrolled 
between May 2009 and April 2015. The data obtained from the TIKI trial were used to 
answer several study questions as part of this thesis.
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AIMS AND OUTLINE OF THE THESIS

The aim of the research described in this thesis is to find clues to improve the clinical 
management of children with newly diagnosed ITP. More knowledge on the clinical, genetic 
and biological factors influencing the clinical course and bleeding tendency would not only 
improve counseling of patients, but would also lead to improvements in the design and 
application of diagnostic tests and treatment regimens. The objectives of this thesis were: 

 ‒ To identify clinical, genetic and laboratory parameters that are associated with the 
pathogenesis and course of ITP

 ‒ To determine whether a single dose of intravenous immunoglobulin can reduce the 
rate of chronic ITP in children with newly diagnosed ITP. This was the main objective 
of the TIKI trial.

 ‒ To investigate whether HRQoL in children with newly diagnosed ITP is influenced by 
treatment with IVIg, bleeding tendency and by recovery. 

 ‒ To evaluate the safety of IVIg administration.
 ‒ To study the effect of IVIg treatment on the recovery of platelet counts and 

occurrence of bleeding in children with newly diagnosed ITP.
 ‒ To define novel platelet function tests that can be performed in children with low 

platelet counts to predict the bleeding tendency.

Outline of the thesis
Chapter 2 provides a systematic review and meta-analysis of risk factors for developing 
chronic ITP.  From the data of this review we could confirm already known risk factors 
and demonstrated that treatment with IVIg was associated with a lower risk to develop 
chronic ITP. This possible beneficial effect of IVIg treatment was the main objective of the 
multicenter randomized TIKI trial. The main results of this study are described in chapter 
3. The secondary outcome parameters of the TIKI trial regarding HRQoL are described in 
chapter 4. Genetic and biological risk factors related to either pathogenesis or response 
and recovery are described in chapter 5 and 6, respectively. In chapter 7 we describe the 
results of two novel platelet function tests that are able to measure platelet function in 
patients with low platelet counts. We conclude this thesis with a case-report in chapter 
8. We report about a girl with newly diagnosed ITP that suffered from severe bleeding 
complications and eventually died. This case-report provides the basis for our future ITP 
research. Would it be possible to predict which children will suffer from severe bleeding 
complications and if so, would we be able to prevent these bleedings? In chapter 9, the 
main findings from this thesis are summarized and discussed, together with an outline of 
our future research plans.
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ABSTRACT

Childhood immune thrombocytopenia (ITP) is a rare autoimmune bleeding disorder. Most 
children recover within 6 to 12 months, but individual course is difficult to predict. We 
performed a systematic review and meta-analysis to identify predictors of chronic ITP. 
We found 1399 articles; after critical appraisal, 54 studies were included. The following 
predictors of chronic ITP in children, assessed in at least 3 studies, have been identified: 
female gender (odds ratio [OR] 1.17, 95% confidence interval [CI] 1.04-1.31), older age 
at presentation (age ≥11 years; OR 2.47, 95% CI 1.94-3.15), no preceding infection or 
vaccination (OR 3.08, 95% CI 2.19-4.32), insidious onset (OR 11.27, 95% CI 6.27-20.27), 
higher platelet counts at presentation (≥20 x109/L: OR 2.15, 95% CI 1.63-2.83) presence of 
antinuclear antibodies (OR 2.87, 95% CI 1.57-5.24) and treatment with a combination of 
methylprednisolone and intravenous immunoglobulin (OR 2.67, 95% CI 1.44-4.96). Children 
with mucosal bleeding at diagnosis or treatment with intravenous immunoglobulin alone 
developed chronic ITP less often (OR 0.39; 95% CI 0.28-0.54 and OR 0.71; 95% CI 0.52-0.97, 
respectively). 

The protective effect of intravenous immunoglobulin is remarkable and needs confirmation 
in prospective randomized trials as well as future laboratory studies to elucidate the 
mechanism of this effect. 

Key points
1. Older age, insidious onset, no preceding infection, mild bleeding and higher platelet 

count are the strongest risk factors for chronic ITP
2. Intravenous immunoglobulin treatment seems to protect against development of 

chronic ITP
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INTRODUCTION

Childhood immune thrombocytopenia (ITP) is a rare autoimmune disorder characterized 
by isolated thrombocytopenia (peripheral blood platelet count <100 x109/L) in the absence 
of other causes that may be associated with thrombocytopenia.1 Most children present 
with a typical history of acute development of purpura and bruising, often after a mild viral 
infection. Management of newly diagnosed ITP consists of careful observation, regardless 
of platelet count. Severe bleeding, occurring in only 3-5% of children,2 requires treatment 
with corticosteroids, intravenous immunoglobulin (IVIg) or anti-Rhesus-D immunoglobulin, 
either alone or in combination and, if life threatening, also with platelet and red blood cell 
transfusions.3,4

Chronic ITP is currently defined as thrombocytopenia < 100 x 109/L lasting for > 12 months.1 
About 20 to 25% of children with newly diagnosed ITP will develop chronic disease. 
Because of the high impact of ITP on a child’s everyday life and activities, as well as to 
decide whether treatment has to be instituted to influence the clinical course of ITP, it is 
of clinical significance if the course of the disease could be predicted at time of diagnosis. 
Several clinical, therapeutic, laboratory and genetic predictors of chronic ITP have been 
evaluated in children. 5-7  A systematic review or meta-analysis, however, has not yet been 
performed. In this study, we systematically analyzed all informative studies related to the 
topic of childhood ITP, published from 1966 onwards and retrieved via a PubMed and 
EMBASE search, to determine the evidence for clinical, therapeutic, laboratory and genetic 
predictors for development of chronic ITP in children. 

METHODS

This systematic review and meta-analysis is reported in accordance with the Preferred 
Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) statement (http://
www.prisma-statement.org).8

Eligibility criteria 
Types of studies: We included observational cohort studies with newly diagnosed ITP 
patients studying the relationship among clinical, therapeutic, laboratory, or genetic 
parameters at time of diagnosis and development of chronic ITP published as an article or 
letter in a peer-reviewed journal in English, German, Dutch, or French, without publication-
date restrictions.
Types of participants: We included children (aged 3 months to 18 years) with newly 
diagnosed ITP. 
Types of outcome measures: The primary outcome is development of chronic ITP. Because 
the definition of chronic ITP has been changed recently, we used both the former definition 
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of thrombocytopenia (<150 x 109/L lasting >6 months) and the new definition (platelet 
count <100 x 109/L lasting >12 months).1

Type of Determinants: We used all clinical, therapeutic, laboratory, or genetic parameters 
studied in patients with newly diagnosed ITP for its possible association with chronic 
disease. 
Exclusion Criteria: (1) study population <40 children (to avoid inclusion of studies with 
<10 children with chronic ITP); (2) no comparison between recovered and chronic ITP; (3) 
definitions of chronic ITP other than the formal old and new definition described above; 
(4) the predictors were not determined at time of diagnosis (except for genetic predictors); 
(5) the described therapy was not administered in the first days after presentation of 
symptoms; and (6) no full text available.

Information sources 
Studies were identified by searching PubMed (1966 to present) and EMBASE (1980 to 
present) databases. The search was performed on May 2, 2012; afterward, additional 
studies were included by performing monthly searches in PubMed up to February 28, 
2014. Of all articles taken for further assessment, bibliographic references were checked 
and citations were checked in Web of Science (1945 to present).  

Search
We searched on domain (children AND ITP) combined with outcome (chronic) and on 
outcome combined with determinant (predictors OR therapy). The full search is listed 
in supplementary Table 1. The search was designed and supervised by an experienced 
librarian and aimed at a high sensitivity. 

Study selection 
Two investigators (J.N. and K.M.J.H.-P.) independently screened all results by reviewing 
titles and abstracts. All potentially relevant studies were retrieved as full-text manuscripts. 
J.N. and K.M.J.H.-P. evaluated all studies for compliance with inclusion criteria. In case of 
any doubt for eligibility for inclusion, this was discussed with a third independent pediatric 
hematologist (M.C.A.B). All included articles were critically appraised on their relevance 
and validity, and articles were excluded based on this appraisal (supplementary Table 
2). An overview of our search and study selection is shown in the flowchart (Figure 1). 

Data collection process 
Duplicate reports of studies were excluded by checking authors’ names, authors’ 
affiliations, and titles. Duplicate inclusion of patients participating in >1 study was avoided 
by systematically evaluating patient recruitment periods and participating centers. Only if a 
different predictor was analyzed, a patient could be evaluated in >1 study.9-14
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Data extraction and management
Data extraction from manuscripts was performed by 1 investigator (J.N.) and checked by 
two other investigators (K.M.J.H.-P. and C.W.B.B.). All data were entered in a structured 
electronic database. Data were only taken for further assessment if raw data for patients 
with recovered as well as chronic ITP were available. All authors of included articles were 
contacted to send additional data regarding possible predictors for chronic ITP to collect as 
many data as possible. 

Children

Chronic ITP Chronic ITP Chronic ITP

ChildrenPredictors

Therapy

Pubmed: 1000 Embase: 1391

2391

1399

992 duplicates

62

Excluded after 
screening 

Title/Abstract: 1337

63

70

54

Checking references 
& Web of Science: 1

Articles published 
after 2May 2012a

Excluded after 
Critical Appraisal: 12

Screening full text: 
no raw data: 4b

Exclusion criteria: 
- Other domain or outcome: 1076
- No newly diagnosed vs. chronic ITP: 49
- Predictors not at time of diagnosis: 25
- <40 children with ITP: 37
- No full text: 52
- No English/Dutch/French/German: 15
- Empiric studies: 83

AND AND AND

AND

Figure 1. Flowchart. *Date of search: May 2, 2012;  a,b: see supplementary Table 2. 
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Data items
The following data were extracted from the included studies: first author, year of publication, 
study population, number of children with recovered and chronic ITP, country, type of 
study cohort, study period, prognostic determinants studied in children with recovered and 
chronic ITP, odds ratios (ORs) and their 95% confidence interval (95% CI) or P values and 
level of evidence based on the criteria of the Oxford Centre for Evidence-Based Medicine 
(CEBM) of 2011.

Risk of bias within individual studies
Risks of bias within individual studies are retrospective study design with an inherent risk 
of bias by the unblinded study investigators, missing data, bias in patient inclusion, or 
misinterpretations of clinical data and reports. To minimize publication bias of articles that 
only described significant or relevant data, we contacted all authors to send us additional 
data on all evaluated predictors of chronic ITP, including nonpublished data.

Summary measures
We calculated the summary weighted ORs and 95% CIs for all dichotomized predictors. 
For continuous variables mean differences with 95% CI were calculated. To incorporate 
heterogeneity between studies, we used the random effects model by the Mantel-Haenszel 
method, using the Cochrane statistical package in RevMan (version 5.3). Differences 
were considered significant if the 95% CI did not contain 1.0 for dichotomous and 0.0 for 
continuous variables. Measures of heterogeneity were calculated and included in all forest 
plots created with RevMan. 

Synthesis of results
Because of limited clinical and methodological heterogeneity, results of each individual 
study were pooled in a meta-analysis. Pooled ORs or means for developing chronic ITP for 
each prognostic determinant were calculated. 

Risk of bias across studies 
The outcome of studies may be related to the ethnical background of the patients, type of 
study centers (tertiary centers vs general hospitals), the use of either the former or new 
definition for chronic ITP, and differences in treatment strategy related to the time periods 
(treatment with steroids in earlier studies, IVIg and anti-Rhesus-D immunoglobulin in later 
studies, and, more recently, careful observation). Additional analyses as described below 
were performed to identify the risk of bias across studies. 
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Additional analyses
We evaluated whether small study data trends were present by arranging the studies 
in forest plots by study sample size and visually assessed asymmetry. In the same way, 
we evaluated the influence of the year of publication, definition of chronic ITP, hospital 
category, study category, and origin of the study population divided by continent. To verify 
whether the associations were influenced by the methodological quality of the studies, we 
repeated the calculations in a subgroup of studies that we considered to have a low chance 
of bias for this specific research question. In case of available complete sets of raw data, we 
planned to perform multivariate analyses. 

RESULTS

Study selection 
A total of 1399 articles were retrieved by our search (Figure 1). After screening of title and 
abstract, 70 articles were critically appraised (see supplementary Table 2A). After screening 
all references, 1 additional study was found, because our search terms were not mentioned 
in the title or abstract of this study.15 Fifty-four articles were taken for further assessment 
based on our criteria for relevance and validity (see supplementary Table 2B). 

Study characteristics
All studies were published between 1975 and 2013 and were performed in different 
continents. Most studies were single center studies. Study populations varied between 43 
and 1984 children and included children of all ages. Details of study characteristics are 
shown in supplementary Table 3, available at www.bloodjournal.org.

Risk of bias within studies
We contacted all authors to collect additional data of every study. Unfortunately, only 4 
authors16-19 would actually disclose their data. Within the data provided, no additional risk 
factors were found. 

Synthesis of results
All ORs displayed in the results below refer to the odds of developing chronic ITP. All results 
for individual studies are summarized in supplementary Table 3. 

Clinical Predictors 
Gender: Twenty-five articles analyzed gender of ITP patients in relation to the course 
of disease.11,12,16,18-39 Results are displayed in Figure 2. Females developed chronic ITP 
significantly more often (OR 1.17, 95% CI 1.04-1.31).
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Figure 2. Forest plot for female gender and age. ORs were calculated for chronic ITP; event = number of female 
patients or patients with age ≥11 years or  ≥8 years. M-H, Mantel-Haenszel.
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Age: Eighteen articles analyzed the mean age at time of diagnosis of ITP between children 
that recovered and those that developed chronic ITP.11,12,16,19,20,22-27,29,30,32,37,40-42 Two articles 
did not publish standard deviations or 95% CIs.30,40 Patients who developed chronic ITP 
were older, and the mean difference was 2.68 (95% CI 1.89-3.47) years. Age ≥8 years was 
studied in 4 studies with an overall OR for chronic ITP of 2.97 (95% CI 1.42-6.21) (see Figure 
2).18,19, 27,33 Thirteen articles studied age >11 years, with a statistically significant overall OR 
of 2.47 (95% CI 1.94-3.15; Figure 2).19-22,29,32-34,36,39,41,43,44 

Preceding infections and vaccinations: Seven studies analyzed whether an infection before 
the onset of ITP was correlated with development of chronic ITP19,22,23,29,30,32,37; 4 studies 
evaluated the occurrence of viral infections only.21,33,34,36 A preceding vaccination was 
evaluated in 3 studies18,22,30 and 2 articles reported the incidence of a preceding infection 
or vaccination as one combined predictor.18,31 Figure 3 shows that the absence of an 
infection or vaccination in the medical history shortly before the first clinical signs of ITP is 
significantly correlated with a chronic course of the disease (pooled OR 3.08, 95% CI 2.19-
4.32)

Onset of disease: Five articles studied the onset of disease and found significant more 
chronic ITP in patients with an insidious onset of ITP, with an OR of 11.27 (95% CI 6.27-
20.27; Figure 3).18,29,33,34,36 

Bleeding symptoms: Two studies analyzed the correlation between the absence of bleeding 
symptoms at diagnosis and a chronic course of ITP, and both did not find this to be a risk 
factor.30,31 One study analyzed the presence of skin bleeding only.29 Four studies analyzed 
the presence of skin bleeding, regardless of other bleeding symptoms; also in this case, 
overall OR was not significant.18,22,30,31 Three studies found significant less chronic ITP in 
patients with mucosal bleeding (OR 0.39; 95% CI 0.28-0.54).29-31 Two studies separately 
analyzed epistaxis, gastrointestinal bleeding, oral mucosal bleeding, hematuria, and 
menorrhagia.22,29 In none of these subgroups was the overall OR significant. Three articles 
reported the grade of bleeding at time of diagnosis; no significant differences between 
recovered and chronic ITP patients were found.19,29,34 See Figure 4 for an overview of all 
results.

Remaining clinical predictors: Three studies analyzed the season in which patients showed 
their first symptoms, but no significant correlation with chronic ITP was found (Figure 
3).22,23,34 One study analyzed differences in incidence of chronic ITP in Vietnamese and 
German or Swiss children, but they did not find a significant difference.45

Therapeutic predictors
Four articles reported clinical course of ITP in relation with treatment at diagnosis with 
high-dose methylprednisolone (15-30 mg/kg per day),22,28,46,47 and 13 articles studied the 
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Figure 3. Forest plot for preceding infection and/or vaccination, an insidious onset, and season at time of diagnosis. 
Event = number of patients with no preceding infection and/or vaccination, with an insidious onset defined as 
symptoms for >14 days, or with diagnosis in the displayed season. M-H, Mantel-Haenszel.
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Figure 4. Forest plot for all bleeding symptoms and bleeding grades. ORs were calculated for chronic ITP. Event 
= number of patients with type of bleeding or indicated bleeding grade at time of presentation. M-H, Mantel-
Haenszel.
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effect of standard-dose methylprednisolone (SDMP, 1-2 mg/kg per day)(Figure 5).19,22,26,27,30-

32,37,44,46,48-50 No significant differences were found. Fourteen studies analyzed the influence 
of treatment with IVIg and found significantly less chronic ITP in patients treated with IVIg 
(OR 0.71, 95% CI 0.52-0.97)(Figure 5).19,22,26-28,30-32,37,46-50 In 4 studies, the effect of treatment 
with anti-Rhesus-D immunoglobulin was analyzed (Figure 5), but no significant differences 
were found. 22,27,30,49  Observational management vs any medical treatment was studied 
in 10 articles, but no significant differences were found (Figure 5).19,22,27,30-32,37,44,46,48 In 5 
studies, combination therapy with SDMP and IVIg was analyzed.26,30,31,37,48 A significantly 
higher risk for chronic ITP was found in patients treated with a combination of IVIg and 
SDMP (Figure 5; OR 2.67, 95% CI 1.44-4.96).

Laboratory Measurements
Platelet count: The mean platelet count at time of diagnosis was calculated in 12 
studies.19,20,23,24,26,27,29,30,37,41-43 A significantly higher platelet count at diagnosis was found in 
patients who developed chronic ITP, with a mean difference of 5.27 (95% CI 2.69-7.86). 
Four articles calculated a median platelet count, and 1 found significantly higher median 
platelet counts at diagnosis in patients who developed chronic ITP.16,21,28,48 Significantly 
more chronic ITP was found in children with a platelet count ≥10 x109/L (6 studies; OR 2.00; 
95% CI 1.52-2.64) 18,19,21,22,27,34  and in children with a platelet count ≥20 x109/L (7 studies; OR 
2.15; 95% CI 1.63-2.83)19,22,30,31,34,36,39 at diagnosis (see Figure 6).

Mean Platelet Volume (MPV): Two studies analyzed MPV at diagnosis of ITP. Both found 
a significant higher MPV in patients who developed chronic ITP. Yildirmak et al found a 
significantly higher mean MPV of 9.2 fL in patients developing chronic ITP compared with a 
mean of 8.1 fL in patients with recovered ITP (P = .04).42 Ahmed et al found significant more 
patients with an MPV >8.0 fL in the chronic ITP group (OR 15.4, 95% CI 4.1-56.9).21

Hemoglobin (Hb) levels: Two articles reported mean Hb levels but did not find a significant 
difference between groups (mean difference -0.13, 95% CI -0.60 to 0.34).23,26 Another 2 
articles calculated median Hb levels but also did not detect a significant difference. 

White blood cells: A mean total leukocyte count (TLC) was calculated in 4 articles, and 
2 of these showed significantly lower TLCs in patients developing chronic ITP (mean 
difference -1.36, 95% CI -2.14 to -0.58).20,23,26,27 Two articles studied a TLC <6.25 x 109/L as a 
predictor for chronic ITP. The combined OR of both studies showed a significant OR of 2.31 
(95% CI 1.20-4.44)(see Figure 6).20,27 The investigators also calculated the mean absolute 
lymphocyte count (ALC) and the OR of an ALC <3.05 x 109/L. For both parameters, they 
found a significantly lower ALC in patients developing chronic ITP (mean difference -1.56, 
95% CI -2.04 to -1.08; total OR 3.79, 95% CI 2.37-6.07. The mean lymphocyte percentage 
was studied in 1 study, and this showed a significant difference (P = .006) as well.20
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Figure 5. Forest plot for all different therapies for ITP. ORs were calculated for chronic ITP. Event =  number of 
patients treated with the indicated therapy. M-H, Mantel-Haenszel.
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Figure 6. Forest plot for all laboratory measurements. ORs were calculated for chronic ITP. Event = number of 
patients with laboratory results in accordance with the results displayed. M-H, Mantel-Haenszel.
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Anti-nuclear antibody (ANA) positivity (> 1:80): In 3 articles, ANA positivity was studied. The 
total OR was 2.87 (95% CI 1.57-5.24)(see Figure 6).24,48,51 

Platelet antibodies: Two studies analyzed the presence of platelet antibodies, and both did 
not find a significant difference (Figure 6).25,52 Nielsen et al analyzed the presence of anti-
glycoprotein antibodies and found significant less frequent anti-glycoprotein antibodies 
in patients who developed chronic disease (OR 0.11, 95% CI 0.01-0.84).53 Yildirmak et al 
studied the percentage of platelet-associated immunoglobulin M and immunoglobulin G 
and found a significantly lower percentage of platelet-associated immunoglobulin M in 
patients who developed chronic ITP.42 They also analyzed the mean percentage of platelet 
surface antigens but found no significant differences. 

Bone marrow parameters: Alexander et al found no differences in the amount of 
megakaryocytes in bone marrow but did find significantly higher percentages of eosinophilic 
granulocytes in bone marrow of patients developing chronic ITP.23 Ding et al reported a 
higher presence of human cytomegalovirus in bone marrow of patients developing chronic 
ITP (tested by Wright stain)(OR 10.68, 95% CI 1.31-86.66).54 

Remaining laboratory measurements. Yildirmak et al analyzed the mean percentage 
plateletcrit and the mean percentage of the platelet distribution width and did not 
find any significant differences.42 Alexander et al calculated the mean percentage of 
megathrombocytes and reticulocytes but found no significant differences.23

Genetic factors
A total of 18 articles analyzed the allele frequencies of 29 different genes in patients who 
recovered and those with chronic ITP.9-16,19,25,26,35,52,55-59 Three polymorphisms (DNMT3B-579 
T/G, FcγRIIa-131 H/R and FcγRIIIa-158 F/V) were analyzed in >1 study and did not show 
any significant differences. Of all other polymorphisms, analyzed in single studies only, 2 
allele frequencies showed significantly higher risks for developing chronic ITP: TGF-B1 cod 
25 allele A (OR 6.28; 95% CI 3.14-12.55) and IL-4 intron 3 allele RP1 (OR 3.95; 95% CI 1.29-
12.09).11,26  All genetic studies are summarized in Figure 7. 

Additional analyses 
To check whether there was a risk of bias across studies, we performed data-trend 
analysis by visually assessing forest plots. No data trends were found for study size, year 
of publication, definition of chronic ITP, hospital category, study category, and origin of the 
study population divided by continent (data not shown). No multivariate analyses could be 
performed due to the unavailability of complete sets of raw data. 
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DISCUSSION

Childhood ITP is considered to be a heterogenous disease regarding both pathophysiology 
and clinical course.60,61 Literature provides little evidence for clinical decision making to find 
the right treatment strategy for individual patients.62 In this study, we have, for the first 
time, systematically reviewed and analyzed all clinical, laboratory, therapeutic, and genetic 
predictors for the outcome of childhood ITP. 

Figure 7. Forest plot for all genetic predictors. ORs were calculated for chronic ITP. Event = the allele frequency of 
the first mentioned allele (for example allele T in DNMT3B 579 T/G); total = total allele frequency for both alleles, 
thus double the number with respect to the number of patients. M-H, Mantel-Haenszel.
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Among treating physicians, patients, and parents, there is a great need for reliable predictors 
for the outcome of childhood ITP at the time of diagnosis as well as after initial therapy. This 
would help clinicians to provide patients and their parents with specific information about 
the expected clinical course, which may help to minimize anxiety and the impact of the 
disease on daily life. Furthermore, it could guide the decision on therapeutic management 
of the disease, especially if treatment would prevent development of chronic disease.

Several authors have tried to identify these predictors. The Nordic Society of Pediatric 
Haematology and Oncology (NOPHO) ITP Working group developed a predicting score 
for prolonged duration of ITP, based on their Nordic ITP study data, that contains the age 
at onset of disease, duration of symptoms, preceding infection, gender, platelet count at 
diagnosis, and the presence of wet purpura.63 Donato et al validated this score in a cohort 
of children presenting with ITP in Argentina.64 Revel-Vilk at al published a simple prediction 
score based on retrospective data of 472 children that included age and duration of 
bleeding symptoms at diagnosis.65 Finally, Yacobovich et al recently published a narrative 
review of several clinical, therapeutic, and genetic predictors for recovery of childhood 
ITP.66 However, neither of these studies performed an extensive literature search, and 
results were not systematically reviewed. 

The results of our systematic review and meta-analysis show that predictors that were 
thought to be related to the course of childhood ITP, like age, gender, preceding infection, 
duration of symptoms, bleeding tendency, and platelet count at diagnosis, are indeed 
supported by a considerable level of evidence.  Furthermore, our review adds some new 
possible predictors, like leukocyte count, ANA positivity, and treatment with a combination 
of corticosteroids and IVIg.

Remarkable is the apparent protective effect of IVIg treatment against development 
of chronic disease. The question is whether this is a true effect of IVIg or is based on 
confounding factors. It might be that IVIg has beneficial long-term immunomodulatory 
effects (eg, downregulating of the autoimmune response).67 In other human autoimmune 
diseases and in a mouse model of autoimmune ITP, it has been shown that IVIg causes 
an increase in the number and function of regulatory T cells (Tregs).68-71 Tregs contribute 
to the maintenance of peripheral immune tolerance.72 Several studies have shown lower 
frequencies and/or impaired function of Tregs in adults as well as in children with ITP.73-

77 Although the exact mode of action remains unclear, IVIg treatment might restore the 
immunologic balance by inducing Tregs and so might influence the clinical course of 
the disease. In children with lower platelet counts and higher bleeding tendency, both 
associated with a lower rate of chronic disease, treatment will be instituted more often 
than in children with higher platelet counts or a low bleeding tendency. On the other 
hand, the higher rate of chronic disease in children who received a combination of steroids 
and IVIg seems to contradict this explanation, because the regular reason to give this 
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combination is severe bleeding with low platelet counts as well.  Based on the OR of 0.71 
and an estimated 25% incidence of chronic disease, the number needed to treat with IVIg 
to prevent 1 child with chronic disease would be 14. However, at this moment, there are 
no large studies available reporting the incidence of chronic disease in children who only 
received observation, so an exact number to treat cannot be calculated. Future prospective 
studies, preferably randomized and combined with laboratory studies, are needed to 
find out if IVIg really protects against the development of chronic ITP and, if so, by what 
mechanism this effect is caused and if treating all children with IVIg would be cost effective, 
clinically effective, and tolerable. 

Of course, our systematic review and meta-analysis has some limitations. First of all, 
some studies used different definitions or intervals for several predictors. Only if data 
for recovered as well as chronic patients were provided, ORs could be calculated. Some 
possible useful articles had to be excluded for this reason. Despite our effort to retrieve 
additional data from all authors in order to obviate this, we received these data from only 
4 authors.16-19 Because of the recently changed definition of chronic ITP, fewer children are 
categorized as having chronic ITP in studies using the new definition. Hence, the outcome 
between the studies we analyzed could be different. In 8 studies, the new definition for 
chronic ITP was used.27,27,49,52,55-58 However, assessment of forest plots comparing results 
of studies using the old definition vs the new definition for chronic ITP did not show any 
differences (data not shown).

Due to the lack of raw data, we could only perform univariate analyses. Several predictors 
might be associated, for example, lower platelet counts and more severe bleeding 
symptoms as well as bleeding severity and the choice of medical treatment. A multivariate 
analysis could have taken these associations into account and could identify independent, 
objective and robust predictors. To perform such an analysis, large numbers of cases as 
well as identical diagnostic and therapeutic protocols to exclude selection bias are needed, 
which would only be feasible in collaborative study groups, like the Intercontinental 
Cooperative ITP Study (ICIS) group. 

In conclusion, by performing this systematic review and meta-analysis, the following 
predictors of chronic ITP in children, assessed in at least 3 studies, have been identified: 
female gender (OR 1.17, 95% CI 1.04-1.31), older age at presentation (age ≥11 years; OR 
2.47, 95% CI 1.94-3.15), absence of preceding infection or vaccination (OR 3.08, 95% 
CI 2.19-4.32), insidious onset (OR 11.27, 95% CI 6.27-20.27), higher platelet counts at 
presentation (≥20 x 109/L; OR 2.15, 95% CI 1.63-2.83), positive ANA titers (OR 2.87, 95% 
CI 1.57-5.24), and treatment with a combination of SDMP and IVIg (OR 2.67, 95% CI 1.44-
4.96). Mucosal bleeding at diagnosis (OR 0.39; 95% CI 0.28-0.54) and treatment with IVIg 
(OR 0.71, 95% CI 0.52-0.97) seem to protect against development of chronic disease. 
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Recommendations: The information provided by our systematic review serves the need 
for identification of reliable predictors for the outcome of ITP and will guide researchers 
in the field of pediatric as well as adult ITP to reflect on their own research as well as to 
design future studies.  The possible protective effect of IVIg treatment needs confirmation 
in prospective randomized studies. Based on our review, new prediction scores can be 
generated and tested in large cohorts of patients. To be able to compare prognostic risk 
factors, in future studies, all predictors should be strictly defined and be recorded at time of 
diagnosis of ITP. In this way, we might be able to identify patients at higher risk of developing 
chronic ITP who may benefit from treatment to prevent a chronic course of ITP.
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Search terms PubMed Embase

Domain 1 Children OR childhood OR child OR pediatric 
OR pediatrics OR paediatric OR paediatrics OR 
toddler OR juvenile OR adolescent

1.039.304 1.307.471

Domain 2 ITP OR idiopathic thrombocytopenic purpura 
OR idiopathic trombocytopenic purpura OR 
immune thrombocytopenic purpura OR immune 
trombocytopenic purpura OR werlhof disease OR 
werlhof's disease

7.623 9.638

Determinant 1 Predictor OR predictors OR risk OR risk factor 
OR risk factors OR riskfactor OR riskfactors OR 
risks OR prognostic factor OR prognostic factors 
OR prognostic OR prognosis  OR prognose OR 
predicting  OR predicted

1.708.792 2.158.165

Determinant 2 Therapy  OR therapeutic OR therapies  OR 
therapeutics OR medicine OR medicines  OR 
medication OR medications OR steroid  OR 
steroids  OR IVIG OR prednisone  OR prednisone  
OR prednisolon  OR Whin-ro  OR anti-d  OR 
immuno globulines OR immunoglobulines  OR 
immuno-globulines  OR immuneglobulines  OR 
immune globulines OR immune-globulines

2.059.487 2.747.443

Outcome Chronic  OR chronical OR chronically  OR 
prolonged OR persistent OR persisting

1.070.828 1.346.787

Combination 1 Domain 1, Domain 2 & Outcome 552 758

Combination 2 Domain 2, Determinant 1 & Outcome 181  
(without doubles)

315  
(without doubles)

Combination 3 Domain 1, Domain 2 & Determinant 2 267  
(without doubles)

318  
(without doubles)

Total 1.000 1.391

* Date of initial search May 2, 2012. 

Supplementary Table 1. Search Strategy

SUPPLEMENTARy MATERIALS
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Altintas et al. + + + + - + - + +/- 3
Anis et al. +/- +/- +/- + - + - + - 4
Atabay et al. +/- +/- + + - + - + +/- 3
Ballin et al. +/- + + + - + - - +/- 3
Bekker et al. + - + + - + - + +/- 3
Bruin et al. + + + + - + - + + 2
Carcao et al. +/- +/- + + - + - + +/- 3
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Chen et al. 2008 +/- +/- + + - + - + +/- 4
Cheung et al. + + + + - + - + + 2
Coccia et al. + + + + - + - - +/- 3
Deel et al. + + + + - + - + +/- 3
Demircioglu et al. + + + + - + - + +/- 3
Ding et al. + + + + - + - + + 2
Donato et al. + + + + - + - + +/- 3
ElAlfy et al. + + + + - + - + +/- 3
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Ku et al. +/- +/- +/- + - +/- - + +/- 3
Kubota et al. 2003 + + + + - + - + +/- 3
Kubota et al. 2010 + + + + - + - + +/- 3
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Kühne et al. 2003 + + + + - + - - + 2
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Li et al. +/- +/- + + - + - + +/- 4
Lowe et al. + + + + - + - - +/- 3
Nielsen et al. + + / 
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+ + - + - + + / 
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2, 3

Okulu et al. + + + + - + - + + 2
Olen et al. - + + + - + - + +/- 3
Ozsoylu et al. + + - + - + - + + 2
Papagianni et al. +/- +/- +/- + - +/- - + + 2
Pratt et al. +/- +/- + + - + - - + 2
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Roganovic et al. + + + + - + - + +/- 3
Rossi et al. +/- +/- + + - + - + +/- 4
Rosthoj et al. + + + + - + - + + 2
Sandoval et al. + + + + - + - + +/- 3
Sartorius et al. + + - + + + + - + 2
Simons et al. + + + + - + - + +/- 3
Sohn et al. + + + + - + - + +/- 3
Tamminga et al. + + + + - + - - + 2
Treutiger et al. 2006 + + + + - + - + + 2
Treutiger et al. 2007 + - + - - + - + + 2
Venetz et al. + + + +/- - + - - +/- 3
Vermylen et al. + + + + - + - + +/- 3
Watts et al. + + + + - + - + +/- 3
Wu et al. 2005 +/- +/- + + - + - - +/- 4
Wu et al. 2007 +/- +/- + + - + - - +/- 4
Xu et al 2008 +/- +/- + + - + - + +/- 3
Xu et al. 2010 - +/- + + - + - + +/- 3
Yaprak et al. + + + + - + - + +/- 3
Yildirmak et al. + + + + - + - + + 2
Zahran et al. + + +/- + -- +/- - + + 2
Zeller et al. + + + + - + - + + 2
Zhang et al. +/- +/- + + - + - + +/- 4
Zhao et al. 2010 +/- +/- + + - + - + +/- 4
Zhao et al. 2009 +/- +/- + + - + - + +/- 4
Zimmerman et al. + + + + - + - - +/- 3

Table 2a. Critical Appraisal
Ad 1) + = children with ITP included at time of diagnosis, +/- = children with ITP not included at time of  
           diagnosis,  - = others 
Ad 2) + = predictors for chronic ITP at time of diagnosis or initial treatment in the first days, +/- = predictors of
           chronic ITP not at time of diagnosis, - = no predictors 
Ad 3) + = chronic ITP defined as ITP symptoms >6 months, +/- = chronic ITP otherwise defined
Ad 4) + = specified definition for predictors, +/- = standardized mentioned,  not specified,  
           - = no standardization
Ad 5) + = blinding mentioned and specified, +/- = blinding mentioned, not specified, - = not mentioned
Ad 6) + = chronic ITP (>6months), +/- = chronic ITP, otherwise defined
Ad 7) + = blinding mentioned and specified, +/- = blinding mentioned, not specified, - = not mentioned
Ad 8) + = mentioned <20%, - = mentioned >20% or not calculable
Ad 9) + = prospective cohort study, +/- = retrospective cohort study or case control study (genetics),  
           - = other
Ad 10) Based on: OCEBM Levels of Evidence Working Group*. “The Oxford 2011 Levels of Evidence”. Oxford 
Centre for Evidence-Based Medicine. http://www.cebm.net/index.aspx?o=5653 *OCEBM Table of Evidence 
Working Group = Jeremy Howick, Iain Chalmers (James Lind Library), Paul Glasziou, Trish Greenhalgh, Carl 
Heneghan, Alessandro Liberati, Ivan Moschetti, Bob Phillips, Hazel Thornton, Olive Goddard and Mary Hodgkinson. 
1= systematic review of inception cohort studies; 2= inception cohort studies; 3= cohort study or control arm of 
randomized trial; 4= case-series or case control studies, or poor quality prognostic cohort study. 
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Relevance
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Ahmed et al. 
Akbayram et al.
Alexander et al.
Altintas et al. 
Atabay et al. 
Bruin et al.
Carcao et al. 
Chen et al. 2007
Chen et al. 2008
Cheung et al.
Deel et al.
Demirciglu et al.
Ding et al. 
Donato et al.
El Alfy et al.
Glanz et al. 
Heegaard et al.
Kocak et al.
Kubota et al. 2003
Kubota et al. 2010
Kühne et al. 2000

Li et al. 
Le Meignen et al.
Nielsen et al. 
Okulu et al.
Robb et al. 
Roganovic et al.
Rossi et al.
Rosthoj et al.
Sandoval et al.
Simons et al.
Sohn et al. 
Treutiger et al. 2006
Vermylen et al.
Watts et al.
Xu et al. 2008
Yaprak et al. 
Yildirmak et al. 
Zeller et al. 
Zhao et al. 2009
Zhao et al. 2010

Anis et al. 
Celik et al.
Eyada et al. 
Gouda et al.
Korshied et al.
Ku et al.
Papagianni et al.

Bekker et al.
El-Bostany et al.
Olen et al.
Ozsoylu et al.
Sartorius et al.
Xu et al. 2010  
Zhang et al. 

M
od

er
at

e

Ahmed et al. 2004
Ballin et al.
Coccia et al.
Kuhne et al. 2003
Lowe et al. 

Tamminga et al. 
Venetz et al.
Wu et al. 2005
Wu et al. 2007
Zimmermann et al. 

Zahran et al. Fujisawa et al.
Pratt et al. 
Treutiger et al. 2007

Lo
w Lammi et al.

Table 2b. Critical Appraisal, relevance and validity: All articles with one Low score or a Moderate score for 
relevance were excluded for further assessment.
Relevance: High: children at time of diagnosis of ITP, predictors for chronic ITP at time of diagnosis and chronic ITP 
defined as ITP symptoms >6 months or children and predictors not at time of diagnosis for genetic studies. Moderate: 
children at time of diagnosis of ITP, predictors for chronic ITP at time of diagnosis, chronic ITP otherwise defined. Low: 
children not at time of diagnosis of ITP, predictors not at time of diagnosis, no children or no predictors for chronic ITP. 
Validity: High: standardization of predictors and chronic ITP and with missing data <20%. Moderate: 
standardization of predictors and chronic ITP and with missing data >20% or chronic ITP defined <6 months. Low: 
no standardization for predictors and chronic ITP
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Included articles

1. Ahmed et al. 2004
2. Ahmed et al. 2010
3. Akbayram et al.
4. Alexander et al.
5. Altintas et al. 
6. Anis et al.
7. Atabay et al. 
8. Ballin et al.
9. Bruin et al.
10. Carcao et al. 
11. Celik et al.
12. Chen et al. 2007
13. Chen et al. 2008
14. Cheung et al.
15. Coccia et al.

16. Deel et al. 
17. Demirciglu et al.
18. Ding et al. 
19. Donato et al.
20. El Alfy et al.
21. Eyada et al. 
22. Glanz et al. 
23. Gouda et al.
24. Heegaard et al.
25. Kocak et al. 
26. Korshied et al.
27. Ku et al.
28. Kubota et al. 2003
29. Kubota et al. 2010
30. Kühne et al. 2000

31. Kühne et al. 2003
32. Li et al. 
33. Lowe et al.
34. Le Meignen et al
35. Nielsen et al. 
36. Okulu et al.
37. Papagianni et al. 
38. Robb et al. 
39. Roganovic et al.
40. Rossi et al.
41. Rosthoj et al.
42. Sandoval et al.
43. Simons et al.
44. Sohn et al. 
45. Tamminga et al.

46. Treutiger et al. 2006
47. Venetz et al. 
48. Vermylen et al.
49. Watts et al.
50. Wu et al. 2005
51. Wu et al. 2007
52. Xu et al. 2008
53. Yaprak et al. 
54. Yildirmak et al. 
55. Zeller et al. 
56. Zhao et al. 2009
57. Zhao et al. 2010
58. Zimmermann et al.

Table 2c. Included articles.
…  Excluded because of no raw data in full text.
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ABSTRACT

Background and objectives
Management in children with newly diagnosed immune thrombocytopenia (ITP) consists 
of careful observation or treatment with corticosteroids or intravenous immunoglobulin 
(IVIg).  Observational studies suggest a lower risk of chronic ITP in children treated with 
IVIg. Based on these findings, we designed the multicenter randomized ‘Treatment with or 
without IVIg for Kids with ITP’ (TIKI) trial. Primary endpoint was the development of chronic 
ITP. Secondarily, we looked at response rates as outcome measures, and at predictors of 
response. 

Patients and methods
Children aged 3 months-16 years with newly diagnosed ITP, platelet counts ≤20 x 109/L 
and mild to moderate bleeding were included in 48 different hospitals. Within 72 hours 
after diagnosis patients were randomized to receive either a single infusion of 0.8 g/kg IVIg 
or careful observation and treatment only in case of severe bleeding. Clinical data were 
collected and laboratory studies were performed at diagnosis, after 1 week, 1 month, 3, 6 
and 12 months.

Results
Two hundred patients were enrolled, 109 males and 91 females; 100 were randomized to 
receive IVIg and 100 to receive careful observation. No statistical significant differences 
regarding baseline characteristics were found between the IVIg and observation group. 
No statistically significant differences were observed regarding development of chronic ITP 
(platelet count <100 x 109/L at 12 months) between both groups: 10.0% in the IVIg group 
en 12.0% in the observation group (p=0.65). The rate of chronic ITP was equal in different 
age groups: <1 year, 1-10 year, > 10 year. Complete recovery rates at 1 week, 1 month and 3 
months were significantly higher in the IVIg group than in the observation group. Complete 
response to IVIg at one week (platelet count ≥ 100 x 109/L) was seen in 68.7%. No clinical 
or laboratory predictors of complete response to IVIg were found. Predictors for complete 
recovery at 12 months were younger age (p=0.04), shorter duration of symptoms prior 
to diagnosis (p<0.001), mucosal bleeding at diagnosis (p=0.02), and a higher lymphocyte 
count at diagnosis (p=0.04). In patients randomized to the IVIg group, the absence of a 
complete response to IVIg was associated with development of chronic ITP: 19.4% of 
these patients developed chronic ITP versus 5.9% in complete responders (p=0.04). Eight 
patients in the observation group needed rescue treatment because of grade 4-5 bleeding, 
versus one patient in the IVIg group. All patients recovered completely and fast from their 
bleeding events. 
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Conclusion
In this phase 3 multicenter randomized clinical trial evaluating the efficacy of IVIg treatment 
versus careful observation in children aged 3 months -16 years with newly diagnosed ITP, 
the primary end point – the rate of chronic ITP- did not differ significantly between both 
groups. However, in the IVIg group recovery rates were higher during the first three months 
after diagnosis and bleeding events occurred less frequently than in the observation group. 
These results suggest that treatment with IVIg solely to prevent a chronic course of the 
disease is not justified, but that treatment with IVIg might be beneficial in order to provide 
adequate hemostasis in selected patient groups.
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INTRODUCTION

Childhood immune thrombocytopenia (ITP) is an immune-mediated acquired disease 
characterized by an isolated low platelet count (peripheral blood platelet count <100 x 
109/L) in the absence of other causes that may be associated with thrombocytopenia.1 The 
majority of patients presents with a typical history of acute development of purpura and 
bruising, often after a mild viral infection.2-5 Most children recover within 6-12 months. 
About 20-25% of children develop chronic ITP, currently defined as a platelet count < 100 x 
109/L one year after diagnosis.1-5 

Management in children with newly diagnosed immune thrombocytopenia consists 
of careful observation regardless of platelet count in case of skin bleeding only. Severe 
bleeding, occurring in only 3% to 5% of children,6 requires treatment with corticosteroids, 
intravenous immunoglobulin (IVIg), or anti-Rh-D immunoglobulin, either alone or in 
combination and, if life threatening, also with platelet and red blood cell transfusions.7,8

In case of mild mucosal bleeding and very low platelet counts no consensus exists on optimal 
management strategy. The guideline of the American Society of Hematology as well as the 
international consensus report both advise to consider treatment with corticosteroids or 
IVIg in case of mucosal bleeding. In the Netherlands, a more conservative approach with 
medical treatment only in case of severe bleeding is advocated. 

Several questions remain unanswered in pediatric immune thrombocytopenia (ITP). It 
remains unclear whether watchful observation is a safe alternative to medical treatment in 
case of very low platelet counts, particularly if there is mucosal bleeding. We still have to 
find out for which children medical treatment is mandatory and whether medical treatment 
can prevent severe bleeding. 

IVIg contains the pooled immunoglobulin G (IgG) immunoglobulins from the plasma of 
approximately a thousand or more blood donors. Treatment with IVIg has proved to be safe 
and effective in children with ITP. Platelet counts rise within 48 hours in 70-80% of patients 
and this effect lasts for 3-4 weeks.9-13 Several observational studies have suggested a lower 
incidence of chronic ITP in children that were treated with IVIg.14,15 This was confirmed by a 
recent meta-analysis performed by our group,16 but randomized studies are lacking. 

Based on these findings, we designed the multicenter randomized ‘Treatment with or 
without IVIg for Kids with ITP’ (TIKI) trial to answer the question whether IVIg treatment 
can prevent a chronic course of the disease. 
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PATIENTS AND METHODS

Trial design
The TIKI trial was a phase 3 multicenter, stratified (platelet count at diagnosis 0-10 x 109/L 
and 10-20 x 109/L), open, parallel-group study conducted in 60 sites in The Netherlands. 
The trial was designed to assess the efficacy of IVIg in reducing the rate of development 
of chronic ITP in children with newly diagnosed ITP. The steering committee designed the 
study and supervised its conduct. The institutional review board of the University Medical 
Center Utrecht approved the study and local feasibility approval was obtained for all 
participating sites. Periodic safety assessments were conducted by an independent data 
and safety monitoring board. The principal investigators had full access to the data. Data 
analyses were independently verified by the Julius Support for Research and Trials Center 
for both accuracy and adherence to the protocol and to the approved statistical analysis 
plan. The study was registered in the Dutch Trial register (NTR TC1563) and conducted in 
accordance with Good Clinical Practice guidelines.  

Participants
Children aged 3 months-16 years with newly diagnosed ITP, a platelet count below 
20x109/L and with mild to moderate bleeding (grade 1-3 on the adapted Buchanan 
bleeding score)17 were eligible for inclusion in the TIKI study. Patients were excluded if they 
had severe bleeding at diagnosis (grade 4-5), received immunomodulating drugs within 
one month before diagnosis, suffered from conditions with a contraindication for IVIg or if 
comprehension of the Dutch language was insufficient to give informed consent. All parents 
and patients aged 12 years and older gave written informed consent before inclusion.

Study settings
The study was conducted at 60 sites (pediatric departments of seven university hospitals 
and of 53 general hospitals) in the Netherlands from May 2009 until April 2015. In the 
Netherlands, children with ITP are diagnosed and treated by pediatricians appointed 
at general or university hospitals. The incidence of pediatric ITP in the Netherlands is 
approximately 100-150 new patients each year.

Interventions
Within 72 hours after diagnosis, patients were randomized to receive either a single dose of 
0.8 g/kg IVIg (Nanogam®, Sanquin, The Netherlands) or careful observation and treatment 
to raise platelet count only in case of severe bleeding. We decided not to use a placebo 
since we judged it unethically to expose children to insertion of an intravenous cannula 
without administration of a potential beneficial drug and the primary outcome parameters 
concerned laboratory data. At diagnosis demographic data were collected. At diagnosis, 
after one week, one month, three months, six months and twelve months, patients visited 
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the local pediatrician, laboratory studies were performed and Health Related Quality of 
Life (HRQoL) questionnaires were filled out. Data regarding bleeding severity, treatment, 
laboratory results and HRQoL were entered in a web based case record form (CRF).

Outcomes
The primary endpoint of this study was the development of chronic ITP, defined as a platelet 
count < 100 x 109/L at twelve months after diagnosis.1 
Secondary outcome parameters were safety and efficacy of both treatment arms, the 
influence of treatment on bleeding score, platelet counts and HRQoL. We also evaluated 
biological factors involved in response to IVIg and recovery. 
For efficacy of treatment we used recently specified definitions of complete response 
(platelet count > 100 x 109/L) and partial response (platelet count ≥30 x 109/L and at least 
twofold increase of the baseline count).1 
In this study, mild bleeding was defined as skin bleeding only (adapted Buchanan bleeding 
score 0-2), whereas moderate bleeding was defined as mucosal bleeding as well (adapted 
Buchanan bleeding score 3). Severe bleeding was defined as all bleeding events with a 
need for urgent intervention (adapted Buchanan bleeding score 4-5). 
Additional analyses were performed to compare responders with non-responders in order 
to detect possible predictors of response and spontaneous recovery and another additional 
analysis to compare children with and without mucosal bleeding. 

Changes to outcome
When the study started, chronic disease was defined as a platelet count < 150 x 109/L at 
six months. With the international accepted change in definition of chronic ITP published 
by Rodeghiero in 2009,1 we adapted the primary outcome to a platelet count < 100 x 109/L 
at twelve months. Since the study protocol already included a study visit at twelve months 
study procedures did not change.

Sample size
A sample size of 100 patients per group was calculated to detect a difference of 15% in 
development of chronic disease (10% versus 25%) with a two-sided 5% significance and a 
power of 80%. 

Interim analyses and stopping rules
An independent data and safety monitoring board yearly reviewed the efficacy and safety 
data. Criteria for temporarily putting the study on hold were: excess of occurrence of grade 
4 and 5 bleedings in any of the treatment arms as well as any unexpected severe side effect 
that could be related to the use of IVIg. 
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Randomization
After receiving informed consent, the pediatricians registered eligible patients on the study 
website. After completing the registration CRF, web-based randomization was performed 
using a computer generated randomization list and was stratified by platelet counts at 
diagnosis (0-10 and 10-20 x 109/L), to ensure equal distribution within both treatment 
arms. The allocated arm was subsequently shown on the study website. 

Blinding
Since there was no placebo, patients and physicians were aware of the allocated arm. 
However, since most outcome parameters are not influenced by this knowledge, we did 
not consider this as a source of bias.

Statistical methods
We used chi-square tests to compare categorical variables. In case of expected cell count 
below 5, Fisher Exact Tests were used. To compare non-parametric continuous variables 
Mann-Whitney U tests were performed.  For analysis of the main and secondary outcome 
parameters we calculated relative risks with 95% confidence intervals and corresponding 
p-values. Analyses were performed by the intention to treat principle. Logistic regression 
was used to perform multivariate analysis of predictors of recovery. SPSS version 21 for 
Macintosh was used to perform analyses. 

RESULTS

Enrollment and Follow-up
The randomization and follow-up of participants are shown in figure 1. From May 2009 
through April 2015, a total of 206 patients were registered on the website, at 48 sites. 
Two patients did not fulfill inclusion criteria: one appeared to have chronic ITP and one 
to have Evans’ syndrome. Four patients were erroneously registered, because they did 
not give informed consent. So 200 patients were randomized and included in the analysis. 
One hundred patients were allocated to receive IVIg and 100 to receive observation.  
Two patients in the observation group received IVIg within 72 hours after diagnosis because 
of severe mucosal bleeding and one patient in the IVIg group did not receive IVIg because 
of a quick spontaneous raise in platelet counts. No participants were lost to follow-up 
before they had reached complete recovery.

Baseline Characteristics of Participants
The baseline clinical and laboratory characteristics of the participants are shown in Table 
1. Distributions of all characteristics were similar in both groups. In both groups there was 
one patient with a longer duration of bleeding symptoms, 60 days, before the diagnosis of 
ITP was made. Since symptoms were mild and not necessarily explained by ITP, combined 
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with the fact that according to current definitions they were still categorized as newly 
diagnosed ITP, both patients were not excluded from the study.

End Points
Development of chronic ITP 
When applying the definition of chronic ITP as described in our protocol (platelet count 
< 150 x 109/L at six months), 28.9% of children in the observation group and 18.6% of 
children in the IVIg group developed chronic ITP (p=0.09). With the current definition of 
chronic ITP (platelet count < 100 x 109/L at 12 months) percentages were 12.0% and 10.0% 
in the observation and IVIg group, respectively (p=0.65).

Registered on website (n=206)

Randomized (n=200)

Allocated to IVIg (n=100):
Received IVIg (n=99)
Did not receive IVIg because of
spontaneous platelet rise (n=1)

Lost to follow-up (n=0)

Analyzed (n=100)

Allocated to observation (n=100)
Received observation (n=98)
Did receive IVIg because of 
severe bleeding (n=2)

Lost to follow-up (n=0)

Analyzed (n=100)

Excluded (n=6):
Not meeting inclusion criteria (n=2)
Declined to participate (n=4)

Figure 1: flow diagram. Randomization and follow-up of the TIKI trial patients. Two hundred and six patients 
were registered at the website. Four patients declined to participate, one patient appeared to have chronic ITP 
and one patient appeared to have Evans’ syndrome. The study randomized 200 patients, 100 to IVIg and 100 to 
observation. One patient did not receive IVIg because of quick spontaneous recovery of platelet counts and two 
patients in the observation group did receive IVIg within 72 hours after inclusion because of grade 4 mucosal 
bleeding. No patients were lost to follow-up before they had recovered. 
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Subgroup analyses
All infants (n=8) showed complete recovery at 6 months. In children aged 1-10 years 
(n=154) complete recovery rates were 82.5% and 89.0% at 6 months and 12 months, 
respectively. In this age group development of chronic ITP according to the formerly used 
definition (platelet count < 150 x 109/L beyond 6 months) was 30.9% in the observation 
group and 16.2% in the IVIg group (p=0.04). When using the current definitions for chronic 
ITP (platelet count < 100 x 109/L at 12 months after diagnosis), differences were not 
statistically significant. In children aged 10 years and older (n=38), complete recovery rates 
at 6 months and 12 months were 71.1% and 86.8%, respectively. No statistically significant 
differences regarding the rate of chronic ITP between age groups were found.Children with 
grade 3 bleeding at diagnosis (n=80) showed significantly more often complete recovery 
at 12 months compared to children with grade 0-2 bleeding: 95.0% versus 84.7% (p=0.02). 

Secondary end points 
Recovery at all different time points is displayed in table 2. At 1 week, 1 month and 3 
months, overall and complete recovery rates in the IVIg group were significantly higher 
than in the observation group. From 6 months on, there was no significant difference 
between the two groups. Mean platelet counts at all time points for both study groups are 
depicted in figure 2.

Complete response to IVIg at 1 week was seen in 68/99 patients (68.7%). Clinical and 
laboratory parameters of patients with and without complete response to IVIg are shown 

Observation 
N=100

IVIg  
N=100

Male 55 (55.0) 54 (54.0)

Age (years) 4.5 (0.5-16.6) 3.6 (0.3-16.1)

Duration of symptoms (days) 3 (0-60) 3 (1-60)

Platelet count at diagnosis (x 109/L) 5 (0-20) 6 (0-20)

Preceding infection2 47 (48.0) 43 (43.4)

Preceding vaccination3 5 (5.1) 3 (3.0)

Mucosal bleeding (grade 3)4 42 (42.4) 38 (38.4)

Leukocyte count (x 109/L) 8.0 (4.0-18.6) 8.7 (4.5-17.5)

Lymphocyte count (x 109/L) 3.7 (0.9-14.0) 4.0 (1.3-12.6)

Platelet autoantibodies of IgG class (indirect MAIPA; available in 173 patients) 5 (6.3) 13 (13.8)

Thrombopoietin (IE/ml; available in 168 patients) 42.5 (4-693) 36.5 (7-153)

Data are numbers (%) or medians (lower-upper limit) unless otherwise specified. Duration of symptoms denotes 
the duration of symptoms at the moment of diagnosis of ITP. Preceding infection: an infection within 28 days 
before diagnosis. Preceding vaccination: a vaccination within 28 days before diagnosis. 
Due to a small amount of missing data, percentages do not always correspond with the total number of patients.

Table 1. Baseline characteristics
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in table 3. No significant differences were found. In the observation group we observed a 
higher rate of preceding infection in children that showed complete recovery after 1 week 
(81.8% versus 43.4% in children with platelet counts < 100 x 109/L at 1 week; p=0.002; 
data not shown). No other clinical or laboratory parameters were associated with complete 
response to IVIg. In contrast with literature,18,19 presence of anti-glycoprotein IbIX antibodies 
was not associated with non-response to IVIg: 7 out of 9 patients with anti-glycoprotein 
IbIX antibodies showed complete response.

Baseline clinical and laboratory parameters in patients with and without complete recovery 
at 12 months are shown in table 4. Since complete recovery rates at 12 months did not 
differ between the IVIg and observation group, data from all patients are reported together. 
Patients with complete recovery at 12 months were significantly younger, had a shorter 
duration of symptoms before diagnosis, more often mucosal bleeding at diagnosis and 
higher lymphocyte counts at diagnosis. In multivariate analysis with inclusion of the two 

Number of 
patients with 
available data

Observation
N=100

IVIg
N=100

RR (95% CI) P value

Recovery at 1 week

Overall response 198 40 (40.4) 77 (77.8) 0.52 (0.40-0.68) <0.001

Complete response 198 23 (23.0) 68 (68.7) 0.335 (0.23-0.49) <0.001

Recovery at 1 month

Overall response 198 61 (61.6) 82 (82.8) 0.74 (0.62-0.89) 0.001

Complete response 198 41 (41.4) 64 (64.6) 0.64 (0.48-0.84) 0.001

Recovery at 3 months

Overall response 198 77 (78.6) 87 (87.0) 0.90 (0.79-1.03) 0.12

Complete response 198 64 (65.3) 81 (81.0) 0.81 (0.68-0.96) 0.01

Recovery at 6 months

Overall response 200 88 (88.0) 92 (92.0) 0.96 (0.87-1.05) 0.35

Complete response 200 78 (78.0) 84 (84.0) 0.93 (0.81-1.06) 0.28

Complete response, platelet 
count ≥ 150 x 109/L 

194 69 (71.1) 79 (81.4) 0.87 (0.75-1.02) 0.09

Recovery at 12 months

Overall response 200 96 (96.0) 96 (96.0) 1.00 (0.95-1.06) 1.00

Complete response 200 88 (88.0) 90 (90.0) 0.98 (0.89-1.08) 0.65

Data are numbers (%). Overall response is defined as platelet counts ≥ 30 x 109/L and more than twofold 
increase of baseline counts. Complete response is defined as platelet counts ≥ 100 x 109/L. Complete response, 
platelet count ≥ 150 x 109/L at six months, since the former definition of chronic ITP was a platelet count < 150 
x 109/L six months after diagnosis. RR: relative risk; reported as the risk of the outcome in the observation group 
compared to the IVIg group. 95%CI: 95% confidence interval.

Table 2. Response and recovery
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most significant parameters, duration of symptoms and lymphocyte count, both remained 
significant (data not shown). The presence of a preceding infection was significantly more 
often reported in children with complete recovery at 6 months (58.5% versus 35.1% in 
children without complete response, p=0.009), but not at 12 months.

In patients randomized to IVIg that showed complete response at one week (n=89), the 
rate of chronic ITP according to old as well as new definitions was significantly lower 
than in those children that did not have a complete response at 1 week (at 6 months: 
10.4% versus 37.9%, p=0.002; at 12 months: 5.9% versus 19.4%, p=0.04). This difference 
remained significant after correction for duration of symptoms and lymphocyte count, 
both associated with complete recovery at 12 months (data not shown).

Safety and adverse events
Severe adverse events are displayed in table 5. In the observation group, significantly more 
grade 4-5 bleeding events occurred. All bleeding events, mainly epistaxis and menorrhagia, 
were transient and patients recovered completely after medical intervention within a few 
days. Seven out of nine grade 4-5 bleeding events in the observation group occurred in the 
first month after diagnosis. One child in the observation group developed a spontaneous 
intracranial hemorrhage 16 days after diagnosis. She recovered completely after medical 
intervention with IVIg and platelet transfusions. There were no deaths during the study 
period. 

Figure 2. Platelet counts at several time points for both study groups. Platelet counts are represented as means 
with plotted standard errors of the mean. IVIg: intravenous immunoglobulin. ** means P<0.01
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Complete response  
at 1 week (N=68)

No complete response  
at 1 week (N=31)

P value

Male 35 (51.5) 18 (58.1) 0.542

Age at diagnosis (years) 4.3 (0.3-16.1) 3.5 (1.1-14.2) 0.444

Duration symptoms at diagnosis (days) 3 (1-60) 4 (1-30) 0.173

Platelet count at diagnosis (x 109/L) 6 (0-20) 5 (1-19) 0.132

Preceding infection 42 (62.7) 13 (41.9) 0.054

Preceding vaccination 1 (1.5) 2 (6.5) 0.234

Mucosal bleeding (gr 3) 26 (38.8) 12 (38.7) 0.993

Leukocyte count (x 109/L) 8.7 (4.5-17.5) 8.1 (4.9-15.5) 0.488

Lymphocyte count (x 109/L) 3.9 (1.3-12.6) 4.5 (1.4-9.1) 0.801

Platelet autoantibodies of IgG class (indirect MAIPA) 11 (16.9) 2 (6.9) 0.332

Anti GPIbIX antibodies (indirect MAIPA) 7 (10.6) 2 (6.7) 0.715

Thrombopoietin (IE/ml) 35 (7-153) 41 (11-129) 0.255

Data are numbers (%) or medians (lower-upper limit) unless otherwise specified. Duration of symptoms denotes 
the duration of symptoms at the moment of diagnosis of ITP. Preceding infection: an infection within 28 days 
before diagnosis. Preceding vaccination: a vaccination within 28 days before diagnosis.

Table 3. Baseline characteristics and complete response at 1 week in IVIg group 

Complete recovery 
12 months (N=178)

No complete recovery 
12 months (N=22)

P value

Male 98 (55.1) 11 (50.0) 0.653

Age at diagnosis (years) 3.8 (0.3-16.5) 6.6 (1.3-16.6) 0.037

Duration of symptoms (days) 3 (0-60) 7 (1-60) <0.001

Platelet count at diagnosis (x 109/L) 6 (0-20) 6 (1-19) 0.729

Preceding infection 97 (55.1) 10 (47.6) 0.515

Preceding vaccination 7 (4.0) 1 (4.8) 0.601

Mucosal bleeding (grade 3) 76 (43.2) 4 (18.2) 0.024

Leukocyte count (x 109/L) 8.4 (4.4-18.6) 7.3 (4.0-11.0) 0.122

Lymphocyte count (x 109/L) 4.0 (1.1-14.0) 2.9 (0.9-7.8) 0.043

Platelet autoantibodies of IgG class (indirect MAIPA) 17 (11.0) 1 (5.3) 0.697

Thrombopoietin (IE/ml) 38 (4-693) 35 (7-65) 0.123

IVIg treatment 90 (50.6) 10 (45.5) 0.651

Data are numbers (%) or medians (lower-upper limit) unless otherwise specified. Duration of symptoms denotes 
the duration of symptoms at the moment of diagnosis of ITP. Preceding infection: an infection within 28 days 
before diagnosis. Preceding vaccination: a vaccination within 28 days before diagnosis.

Table 4. Predictors of complete recovery at 12 months
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DISCUSSION

In this phase 3 multicenter randomized controlled trial evaluating the efficacy of IVIg 
treatment versus careful observation in children aged 3 months through 16 years with 
newly diagnosed ITP, the primary end point – the rate of chronic ITP – did not differ 
significantly between the IVIg group and the observation group. However, in the IVIg group 
recovery rates were higher during the first three months after diagnosis and bleeding 
events occurred less frequently than in the observation group. These results suggest that 
treatment with IVIg solely to prevent a chronic course of the disease is not justified, but 
that treatment with IVIg might be beneficial in order to provide adequate hemostasis. 

The equal rate of chronic ITP in both groups is in contrast with the studies of Bruin14, 
Tamminga15 and our own systematic review.16 A possible explanation could be that 
these studies were all non-randomized, and that confounders influenced these results. 
For example, in children with lower platelet counts and higher bleeding tendency, both 
associated with a lower rate of chronic disease, treatment will be instituted more often than 
in children with higher platelet counts or a low bleeding tendency. Another explanation 
could be that most former studies used the old definition of chronic ITP (platelet count  
< 150 x 109/L beyond six months after diagnosis). Indeed, when applying the old definition 
a lower rate of chronic disease was present in the IVIg group, although this difference was 
only significant in the age group 1-10 years.

Observation  (N=100) IVIg (N=100) P value

Bleeding events 

Grade 2/3 bleeding, observation only 6  0 0.029

Grade 3 bleeding, treatment instituted* 3  1 0.621

Grade 4/5 bleeding, necessitating treatment 9§  1 0.035

Adverse reactions treatment 0.059

Allergic reactions 0 1

Other (nausea, vomiting, headache) 0 4

Other severe adverse events 

Observation after mild traumatic head injury 7# 3 1.00

Infections 3$ 1 1.00

Data are numbers of events.
Severe adverse events included events that occurred from the day of enrollment until the last study visit at 12 
months. A patient could have more than one event, and each patient be counted in more than one category.
*Treatment not mandatory, but based on wish of parents or patients/decision of treating pediatrician
§ Two times in one patient
# Four times in one patient
$ Two times in one patient

Table 5. Severe adverse events 
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We found a high rate of early recovery in the observation group (20% after one week and 
40% after one month). This is in accordance with data of the Nordic NOPHO group3, but 
is not generally acknowledged among pediatricians. This information is important when 
discussing management options with patients and parents. 

Eight out of 100 patients in the observation group needed rescue treatment during 
follow-up because of grade 4-5 bleeding, with 7 bleeding events occurring during the first 
month. Although intervention was necessary, these bleeding events, except for the one 
intracranial hemorrhage, were not life threatening and mainly consisted of epistaxis and 
menorrhagia. All patients, including the one patient with mild intracranial hemorrhage, 
recovered completely after rescue treatment. In the IVIg group only one grade 4 bleeding 
event occurred. Since recovery rates in the IVIg group were significantly higher during the 
first 3 months after diagnosis, it seems likely that higher platelet counts contributed to the 
lower risk of severe bleeding. This is in accordance with previous research.3,20 The question 
raises whether, based on these findings, all children should receive treatment to achieve 
higher platelet counts in order to prevent severe bleeding events, at least during the first 
month after diagnosis. However, the vast majority of children in the observation group did 
not have serious bleeding events and the number to treat to prevent one severe bleeding 
event during the first month would be 14, and to prevent one life-threatening bleeding 
event even 100. In addition, in the IVIg group there were 5 admissions because of adverse 
reactions to IVIg, so the actual number to prevent one admission would be higher. Moreover, 
several studies have shown that many children with ITP and severe bleeding experienced 
these events despite prior therapy, so therapy will not always be able to prevent severe 
bleeding.6,21 From these studies it is not always clear whether these patients responded to 
therapy and nevertheless had a severe bleeding tendency, or did not respond and suffered 
from bleeding due to persisting low platelet counts. Furthermore, HRQoL measurements 
performed as part of our trial and published elsewhere,22 did not show any differences 
between the IVIg and observation group. Finally, when making management decisions, the 
high costs of IVIg treatment should be taken into account.  So in our opinion, management 
with careful observation is safe in the vast majority of children with newly diagnosed ITP, 
even in case of mild mucosal bleeding, provided that emergency care as well as rescue 
medication is available 24/7 and within acceptable travel distance. 

The results of our trial can be used to update international guidelines on management of 
pediatric ITP, but can also offer support for communities and countries that cannot afford 
expensive treatments like IVIg. Based on our data, we would advise to reserve treatment 
for those children with ITP that have a higher risk of severe bleeding, like toddlers with 
the tendency to fall or bump or for teenage girls to prevent menorrhagia if hormonal 
medication cannot be given. Further research is needed to develop laboratory tests that 
allow for better identification of patients that are at risk for severe bleeding events. There 
is some evidence that platelet function tests that can be performed in patients with low 
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platelet counts correlate well with bleeding tendency in children with ITP.23,24 However, 
these tests are as yet available for research purposes only thus cannot help to guide clinical 
decisions on management of children with newly diagnosed ITP. 

In this trial, the rate of chronic ITP was much lower than formerly reported: 11% instead of 
20-25%. All children that presented to a general pediatrician with a clinical picture of ITP 
could be enrolled in our trial, in contrast to many other studies that only enrolled patients 
in large general or university hospitals. As a consequence, more children that recovered 
very quickly who would never have been referred to university hospitals might have been 
included. However, when applying the former definition of chronic ITP, a platelet count < 
150 x 109/L after 6 months, the incidence of chronic ITP in our cohort was indeed around 
25%. So selection towards less severity does not seem to be present and the most plausible 
explanation for the lower rate of chronic ITP seems to be the change of definition and the 
relatively high recovery rate between 6 and 12 months in children with ITP: 54% of children 
with a platelet count < 150 x 109/L at 6 months showed complete response at 12 months. 
This knowledge regarding the lower incidence of chronic disease is very important when 
counseling parents and children in case of newly diagnosed ITP.

The significantly higher rate of chronic ITP in children that did not show complete response 
to IVIg after one week (19.4% versus 5.9%, p=0.04 in children that had a platelet count 
> 100 x 109/L after one week) may indicate that children with a risk for development of 
chronic disease carry this risk already early in the course of disease.  In these children 
rebalancing the immune system may be more difficult, perhaps due to a strong T-cell 
response present already at diagnosis, as suggested by some authors.25 The absence of 
response to IVIg may serve as a diagnostic tool to identify this subgroup with a high risk of 
developing chronic disease. 

In contrast with other studies18,19 we did not find lower response rates to IVIg in the low 
number of children with glycoprotein IbIX-reactive antibodies. Perhaps this association is 
only present in adult patients,18,19 or not observed due to the small sample size of children 
with those antibodies in our study.

Our study is the first randomized trial focusing on the effect of treatment with IVIg on 
development of chronic ITP and the largest randomized clinical trial in children with 
ITP including an observation group conducted so far. The design of our study leads to 
some limitations for the use of the data to describe the clinical course of ITP. Based on 
the incidence of ITP in The Netherlands, we enrolled one third of all children with newly 
diagnosed ITP during the study period. This was mainly due to the fact that the study was 
not conducted at all Dutch hospitals and not all centers participated immediately from 
the start or during the whole period of the study. Furthermore, the study did not include 
children with long lasting symptoms, nor children with platelet counts > 20 x 109/L, since 
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these might already suffer from persisting or chronic ITP. Children with a bleeding score of 
4 or 5 at diagnosis could not be enrolled as well, since they could not be randomized for 
observation only. However, during the study period only a small minority (<5%) of patients 
was not eligible for inclusion due to their bleeding tendency. 

In summary, with the randomized TIKI trial, we demonstrated that treatment with IVIg in 
children with newly diagnosed ITP does not protect against development of chronic ITP 
when compared to careful observation. The vast majority of patients that does not receive 
platelet-enhancing therapy will recover within 12 months without severe bleeding events. 
Treatment with IVIg fastens the recovery of platelet counts and can be used in order to 
prevent bleeding complications in a selected group of patients with a high risk of severe 
bleeding.
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ABSTRACT

Despite its generally transient and benign course, childhood immune thrombocytopenia 
has a large impact on health-related quality of life. Recently published guidelines state 
that quality of life should be taken into account while making decisions on management 
in childhood immune thrombocytopenia. We, therefore, assessed health-related quality 
of life in children with newly diagnosed immune thrombocytopenia in a prospective 
multicenter study. One hundred and seven children aged 6 months-16 years (mean age 
5.57 years) were included. We used Pediatric Quality of Life Inventory™ and Kids’ ITP Tools 
questionnaires at diagnosis and during standardized follow-up. Scores on the Pediatric 
Quality of Life Inventory™ Core Scales were compared with those of healthy children. 
Relationships between health-related quality of life scores and treatment modality, 
bleeding tendency and course of the disease were examined. Kids’ ITP Tools proxy reports 
and parent self-reports showed significant higher health-related quality of life scores in 
children who recovered than in children with persistent immune thrombocytopenia (at 3 
months: Kids’ ITP Tools parent self-report score 80.85 for recovered patients (n=69) versus 
58.98 for patients with persistent disease (n=21), P<0.001). No significant differences in 
health-related quality of life were found between children with mild or moderate bleeding 
or between children who received intravenous immunoglobulin or children who were 
carefully observed. In conclusion, health-related quality of life of children with newly 
diagnosed immune thrombocytopenia is not influenced by treatment modality or bleeding 
severity, but only by clinical course of the disease. 
(Dutch Trial Register identifier: NTR TC1563)

4

Proefschrift KH.indb   74 10/10/2016   10:09:15 AM



QUAL IT y OF L I FE  IN CH ILDREN wITH I TP 

75

INTRODUCTION

Immune thrombocytopenia (ITP) is an autoimmune disorder characterized by isolated 
thrombocytopenia (peripheral blood platelet count <100×109/L) in the absence of other 
disorders associated with thrombocytopenia.1 Only 20–25% of children with ITP will 
develop chronic disease, currently defined as thrombocytopenia <100×109/L lasting 
for more than 12 months.1 In the case of no or mild bleeding the management consists 
of careful observation and restriction of activities that carry a risk of severe bleeding, 
regardless of platelet count.2 Severe bleeding, occurring in only 3–6% of children,3 requires 
treatment with corticosteroids, intravenous immunoglobulin or anti-D immunoglobulin, 
either alone or in combination.

Despite the transient and often benign course of the disease, many clinicians observe that 
ITP has a significant impact on health-related quality of life (HRQoL).4 Recently published 
management guidelines state that HRQoL issues should be taken into account while making 
decisions on management in childhood ITP.2,5 However, these statements are based on 
clinical experience rather than results of research since HRQoL studies in childhood ITP are 
scarce. Recently, several clinical studies addressing HRQoL in children with ITP have been 
performed,6-11 but large prospective studies with longitudinal generic as well as disease-
specific HRQoL measurements are lacking.

For this reason we decided to study HRQoL as part of a prospective study in children with 
newly diagnosed ITP: the TIKI study (Therapy with or without Intravenous Immunoglobulin 
for Kids with acute ITP), a multicenter randomized clinical trial to determine whether early 
administration of intravenous immunoglobulin can prevent a chronic course of the disease. 
In this study, children receive either a single dose of intravenous immunoglobulin or careful 
observation and treatment only in the case of severe bleeding. The final results of the 
primary outcome of this study are awaited and have not been published yet. The aim of 
the current HRQoL study was to relate generic as well as disease-specific HRQoL scores 
of children with newly diagnosed ITP to type of treatment, bleeding severity and clinical 
course of the disease, to analyze changes in HRQoL scores over time and to compare 
generic HRQoL scores of children with newly diagnosed ITP with already published data 
from a reference group of Dutch school children.12

METHODS

Patients
Children aged 3 months to 16 years with newly diagnosed ITP, a platelet count below 20 
x 109/L and with mild to moderate bleeding were eligible for inclusion in the TIKI study. 
Patients were excluded if they had severe bleeding, received immunomodulating drugs 
within 1 month before diagnosis, suffered from conditions with a contraindication to 

4
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intravenous immunoglobulin treatment or if comprehension of the Dutch language was 
insufficient to fill out the questionnaires. Within 72 hours after diagnosis, patients were 
randomized to receive either a single infusion of intravenous immunoglobulin (0.8 g/kg) 
or careful observation and treatment to raise the platelet count only in the case of severe 
bleeding. At diagnosis, after 1 week, 1 month, 3 months, 6 months and 12 months HRQoL 
was measured, laboratory studies were performed and clinical data including bleeding 
severity were collected. Mild bleeding was defined as skin bleeding only (adapted Buchanan 
bleeding score 13,14 0–2), whereas moderate bleeding was defined as mucosal bleeding as 
well (adapted Buchanan bleeding score 3). All patients and parents who returned HRQoL 
questionnaires at at least one time point were included in this HRQoL study. Although the 
TIKI study has not finished recruitment yet, based on pre-defined yearly interim analyses, 
the steering committee decided to report on HRQoL outcomes after enrollment of 100 
evaluable patients.

The TIKI study was approved by the institutional review board of the University Medical 
Center Utrecht. All parents and patients aged 12 years and older gave written informed 
consent before inclusion. The study was registered in the Dutch Trial register (NTR TC1563) 
and conducted in accordance with Good Clinical Practice guidelines.

Health-related quality of life questionnaires
In accordance with general recommendations we combined generic and disease-specific 
HRQoL questionnaires.15,16 Parents of all enrolled patients aged 2 years and older as well 
as children aged 7 years and older completed the Pediatric Quality of Life Inventory™ 
(PedsQL™) generic core scale questionnaire,17-22 (HRQoL of the child reported by proxy 
and by children themselves) as well as the disease-specific Kids’ ITP Tools (KIT), developed 
by Barnard and further refined by Klaassen and Blanchette,23-25 (HRQoL of children by 
proxy report and child self-report) at the abovementioned time points. In addition we 
used the parental burden questionnaire, a validated part of the KIT (parent self-report). 
Table 1 presents the different questionnaires used for each age group. We only included 
PedsQL™ questionnaires if more than 50% of all items had been answered, according to 
the manual of the PedsQL™. Additional information on HRQoL questionnaires is provided 
in the Supplementary methods.

For HRQoL reference data on Dutch children, we used PedsQL™ data gathered in 496 
Dutch children, aged 5–18 years, attending primary or secondary school. These data were 
published elsewhere and kindly provided by the authors.12

The age-specific questionnaires were handed in hard copy to parents and patients during 
their study visits and were filled out in the waiting room or at home. Local investigators sent 
completed questionnaires by mail to the coordinating investigator. Data were entered in an 
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electronic database by researchers of the coordinating study center not aware of clinical 
data such as bleeding tendency, platelet count and treatment arm.

Statistical analysis
Since HRQoL scores were not normally distributed, Mann-Whitney tests were performed 
to analyze differences in HRQoL scores between two groups. For analysis of changes in 
HRQoL scores over time we used the repeated-measures ANOVA test, despite the non-
normal distribution of data, as the repeated-measures ANOVA is fairly robust to deviations 
from normality. P values <0.05 were considered statistically significant. IBM SPSS version 
20 was used for all analyses.

Age group n PedsQL™ questionnaires KIT questionnaires

0-1 year 18 parent self-report

2-4 years 49 proxy report 2-4 years parent self-report

proxy report

5-6 years 12 proxy report 5-7 years parent self-report

proxy report

7 years 3 proxy report 5-7 years parent self-report

child self-report  5-7 years proxy report

child self-report

8-12 years 14 proxy report 8-12 years parent self-report

child self-report 8-12 years proxy report

child self-report

13-16 years 11 proxy report 13-18 years parent self-report

child self-report 13-18 years proxy report

child self-report

PedsQL™ = Pediatric Quality of Life Inventory generic core scales; KIT=Kids’ITP Tools; n=number of participants. 
Age group 0-1 year denotes all children until they reach the age of 2 years. This is applicable for all age groups.

Table 1. Questionnaires used in different age groups 4
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RESULTS

Patients’ characteristics
Enrollment started in May, 2009. Sixty hospitals opened the study at their institutions and 
35 enrolled at least one patient. At the time of analysis, 125 patients were included in 
the TIKI study. HRQoL data were available for 107 patients, 53 boys and 54 girls with a 
mean age of 5.57 years (range, 6 months - 16 years). No patients were excluded because of 
insufficient comprehension of the Dutch language. Fifty-five patients received intravenous 
immunoglobulin, 52 were randomized to the observational arm. HRQoL scores at each 
time point including response rates are displayed in Table 2. No statistically significant 
differences were found between patients with or without available HRQoL data regarding 
gender, age, treatment arm, bleeding tendency, and platelet count at diagnosis (data not 
shown).

PedsQL™ and KIT scores of children who received intravenous immuno-
globulin and those randomized to the observational arm
The results of this comparison are shown in Table 3. At 1 week and 1 month, there were 
no significant differences in PedsQL™ total scores (proxy and child self-report) or KIT scores 
(parent self-report, child self-report and proxy report) of children who received intravenous 
immunoglobulin compared to scores of children randomized to the observational arm of 
the study. Likewise, PedsQL™ physical summary scores and psychosocial summary scores 
did not differ (data not shown).

PedsQL™ and KIT scores of children with mild versus moderate bleeding 
at diagnosis, 1 week and 1 month after diagnosis
These results are shown in Table 4. There were no differences in PedsQL™ total scores 
(proxy and child self-report) or KIT scores (parent self-report, child self-report and proxy 
report) between patients with mild bleeding and patients with moderate bleeding at 
diagnosis and 1 week. Physical and psychosocial summary scores of the PedsQL™ did not 
differ either. At 1 month after diagnosis, the number of patients with moderate bleeding 
was too small (n<10) to perform reliable analyses.

PedsQL™ and KIT scores of children who recovered within 3 or 6 months 
and children with thrombocytopenia persisting beyond 3 or 6 months 
after diagnosis
The results regarding scores in patients who recovered and those who did not are shown 
in Table 5. PedsQL™ proxy total scores of children who recovered were significantly higher 
than those of children with persistent disease at 6 months but not at 3 months. Parent self-
report and proxy report KIT scores of children who recovered within 3 or 6 months were 
significantly higher than those of children with persistent ITP beyond 3 or 6 months. There 
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was no difference in KIT and PedsQL™ scores of children reported by themselves except 
for the KIT child self-report at 6 months, which showed a borderline significant difference 
between recovered patients and patients with persistent disease. 

In the KIT parent self-report, questions with the largest difference in scores between 
persistent and recovered patients were questions regarding uncertainty of clinical course 

Diagnosis 1 week 1 month 3 months 6 months trend 
ANOVA

n 
(%)

mean 
(SD)

n 
(%)

mean 
(SD)

n  
(%)

mean 
(SD)

n 
(%)

mean 
(SD)

n 
(%)

mean 
(SD)

PedsQL™
proxy report

70
(79)

84.74
(11.40)

70
(79)

83.56
(12.06)

72
(81)

87.88
(10.73)

75
(84)

90.52
(11.29)

70
(79)

91.90
(11.21)

p<0.001

PedsQL™
child self-report

23
(82)

82.46
(13.67)

17
(61)

81.34
(11.50)

22
(78)

86.05
(12.44)

18
(64)

90.67
(11.60)

22
(78)

91.04
(11.84)

p<0.001

KIT
parent self-report

91
(85)

48.36
(17.01)

89
(83)

54.55
(16.83)

87
(81)

67.08
(18.76)

90
(84)

75.74
(19.05)

75
(70)

83.45
(15.61)

p<0.001

KIT
proxy report

69
(82)

75.01
(14.18)

68
(76)

75.10
(13.96)

72
(81)

83.59
(12.66)

76
(85)

87.74
(11.07)

65
(73)

91.29
(9.29)

p<0.001

KIT
child self-report

22
(78)

71.02
(14.35)

20
(71)

69.87
(15.70)

23
(82)

82.35
(12.10)

21
(75)

86.29
(11.17)

20
(71)

90.02
(11.32)

p<0.001

n=number of completed questionnaires; %=percentage response; SD= standard deviation (in parentheses).

Table 2. Overall HRQoL scores during follow-up 

1 week 1 month

Observation IVIg Observation IVIg 

n median (range) n median (range) p n median (range) n median (range) p

PedsQL™
proxy report

31 80.56
(56.25-100.00)

39 85.87
(57.50-100.00)

0.10 35 89.13
(55.56-100.00)

37 90.91
(50.00-100.00)

0.18

PedsQL™
child self-report

10 88.04
(48.81-95.83)

7 80.43
(69.57-86.96)

0.31 13 95.65
(51.32-100.00)

9 83.70
(73.91-95.65)

0.16

KIT 
parent self-report

41 52.88 
(27.88-90.38)

48 52.88
(12.50-89.42)

0.59 39 69.00
(20.19-100.00)

48 71.59
(21.15-95.19)

0.68

KIT
proxy report

31 73.08
(45.00-99.04)

37 75.96
(51.92-100.00)

0.25 32 83.65
(47.12-97.12)

40 89.50
(48.96-100.00)

0.07

KIT
child self-report

13 69.00
(53.85-100.00)

7 56.73
(42.31-94.23)

0.21 14 86.06
(61.54-100.00)

9 76.92
(61.54-96.15)

0.34

n=number of completed questionnaires; IVIg=intravenous immunoglobulin

Table 3. HRQoL scores observation group versus IVIg treatment group 
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as well as questions regarding fear of bleeding and injuries. In the KIT proxy report the 
largest differences in scores were found for questions regarding uncertainty of clinical 
course, fatigue and not being able to participate in activities. In the KIT child self-report the 
largest differences in scores were found for questions regarding going to the hospital and 
having blood tests, as well as not being able to participate in activities.

Diagnosis 1 week

Mild 
bleeding

Moderate 
bleeding

Mild 
bleeding 

Moderate 
bleeding 

n median (range) n median (range) p n median (range) n median (range) p

PedsQL™
proxy report

41 87.50
(47.50-100.00)

27 85.53
(65.28-100.00)

0.75 56 84.78
(56.25-100.00)

14 81.25
(56.52-100.00)

0.16

PedsQL™
child self-report

15 82.61
(42.05-95.83)

7 86.96
(53.57-100.00)

0.89 14 84.78
(48.81-95.83)

3 83.79
(79.35-92.39)

0.86

KIT 
parent self-report

55 47.12
(16.35-91.35)

36 48.56
(16.35-84.78)

0.80 74 53.85
(12.50-90.38)

15 48.96
(27.88-86.00)

0.35

KIT
proxy report

41 75.00
(33.00-100.00)

28 78.90
(51.92-93.00)

0.81 55 75.96
(51.92-100.00)

13 75.00
(45.00-95.19)

0.18

KIT
child self-report

14 67.30
(44.23-91.35)

8 79.33
(52.88-96.15)

0.16 15 67.31
(42.31-100.00)

5 69.00
(55.77-94.23)

0.27

Mild bleeding: skin bleeding only, bleeding score 0-2. Moderate bleeding: mucosal bleeding as well, bleeding 
score 3; n= number of completed questionnaires.

Table 4. HRQoL scores mild bleeding versus moderate bleeding

3 months 6 months

Recovered Persistent ITP Recovered Persistent ITP

n median (range) n median (range) p n median (range) n median (range) p

PedsQL™
proxy report

59 95.24 (57.61-
100)

16 91.67
(51.19-100.00)

0.14 59 96.43
(57.95-100.00)

11 88.04
(52.50-100.00)

0.03

PedsQL™
child self-report

15 94.57
(79.35-100.00)

3 90.22 
(48.75-96.59)

0.50 18 96.19 
(68.75-100.00)

4 87.73
(54.55-95.65)

0.08

KIT 
parent self-report

69 83.65
(49.04-100.00)

21 60.58
(18.27-95.19)

<0.001 65 89.42
(40.38-100.00)

10 70.19
(38.46-86.54)

0.002

KIT
proxy report

59 92.31
(54.81-100.00)

17 87.50
(51.92-100.00)

0.03 55 95.19
(77.88-100.00)

10 85.09
(47.12-100.00)

0.02

KIT
child self-report

16 93.27
(68.27-100.00)

5 86.62
(60.58-93.27)

0.15 17 96.15
(77.88-100.00)

3 78.00
(52.88-91.35)

0.05

n= number of completed questionnaires.

Table 5. HRQoL scores of recovered patients versus patients with persistent ITP

4
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Changes of PedsQL™ and KIT scores over time
HRQoL scores during follow-up are shown in Table 2. PedsQL™ and KIT scores analyzed by 
ANOVA tests improved significantly during follow-up (P<0.001). By performing subgroup 
analyses, we observed that HRQoL scores only improved in recovered patients, except 
for the KIT parent self-report scores that also improved in patients with persistent 
thrombocytopenia (Figure 1A-E). 

Figure 1 A-E. Trends.
This figure shows mean scores of PedsQL™ proxy reports (A), PedsQL™ child self-reports (B), KIT parent self-
reports (C), KIT proxy reports (D) and KIT child self-reports (E) at different time points during the study for patients 
that have still platelet counts below 100 x 10E9/l (persistent) as well as for recovered patients. For PedsQL™ 
scores, there was no significant difference in scores during follow-up. KIT parent self-report scores improved 
significantly in recovered patients as well as in patients with persistent ITP (recovered patients: p<0.001 for scores 
1 month, 3 months and 6 months compared to diagnosis and compared to 1 week; persistent ITP patients: p=0.03 
for scores 1 week compared to diagnosis, p=0.003 for scores 1 month compared to diagnosis, p=0.01 for scores 3 
months compared to diagnosis and p< 0.001 for scores 6 months compared to diagnosis). KIT proxy report scores 
and KIT child self-report scores improved significantly, but only in recovered patients (KIT proxy report: p<0.001 
for scores 1 month, 3 months and 6 months compared to diagnosis and compared to 1 week; KIT child self-report: 
p= 0.003 for score 1 month versus diagnosis; p<0.001 for 3 months and 6 months versus diagnosis).  

4
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PedsQL™ scores of children with immune thrombocytopenia versus those 
of the Dutch reference group
PedsQL™ scores of children with newly diagnosed ITP at diagnosis were comparable to 
PedsQL™ scores of the reference group of Dutch children reported by proxy [age 5–7 years, 
TIKI (n=11) median score 85.87 (range, 70.65–96.74) versus reference group (n=92) median 
score 85.87 (range, 59.78–98.91), P=0.81) as well as reported by children themselves 
(age 8–16 years, TIKI (n=19) median child self-report score 82.61 (range, 42.05–100.00) 
versus reference group (n=390) median score 82.61 (range, 56.52–100.00), P=0.60]. Since 
the impact of the disease might not have been completely realized at diagnosis, we also 
compared the PedsQL™ scores of ITP patients 1 week after diagnosis with reference data. 
However, these comparisons showed the same picture (data not shown). Physical summary 
scores and psychosocial summary scores did not show any differences either (data not 
shown). Comparison of PedsQL™ scores of children with ITP persisting beyond 6 months 
with reference data was not possible because of the very small numbers of children aged 
5 -16 years with persistent disease (n=3 for children aged 5–7 years and n=4 for children 
aged 8 years and older).

DISCUSSION

In this prospective multicenter study, we have shown that HRQoL in children with newly 
diagnosed ITP is not influenced by treatment modality or bleeding tendency, but only by 
the clinical course of the disease.

Many clinicians observe that newly diagnosed childhood ITP has a significant impact on 
patients and their families.4 Children may feel restricted in their activities and parents 
may have fear of severe bleeding. Both children and parents may feel embarrassed by 
large skin bleeds. Recent management guidelines state that HRQoL issues should be taken 
into account while making decisions on management in childhood ITP.2,5 However, these 
statements are based on clinical experience rather than results of research since HRQoL 
studies in childhood ITP are scarce.

Neunert et al. studied data from the KIT validation database with data from 90 children 
and related KIT scores to bleeding severity and platelet count.6 They found no correlation 
between platelet count and HRQoL and only a weak, non-significant, correlation between 
bleeding severity and KIT scores. Klaassen et al. studied HRQoL using the KIT in 22 children 
with chronic ITP participating in a pilot study of romiplostin for children with chronic ITP.7 

Parents of children receiving romiplostin (n=17) showed significant improvement of KIT 
scores, whereas parents of children receiving placebo did not (n=5; P=0.008). Zilber et al. 
performed a retrospective cross-sectional study in 17 Israeli children with newly diagnosed 
and persistent ITP and 34 parents of children with ITP.8 They found a significantly lower KIT 
score in parent self-reports than in child self-reports (P<0.001). Whether the disease was 
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acute or chronic had no impact on the KIT score in either group. Grainger et al. performed 
a secondary analysis of the KIT validation database (n=217) to compare HRQoL between 
children managed with therapy to increase the platelet count and children monitored 
without therapy.9 They found that HRQoL was not improved by treatment. However, since 
HRQoL was not measured before as well as after institution of treatment and treatment 
was not randomly assigned, HRQoL could have been worse in treated children before the 
start of therapy and could even have influenced treatment decisions. Strullu et al. assessed 
PedsQL™ scores, but not KIT scores, in 73 French children with ITP at diagnosis, after 1 
month, 3 months and 6 months.10 They found that biological factors such as sex, age, 
platelet count, bleeding scores, bone marrow aspiration and persistence of ITP at 6 months 
were not significantly associated with PedsQL™ scores and concluded that disease-specific 
questionnaires, such as the KIT, should be used in future studies. Finally, Mokhtar et al. 
recently published a cross-sectional study in 80 Egyptian children with ITP using the KIT 
questionnaires.11 They found that patients with newly diagnosed ITP had significantly lower 
mean scores than those with chronic ITP regarding parent self-report, child self-report and 
proxy report scores and that bleeding severity was inversely correlated with HRQoL scores.
In this study, we prospectively gathered HRQoL data using the generic PedsQL™ as well 
as the disease-specific KIT questionnaires at diagnosis and during standardized follow-
up visits and related these scores to treatment arm, bleeding score and clinical course. 
Furthermore, we compared these scores with scores of a reference group of Dutch school 
children.

No differences were found in HRQoL scores between children with skin bleeding only 
and children with mucosal bleeding as well. These results are comparable to those of the 
study by Neunert et al,6 but contrast with those of the study by Mokhtar et al.11 The latter 
difference could be attributed to the different bleeding score used as well as to the different 
ethnic and cultural background of their study population.

At the start of our study, we hypothesized that treatment with intravenous immunoglobulin 
would improve HRQoL, because of the increased platelet count observed in the majority of 
patients treated this way and a concurrent lower risk of bleeding. However, we did not find 
any differences in HRQoL between patients in the intravenous immunoglobulin treatment 
arm and those in the observational arm of our study. This is concordant with the results 
of Grainger et al.9 The impact of having an intravenous cannula and being hospitalized 
for several hours when treated with intravenous immunoglobulins may counterbalance 
a potentially positive effect of treatment on HRQoL scores in these children. Based 
on our study, improving HRQoL as a sole reason for intervention with intravenous 
immunoglobulins, instead of careful observation, in children with newly diagnosed ITP 
might be questionable. Since our study does not comprise treatment modalities other than 
intravenous immunoglobulin, we cannot provide any information on the effect of other 
treatment modalities on HRQoL.
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We observed significantly higher KIT scores (parent and proxy) in children who did recover 
within 3 or 6 months compared to those in children who did not recover. This result seems 
to contrast with those of the study by Zilber et al, who did not find any differences in 
scores between acute and chronic ITP patients8 and the studies by Mokhtar et al11 and 
Klaassen et al,24,25 who found higher KIT scores in patients with chronic disease compared 
to those in patients with newly diagnosed ITP. However, the prospective design of our study 
seems to be better suited to answer this study question than the cross-sectional design 
of the studies by Zilber et al, Mokhtar et al and Klaassen et al. There are several potential 
explanations for the higher KIT parent self-report and proxy report scores we observed 
in children with ITP who recovered. People may have a better HRQoL when restrictions 
in activities are no longer necessary. Secondly, parents may feel relieved if their child has 
recovered from ITP and is considered to be healthy again. We did not find a significant 
difference in HRQoL reported by children themselves, but only five children aged 7 years 
or older developed persistent ITP, so very limited data were available to shed light on 
this issue. In patients with persistent disease, only KIT parent scores improved over time. 
Getting used to the disease and the limitations and fears associated with it as well as 
repeated and careful explanation of the disease, risk of bleeding and natural history of ITP 
may contribute to the improvement of HRQoL. However, clinicians should be aware of the 
impact of ITP on the HRQoL of both parents and patients and consider referring those with 
low scores for professional support. To investigate whether childhood ITP influences HRQoL 
in general, we compared PedsQL™ scores of newly diagnosed ITP patients with those of a 
reference group of healthy Dutch school children. PedsQL™ scores of newly diagnosed ITP 
patients and their parents did not differ significantly from those of this reference group. 
The reason for these findings could be that the PedsQL™ addresses only general HRQoL 
items, such as the ability to walk and visit school, which are not restricted in most patients. 
Relatively unaffected scores on generic HRQoL questionnaires are also seen in children 
with other hematologic conditions, such as hemophilia A.26 ITP-specific HRQoL issues are 
only addressed in the KIT questionnaire, which was not administered to healthy children. 
Indeed, KIT scores at diagnosis and 1 week after diagnosis showed a relatively low HRQoL, 
especially in parents (Table 2). 

Our study is not only the largest HRQoL study in children with ITP, it is also the first study 
reporting prospectively collected HRQoL data at several time points during the course 
of the disease using generic as well as disease-specific questionnaires. Finally, this is the 
only study comparing a randomly assigned intervention and careful observation as a 
management strategy in children with newly diagnosed ITP.

Of course, the study has some limitations. Because of the relatively young age of our 
study population, we were dependent on proxy reports regarding HRQoL of the children 
and could only gather HRQoL data of children themselves in the minority of patients. 
Treatment modalities other than observation and intravenous immunoglobulin were not 
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studied, so this study could not provide any information on HRQoL in children treated with 
corticosteroids or anti-rhesus D immunoglobulin. Likewise, no information is available on 
HRQoL of patients with a bleeding score of 4 or 5, since such patients were not included 
in our study. Bleeding scores could not be related to HRQoL scores at time points later 
than 1 month, because the reported intervals differed too much. Finally, response rates 
were limited to 60–70% at certain time points, particularly for the child self-report 
questionnaires. Future research should take these limitations into account.

In conclusion, HRQoL in children with ITP is not influenced by bleeding severity or treatment 
modality, but only by the clinical course of the disease. Parental education and support 
along the course of the disease may contribute to an improvement of HRQoL.
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SUPPLEMENTARy METHODS

Bleeding severity
Bleeding severity was scored using a modified version of the Buchanan bleeding score, 
published by Bennett et al., ranging from 0 (no bleeding) to 5 (life-threatening or fatal). 
At each time point, the highest bleeding score since the last study visit was noted by the 
patients’ pediatrician in a web based case record form (CRF). Since bleeding scores were 
reported as highest bleeding score since the last visit and HRQoL scores were reported 
regarding the preceding week only, bleeding tendency at time of assessing HRQoL did 
not necessarily match with bleeding scores in the CRF, especially at time points later than  
1 month after diagnosis. For this reason, analysis regarding bleeding tendency was limited 
to diagnosis, 1 week and 1 month after diagnosis. 

HRQoL questionnaires
Pediatric Quality of Life Inventory (PedsQL)™
This study was carried out using the PedsQL™ Generic Core Scales (Dutch acute version), 
developed by Dr. James W. Varni. We used the PedsQL™ self report questionnaire versions 
starting from age of 7 as well as the paired parent proxy questionnaires for all children 
aged 2 years and older. Total scale scores, psychosocial health summary scores and physical 
health summary scores were computed according to the manual of the PedsQL™. If more 
than 50% of items in the scale were missing, scale scores could not be computed. PedsQL™ 
proxy report reference data were available for children aged 5-7 years and PedsQL™ child 
self-report reference data were available for children aged 8-18 years, whereas our ITP 
study included children aged 3 months-16 years. To be able to compare our ITP patients 
with the reference group, analysis was limited to children aged 5-7 years for PedsQL proxy 
report data and to children aged 8-16 years in the ITP group as well as the reference data 
group for PedsQL child self-report data.

Kid’s ITP Tools (KIT)
The disease specific KIT was developed by Barnard and colleagues, and further refined 
and validated by Klaassen and Blanchette and their colleagues. The KIT contains disease 
related questions regarding, for example, fear of bleeding, being annoyed by restrictions of 
activities and feeling uncomfortable about bruises. In close collaboration with the Canadian 
study group we developed a Dutch version of the KIT by formal translation, back-translation 
and cross-cultural validation. The KIT consists of a child self-report version that can be 
completed by children aged 7 years and older, a parent proxy report in which parents of 
children aged 2-18 years can answer questions regarding HRQoL of their child and a parent 
self-report that is completed by parents to assess HRQoL of parents themselves. The items 
of each component are aggregated into a single overall score ranging from 0 (worst) to 100 
(best).
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ABSTRACT

Introduction
Immune thrombocytopenia (ITP) is a rare autoimmune disorder characterized by 
isolated thrombocytopenia. Platelet specific autoantibodies are often present leading 
to accelerated clearance of opsonized platelets by Fc-gamma receptor (FcγR) bearing 
phagocytes, particularly in the spleen. FcγRs are subject to polymorphisms that affect FcγR 
function. In this multicenter prospective study we evaluated whether FcγR polymorphisms 
are associated with occurrence, response to intravenous immunoglobulin (IVIg) therapy 
and recovery in children with newly diagnosed ITP. 

Patients and methods
Children aged 3 months-16 years with newly diagnosed ITP, a platelet count below 
20x109/L and with mild to moderate bleeding were included. Patients were randomized to 
receive either a single dose of IVIg (0.8 g/kg) or to receive careful observation and medical 
treatment only in case of severe bleeding. At diagnosis, blood samples were taken to 
perform the multiplex ligation-dependent probe amplification (MLPA) assay detecting all 
known FcγR polymorphisms. 

Results
One hundred and eighty newly diagnosed patients were included in our study. ITP patients 
showed an FcγR profile different from that of healthy controls, with an overrepresentation 
of FCGR2C-ORF (31.7% versus 19.6%, p=0.007) and its promoter 2B.2, a higher allele 
frequency of FCGR3A*158V (41.4% versus 32.8%; p=0.019), and less often FCGR3B-HNA1a 
(9.4% versus 18.1%, p=0.032). Early recovery and response to IVIg were associated with 
FCRG2B-232I/T polymorphisms and presence of the promoter 2B.4 associated with the 
FCGR2B allele. Finally, presence of FCGR2C*ORF either alone or with the 2B.2 promoter 
haplotype as well as presence of the 2B.4 promoter sequence were associated with 
complete recovery at 12 months.

Conclusion
Functional FcγR polymorphisms and genetic variation leading to increased FcγR expression 
levels play an important role in ITP pathogenesis, as well as in response to IVIg and course 
of disease and might be a useful tool to enable future personalized medicine.
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INTRODUCTION

Immune thrombocytopenia (ITP) is a rare autoimmune disorder characterized by isolated 
thrombocytopenia (peripheral blood platelet count <100 x 109/L) in the absence of 
other causes or disorders that may be associated with thrombocytopenia.1 In children, 
the disease is often mild and transient. Many children develop ITP following a mild viral 
infection.2-4 Severe bleeding is rare, occurring in only 3-5% of patients5 and 75-80% of 
children will recover within 6-12 months.2-4,6 For this reason, treatment with intravenous 
immunoglobulin (IVIg), anti-D immunoglobulin, corticosteroids, either alone or in 
combination, is only indicated in case of severe bleeding.7 

Pathogenesis of ITP is complex but the majority of patients have platelet specific 
autoantibodies leading to accelerated clearance of opsonized platelets by Fc-gamma 
receptor (FcγR) bearing phagocytes, particularly in the spleen.8,9  In human, FcγRs can be 
divided into stimulatory (FcγRI, FcγRIIa, FcγRIIc, FcγRIIIa, FcγRIIIb) and inhibitory FcγRs 
(FcγRIIb). FcγRs are subject to single nucleotide polymorphisms (SNP) and copy number 
variations (CNV) that affect FcγR function as recently extensively reviewed by Nagelkerke 
and Kuijpers.10 

In the past decades, several studies have been published regarding FcγR polymorphisms 
in ITP patients. Some SNPs, such as FCGR2A*H131, FCGR3A*V158 and FCGR2C*C-ORF, 
affecting affinity of FcγRIIa and FcγRIIIa to IgG or absolute expression of FcγRIIc, respectively, 
have been associated with the onset and severity of ITP.11-16

Whether these polymorphisms are all individually causative or linked through linkage 
disequilibrium is currently not known. Although the presence of FCGR3B-HNA1a and the 
presence of the 2B.4 promoter of FCGR2B are associated with response to IVIg treatment 
in patients with Kawasaki disease,17,18 the only study addressing this subject in children 
with ITP did not find any associations.16 The association between FcγR polymorphism 
and the course of ITP has been reported in three publications.12,15,16 FCGR2A*H131 nor 
FCGR3A*V158 polymorphisms could be related to a chronic course of the disease. However, 
FCGR2B*232 I/T polymorphisms, only explored by Bruin et al, did show an association with 
chronic disease.12

We evaluated whether FcγR polymorphisms are associated with occurrence, recovery 
and response to IVIg therapy in children with ITP. Children with newly diagnosed ITP, a 
platelet count ≤ 20 x 109/L and absence of severe bleeding, were enrolled in a multicenter 
randomized trial comparing careful observation and a single dose of IVIg (Therapy with or 
without IVIg for Kids with acute ITP, TIKI study). We used the multiplex ligation-dependent 
probe amplification (MLPA) assay, capable of determining all possible clinically relevant 
genetic FcγR variations known to date. 
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PATIENTS AND METHODS

Patients
Children aged 3 months-16 years with newly diagnosed ITP, a platelet count ≤ 20x109/L and 
with mild to moderate bleeding (grade 1-3 on the adapted Buchanan bleeding score)19 were 
eligible for inclusion in the TIKI study. Patients were excluded if they had severe bleeding 
at diagnosis (grade 4-5 according to Buchanan), received immunomodulating drugs within 
one month before diagnosis, suffered from conditions with a contraindication for IVIg 
or if comprehension of the Dutch language was insufficient to give informed consent. 
Patients were randomized to receive either a single dose of IVIg (Nanogam®, Sanquin, 
The Netherlands) of 0.8 g/kg bodyweight or to receive careful observation and medical 
treatment only in case of severe bleeding. Two hundred children with newly diagnosed ITP 
were included in the TIKI study; 100 were randomized to receive IVIg and 100 to receive 
careful observation. Full blood counts were performed at diagnosis and during follow-up 
at 1 week, 1 month, 3 months, 6 months and 12 months. Response to IVIg was defined 
according to international guidelines.1 Blood samples for DNA isolation were taken at 
diagnosis in 180 out of 200 patients, more often in the IVIg group than in the observation 
group, probably because blood samples could more easily been taken if an intravenous 
cannula was inserted to administer IVIg. DNA from 199 healthy volunteers was available 
as a control. 

Parents and patients aged 12 years and older gave written informed consent. The study was 
registered in the Dutch Trial register (www.trialregister.nl; study ID number NTR TC1563), 
approved by the Institutional Review Board of the University Medical Center Utrecht and 
performed in accordance with the Declaration of Helsinki. 

DNA isolation and Multiplex ligation-dependent probe amplification (MLPA)
Genomic DNA was isolated from whole blood with a DNA extraction kit (QIAamp DNA 
blood mini kit, Qiagen Benelux, Venlo, The Netherlands).

MLPA, specifically designed for genetic variations within the FCGR locus, was then performed 
as described previously 13,20,21,22 according to the manufacturers’ instructions (MRC Holland, 
Amsterdam, The Netherlands). This MLPA identifies SNPs and CNV in the low affinity FcγR 
genes, namely FCGR2A (encoding for FcγRIIa with two possible allelic variants 131H/R), 
FCGR2B (232T/I), FCGR2C (Stop/ORF), FCGR3A (158V/F) and FCGR3B (HNA1a/HNA1b/
HNA1c/HNA1d). In addition, the FCCR2B and FCGR2C promoter haplotype (-386G/C and 
-120A/T) were determined. In short, 5 μl DNA (10 ng/μl) in AE buffer was denatured and 1.5 
μl FcγR probe mix  and 1.5 μl SALSA MLPA buffer were added at 25°C. After hybridization at 
60°C for 16-20 hours, SALSA ligase-65 was added with included buffer mixes and incubated 
at 54°C followed for 15 minutes. The reaction was inactivated by incubation at 98°C for 5 
minutes. Polymerase chain reaction (PCR) was started after addition of polymerase mix 
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for 34 cycles according to the standard PCR protocols suggested by the manufacturer. 0.7 
μl of this sample was then mixed with 0.3 μl GeneScan-Liz500 size standard  (Applied Bio 
Systems) and 8.7 μl deionized formamide (Hi-Di, Thermofisher Scientific) and incubated for 
10 minutes at 90°C. The product was then separated by electrophoresis on an ABI-3730XL 
(Applied Biosystems, Foster City, CA) Data was analyzed with Genemarker, version 2.6.3. 
(Soft Genetics, State College, PA) and data assessed in relation to three reference samples 
representing all known allotypic variants with predetermined CNV.  

Statistics
Statistical analysis was performed using IBM SPSS Statistics 21.0.0.0 for Mac (International 
Business Machines Corporation, New York, U.S.A.). Data are shown as medians with 
upper en lower limits, or numbers with percentages, unless otherwise indicated. Allele 
frequencies were analyzed by student t-tests. Genotypic variations were analyzed by chi 
square tests or, when cell numbers were low (expected number < 5), by Fisher’s exact test. 
Logistic regression analysis was performed to analyze genotype combinations with high 
linkage disequilibria. P-values lower than 0.05 were considered to be statistically significant.

RESULTS 

Patients
In 180 patients, DNA was available for MLPA testing; 99 of them were randomized to 
receive IVIg and 81 to receive careful observation. Baseline characteristics are shown in 
table 1. There were no significant differences regarding baseline characteristics between 
the patients with available DNA and without available DNA (data not shown), 

Newly diagnosed pediatric ITP patients versus healthy controls
Allele frequencies and genotypic variants of newly diagnosed ITP patients versus healthy 
controls are shown in table 2 and 3 respectively. In ITP patients there was significantly 
more often an open reading frame (ORF) in FCGR2C, leading to FcγRIIc expression (31.7% 
vs 19.6% in healthy controls, p=0.007). The FCGR2C promoter haplotype -386C-120T 
(known as 2B.2) was more often present as well: 32.8% vs 19.6%, p=0.003. ITP patients 
had a significantly higher allele frequency of FCGR3A*158V (41.4% vs 32.8%; p=0.019) as 
well as a more frequent VV or VF genotype (65% vs 51.8%, p= 0.027). ITP patients were 
significantly less often homozygous for HNA1a in FcγRIIIb (9.4% vs 18.1%, p=0.032).

A strong linkage disequilibrium between FCGR3A*158V and FCGR2C*ORF has been 
reported.23 As our findings indicate that both FCGR3A*158V and FCGR2C*ORF are associated 
with susceptibility to ITP, the biologically relevant polymorphism may originate from only 
one of these variants. After logistic regression analysis for FCGR3A*158V in combination 
with FCGR2C*ORF, the association with FCGR2C*ORF proved to be the stronger of the two.
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Patients with available MLPA (n=180) 

Male 96 (53.3)

Age (years) 4.1 (0.3-16.6)

Duration of symptoms (days) 3 (0-60)

Platelet count (x 109/L) 6 (0-20)

Preceding infection 95 (53)

Preceding vaccination 7 (4)

Skin bleeding only (gr 1-2) versus
Mucosal bleeding (gr 3)

107 (60)
72 (40)

Leukocyte count (x 109/L) 8.2 (4.4-18.6)

Lymphocyte count (x 109/L) 3.8 (1.1-12.6)

Platelet autoantibodies of IgG class (indirect MAIPA) 18 (11)

Thrombopoietin (IE/ml) 38 (4-693)

Treatment arm: randomized to IVIg 99 (55)

Data are numbers (%) for categorical variables and medians (lower-upper limit) for continuous variables. Duration 
of symptoms denotes the duration of symptoms at the moment of diagnosis of ITP. Preceding infection: an 
infection within 28 days before diagnosis. Preceding vaccination: a vaccination within 28 days before diagnosis.

Table 1. Baseline characteristics.

Genotype ITP Patients (N=180) Healthy Controls (N=199) P value

FCGR2A 131H
131R

187 (51.8)
174 (48.2)

213 (58.0)
185 (42.0)

0.663
0.609

FCGR2B 232I
232T

315 (87.5)
45 (12.5)

350 (88.4)
46 (11.6)

0.725
0.725

FCGR2C STOP
C-ORF
NC-ORF

293 (78.5)
59 (15.8)
21 (5.6)

363 (86.8)
44 (10.5)
11 (2.6)

0.007
0.033
0.119

FCGR3A 158V
158F

152 (41.4)
215 (58.6)

134 (32.8)
275 (67.2)

0.019
0.014

FCGR3B HNA1a
HNA1b
HNA1c

130 (35.7)
226 (62.1)

8  (2.2)

163 (40.0)
235 (57.7)

9 (2.2)

0.159
0.299
0.971

Promoter haplotype
(-386G/C,-120A/T)

2B.1 (GT)
2B.2 (CT)
2B.4 (CA)

616 (84.4)
66 (9.0)
48 (6.6)

723 (88.9)
48 (5.9)
42 (5.2)

0.063
0.023 
0.219

Table 2. Fc gamma receptor SNP allele frequency in pediatric newly 
diagnosed ITP patients versus healthy controls 
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Early recovery in ITP patients in the observation and IVIg group 
Platelet counts at time point one week were available for 80/81 patients in the observation 
group and for 98/99 patients in the IVIg group. In the observation group, all children with 
a platelet count > 100 x 109/L at time point 1 week (n=17; 21.2% of all children) were 
homozygous for 232I in FCGR2B (p=0.016; table 4). In the group of children with the 

ITP patients  
(N=180)

Healthy Controls  
(N=199)

P value

FCGR2A 

   131HH 46 (25.6) 58 (29.1) 0.68

   131HR 95 (52.8) 97 (48.7)

   131RR 39 (21.7) 44 (22.1)

   No 131HH 134 (74.5) 141 (70.8) 0.43

   131HH 46 (25.6) 58 (29.1)

FCGR2B

   232II 138 (76.7) 159 (80.3) 0.23

   232IT 39 (21.7) 32 (16.2)

   232TT 3 (1.7) 7 (3.5)

FCGR2C 

   c-ORF present 57 (31.7) 39 (19.6) 0.007

   No c-ORF present 123 (68.3) 160 (80.4)

FCGR3A 

   158VV (VVV, VVF) 33 (18.3) 25 (12.6) 0.027

   158VF (V, F) 84 (46.7) 78 (39.2)

   158FF (FFF, VFF) 63 (35.0) 96 (48.2)

   Minimum VV 33 (18.3) 25 (12.6) 0.12

   No minimum VV 147 (81.7) 174 (87.4)

FCGR3B 

   HNA1a/1a  (1a/1a/1a, 1a/1a/1b) 17 (9.4) 36 (18.1) 0.032

   HNA1a/1b  (1a, 1b) 95 (52.8) 86 (43.2)

   HNA1b/1b (1b/1b/1b, 1a/1b/1b) 68 (37.8) 77 (38.7)

   HNA1a present 115 (63.9) 127 (63.8) 0.99

   HNA1a not present 65 (36.1) 72 (36.2)

Promoter haplotype (-386G/C,-120A/T)

   2B.2  (CT) 59 (32.8) 39 (19.6) 0.003

   2B.4  (CA) 48 (26.7) 38 (19.1) 0.079

Table 3. Fc gamma receptor genetic variations in pediatric ITP patients 
versus healthy controls 
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homozygous FCGR2B*232I genotype, 17 out of 63 (27%) showed a complete response. No 
other differences between children with and without early complete recovery were found 
in the observation group.

Complete recovery  
1 week (N=17)

No complete recovery  
1 week (N=63)

P value

FCGR2A 

   131HH 2 (11.8) 12 (19.0) 0.73

   131HR 11 (64.7) 35 (55.6)

   131RR 4 (23.5) 16 (25.4)

   No 131HH 15 (88.2) 51 (81.0) 0.72 

   131HH 2 (11.8) 12 (19.0)

FCGR2B

   232II 17 (100) 46 (73.0) 0.016

   232IT 0 (0) 17(27.0)

   232TT 0 (0) 0 (0)

FCGR2C 

   c-ORF present 8 (47.1) 17 (27.0) 0.11

   No c-ORF present 9 (42.9) 46 (73.0)

FCGR3A 

   158VV (VVV, VVF) 5 (29.4) 12 (19.0) 0.46

   158VF (V, F) 8 (47.1) 27 (42.9)

   158FF (FFF, VFF) 4 (23.5) 24 (38.1)

   Minimum VV 5 (29.4) 12 (19.0) 0.55

   No minimum VV 12 (70.6) 51 (81.0)

FCGR3B 

   HNA1a/1a  (1a/1a/1a, 1a/1a/1b) 0 (0) 4 (6.3) 0.25

   HNA1a/1b  (1a, 1b) 11 (64.7) 28 (44.4)

   HNA1b/1b (1b/1b/1b, 1a/1b/1b) 6 (35.3) 31 (49.2)

   HNA1a present 11 (64.7) 36 (57.1) 0.57

   HNA1a not present 6 (35.3) 27 (42.9)

Promoter haplotype (-386G/C,-120A/T)

   2B.2  (CT) 9 (52.9) 18 (28.6) 0.059 

   2B.4  (CA) 8 (47.1) 18 (28.6) 0.149

232II combined with 2B.4 8 (47.1) 13 (20.6) 0.058

c-ORF combined with 2B.2 8 (47.1) 16 (25.4) 0.084 

Table 4: Fc gamma receptor genetic variations related to early recovery in 
observation group
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Genotypes in responders versus non-responders to IVIg are displayed in table 5. In patients 
randomized to IVIg, complete response rate after one week was 68.4%; children who 
showed complete response were either homozygous FCGR2B*232I (52 out of 73; 71.2%) or 
heterozygous FCGR2B*232I/232T (15 out of 22; 68%). No complete responses were seen in 

Complete response to IVIg 
(N=67)

No complete response 
to IVIg (N=31)

P value

FCGR2A 

   131HH 25 (37.3) 7 (22.6) 0.311

   131HR 32 (47.8) 17 (54.8)

   131RR 10 (14.9) 7 (22.6)

   No 131HH 42 (62.7) 24 (77.4) 0.148

   131HH 25 (37.3) 7 (22.6)

FCGR2B

   232II 52 (77.6) 21 (67.7) 0.034

   232IT 15 (22.4) 7 (22.6)

   232TT 0 (0) 3 (9.7)

FCGR2C 

   c-ORF present 26 (38.8) 6 (19.4) 0.056

   No c-ORF present 41 (61.2) 25 (80.6)

FCGR3A 

   158VV (VVV, VVF) 12 (17.9) 3 (9.7) 0.27

   158VF (V, F) 35 (52.2) 14 (45.2)

   158FF (FFF, VFF) 20 (29.9) 14 (45.2)

   Minimum VV 12 (17.9) 3 (9.7) 0.38 

   No minimum VV 55 (82.1) 28 (90.3)

FCGR3B 

   HNA1a/1a  (1a/1a/1a, 1a/1a/1b) 8 (11.9) 5 (16.1) 0.107

   HNA1a/1b  (1a, 1b) 34 (50.7) 21 (67.7)

   HNA1b/1b (1b/1b/1b, 1a/1b/1b) 25 (37.3) 5 (16.1)

   HNA1a present 44 (65.7) 23 (74.2) 0.399

   HNA1a not present 23 (34.3) 8 (25.8)

Promoter haplotype (-386G/C,-120A/T)

   2B.2  (CT) 26 (38.8) 6 (19.4) 0.056

   2B.4  (CA) 18 (26.9) 4 (12.9) 0.123

232II combined with 2B.4 14 (20.9) 1 (3.3) 0.033 

c-ORF combined with 2B.2 24 (35.8) 6 (19.4) 0.100

Table 5: Fc gamma receptor genetic variations related to complete response 
to IVIg
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the patients with the homozygous FCGR2B*232T genotype (p=0.03). However, the number 
of patients with this polymorphism was limited (n=3). In patients with a homozygous 
FCGR2B*232I genotype combined with the 2B.4 promoter haplotype, complete response 
rate was significantly higher than in patients lacking this combination (93.3% versus 64.6%, 
respectively; p=0.03).

Long-term recovery in ITP patients
Genotypic variations related to complete recovery at 12 months are shown in table 6. In 
176/180 patients data regarding recovery at 12 months were available. In patients with 
complete recovery (89.2% of all patients) there was a significantly higher frequency of 
FCGR2C*ORF (35.0% versus 10.5% in patients without complete recovery, p=0.031). The 
promoter 2B.2 was more often present as well (36.3% versus 10.5%, p=0.025), as was 
the combination of FCGR2C*ORF -2B.2 (33.1% versus 10.5%, p=0.044). In patients with 
complete recovery at 12 months, the promoter 2B.4 for FCGR2B was significantly more 
often present than in those that did not recover (29.9% and 5.3%, respectively, p=0.023), 
but FCGR2B-232I/T genotype combinations did not differ. 

DISCUSSION
In this study we investigated the distribution and allele frequencies of known FCGR 
polymorphisms in a prospectively collected cohort of pediatric ITP patients with newly 
diagnosed ITP. We related these FCGR polymorphisms to their distribution in healthy 
controls, response to IVIg and early and long-term recovery. In concordance with previous 
publications, we observed that ITP patients, at diagnosis, show a different FcγR profile than 
healthy controls, with an overrepresentation of FCGR2C-ORF, a higher allele frequency of 
FCGR3A*158V,11-16 and less often FCGR3B-HNA1a.12 We found a correlation between the 
FCRG2B-232I/T polymorphism, presence of the promoter 2B.4 and early recovery as well as 
complete response to IVIg. Finally, presence of FCGR2C*ORF either alone or with the 2B.2 
promoter haplotype as well as presence of the 2B.4 promoter sequence were associated 
with complete recovery of platelet counts at 12 months after diagnosis.

The observed increased prevalence of the FCGR3A*158V allele in ITP patients is in 
concordance with previous reports.11-16 Our data however, suggest that the genetic 
association observed for FCGR3A*158V in ITP is concomitant to the dominant prevalence 
of FCGR2C*C-ORF together with promoter haplotype 2B.2. The latter is known to be 
linked to FCGR2C*C-ORF.13 FcγRIIc has long been considered not to be expressed at all, 
as its gene (FCGR2C) was thought to be a pseudogene.24,25 We now know that FcγRIIc is 
expressed by neutrophils, monocytes, dendritic cells and natural killer cells, if FCGR2C-
ORF is present.20,21,26 There is some evidence that macrophages and B cells may also 
express FcγRIIc.10,27 Expression of this activating FcγR may alter the balance of activating 
and inhibiting FcγR signaling in these cells, leading to enhanced phagocytic activity or to 
impaired down regulation of B-cell responses and thereby predisposition to ITP.  It may 
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be that expression of FcγRIIc on these immune cells is involved in the onset of pediatric 
ITP following a viral infection, by causing accelerated antibody-mediated platelet clearance 
by either monocytes, neutrophils or NK cells. Alternatively, FcγRIIc-binding to immune-
complexes may be involved in triggering dendritic cells or B cells in patients expressing 
this receptor, which may be of importance in development of the disease. ITP has a very 
low recurrence rate in children. Therefore, in children who have experienced ITP, the 
mechanisms that lead to recovery of the immune balance are sufficient to protect against 
a new disturbance of the immune system, despite their FcγR profile. It is of interest to study 
the small group of patients with long lasting or recurrent ITP, to identify these regulatory 
mechanisms.   

The lower frequency of the homozygous FCGR3B-HNA1a genotype in ITP patients has only 
been described by Bruin et al.12 Unlike the association with FCGR3A*158V this seems to be 
an association independent from presence of FCGR2C*ORF. FcγRIIIb-HNA1a is associated 
with more efficient phagocytosis of IgG-opsonized bacteria and red blood cells than 
FcγRIIIb-HNA1b28,29 and reduced expression of FcγRIIIb due to copy number variation has 
been associated with impaired clearance of immune complexes.30 How the lower frequency 
of FCGR3B*HNA1a exactly contributes to development of ITP has to be elucidated, but it 
could be that less efficient clearance of immune complexes plays an important role, like it 
has been reported in patients with systemic lupus erythematodes.30 

In addition, we show that the homozygous FCGR2B*232T genotype is associated with a 
lack of response to IVIg treatment, whereas the homozygous FCGR2B*232I genotype with 
the presence of its promoter 2B.4 is associated with high response rates. The latter finding 
is in concordance with a study in patients with Kawasaki disease, that also showed a higher 
prevalence of the promoter 2B.4 sequence in responders to IVIg.17 It has been demonstrated 
that the FCGR2B*232T variant is functionally impaired compared to FCGR2B*232I due to 
decreased capacity to be incorporated into lipid rafts and down regulate ITAM signaling 
of activating FcγR and B cell receptors.31 In the past, FcγRIIb was considered to play an 
important role in the working mechanism of IVIg, at least in mouse models.32,33 However, 
recent reports contradict this hypothesis.34,35 Although our findings indicate a possible 
mechanism of action of IVIg via FcγRIIb signaling in humans, it has to be considered with 
care due to small numbers of patients with these specific genotypic variations. Since the 
positive effect on recovery of a homozygous FCGR2B*232I genotype was highly present 
in the observation group as well, this genotype might be associated with quick recovery 
in general, with only minor influence on response to IVIg. This finding might be of great 
importance in guiding management decisions. Children with a homozygous FCGR2B*232I 
genotype have a high tendency to early complete recovery, so if they have no severe bleeding 
tendency, they can be carefully observed without IVIg in order to raise platelet counts. In 
case of a heterozygous FCGR2B*232I/232T genotype no complete recovery was observed 
after 1 week in the observation group, in contrast with 68.2% in patients that received IVIg. 
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In patients with a heterozygous FCGR2B*232I/232T genotype that may benefit from higher 
platelet counts during the first weeks after diagnosis, for example in toddlers with a higher 
tendency to fall and bump or in pubertal girls with a risk of menorrhagia, treatment with 
IVIg may be considered. On the contrary, in the small group of patients with a homozygous 
FCGR2B*232T genotype, it is not likely that IVIg will be effective, so if treatment is indicated 
other treatment modalities should be considered. To be of help in guiding management 
decisions, results of FcγR genotyping should be available soon after diagnosis. 

Children with FCGR2C*ORF showed a high complete recovery rate at 12 months of 96.5% 
compared to 85.7% in patients not having FCGR2C*ORF.  The same association was seen with 
presence of the promoter 2B.2 sequence and the combined presence of FCGR2C*ORF -2B.2. 
Expression of FcγRIIc on phagocytes and NK cells may be involved in increased efficiency of 
antibody-dependent platelet clearance or killing, whereas FcγRIIc expression on dendritic 
cells and B cells may influence the function of these cells and interfere with development 
and subsequent down regulation of the aberrant immune response against the platelets.  In 
this view, upon triggering the immune system by for example viral infections or vaccination, 
FCGR2C*ORF may be a risk factor for the temporary development of antibodies that (cross) 
react with platelet antigens.  Although we could not confirm the overrepresentation of the 
homozygous FCGR2B*232I genotype in children that completely recovered at 12 months 
as described by Bruin et al.12, we did see higher complete recovery rates at 12 months 
in children with the 2B.4 promoter of FCGR2B (97.9% versus 85.9% in patients without 
presence of the 2B.4 promoter sequence, p=0.023), associated with a higher expression 
of FcγRIIb.36 Since the more inhibiting homozygous FCGR2B*232I genotype combined with 
presence of the 2B.4 promoter was associated with early recovery in our study, we assume 
that the presence of a heterozygous or homozygous FCGR2B*232I genotype combined 
with the presence of 2B.4 contributes to recovery of the patients. 

Taken together, we show that higher expression of FcγRIIc by either FCGRIIC*ORF or 
presence of the 2B.2 promoter sequence is associated with development of newly diagnosed 
pediatric ITP. In these children, the balance in the immune system can be restored, leading 
to complete recovery within 12 months. In addition, we demonstrated that recovery is 
also related to the FcγRIIb genotype. The combination of homozygous FCGR2B*232I and 
promoter haplotype 2B.4 was associated with fast spontaneous recovery and also with 
good response to IVIg. The presence of the 2B.4 promoter sequence was also associated 
with complete recovery within 12 months. The homozygous FCGR2B*232T, found only in 
three children, was associated with a lack of response to IVIg. 

Although further research with larger patient cohorts and both newly diagnosed as well as 
chronic ITP patients is necessary, we observed in our cohort that FcγR polymorphisms play 
an important role in ITP pathology as well as in response to therapy and might be a useful 
tool to enable future personalized medicine.
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ABSTRACT

Immune-mediated platelet destruction is most frequently caused by allo- or autoantibodies 
via Fc gamma receptor dependent phagocytosis. Disease severity can be predicted neither 
by antibody isotype nor by titer, indicating that other factors play a role. Here we show that 
the acute phase protein C-Reactive Protein (CRP), a ligand for Fc receptors on phagocytes, 
enhances antibody-mediated platelet destruction by human phagocytes in vitro, and in vivo 
in mice. Without anti-platelet antibodies, CRP was found to be inert towards platelets, but 
it bound to phosphorylcholine exposed after oxidation triggered by antiplatelet antibodies, 
thereby enhancing platelet phagocytosis. CRP levels were significantly elevated in patients 
with allo- and autoantibody-mediated thrombocytopenias compared with healthy controls. 
Within a week, intravenous immunoglobulin treatment in children with newly diagnosed 
immune thrombocytopenia led to significant decrease of CRP levels, increased platelet 
numbers, and clinically decreased bleeding severity. Furthermore, the higher the level of 
CRP at diagnosis, the longer it took before stable platelet counts were reached. These data 
suggest that CRP amplifies antibody-mediated platelet destruction and may in part explain 
the aggravation of thrombocytopenia on infections. Hence, targeting CRP could offer new 
therapeutic opportunities for these patients.

Key points: 
1. CRP enhances IgG-mediated phagocytosis of platelets in vitro and their clearance 

in vivo. 
2. CRP levels are increased in ITP patients and correlate with platelet counts and 

bleeding severity, and predict time to recovery. 
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INTRODUCTION

Fetal or neonatal alloimmune thrombocytopenia (FNAIT) and immune thrombocytopenia 
(ITP) are both antibody-mediated disorders in which platelets are destroyed mainly 
through activating immunoglobulin (IgG) Fc receptors on phagocytes in the spleen and 
liver, eventually resulting in thrombocytopenia.1 In childhood, ITP is characterized by a 
typical history of acute development of purpura and bruising in an otherwise healthy child, 
caused by development of platelet autoantibodies, with an incidence of ~5 in 100 000 
children.2 Most children with newly diagnosed ITP will not suffer from serious bleeding and 
will recover within 12 months. In ~60% of ITP, there is a history of a prior infection.1-3 FNAIT 
is a potentially destructive disease in pregnancies, with intracerebral hemorrhage (ICH) of 
the fetus or neonate as the most feared complication, resulting in perinatal death in 1% to 
7% or in severe neurological impairments in 14% to 26% of affected pregnancies. 4-7 FNAIT 
is caused by maternal IgG platelet alloantibodies, in whites mainly directed against human 
platelet antigen (HPA)-1a (85%), that cross the placenta and destroy the platelets of the 
fetus or newborn. Immunization against HPA-1a occurs in ~1:450 random pregnancies.8-10 
Although platelet decrement is related to antibody titer in FNAIT,8,11,12 this correlation is 
not strict, as cases with low titers and very low platelet counts, as well as cases with high 
titers and normal platelet counts, are frequently observed. Recently we found that at least 
some of this discrepancy is due to differences in the functional quality of these antibodies, 
determined by its Fc glycosylation, in particular the level of core fucosylation.13 However, 
the data indicated that additional cofactors may also be involved.

Here we identified C-reactive protein (CRP), a member of the pentraxin family of highly 
conserved calcium-dependent ligand-binding proteins, to amplify IgG-mediated platelet 
destruction. CRP is composed of 5 identical, nonglycosylated 206 amino acids protomers 
forming a noncovalently linked annular symmetrical pentamer.14 CRP was originally 
described by Tillett et al in 1930 as a substance present in the sera of patients with acute 
inflammation, precipitating with cell wall (C) polysaccharide (CWPS) of Streptococcus 
pneumonia.15 CRP is now well established as a major acute phase protein and is used in 
daily clinical practice as a sensitive biomarker for infection and inflammation, with its level 
increasing from <0.05 to >500 mg/L after acute infections. CRP is produced by hepatocytes, 
in response to inflammatory cytokines such as interleukin (IL)-6 and IL-1, with serum 
concentrations rising to >5 mg/L after 6 hours and peaking after ~48 hours. In healthy 
young adult volunteer blood donors, the median concentration of CRP was found to be 
~0.8 mg/L14 and does not seem to cross the placenta.16,17 

In the present paper, we describe how CRP interacts directly with platelets and functions as 
a novel pathogenic cofactor in IgG-mediated platelet destruction by phagocytes, ultimately 
leading to platelet destruction in patients that can, at least partially, be overcome by 
treatments aiming at lowering CRP levels.
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METHODS

Clinical trial of intravenous immunoglobulin (IVIg) treatment in newly 
diagnosed ITP in children
Details are described in the supplementary methods, and patient characteristics 
summarized in Supplementary Table 1. 

Induction of thrombocytopenia in vivo
Six-week-old female BALB/c mice (strain BALB/cOlaHsd) were obtained from Harlan and were 
housed in our animal facility for 1 week before initiating experiments. Thrombocytopenia 
was induced in mice, as we described previously.18 Briefly, 0.75 µg rat anti-mouse CD41, 
clone MWReg30, was injected intraperitoneally with or without various concentrations of 
CRP. Other details are mentioned in the supplementary methods. 

Sera, reagents, cell isolations, labeling, and heparin-induced platelet acti-
vation test
These sections are described in the Supplementary Methods.

Phagocytosis and respiratory burst assays
Phagocytosis and respiratory burst experiments were carried out using freshly isolated 
human platelets and polymorphonuclear leukocytes (PMN) or sorted CD16+ monocytes. 
For phagocytosis, platelets were labeled with pHrodo as described in the Supplementary 
Methods, a pH-sensitive fluorescent dye only emitting a fluorescent signal at acid pH. 
13 Equal volumes of 2.0 x 106/mL PMN and 1.0 x 108/mL platelets were mixed in a total 
volume of 100 µL in 1.4-mL U-bottom tubes (Micronic, Lelystad, The Netherlands), for 20 
minutes in a shaking incubator at 37°C. Respiratory burst experiments were carried out 
in exactly the same way only using unlabeled platelets and with dihydrorhodamine 123 
(Invitrogen, Molecular Probes, Eugene, OR) added to PMN before mixing with platelets, 
at a final concentration of 1 µM. In addition, the incubation at 37°C was carried out for 45 
minutes unless otherwise indicated. When platelets were used without preopsonization, 
they were incubated directly in the indicated media or 1:10 diluted sera. After the reaction, 
the cells were kept on ice and washed in cold phosphate-buffered saline (PBS). Samples 
were measured in a flow cytometer (LSRII; BD Bioscience, San Jose, CA) and analyzed by 
FacsDIVA software (BD Bioscience).

Surface plasmon resonance
Surface plasmon resonance (SPR) measurements analyzing protein-protein interactions 
were carried out in an IBIS MX96 (IBIS Technologies, Enschede, The Netherlands) as 
described by de Lau et al.19 Cellular SPR (cSPR) measuring the interaction of whole platelets 
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with biosensor-coupled protein ligands was carried out on the IBIS MX96 using methods 
based on the principles described in Schasfoort et al.20 Both are described in details in the 
Supplementary Methods.

Statistical analysis
Statistical analysis was performed using GraphPad Prism 5.01 software for Windows 
(GraphPad Software, San Diego, CA) with a statistical significance at P < .05.

RESULTS

A factor in normal human serum is required for phagocyte responses to-
ward IgG-opsonized platelets
In vitro handling of platelets (eg, labeling for phagocytosis experiments) can lead to 
platelet activation, resulting in background signals from phagocytosis of nonopsonized 
platelets (Supplementary Figure 1). By measuring respiratory burst (nicotinamide adenine 
dinucleotide phosphate, reduced NAD phosphate [NADPH], oxidase activity) of neutrophils 
by flow cytometry, platelet handling was minimized, and therefore background signals 
originating from normal human serum (NHS) or buffered saline solutions were eliminated, 
whereas platelets opsonized with anti-HPA-1a IgG1 containing FNAIT serum displayed a 
strong phagocyte response (Figure 1A). We then tested whether the phagocyte responses 
observed with HPA-1a–specific FNAIT sera could be simulated with a human recombinant 
HPA-1a–specific monoclonal IgG1 antibody (B2G1).21 No respiratory burst was observed, 
unless NHS was added during the assay (Figure 1B). The same was true for platelets washed 
after opsonization with maternal FNAIT sera containing anti-HPA-1a antibodies, as no 
antibody-dependent respiratory burst was observed, unless NHS was added after washing 
(Figure 1C). This suggests a factor to be present in NHS that is required for antibody-
mediated phagocyte responses toward platelets.

Serum factor is heat resistant, found at variable levels in NHS, and requires 
Ca2+ for platelet binding
Serum heat inactivation at 56°C for 30 minutes had no significant effect on the respiratory 
burst (Figure 2A; Supplementary Figure 2), ruling out the requirement of complement. 
Furthermore, B2G1-opsonized platelets still demonstrated the serum-enhancing effect in 
sera deficient for mannan-binding lectin (Figure 2A). When testing 14 different healthy 
donors, we observed a variable degree of serum-dependent respiratory burst activity 
toward B2G1-opsonized platelets (Figure 2B), also evident in a time-dependent fashion 
(Supplementary Figure 3), suggesting the responsible serum component to be present at 
different levels in NHS. Next, we tested whether this factor required divalent cations for 
its function. Addition of EDTA to NHS completely abolished the serum-enhancing effect 
on the B2G1-mediated respiratory burst (Figure 2C). No IgG-specific respiratory burst 

6

Proefschrift KH.indb   111 10/10/2016   10:09:24 AM



CHAPTER 6

112

was observed when the opsonizing FNAIT serum was washed away without Ca2+, even if 
Ca2+ was readded after washing during the respiratory burst. An IgG-specific antiplatelet 
response was only observed if Ca2+ was present during the washing step (Figure 2D), 
indicating that the responsible serum factor reacts directly and reversibly with anti-HPA-
1a–opsonized platelets in a calcium-dependent manner.

The serum factor is heat-resistant, found at variable levels in NHS and 
requires Ca2+ for platelet-binding
Serum heat-inactivation at 56 ºC for 30 minutes had no significant effect on the respiratory 
burst (Fig. 2a, Supplementary Fig. 2), ruling out the requirement of complement. 

Figure 1. Normal human sera contain a factor required for phagocyte responses toward IgG-opsonized platelets. 
(A) Respiratory burst activity of PMN toward platelets in NHS or anti-HPA-1a antibody-containing FNAIT sera or 
saline solutions, analyzed by the conversion of dihydrorhodamine-1,2,3 to fluorescent rhodamine-1,2,3, measured 
by fluorescence-activated cell sorter. (B-C) PMN respiratory burst activity toward IgG-opsonized platelets was only 
observed in NHS. (B) Platelets were opsonized with the human monoclonal anti-HPA-1a IgG1 antibody; B2G1, 
subsequently washed, was resuspended in either PBS, HEPES, or NHS together with PMN to initiate phagocyte 
responses. (C) Platelets were preincubated with either NHS (unopsonized) or opsonized with FNAIT serum, 
washed with PBS, and resuspended in the indicated media before addition to PMN, and then the respiratory burst 
was measured after 45 minutes at 37°C. Data are representative of 3 independent experiments, showing mean 
± standard deviation. Statistical comparisons were performed as follows: (A) 1-way analysis of variance (ANOVA) 
with Tukey’s posttest; (B-C) 2-way ANOVA with Bonferroni posttest. ***P ≤ .001.
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Furthermore, B2G1-opsonized platelets still demonstrated the serum-enhancing effect 
in sera deficient for mannan-binding lectin (Fig. 2a). When testing 14 different healthy 
donors, we observed a variable degree of serum-dependent respiratory burst activity 
towards B2G1-opsonized platelets (Fig. 2b), also evident in a time-dependent fashion 
(Supplementary Fig. 3), suggesting the responsible serum component to be present at 
different levels in NHS. Next, we tested whether this factor required divalent cations for 
its function. Addition of EDTA to NHS completely abolished the serum-enhancing effect on 
B2G1-mediated respiratory burst (Fig. 2c). No IgG-specific respiratory burst was observed 
when the opsonizing FNAIT serum was washed away without Ca2+, even if Ca2+ was re-
added after washing during the respiratory burst. An IgG-specific anti-platelet response 

Figure 2. Enhancing effect of serum is not complement, varies between NHS, and requires divalent cations 
for interaction with platelets. (A) Respiratory burst activity of PMN toward B2G1-opsonized platelets in NHS 
was not diminished after heat inactivation of complement. NHS, deficient in mannan-binding lectin, was also 
capable of enhancing phagocyte responses to B2G1-opsonized platelets. NHS served as a negative control. (B) 
The respiratory burst activity of PMN toward B2G1-opsonized platelets was enhanced by some but not all 14 
different NHS compared with unopsonized platelets. (C) Chelation of divalent cations from NHS with EDTA (5 mM) 
ablates the ability of serum to induce respiratory burst of PMN triggered by B2G1-opsonized platelets. (D) The 
serum factor, enhancing IgG-specific PMN respiratory burst activity toward platelets binds directly to platelets 
in a calcium-dependent manner. Platelets were preincubated with NHS or anti-HPA-1a FNAIT sera, washed with 
HEPES with or without Ca2+, and resuspended in HEPES with or without Ca2+ as indicated. Data are representative 
of 3 independent experiments, showing mean ± standard deviation. Statistical comparisons were performed as 
follows: (A) 1-way ANOVA with Tukey’s posttest; (B) paired t test; and (C-D) 2-way ANOVA with Bonferroni posttest. 
*P ≤ .05; **P ≤ .01; ***P ≤ .001.
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was only observed if Ca2+ was present during the washing step (Fig. 2d), indicating that 
the responsible serum factor reacts directly and reversibly with anti-HPA-1a-opsonized 
platelets in a calcium-dependent manner. 

CRP is the unknown serum factor
Due to the variable magnitude of the response observed in different NHS and the calcium 
dependency, we hypothesized that CRP could be this unknown factor. Further analysis 
of the previously tested 14 NHS indeed demonstrated a significant correlation between 
the IgG-specific respiratory burst activity and CRP concentration of the NHS (Figure 3A). 

Figure 3. CRP enhances phagocyte responses of PMN toward IgG-opsonized platelets. (A) B2G1-specific 
respiratory burst activity of 14 NHS correlates significantly with the CRP concentrations in the sera. (B) Both CRP 
and calcium were required to induce IgG-specific respiratory burst. B2G1-opsonized platelets were incubated in 
HEPES supplemented with or without calcium and in the presence or absence of CRP, before addition of PMN to 
measure the respratory burst. (C) Depletion from NHS with phosphocholine-coated beads neutralized its ability to 
enhance IgG1-mediated respiratory burst toward B2G1-opsonized platelets, but resupplementing CRP restored 
this capacity. (D) CRP addition to NHS with low CRP (0.07 mg/L) rendered the serum capable of inducing IgG-
specific respiratory burst toward B2G1-opsonized platelets that correlated significantly with the amount of CRP 
added. Data are representative of 3 independent experiments, showing mean ± standard deviation. Statistical 
comparisons were performed as follows: (A,D) Pearson correlation; (B-C) 2-way ANOVA with Bonferroni posttest. 
*P ≤ .05; **P ≤ .01; ***P ≤ .001.
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We then tested whether addition of CRP enabled phagocyte responses toward B2G1-
opsonized platelets. We only observed respiratory burst toward IgG-opsonized platelets in 
the presence of both CRP and calcium; either component alone was not sufficient (Figure 
3B). Depletion of CRP from NHS with phosphorylcholine beads (Figure 3C) also resulted 
in loss of the B2G1-induced respiratory burst activity. After readding purified CRP to the 
CRP-depleted NHS, the B2G1-specific effect was restored (Figure 3C). Also, addition of 
CRP to NHS with very low CRP levels (0.07 mg/L) resulted in a significant increase of the 
respiratory burst in a concentration-dependent manner (Figure 3D), similar to seen in 
different NHS (Figure 3A). These data indicate that CRP in the serum was responsible for 
enhancing phagocyte responses toward IgG-opsonized platelets.

Fc-dependent platelet activation exposes CRP ligands, recognized by CRP 
phosphorylcholine-binding sites
We then investigated whether the binding of anti-HPA-1a antibody led to platelet activation 
and exposure of CRP ligands after co-crosslinking with platelet FcγRIIa (the Kurlander 
phenomenon).22 However, blocking anti-FcγRII (clone 7.3)-Fab had no effect on the 
respiratory burst induced by platelets opsonized with FNAIT-derived IgG (Figure 4A) or with 
B2G1 (Supplementary Figure 4). FcγRIIa-blocking capacity of 7.3-Fab was verified in the 
FcγRIIa-dependent heparin-induced platelet activation assay23,24 (Supplementary Figure 5). 
We next sought to determine whether CRP bound directly to IgG-opsonized platelets as 
indicated by the results presented in Figure 2D. It has been suggested that CRP can directly 
bind to C1q,25 which we confirm by SPR, where C1q bound CRP captured by anti-CRP 
antibody (Supplementary Figure 6A-B). However, CRP binding to C1q is unlikely to explain 
the mechanism of CRP enhancement of phagocyte responses toward IgG1-opsonized 
platelets, as the effect was observed with purified CRP in the absence of serum (Figure 
3B-E) and after serum heat inactivation, for which C1q is sensitive26 (Figure 2A). In further 
support of this, we did not find C1q binding to spotted IgG1 to facilitate additional CRP 
binding (Supplementary Figure 6B-C), nor did captured C1q by spotted anti-C1q antibodies 
provide a platform for CRP binding (Supplementary Figure 6B-C). Furthermore, CRP also 
did not bind IgG1 directly (Supplementary Figure 6A). When fluorescein isothiocyanate-
labeled CRP was incubated with B2G1-opsonized platelets, weak but significant binding of 
CRP was observed at 37°C in the presence of calcium, but not at 0°C or in the absence of 
calcium (Figure 4B). This confirmed that the calcium-dependent binding domains of CRP 
were involved in the binding to the platelets, but also that platelet activation was required 
to initiate binding. To determine the binding site of CRP on platelets, NHS was preincubated 
with pneumococcal CWPS, which binds to the phosphorylcholine-ligand binding site on 
CRP in calcium-dependent manner.27 This resulted in a reduced IgG-specific respiratory 
burst (Figure 4C). 

To investigate the binding of CRP to platelets more closely, we used a sensitive cSPR method 
that we recently developed for red blood cells but now applied to platelets.20 With this 
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Figure 4. Cellular activation exposes phoshorylcholine after oxidation, enabling CRP binding and phagocytosis. 
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method, the platelets were allowed to interact with up to 48 spots, each coupled with 
different ligands, and the platelet interaction to each spot was measured simultaneously 
in real time. Platelets (HPA-1a+/HPA-5b−) opsonized with anti-HPA-1a FNAIT sera bound 
to CRP-conjugated spots, but not to control bovine serum albumin-conjugated spots, to a 
significantly greater extent than nonopsonized platelets (incubated with anti-HPA-5b FNAIT 
sera; Figure 4D). The interaction of platelets with spotted CRP was completely blocked 
with CWPS (Figure 4D), which bound to the CRP spots (Supplementary Figure 7). A similar 
binding to CRP and blockage by CWPS was also demonstrated using platelets opsonized 
with B2G1 (Supplementary Figure 8). However, CWPS was unable to break the binding of 
platelets already bound to CRP coupled to SPR chips (data not shown), probably due to 
the nature of high avidity interactions. To test the Fc dependency of our mechanism, we 
conducted cSPR experiments comparing CRP binding of platelets opsonized with either 
intact B2G1 or B2G1-F(ab′)2. The binding of platelets to CRP appeared to be Fc dependent, 
as platelets opsonized with B2G1-F(ab′)2 fragments bound significantly less to CRP than 
platelets opsonized with the full-length B2G1 (Supplementary Figure 9). Taken together, 
the data suggest that CRP binds membrane phosphorylcholine residues on IgG-opsonized 
platelets exposed after platelet activation induced by anti-HPA-1a–specific antibodies.

Platelet oxidation exposes CRP ligands
As oxidized low-density lipoprotein (LDL) particles and apoptotic cells have been shown 
to expose phosphatidylcholine residues, 28,29 and because anti-GPIIIa (containing the HPA-
1a epitope, the target of the FNAIT sera and of the B2G1 antibody used in this study) 
antibodies have been shown to induce oxidation of platelets,30 we investigated whether 
platelet oxidation contributed to CRP binding. Pretreatment of platelets with diphenylene 

Figure 4 (continued). (A) Platelet FcγRIIa was not involved in the opsonization of platelets with FNAIT serum. 
Platelets were pretreated with blocking anti-CD32-Fab antibody (clone 7.3), opsonized with anti-HPA-1a–
containing FNAIT sera (NHS as negative control), washed, and resuspended in PBS (negative control) or NHS. 
Thereafter, the platelets were added to PMN and the respiratory burst was measured. (B) CRP fluorescein 
isothiocyanate bound directly to B2G1-opsonized platelets, and this process required both calcium and platelet 
activity at 37°C, as measured by flow cytometry. (C) Neutralization of CRP with pneumococcal CWPS in NHS 
disabled CRP induction of the respiratory burst toward B2G1-opsonized platelets. (D) Binding of FNAIT serum-
opsonized platelets (HPA-1a+/HPA-5b−) to CRP was further investigated by cSPR imaging, with CRP spotted to 3 
sensor surface spots and 3 bovine serum albumin control spots. A specific response was observed for platelets 
to the CRP spots, which was enhanced if the platelets were opsonized with anti-HPA-1a antibodies from FNAIT 
serum (also compared with platelets incubated with anti-HPA-5b antibodies from FNAIT serum), but blocked by 
CWPS, indicating that platelet phosphorylcholine is the ligand for CRP that is exposed by antibody binding. (E) 
Binding of platelets to CRP was inhibited by DPI, a broad spectrum oxidation inhibitor including NADPH oxidase, 
as well as by Rotenone, which more specifically inhibits the mitochondrial electron transport chain (F). Conversely, 
stimulation of platelet oxidation by glucose and glucose oxidase enhanced platelet binding to CRP (G). Each line 
in D-G represents the average sensorgrams and standard deviation from 3 spots monitored simultaneously in real 
time. Statistical comparisons were performed as follows: (H) CRP enhancement of IgG-mediated phagocytosis 
of platelets by neutrophils was inhibited by DPI and not by Rotenone. Data are representative of 3 independent 
experiments, showing mean ± standard deviation. (A,C,D,H) 1-way ANOVA with Tukey’s posttest; (B) 2-way ANOVA 
with Bonferroni posttest; (E-G) 1-tailed paired t test. *P ≤ .05; **P ≤ .01; ***P ≤ .001.

6

Proefschrift KH.indb   117 10/10/2016   10:09:31 AM



CHAPTER 6

118

Figure 5. CRP levels are elevated in immune thrombocytopenic patients and decreased by IVIg treatment, resulting 
in normalization of platelet counts and reduction of clinical bleeding severity.
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iodonium (DPI), an inhibitor of various sources of oxygen radical including NADPH oxidase,31 
resulted in less binding of opsonized platelets to CRP compared with untreated opsonized 
platelets (Figure 4E). A similar reduction in binding of platelets to CRP was observed in 
the presence with Rotenone, a compound more specifically inhibiting the mitochondrial 
electron transport chain (Figure 4F). Conversely, stimulation of oxidation of opsonized 
platelets after treatment with glucose oxidase (Figure 4G) resulted in enhanced binding of 
opsonized platelets to CRP spots compared with untreated opsonized platelets.

As CRP also enhanced antibody-mediated phagocytosis, measuring complete ingestion of 
B2G1-opsonized platelets (Figure 4H), we were able to investigate the role of oxidation in 
antibody-mediated platelet ingestion. In agreement with the finding that oxidation was 
required for binding of CRP to platelets, CRP-mediated enhancement of phagocytosis 
was completely inhibited by DPI treatment, but not after Rotenone treatment, suggesting 
the phagocyte NADPH oxidase to be mostly responsible for binding of CRP to platelets 
during phagocytosis (Figure 4H). Although CRP clearly enhanced phagocytosis, we also 
noticed that B2G1 was able to mediate phagocytosis without CRP (Figure 4G), unlike for 
the respiratory burst where CRP seemed to be indispensable for the IgG-specific response 
(Figure 3B), underlining the different thresholds and different cellular mechanisms required 
for activation of these different processes.

CRP is elevated in ITP, is associated with platelet counts and clinical bleed-
ing severity, and predicts time to recovery
To examine the relevance of CRP in patient sera, we measured the CRP concentration in 
neonatal HPA-1a-FNAIT patient samples and in sera from children with newly diagnosed 
ITP (all with confirmed anti-GPIIb/IIIa antibodies) and compared this to normal cord blood 
or sera of healthy children, respectively. CRP levels were increased in both FNAIT and newly 
diagnosed ITP patient populations compared with control samples (Figure 5A). To further 

Figure 5 (continued). (A) In humans, CRP levels were also elevated in neonatal FNAIT sera compared with healthy 
cord blood samples (both n = 21) and sera from newly diagnosed ITP patients compared with age-matched healthy 
controls (both n = 19). (B-E) Seventy-eight newly diagnosed ITP pediatric patients, all with <20 x 109 platelets/L, 
were randomized for observation or to receive 0.8 g/kg IVIg. (B) CRP levels did not change significantly in the 
observation group. (C) However, IVIg treatment caused significant reduction in CRP levels. (D) IVIg treatment 
also resulted in increased numbers of platelets, which correlated significantly with CRP levels. (E) Similarly, CRP 
levels correlated significantly with bleeding tendencies, ranging from 0 to 5 (0, no bleeding; 5, life threatening) 
according to Buchanan et al. 68 The symbol key for D-E is as follows: black circles, patients when enrolled in the 
study (diagnosis); red squares, untreated arm 1 week later (1-week observation); blue triangles, IVIg-treated arm 
1 week later (1-week IVIg). (F) Elevated levels of CRP at diagnosis predict slower platelet count recovery. Untreated 
newly diagnosed ITP pediatric patients were retrospectively categorized into normal CRP levels or elevated CRP 
levels (defined as higher than mean CRP levels of healthy children + 2 times their standard deviation). Statistical 
comparison was performed with (A) 2-tailed Mann-Whitney test, (B) 2-tailed paired Wilcoxon, (D-E) 1-tailed 
Spearman’s rank correlation, and (F) 2-tailed Student t test after testing for Gaussian distribution. *P ≤ .05; **P 
≤ .01; ***P ≤ .001.
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investigate whether the level of CRP affects the bleeding tendency in these patients, we 
made use of the ongoing Treatment With or Without IVIg in Kids With Acute ITP trial. 
In this trial, patients with newly diagnosed immune thrombocytopenia were randomized 
on diagnosis to the observation arm or to those receiving 0.8 g/kg IVIg and followed in 
time. At inclusion, all patients had <20 x 109 platelets/L. One week after receiving IVIg, 
most patients had normalized their number of platelets, whereas this was not the case 
for the observation group (Supplementary Figure 10). The elevated CRP levels seen in 
these patients (Figure 5A) also became significantly lower in the IVIg group but not in the 
control group (Figure 5B-C). Both the number of platelets and their bleeding tendencies 
correlated significantly with the CRP levels in these patients (Figure 5D-E, respectively). For 

Figure 6. CRP enhances antibody-mediated platelet destruction in vitro and in vivo. (A) Phagocytosis of pHrodo-
labeled platelets opsonized with either isotype control or B2G1 antibody for 20 minutes at 37°C for CD16+ 
monocytes. (B) BALB/c mice developed thrombocytopenia 16 hours after intraperitoneal injection of the platelet- 
and megakaryocyte-specific rat anti-mouse CD41 IgG at 0.75 µg. Coinjection of 200 µg CRP with 0.75 µg rat 
anti-mouse CD41 IgG resulted in aggravated thrombocytopenia after 16 hours, whereas 200 µg CRP alone had 
no effect. Data are representative of 3 independent experiments; each data symbol represents 1 mouse (7 per 
group). Statistical comparisons were performed by 1-way ANOVA with Tukey’s posttest. *P ≤ .05; **P ≤ .01;  
***P ≤ .001.
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both groups as a whole, those individuals who had normalized their number of platelets 
to the international consensus level (>100 x 109/L)32 after 1 week from diagnosis also had 
significantly lower CRP levels compared with those with thrombocytopenia (<100 x 109/L; 
Supplementary Figure 11). In untreated patients, those with elevated CRP levels at diagnosis 
(greater than mean + 2 × standard deviation of healthy control children; Figure 5A) were 
more likely to have sustained lowered platelet counts 3 months after diagnosis (Figure 5F). 
This is in line with our hypothesis that CRP is an important amplifier of antibody-mediated 
platelet destruction in immune thrombocytopenic patients.

CRP enhances antiplatelet IgG-mediated destruction of platelets in vivo
We next investigated whether the elevated CRP levels directly contribute to platelet 
degradation in vivo. As monocytes and macrophages have been generally proposed to be 
more relevant effector cells for clearance of the platelets in the spleen, we first tested 
whether CRP also enhances monocyte-mediated phagocytosis of platelets. In line with 

Figure 7. Illustration of the proposed role for CRP in IgG-mediated platelet destruction. Antiplatelet IgG antibodies 
from serum bind to platelets (1). Platelet oxidation (OX) results in phosphorylcholine exposure, independently 
of platelet FcγRIIa, but requires the phagocyte NADPH oxidation system (2). Subsequently, CRP present in the 
serum binds to platelet phosphorylcholine in a Ca2+-dependent manner (3). This potentiates the uptake and 
degradation of the platelets via Fc receptors of the phagocyte (4).
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the results described above, monitoring the respiratory burst and phagocytosis by PMN, 
we found CRP also to stimulate phagocytosis of B2G1-opsonized platelets by monocytes 
(Figure 6A). We next examined whether the observed effects of CRP in antibody-mediated 
platelet destruction also occurred in vivo, using our previously established mouse model 
for immune-mediated thrombocytopenia.18 Coadministration of 200 μg CRP, together with 
a limiting dose of 0.75 µg of antiplatelet MWReg30 IgG (GPIIb), significantly decreased 
the mean platelet counts compared with injection of 0.75 µg of antiplatelet IgG alone, 
whereas administration of 200 μg CRP alone had no effect on platelet counts (Figure 6B). 
Coadministration of a lower amount of CRP (20 μg) together with antiplatelet IgG did not 
result in a significant decrease in platelet counts. Taken together, we conclude that CRP 
can potentiate the degree of thrombocytopenia induced by antiplatelet antibodies in vivo.

DISCUSSION

In this study, we describe a previously unrecognized role for CRP in IgG-mediated cellular 
destruction. Similar to that of other studies, eg, in the proposed role of CRP in enhancing 
the risk of cardiovascular disease, 33 the results here suggest a significant role for CRP in 
patients with elevated basal levels of CRP.

We observed that anti-HPA-1a antibodies induce exposure of CRP ligands on platelets 
due to oxidative damage. This effect was not dependent on the platelet FcγRIIa, but 
required an intact Fc, perhaps suggesting that antibodies mediate platelet activation 
through Fc-mediated GPIIb/IIIa crosslinking by IgG hexamerization as recently shown to 
occur on IgG-opsonized particles and cells.34 That anti-HPA-1a antibodies induce platelet 
oxidation is in agreement with studies showing that anti-GPIIIa antibodies, the glycoprotein 
expressing the HPA-1a epitope, also induce cellular activation through oxidative damage 
initiated by the platelet NADPH oxidase. 30,35,36 This suggests this effect to be a general 
feature of antibodies targeting GPIIIa—perhaps the GPIIb/IIIa complex—as we now also 
report CRP also amplify platelet removal by rat-anti-mouse GPIIb. Importantly, this still 
needs to be investigated in detail using a panel of antiplatelet antibodies against various 
GPIIb/IIIa epitopes, ITP sera containing various combinations of antibodies, and against 
other platelet proteins. However, our findings suggesting CRP levels to be an alternative 
prognostic marker for thrombocytopenia are in line with studies demonstrating a role for 
oxidative stress in ITP,37,38 as well as studies describing oxidation-dependent lipid changes 
of LDL and apoptotic cells to expose phosphatidylcholines to the extracellular milieu for 
recognition by CRP.28,39 Choline-containing CWPS blocked binding of CRP to platelets and 
prevented CRP-mediated enhancement of antiplatelet antibody-mediated respiratory 
burst and phagocytosis. Moreover, inhibiting oxidation reduced binding of CRP to IgG-
opsonized platelets. Conversely, stimulation of platelet oxidation increased binding to CRP. 
Inhibiting the mitochondrial respiratory chain with Rotenone was sufficient to block this 
initial oxidation on the platelet surface and subsequent CRP deposition. However, only DPI 
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(a broad spectrum blocker of oxidation, including NADPH oxidase) was capable of blocking 
CRP-mediated phagocytosis, whereas rotanone had no effect. It is therefore likely that 
the more powerful NADPH oxidase system of the phagocyte is primarily responsible for 
providing additional oxidized CRP ligands, further enhancing platelet phagocytosis.

Infections, viral or bacterial, are known to promote the initiation of ITP or enhance platelet 
clearance, but the exact underlying mechanisms are unknown. Previously, one of the possible 
mechanisms suggested is the molecular mimicry between platelet antigens and various 
viral and bacterial antigens, giving rise to cross-reactive autoantibodies.36,40-42 In addition, 
14 of 23 (61%) of the patients with Helicobacter pylori-associated ITP demonstrated an 
increased platelet count after the H pylori had been eradicated.43 As H pylori is a gram-
negative bacterium, these findings are also in line with the effects of lipopolysaccharide 
(LPS), a gram-negative bacterial endotoxin, which was shown to enhance FcγR-mediated 
phagocytosis of IgG-opsonized platelets in vitro44 and to exert a strong synergistic effect 
in vivo.45 LPS may therefore be 1 factor explaining why the thrombocytopenia worsens in 
ITP patients during gram-negative infections, but also why symptoms are alleviated after 
the infection is resolved. Although the mechanisms of this LPS effect remains unknown, it 
has been suggested that LPS triggers either phagocyte and/or platelet Toll-like receptor 4, 
inducing synergistic signaling through FcγR and thereby enhanced platelet clearance.46,47

The work presented here provides an alternative explanation, suggesting endotoxin 
exposure to increase CRP levels through the acute phase responses. The endotoxin itself, 
low levels of antiplatelet antibodies, or the combination may lead to platelet activation, 
followed by oxidation and subsequent phosphorylcholine exposure, providing a binding 
platform for CRP. Low-level IgG opsonization of platelets, not sufficient to initiate 
phagocytosis on its own, can then be enhanced by CRP, providing a ligand for additional 
phagocyte FcγR, but also FcαRI (the IgA receptor), as both receptor types have been shown 
to bind CRP,48-54 further marking it for phagocyte destruction. These observations are 
also in line with recent reports indicating that oxidative stress correlates with prognosis 
in ITP patients,37,38 perhaps as a result of continuing release of oxidative products during 
phagocyte-mediated clearance of IgG/CRP-opsonized platelets, promoting further platelet 
clearance by excessive CRP deposition onto platelets.

A number of studies have reported bleeding events to be associated with increased levels 
of CRP, eg, in acute coronary syndromes55 and ICH.56 CRP levels were even found to predict 
early hematoma outgrowth after ICH.57 In addition, peptic ulcers have been reported 
to upregulate IL-6,58 with a subsequent rise is CRP levels, which in turn may predict 
gastrointestinal bleeding events. 59-61 Additionally, we previously found that anti-HPA-1a 
antibodies can reduce endothelial cell spreading and monolayer integrity, possibly affecting 
bleeding tendency.62  As CRP has also been shown to have a direct proinflammatory effect 
on endothelial cells,63 CRP may boost the anti-HPA-1a–mediated response amplifying 
bleeding. These studies did not confirm whether CRP is the cause or consequence for these 
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bleeding events. In our FNAIT cohort, we found no indications that elevated CRP levels are 
causing severe bleeding events, as ICH only occurs in ~7% to 26% of the cases,64 whereas 
CRP levels were found to be elevated in ≥50% of our randomly selected cases. We also 
observed cases with high levels of CRP who did not display clinical symptoms and vice 
versa. ICH also occurred in cases without elevated CRP. However, in our newly diagnosed 
ITP group as a whole, the presence of elevated CRP did correlate with more severe clinical 
manifestations, and the higher the CRP levels were at diagnosis, the longer it took to reach 
stabile platelet counts. The increased CRP levels may also possibly sustain the elevated CRP 
levels through a proinflammatory feedback loop as previously suggested,65  thereby also 
explaining the slower recovery. This could perhaps also be used to decide which patients 
warrant treatment of their ITP. More direct evidence for the causality between increased 
CRP levels and enhanced platelet degradation was obtained in mice, where CRP alone 
was inert against platelets but enhanced thrombocytopenia together with antiplatelet 
antibodies, also in line with results obtained from phagocytosis of platelets.
We found that widespread treatment used in ITP, IVIg, which has been proposed to exert 
its action through numerous ways,66 was also associated with a reduction in the CRP levels, 
and those levels significantly correlated with both the number of platelets and clinical 
bleeding severity. IVIg is also able to protect mice from LPS-exacerbated antibody-mediated 
thrombocytopenia, albeit to a lower degree than without LPS.45

In summary, we conclude that CRP functions as a previously unknown pathogenic cofactor 
that contributes to antibody-mediated platelet destruction (a model is provided in Figure 
7). Increased CRP levels at diagnosis predicted slower platelet count recovery in ITP, and the 
CRP levels dropped after IVIg treatment, accompanied by normalization of platelet counts 
and decreased clinical bleeding severity. As such, these data also suggested a possible 
mechanism for the exacerbation or relapse of ITP associated with infections, as infections 
may be associated with an increase in CRP, indicating that CRP may serve as an important 
biomarker for monitoring severities of IgG-mediated thrombocytopenias. This suggests 
that treatment of the underlying cause of the inflammation in addition to treatment of 
the thrombocytopenia itself would be beneficial for the patient. Importantly, FNAIT and/
or ITP patients may benefit from interventions aimed at reducing CRP levels or inhibiting 
its function. 67
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SUPPLEMENTARy MATERIALS

SUPPLEMENTARy METHODS

Clinical trial of intravenous immunoglobulin (IVIg)-treatment in newly 
diagnosed ITP in children
Children aged 3 months to 16 years with newly diagnosed ITP, a platelet count below 20 
x 109/L and a bleeding score according to Buchanan et al1 based on the overall extent of 
bleeding ranging from 0 (no bleeding) to 5 (life-threatening or fatal). Patients with a bleeding 
score of less than 4 were eligible for inclusion in the Treatment with or without IVIg in Kids 
with acute ITP (TIKI) study. Patients were excluded if they had received immunomodulating 
drugs within one month before diagnosis or suffered from conditions with a contraindication 
for IVIg. The patient characteristics are summarized in Supplementary Table 1. Within 72 
hours after diagnosis, patients were randomized to receive either a single infusion of IVIg 
(0.8 g/kg) or careful observation and treatment to raise platelet count only in case of 
severe bleeding. At diagnosis, after 1 week, 1 month, 3 months, 6 months and 12 months 
laboratory studies were performed and clinical data were gathered. At each time point, 
the highest bleeding score since the last study visit was noted by the patients’ pediatrician 
and entered in a web based case record form (CRF). All use of human material was in 
compliance with the local medical ethical committee, and the use of experimental animals 
was conducted after examination and approval by the local animal ethic committee. The 
TIKI study was approved by the institutional review board of the University Medical Center 
Utrecht and the Competent Authority of The Netherlands. Patients were recruited by 
pediatricians from 60 participating Dutch hospitals. All parents and patients aged 12 years 
and older gave written informed consent before inclusion. The study was registered in the 
Dutch Trial register (www.trialregister.nl; study ID number NTR TC1563) and conducted in 
accordance with Good Clinical Practice guidelines. 

Induction of thrombocytopenia in vivo
Blood was collected from the retro-orbital plexus 5 minutes prior to antibody-injection 
(t=0), and 16 hours after injection from cardiac puncture (t=16), into lithium-heparin tubes 
(Microvette, Sarstedt). Subsequently, the blood was diluted in PBS/EDTA and the number 
of platelets was immediately counted using the ADVIA 2120 hematology system using 
murine-BALB/c parameters (Siemens Medical Solutions Diagnostics, Erlangen, Germany).

Sera and reagents
The following sera were used in the study: maternal FNAIT sera (Sanquin, Amsterdam, 
The Netherlands, 3 different sera), containing anti-human platelet antigen (HPA)1a 
alloantibodies, as determined by monoclonal antibody-specific immobilization of platelet 
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antigens (MAIPA), neonatal FNAIT sera (Sanquin, Amsterdam, The Netherlands), cord blood 
sera, newly diagnosed childhood immune thrombocytopenia (ITP) sera, serum samples 
from healthy children, Normal Human Sera (NHS), type A+B+, from healthy donors, clinically 
tested and not containing any platelet-reactive antibodies, HIPA sera: sera of patients 
diagnosed with heparin-induced thrombocytopenia, containing antibodies directed against 
platelet factor 4 (PF4) and heparin. 

Antibodies used in the study included: human monoclonal antibody against anti-HPA-1a;
B2G12 (kindly provided by Dr. W. Ouwehand and C. Ghevaert, University of Cambridge, 
NHS Blood and Transplant, Cambridge, UK), polyclonal anti-D antibody (K1120, Sanquin, 
Amsterdam, The Netherlands), monoclonal anti-human FcγRII (CD32) Fab antibody; clone 
7.3 (Ancell corporation, Bayport, USA), mouse anti-human CRP (Roche, Roche Diagnostics 
GmbH, Mannheim, Germany), rat anti-mouse CD41; clone MWReg30 (BD Pharmingen), 
polyclonal goat anti-human IgG (Thermo Scientific, Rockford, IL, USA), polyclonal chicken 
anti-human C1q and monoclonal mouse Anti-human CRP antibody [C6] (Abcam, Cambridge, 
UK), antihuman CD16 IgG2a antibody GRM1 and isotype anti-TNP IgG2a antibody (Sanquin 
Diagnostics, Amsterdam, the Netherlands), both antibodies were conjugated to Pacific 
Blue by using the DyLight 405 Amine-Reactive Dye (Thermo Scientific, Waltham, MA), 
according to the manufacturer’s protocol. Isotype human IgG1 was recombinant TA99 
anti mouse-GP75,3 cloned produced and purified as described previously.4 B2G1-F(ab’)2 
fragments were generated by using FabRICATOR (Genovis AB, Lund, Sweden), according 
the manufacturer’s protocol.

Other reagents: CRP purified from human plasma (>99% purity by SDS-Electrophoresis
and tested negative for infectious agents) was purchased from Sigma-Alderich, Zwijndrecht, 
The Netherlands, Diphenylene Iodonium (DPI), Rotenone, Glucose Oxidase from Aspergillus 
Niger and D+Glucose (Sigma-Aldrich, Zwijndrecht, The Netherlands).

Cell isolations and labeling
Human platelets were obtained from a buffy coat (Sanquin, Amsterdam, The Netherlands) 
using platelet-rich plasma (PRP), obtained after centrifugation at 400 g for 10 minutes. The 
platelets were washed once in phosphate-buffered saline (PBS) containing EDTA as well as 
100 ng/mL prostaglandin E1 (PGE1, Sigma-Aldrich, Zwijndrecht, The Netherlands) in order 
to minimize activation, and resuspended in 1 x 109/ml PBS. Human PMN were isolated 
from peripheral blood obtained from healthy laboratory volunteers (Sanquin, Amsterdam, 
The Netherlands) using a Ficoll 1.077 density gradient (Pharmacia Biotech) followed by 
hypotonic lysis of residual red blood cells on ice for several minutes. CD16+ monocytes 
were isolated from a buffy coat, lymphocyte-depleted using CD3- and CD19-microbeads 
(Miltenyi Biotech, Leiden, The Netherlands), and labeled with anti-human Pacific Blue-
labeled anti-CD16. Subsequently, CD16+ monocytes were purified on a FACSARIA II cell 
sorter (BD Biosciences, Erembodegem, Belgium). 
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Platelets were labeled with pHrodo by resuspending a platelet pellet in 0.23 mM pHrodo 
succinimidyl ester (100 μl/108 platelets) (Invitrogen, Molecular Probes, Eugene, Oregon, 
USA), in 100 ng/mL PGE1, for 45 minutes in the dark at room temperature (RT). Finally, 
the platelets were washed twice and re-suspended in PBS/EDTA/PGE1 at 108 platelets/ml. 
Platelets were opsonized by resuspending a pellet of platelets with 100 μl serum or antibody 
solutions for every 108 platelets, and subsequent incubation for 30 minutes at RT. Hereafter 
platelets were washed twice and resuspended at 108/ml in the indicated medium, in case 
of NHS, this was pre-diluted 1:3 in PBS.

CRP labeling, addition, neutralization, depletion, measurement and NHS 
incubations
CRP was labeled with FITC (Sigma-Aldrich, Zwijndrecht, The Netherlands) at a final molar 
ratio of FITC to protein of approximately 1.5, as described previously.5,6 PRP was incubated 
together with the opsonizing antibody for 30 minutes at 4°C, after which CRP-FITC was 
added to the cells in platelet-free plasma (PFP), supplemented with or without Ca2+, for 
45 minutes at either 4 or 37°C. Subsequently, cells were washed with PFP with or without 
Ca2+, followed by flow cytometry analysis. 

CRP present in NHS was neutralized by addition of cell wall polysaccharide (CWPS, 10 μg/
ml) from Streptococcus pneumoniae (Statens Serum Institut, Copenhagen, Denmark). 
CRP was depleted from NHS as described by Weiser et al.7 In short, NHS was incubated 
for 30 minutes at 4°C with an equal volume of immobilized phosphoryl choline-coupled 
agarose beads (Pierce Chemical Co, Thermo Scientific, Rockford, IL), which were washed in 
0.02 M Tris (pH 7.2), 0.15 M NaCl, and 10 mM CaCl2. CRP was measured from sera using 
an immunoturbidimetric assay according to the manufacturer’s protocol (Roche, Roche 
Diagnostics GmbH, Mannheim, Germany). In short, human CRP from serum samples is 
allowed to agglutinate when incubated with latex particles coated with monoclonal mouse 
anti-human CRP antibodies. Subsequently, the aggregates are determined turbidimetrically 
using the Cobas 8000 (Roche, Roche Diagnostics GmbH, Mannheim, Germany). 

Surface plasmon resonance (SPR)
A pre-activated P-type sensor chip (Ssens bv, Enschede, The Netherlands) was spotted using 
a Continuous Flow Microspotter (Wasatch Microfluidics, Salt Lake City, UT, USA). Regarding 
the cell-flow based SPR experiments (cSPR): CRP was spotted onto the sensor chip in 10 
mM MES buffer, pH 6.0, in replicates at a concentration of 800 nM. For reference purposes 
bovine serum albumine (BSA) was spotted. Deactivation of the sensor chip was carried out 
with 100 nM Ethanolamine, pH 8, and subsequently the system was loaded with HEPES/
BSA 1%/Ca2+ 2mM and the temperature was set to 25°C. The same buffer was used for the 
platelets. Three samples were made containing 1.0 x 109/ml platelets opsonized with B2G1 
and also including CWPS (500 µg/ml), platelets opsonized with B2G1 but without addition 
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of CWPS, and unopsonized platelets without any additions. The platelet-samples were 
loaded into the IBIS and at injection of the 5 sample onto the sensor chip, the flow was 
stopped for 10 minutes, allowing specific binding to occur as described for red blood cell 
measurements.8 Slight refractive index changes (due to temperature or buffer composition) 
during the measurement can influence the sensorgram, therefore the readout of the BSA 
spots was set as a reference. For oxidation experiments, untreated platelets as well as 
platelets pre-treated with DPI (10 μM), or Rotenone (100 μM) or Glucose oxidase (20 Units/
ml oxidase in HEPES containing 60 mM D-glucose, pH 5.5, for 20 min at 37°C, followed by 
washing of cells with HEPES containing BSA and calcium at pH 7.4), were injected over the 
Easy2Spot P-type chip, containing spotted CRP at a concentration of 800 nM. 

In order to test the binding of CRP to IgG, a pre-activated G-type sensor chip (Ssens bv, 
Enschede, Netherlands) was used, and measurements carried out in an IBIS MX96 (IBIS 
Technologies, Enschede, Netherlands) as described by de Lau et al.9 In total, 12 spots 
were created with both the B2G1 antibody. Additionally complement protein C1q, both in 
5-fold dilutions (starting from 400 nM to16 nM) in 10 mM MES buffer, pH 6.0 was spotted. 
Positive and negative control spots contained anti-CRP antibody, anti-C1Q antibody, BSA 
and sodium acetate buffer as reference spot. Both anti-CRP and anti-C1q antibodies were 
spotted in 5-fold dilutions (starting from 100 nM to 4 nM in sodium acetate buffer pH 5). 
BSA was spotted with a concentration of 200 nM in 10 mM sodium acetate buffer pH 4. 
Subsequently, a series of CRP and C1q samples were injected over the chip surface and the 
multiplex interaction on the various spots were monitored simultaneously in the IBIS MX96. 
First 100 nM CRP was injected followed by a second injection of 100 nM C1q. Regeneration 
was carried out with acid buffer (Gly-HCl, 10mM, pH 2.0) for 2 minutes. Hereafter, the 
analyses were repeated with a lower concentration of CRP (50nM). Subsequently, the 
order of injections was reversed by first injecting C1q and then CRP. Also a mixture of C1q 
and CRP was co-injected. The covalent coupling of B2G1 was confirmed by injecting anti-
human IgG.

Heparin induced platelet activation (HIPA) test
The HIPA test was performed as originally described in detail.10 In short, patient serum
containing IgG-antibodies specific for platelet factor 4 (PF4) and heparin complex, was 
added to washed platelets together with heparin. Subsequently, the FcγRII (CD32)-response 
was recorded with and without prior incubation of platelets with an anti-CD32 Fab blocking 
antibody. Incubation with suspension buffer (Tyrode buffer: aquadest containing 2.5 ml 
bicarbonate buffer, 0.5 ml 10% glucose solution and 0.875 ml BSA 22%, 1 ml calciumchloride 
(0.196M) and 0.5 ml magnesiumchloride (0.212M)) was used as a negative control and 
collagen was used as a positive control. Data was measured using SpectraMax Plus384 
Absorbance Microplate Reader (Sunnyvale, California, USA).
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 ITP patients (n=78)

Male 42 (53.8%)

Female 36 (46.2%)

Average age in years 5.4 (±4.2)

Treated with IVIG 38 (48.7%)

Non-treated 40 (51.3%)

Bleeding score diagnosis  

    0 3 (3.8%)

    1 11 (14.1%)

    2 34 (43.6%)

    3 30 (38.5%)

Average platelet count at diagnosis (x 109/L ) 7.4 (±5.0)

Average CRP at diagnosis (mg/L) 1.7 (±2.5)

Characteristics of ITP patients from the TIKI trial, which are included in this study. (n=78). Number between 
brackets represents either % as indicated, or SD.

Supplementary Table 1.

Supplementary Figure 1. Phagocytosis of IgG opsonized platelets. Phagocytosis of platelets by PMN using pHrodo-
labeled platelets (only fluorescent at acid pH found in phagosomes), in PBS, HEPES, Normal Human Sera (NHS), 
or sera from fetal or neonatal alloimmune thrombocytopenia (FNAIT). Phagocytosis of platelets was measured by 
FACS and expressed as mean fluorescent intensities (MFI) of PMN’s. Statistical comparison: one-way ANOVA with 
Tukey’s posttest, **: P ≤ .01; ***: P ≤ .001.
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Supplementary Figure 2. Complement has no effect on respiratory burst towards platelets opsonized with FNAIT sera.  
Respiratory burst activity of PMN towards platelets opsonized with FNAIT sera, either without treatment or heat 
inactivated. No significant effect was observed by heat inactivation. Data are representative of three independent 
experiments, showing mean ± standard deviation. Statistical comparison: one-way ANOVA with Tukey’s post-test, 
**: P ≤ .01; NS: nonsignificant.

Supplementary Figure 3. Enhanced respiratory burst towards IgG1-opsonized platelets was not observed with all 
sera, independent of time. Respiratory burst of PMN towards anti-HPA-1a IgG1 (B2G1)-opsonized platelets – an 
example of two sera at different times after initiation of the respiratory burst. NHS 1 and 2 correspond to NHS 
1 and 2 from Fig. 2b, respectively. Data are representative of three independent experiments, showing mean ± 
standard deviation. Statistical comparison: two-way anova with Bonferroni post-test . *: P ≤ .05; **: P ≤ .01.
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Supplementary Figure 4. Platelet FcγRIIa does not prime platelets through co-crosslinking of anti- HPA1a. Platelets, 
with or without pre-incubation with anti-CD32-Fab antibodies, and after subsequent washing, were opsonized 
with B2G1-antibody, washed and resuspended in NHS or PBS (negative control) together with PMN to monitor the 
respiratory burst. Data are representative of three independent experiments, showing mean ± standard deviation. 
Statistical comparison: one-way ANOVA with Tukey’s post-test, **: P ≤ .01; NS: non-significant.

Supplementary Figure 5. Blocking anti-FcγRIIa Fab inhibits FcγRIIa-dependent platelet aggregation.
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Supplementary Figure 6. CRP does not directly interact with IgG. Human IgG1 (B2G1 anti-HPA1a epitope), anti-
C1q, and anti-CRP were coupled to the biosensors array on different spots and binding of CRP and C1q to those 
spots monitored as indicated by the different sensorgrams. CRP was injected before C1q (panel A), after C1q 
(panel B) and together with C1q (panel C). (a-c) As expected, C1q clearly bound human IgG1 (B2G1, blue lines), 
and CRP (red lines). A slight binding of C1q was observed to anti-CRP (b, red line), probably due to incomplete 
regeneration from a previous run as this was not observed on fresh sensor chips (data not shown). However, no 
binding of CRP to IgG1 was detected (blue lines, a-c), despite ample spotting confirmed by specific binding after 
injection of anti-human IgG (d). Data are representative of three independent experiments.

Supplementary Figure 5 (continued). The heparin induced platelet activation (HIPA) test10 was used for assessment 
of the anti-CD32 Fab (clone 7.3) blocking function. Patient serum containing IgG-antibodies specific for platelet 
factor 4 (PF4) and heparin complex, was added at different dilutions to platelets together with heparin, which 
normally results in co-crosslinking of FcγRIIa, leading to aggregation, and platelet-response was monitored using 
an absorbance microplate reader. (a) The platelets were first incubated with suspension buffer (Tyrode buffer, 
see materials and methods) or collagen, inducing aggregation as measured by the absorbance microplate reader 
(b) The same experimental setup, but with blocking FcγRIIa-Fab, indicating no FcγRIIa-involvement for platelets 
through the collagen receptor (GPVI). Patient sera, however, caused massive aggregation (c) that was completely 
blocked by the anti-FcγRIIa Fab (d).
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Supplementary Figure 8. Binding of B2G1-opsonized platelets to CRP was further investigated by cellular surface 
plasmon resonance (cSPR) imaging, with CRP spotted to three sensor surface spots and three BSA control spots. 
Specific response was observed for platelets to the CRP spots, which was enhanced if the platelets were opsonized 
with anti-HPA-1a B2G1, but blocked by CWPS, indicating that platelet-phosphorylcholine is the ligand for CRP. 
Statistical comparsion was made using one-way ANOVA with Tukey’s post-test. *: P ≤ .05; **: P ≤ .01; ***: P ≤ .001.

Supplementary Figure 7. CWPS binds to CRP.  CRP was spotted with the CFM to the Easy2Spot Ptype chips at 
a concentration of 800nM. Both anti-CRP and CWPS, injected over the sensor chip at different concentrations, 
bound to the spotted CRP. Data are representative of three independent experiments.
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Supplementary Figure 9. Binding of B2G1- opsonized platelets versus B2G1-F(ab’)2 –opsonized platelets to CRP by 
cellular surface plasmon resonance (cSPR) imaging, to test the Fc-dependency. CRP was spotted to three sensor 
surface spots and three BSA control spots were also included. A specific response was observed for platelets to 
the CRP spots, which was enhanced if the platelets were opsonized with the full length B2G1 compared to B2G1-
F(ab’)2, demonstrating Fc-dependency. Statistical comparion was made using one-tailed paired student t- test. 
*: P < .05

Supplementary Figure 10. Seventy-eight newly diagnosed ITP patients, randomized to observation or to IVIg 
treatment (0.8 g/Kg), one week after treatment. Most patients receiving IVIg, displayed an elevated number of 
platelets, to more than 100 x 109/mL. Statistical comparison was made using student t-test. ***: P < .0001
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Supplementary Figure 11. CRP levels were significantly decreased in individuals that had normalized their platelet 
counts (>100 x 109/L) after one week from diagnosis in newly diagnosed ITP patients. Statistical comparison was 
made using student t- test. *: P < .05
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ABSTRACT

Immune thrombocytopenia (ITP) is an autoimmune disease with a complex heterogeneous 
pathogenesis and a bleeding phenotype that is not necessarily correlated to platelet count. 
In this study, the platelet function was assessed in a well-defined cohort of 33 pediatric 
chronic ITP patients. Because regular platelet function test cannot be performed in patients 
with low platelet counts, 2 new assays were developed to determine platelet function: first, 
the micro aggregation test, measuring in platelets isolated from 10 mL of whole blood the 
platelet potential to form microaggregates in response to an agonist; second, the platelet 
reactivity assay, measuring platelet reactivity to adenosine diphosphate (ADP), convulxin 
(CVX), and thrombin receptor activator peptide (TRAP) in only 150 µL of unprocessed whole 
blood. Patients with a severe bleeding phenotype demonstrated a decreased aggregation 
potential upon phorbol myristate acetate stimulation, decreased platelet degranulation 
following ADP stimulation, and a higher concentration of ADP and CVX needed to activate 
the glycoprotein IIbIIIa complex compared with patients with a mild bleeding phenotype. 
In conclusion, here we have established 2 functional tests that allow for evaluation of 
platelet function in patients with extremely low platelet counts (<109). These tests show 
that platelet function is related to bleeding phenotype in chronic ITP.

Key points
1. Pediatric chronic ITP patients with a severe bleeding phenotype exhibit functional 

platelet defects. 
2. The micro platelet aggregation test and the platelet reactivity assay are able to 

assess platelet function at extremely low platelet count.
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INTRODUCTION

Platelets play a critical role in hemostasis. When the vascular endothelium is disrupted, 
platelets adhere to subendothelium and initiate primary hemostasis. Excessive bleeding 
can occur if primary hemostasis is abnormal, either because of deficient platelet number 
or function. In vivo, primary hemostasis can be tested via bleeding time. However, this test 
does not distinguish between the varieties of causes of disturbed primary hemostasis.1-3 This 
can be tested more specifically in vitro, but current methods require relative high numbers 
of platelets and are consequently unsuitable for patients with low platelet counts.1,2,4 

Immune thrombocytopenia (ITP) is the most common cause of primary thrombocytopenia 
in children, with an incidence of ~1 in 20 000 children.5,6 Although the pathophysiology of 
ITP is not fully understood, 2 major forms are recognized: acute ITP and chronic ITP. Acute 
ITP is characterized by a sudden onset of bruising and bleeding in an otherwise healthy child. 
Often there is a history of viral illness in the weeks preceding the onset of bruising.5 Full 
blood counts show low platelet numbers (frequently < 20 x 109/L) as the only abnormality. 
In acute ITP, autoantibodies, recognizing glycoproteins (GPs) on the surface of platelets and 
megakaryocytes, are considered the underlying cause.7,8 These antibodies are thought to 
result in accelerated clearance of platelets and megakaryocytes and thereby may also lead 
to decreased production of platelets.7,9 In chronic ITP, the attribution of autoantibodies to 
the pathogenesis of thrombocytopenia is less clear. 

In the majority of pediatric ITP patients, thrombocytopenia resolves spontaneously within 
weeks or months. In ~25% of the patients, thrombocytopenia persists and becomes 
chronic.5,10,11 During chronic ITP, platelet counts can vary in time from very low (<10 x 109/L) 
to almost normal. However, the observed bleeding tendency does not correlate strictly 
with platelet count. Cases with either low platelet counts without bleeding or relatively 
high platelet counts with severe bleeding do occur. Causes for this variation in bleeding 
tendency are unknown. We hypothesize that variation in platelet function can account for 
the differences observed in bleeding phenotypes. Until now it has not been possible to 
predict if an individual child with chronic ITP is at risk for severe bleeding due to platelet 
malfunction, because of the lack of reliable tests for platelet function in patients with low 
platelet counts.2-4  

We here describe 2 functional platelet tests that can be used on patient material with 
very low (≥10 x 109/L) platelet numbers. The first test, the platelet microaggregation test, 
based on a recently developed test12, was adjusted to test platelet function directly by 
determining the potential of patients’ platelets to form microaggregates together with 
platelets from a healthy control in response to an agonist. Ristocetin and phorbol myristate 
acetate (PMA) were used to activate platelets through the von Willebrand factor and 
the fibrinogen binding site on GPIbIX and GPIIbIIIa respectively.12-14 In the second assay, 
the platelet reactivity assay, the reactivity in 3 major physiological platelet activation 
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pathways was determined in unprocessed whole blood by flow cytometry on the level 
of individual platelets.15 Adenosine diphosphate (ADP), convulxin (CVX) and thrombin 
receptor activator peptide (TRAP) were used to activate platelets via P2Y receptors (P2Y1 
and P2Y12), GPVI receptor, and proteinase activated receptor 1, respectively. Furthermore 
the platelet activation test quantifies both degranulation (P-selectin expression on the 
platelet surface) and activation of GPIIbIIIa (binding of fibrinogen to platelets). Both assays 
require a minimum of blood compared with classical functional platelet assays (i.e., 10 mL 
of whole blood for the platelet microaggregation test and 150 μL of whole blood for the 
platelet reactivity assay). After validating both tests for low platelet numbers with platelets 
from healthy controls, the tests were used within a well-defined cohort of children with 
chronic ITP, and results were correlated with reported bleeding scores. Our results show 
that patients suffering from serious bleeding have impaired functional platelet capacities 
compared with patients with no or mild bleeding and healthy controls. Both tests yield 
valuable information that may be used to predict future bleeding tendencies in chronic ITP 
patients. 

METHODS

Patients
Children aged 6 to 15 years with chronic ITP were included in this multicenter observational 
study. Parents and patients aged 12 years and older gave written informed consent. The 
study was approved by the Institutional Review Board of the University Medical Center 
Utrecht and performed in accordance with the Declaration of Helsinki.

Chronic ITP was defined as isolated thrombocytopenia with a platelet count of < 100 x 
109/L for more than 12 months. Patients were classified as having either a mild grade 0 
to 3, or a severe grade 4 to 5 bleeding phenotype, according to the Buchanan bleeding 
score.16 For scoring, all bleeding problems during the course of ITP were taken into account, 
irrespective of platelet count. These chronic patients were scored severe if they received 
grade 4/5 on the Buchanan scale based on both their worst bleeding event and recurrence 
of a least 1 more episode of grade 4/5 bleeding needing medical intervention. All except 
1 of the severe patients also experienced a grade 4/5 in the 2 months prior to inclusion. 

Data on duration of the ITP, bleeding tendency, and medication were collected by 
questionnaire and from the patients’ medical files. All patients were tested for the presence 
of autoantibodies with indirect platelet immunofluorescence tests (PIFTs) and indirect 
monoclonal antibody immobilization of platelet antigens (MAIPA).

Blood obtained from adult healthy individuals served as positive controls, and 2 
Glanzmann thrombasthenia patients were included as negative controls for the platelet 
microaggregation tests. Acquired Glanzmann patients have α-GPIIbIIIa autoantibodies, 
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which inhibit platelet aggregation via the GPIIbIIIa route, whereas other pathways are 
normal. Primary Glanzmann patients lack GPIIbIIIa almost completely, but other pathways 
may also be hampered.12,17

Platelet microaggregation test
For the platelet microaggregation assays peripheral whole blood was collected into a 10-mL 
BD Vacutainer with 17 IU sodium heparin (Becton, Dickinson, Plymouth, United Kingdom) 
and centrifuged for 15 minutes at 218g to obtain platelet-rich plasma (PRP). PRP was 
washed 1:1 in sequestrin buffer (17.5 mM Na2HPO4, 8.9 mM Na2EDTA, 154 mM NaCl, pH 
6.9, 0.1% weight to volume ratio bovine serum albumin) and centrifuged for 6 minutes at 
2374g. Platelets were washed again by adding 10 mL sequestrin buffer and finally dissolved 
in 20mM N-2-hydroxyethylpiperazine-N’-2ethanesulfonic acid (HEPES) medium enriched 
with 132 mM NaCl, 6 mM KCl, 1 mM MgSO4, 1.2 mM KH2PO4 and 5 mM glucose. To 
measure aggregation function, patients’ platelets were suspended in HEPES medium to a 
final concentration of 10 x 106/mL; a minimum of 400 µL was required. Control platelets, 
from a healthy donor, were suspended in HEPES medium to a final concentration of 90 x 
106/ml; a minimum of 800 µL was required. The platelets from the patients were stained 
with 0.8 µM PKH-26 (PKH26Red Fluorescent Cell Linker Kit for General Cell Membrane 
Labeling [PKH26GL]; Sigma-Aldrich), whereas the control platelets were stained with 
0.2 µM carboxyfluorescein diacetate succinimidyl ester (CFSE) (C1157; Invitrogen). Both 
were incubated in the dark for 15 minutes at room temperature. Staining was stopped 
by adding citrate-phosphate-dextrose plasma from pooled AB+ blood from healthy donors 
(20% final concentration) Subsequently, 500 µL 10 x 106/mL patient platelets were mixed 
with 500 µL 90 x 106/mL control platelets and incubated with 20 µM H-D-Phe-Pro-Arg-
chloromethylketone (PPACK) (cat. 520222; Merck Biochemicals) for 5 minutes at 37°C 
while shaking at 300 rpm. Platelet mixes were incubated for 5 minutes with 3 mM CaCl2 to 
enable platelet activation. A healthy control was always tested next to a patient (positive 
control). Platelets were activated with 100 ng/mL PMA (SC-3576; Santa Cruz), or with 1.5 
mg/mL ristocetin (cat. 50705; Biopool, Trinity Biotech) to activate GPIIbIIIa and GPIbIX, 
respectively. Samples without an agonist served as a negative control. Samples were 
taken and fixed in 0.5% formaldehyde (Buffered Formaldehyde 4%; Klinipath, Duiven, The 
Netherlands) in a V-bottom 96-well plate (Nunc; Thermo Fisher Scientific), at 0, 5 and 10 
minutes. Fixed samples were measured on a fluorescence-activated cell sorter (FACS) 
CantoII+HTS (BD Biosciences, San Jose, CA) and analyzed with BD Facs DIVA 6.1 software 
(BD Biosciences), and aggregation calculated as follows: Aggregation(%) = (# aggregates 
[CFSE+PKH+ events])/(# patients’ platelets (PKH+ events) x 100%). 

Platelet reactivity assay
Blood was collected into a 4.5 mL BD Vacutainer with 0.5 mL sodium citrate 3.2% (Becton, 
Dickinson). Serial dilutions of ADP (Roche, Almere, The Netherlands) to stimulate the P2Y 
receptors (starting from 125 µM), CVX (Pentapharm, Basel, Switzerland) to stimulate the 
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GPVI receptor (starting from 39 ng/mL), and TRAP (Bachem AG, Bubendorf, Switzerland) 
to stimulate the proteinase-activated receptor 1 (starting from 625 µM), all in 8 fourfold 
dilutions, were prepared in a mixture of 47.5 L HEPES buffered saline (consisting of 10 
mM HEPES, 150 mM NaCL, 1 mM MgSO4, and 5 mM KCl, pH 7.4, filtered through a 0.22 
µm filter), 2 µL R-phycoerythrin (RPE)-labeled mouse anti-human P-selectin antibodies 
(#555524; BD Biosciences, Franklin Lakes, NJ), and 0.5 µL Alexa Fluor 488-labeled fibrinogen 
(Invitrogen, Eugene, OR). 

A control sample, only containing 47.5 µL HEPES buffered saline, 2 µL RPE-labeled mouse 
anti-human P-selectin antibodies, and 0.5 µL Alexa Fluor 488-labeled fibrinogen, was 
prepared to determine platelet basal activation levels.

To measure patient and healthy control platelet reactivity, 5 µL fresh, citrate anticoagulated, 
whole blood was added to all samples. After 20 minutes of incubation, 50 µL Optilyse B 
(Beckman Coulter Inc., Fullerton, CA) was added to fix the samples. After 10 minutes, 395 
µL distilled water was added to lyse the erythrocytes. After half an hour of incubation at 
room temperature, the samples were kept at 4˚C until analysis on the FACS Canto II flow 
cytometer from BD Biosciences, which was at all times performed within 24 hours. Single 
platelets were gated based on forward scatter (FSC) and side scatter (SSC) properties, 10 
000 single platelets were measured in each sample. The median fluorescence intensity 
(MFI) of RPE-labeled mouse anti-human P-selectin antibodies and Alexa Fluor 488-labeled 
fibrinogen on platelets was measured with FACS analysis, representing the quantity of 
P-selectin and open GPIIbIIIa receptor per platelet.

The obtained FACS data were quantified using BD FACSDiva software 6.1.2. The platelet 
responsiveness to agonists was qualified by calculation of the 50% effective concentration 
(EC50) and the maximal response using GraphPad Prism 5.03 (GraphPad Software, San 
Diego, CA). The EC50 represents the agonist concentration generating a response halfway 
between baseline and maximum response. The response of the platelets to the highest 
agonist concentration in the dilution series represents the maximal effect of stimulation. 
To validate the assay for use at low platelet count, PRP form healthy donors was isolated 
by centrifugation for 15 minutes at 160g, and platelet-poor plasma (PPP) was obtained by 
centrifugation twice for 10 minutes at 2000g. Platelet number was set at 250, 50, 25 and 
10 x 109/L by diluting PRP by addition of platelet-poor plasma. Five microliters of these 
mixtures was added to ADP, CVX, and TRAP samples to determine platelet reactivity at 
different platelet numbers.

Statistical analysis
Statistical analyses were performed using IBM SPSS Statistics 20.0.0 for Windows (IBM 
Corporation, Armonk, NY). Data are shown as median with interquartile range unless 
otherwise indicated. Wilcoxon signed ranks tests were performed to analyze data from 
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related samples used in the validation experiments. For analysis of patient data, comparison 
between 2 groups was performed by Mann-Whitney U test for numerical data and by 
Fisher’s exact test for categorical data. Correlation of 2 numerical variables was performed 
by Spearman’s rank correlation. P values lower than .05 were considered to be statistically 
significant.

RESULTS

Baseline characteristics
A total of 33 patients, all outpatients at Dutch university medical hospitals, were included 
in this study. As such, these patients represent a subgroup of ITP patients with increased 
bleeding phenotype. Ten patients were classified as having a severe bleeding phenotype 
(30.3%) and 23 patients as having a mild bleeding phenotype (69.7%) (Table 1). Platelet 
reactive autoantibodies were found in a minority of patients: 3 were found positive by 
indirect PIFT, and 6 by indirect MAIPA. These patients were equally distributed between 
groups. 

Validation of 2 new functional platelet assays at low platelet count
For the microaggregation test, platelets were gated based on their FSC/SSC characteristics 
(Figure 1A). After mixing PKH26-labeled patient samples with CFSE-labeled control platelets, 
a time-dependent increase in aggregation was observed, with a maximal aggregation 
after 10 minutes. Aggregation was defined as events double positive in PKH and CFSE and 

Mild bleeding phenotype
(n=23)

Severe bleeding phenotype
(n=10)

P

Age at inclusion, years* 10 (6-13) 12 (8-15) .576

Age at diagnosis, years* 3 (2-9) 4(2-12) .773

Sex, male† 6 (26) 3 (30) 1.000

Platelet count at day of inclusion, x 109/L* 74 (53-117) 58 (14-156) .805

MPV at day of inclusion, fL* 9.4 (8.6-11.6) 10.8 (8.4-14.8) .216

Positive indirect PIFT† 2 (9) 1 (10) 1.000

Positive indirect MAIPA† 4 (17) 2 (20) 1.000

MPV, mean platelet volume
* Data represent median (interquartile range); P was calculated using Mann-Whitney U test.
† Data represent number (percentage); P was calculated using Fisher’s exact test.

Table 1. Baseline characteristics 
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quantified as shown in Figure 1B. We first determined the optimal and the lowest platelet 
number required for reliable results, by testing a range of proportions in healthy controls 
(supplementary Figure 1). This was accomplished by changing the concentration of PKH-
labeled platelets, whereas CFSE-labeled platelets were kept constant at 90 x 106/mL using 
healthy control platelets. A ratio of ~1 PKH26 (test platelet) to 10 CFSE-labeled control 
platelets was considered reliable and feasible, indicating that 10 mL whole blood with only 
10 x 109 platelets per L was sufficient. We also crossed platelets from different healthy 
controls, to assess whether well-functioning platelets from 1 donor will reach a similar 
aggregation level when aggregated with platelets from different healthy controls. Similar 
aggregation levels were reached (supplementary Figure 2).

Figure 1. Methods for platelet microaggregation test and platelet reactivity assay. (A) Platelets were gated based 
on FSC/SSC properties. (B) Platelet microaggregation test. Test platelets, derived from either a patient or healthy 
control were stained with PKH and mixed in a 1:9 ratio with healthy control platelets, stained with CFSE. Platelets 
were analyzed in the phycoerythrin (PE; PKH) and fluorescin isothiocyanate (CFSE) channels; platelets positive 
in both channels were identified as aggregates. The left panel shows unstimulated platelets after 0 minutes, 
the middle panel unstimulated platelets after 10 minutes, and the right panel PMA-stimulated platelets after 
10 minutes. (C) Platelet reactivity assay. The MFI of RPE-labeled mouse anti-human P-selectin antibodies and 
Alexa Fluor 488-labeled fibrinogen on platelets was measured by FACS analysis, representing the quantity of 
P-selectin and open GPIIbIIIa receptor per platelet. The left panel shows unstimulated platelets; the right panel 
shows platelets stimulated with 625 µM TRAP.
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For the platelet reactivity assay, single platelets were gated (Figure 1A), and both P-selectin 
expression and open GPIIbIIIa were determined based on MFI levels (Figure 1C). To validate 
the use of the platelet reactivity assay for the determination of platelet function in samples 
with low platelet numbers, platelet reactivity was measured in PRP samples of healthy 
controls diluted to a platelet number of 250, 50, 25 and 10 x 109/L. Dilution was accomplished 
by addition of plasma, so that only platelet count was diluted without dilution of plasma 
proteins. Platelet reactivity within donors, quantified by agonist concentration needed to 
obtain half maximal activation (EC50) and by response to maximal agonist concentration, 
did not change when platelet number was reduced to 10 x 109/L (supplementary Figure 
3). Although validation experiments already showed that parameters of platelet reactivity 
were not dependent on platelet number, we investigated if platelet count possibly affected 
platelet reactivity in our study population. In the 33 patients, no correlation was observed 
between platelet number at day of inclusion and platelet reactivity (ρ = 0.165; P = .367; 
supplementary Figure 4). 

Figure 2. Severe chronic ITP patients show functional defects in platelet microaggregation upon PMA stimulation. 
An acquired Glanzmann patient, with functional GPIIbIIIa and an anti-GPIIbIIIa antibody, and a primary Glanzmann 
patient, without functional GPIIbIIIa, served as negative controls for the assay (A-C). Eleven mild chronic ITP 
patients (D-F) and 7 severe chronic ITP patients (G-I) were tested in the platelet microaggregation test. Results are 
given as percentage of aggregation reached after 0, 5, and 10 minutes without (A, D, G), after ristocetin (B, E, H) or 
after PMA stimulus (C, F, I). Outcomes are depicted pairwise, the patient compared with a healthy control tested 
in parallel. Statistical analysis was performed by Wilcoxon signed ranks testing.
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Figure 3. Severe chronic ITP patients show functional defects in platelet reactivity upon ADP and CVX stimulation. 
To determine baseline platelet reactivity, MFI in arbitrary units (AU) of fluorescent-labeled anti-P-selectin antibody 
(A) and of fluorescent-labeled fibrinogen (B) bound to platelets was determined in the absence of agonists. 
Maximal MFI in AU in response to stimulation with ADP, CVX, and TRAP and concentration of these agonists 
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needed to obtain half-maximal MFI were determined for both platelet P-selectin expression (C-D,G-H,K-L) and 
opening of GPIIbIIIa receptor (E-F,I-J,M-N). The dots represent individual results for the 10 severe patients, 23 mild 
patients, and 8 healthy controls, with a line at the median. Statistical analysis was performed by Mann-Whitney 
U testing.
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Microaggregation of platelets
To assess whether the test correctly identified patients with known functional platelet 
defects, an acquired and a primary Glanzmann patient were tested. Baseline levels were 
completely normal (Figure 2A). Aggregation upon stimulation with Ristocetin via GPIbIX 
was normal in the acquired Glanzmann patient, whereas the primary Glanzmann patient 
reached approximately half that of the healthy control (Figure 2B). As expected, almost 
complete inhibition of platelet aggregation was observed in both patients when stimulated 
with PMA via GPIIbIIIa (Figure 2C). 

We subsequently performed the platelet microaggregation test on 18 chronic ITP 
patients, 11 with mild, and 7 with severe bleeding phenotype. Unstimulated platelets 
of mild and severe phenotype patients did not aggregate over time (Figure 2D,G). After 
stimulation with ristocetin, mild phenotype patients equaled their healthy control after 
both 5 (47.6% [25.2-58.1], 49.9% [33.0-56.9]; P = .971) and 10 minutes (53.8% [37.9-65.7], 
54.3% [41.4-71.2]; P = .684) (Figure 2E). Whereas severe phenotype patients tended to 
have lower aggregation levels after 5 (27.1% [24.0-41.7]) and 10 minutes (35.3% [29.2-
52.7]) compared with healthy controls (49.2% [31.5-55.7]; P = .073, 55.8% [40.9-66.2]; P 
= .125), the differences were not significant (Figure 2H). Upon stimulation with PMA, mild 
phenotype patients equaled their healthy control after 5 (45.2% [34.7-70.0], 63.0% [47.3-
70.9]; P = .481) and 10 minutes (71.9% [50.4-84.9], 80.6% [62.2-85.83]; P = .631) (Figure 
2F). In contrast, severe phenotype patients had significantly lower aggregation levels after 
5 (30.9% [16.0-42.8]) and 10 minutes (52.4% [28.7-66.45]) of PMA stimulation compared 
to healthy control platelets (64.2% [51.4-65.2]; P = .021, 80.8% [67.3-80.9]; P = .017) after 
5 and 10 minutes, respectively (Figure 2I).

Platelet reactivity assay
The basal level of platelet activation and platelet reactivity to the agonists ADP, CVX and 
TRAP was determined for all included patients by measuring platelet P-selectin expression 
and opening of the GPIIbIIIa receptor in whole blood (Figure 3). There were no significant 
differences when comparing patients with chronic ITP with a mild phenotype to healthy 
controls. 

Basal levels of platelet activation did not differ between chronic ITP patients with a mild 
(n = 23) and with a severe bleeding phenotype (n = 10), nor when compared to healthy 
controls (n = 8) (Figure 3A-B). Platelet degranulation, determined via measurement of 
P-selectin expression, in response to maximal ADP stimulation was decreased in patients 
with a severe bleeding phenotype (9.6 x 102 AU [3.7-11.8]), compared with both patients 
with a mild phenotype (13.0 x 102 AU [11.2-15.3]; P = .020) and controls (22.4 x 102 AU 
[10.7-25.5]; P =  .016) (Figure 3C). When stimulated with CVX or TRAP, no differences in 
P-selectin expression were observed between mild and severe bleeders (Figure 3G, K-L). 
Patients with a severe phenotype did need more CVX (11.0 ng/mL [5.6-393.8]) to stimulate 
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for half-maximal P-selectin expression compared with healthy controls (4.7 ng/mL [2.6-
6.4]; P = .021) (Figure 3H). 

The concentration of ADP and CVX needed to obtain opening of the half-maximal amount 
of GPIIbIIIa receptors was higher in severe bleeders (1.1 μM ADP [0.9-1.5] and 9.0 ng/mL 
CVX [5.2-12.9]), compared with both mild bleeders (0.7 μM ADP [0.4-1.0] and 5.8 ng/ml 
CVX [2.8-9.0]; P = .031 and  .031) and healthy controls (0.5 μM ADP [0.4-0.9] and 3.0 ng/
mL CVX [1.4-4.0]; P = .027 and  .006) (Figure 3F, J). Reactivity to TRAP was equal between 
groups (Figure 3M-N). Maximal GPIIbIIIa response to all agonists did not differ between 
groups (Figure 3E, I, M). 

Platelet microaggregation vs platelet reactivity
In both the micro aggregation and platelet reactivity assay, the platelets from severe ITP 
patients showed diminished activity compared with healthy controls. Indeed, PMA-induced 
aggregation and maximal platelet P-selectin response to ADP, the parameters giving the 
most discrimination between healthy controls and patients within the assays, correlated 
significantly for the 18 patients in which both assays were performed (ρ = 0.519; P = .027) 
(Figure 4). In supplementary Table 1, the characteristics of both assays are listed. 

Figure 4. Correlation of platelet microaggregation and platelet reactivity. Response to PMA-induced platelet 
microaggregation and ADP-induced maximal platelet reactivity correlated with a Spearman correlation coefficient 
of 0.519 (P= .027) for all 18 patients in which both assays were performed. 
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DISCUSSION 

A variation in bleeding severity exists between patients with chronic ITP that cannot be 
explained by platelet counts alone. We therefore hypothesized that platelet function might 
be affected diversely between patients with chronic ITP. In the current study we observed 
a functional platelet defect in chronic ITP patients with a severe bleeding phenotype. 
These platelets displayed a decreased potential to form microaggregates following PMA 
stimulation, decreased platelet degranulation following ADP stimulation, and higher ADP 
and CVX concentrations needed for half-maximal activation of the GPIIbIIIa complex. 

To our knowledge, this is the first study to establish platelet function in individuals with low 
platelet counts. Classical platelet function tests are not reliable with platelet counts below 
50 x 109/L.2;4 In this study, we present the microaggregation test and the platelet reactivity 
assay for their use in samples containing low platelet numbers down to 10 x 109/L. We 
show that the microaggregation test can be performed in 10 mL of blood with this minimal 
platelet number to assess platelet function directly, as a pathway specific function. In 
the platelet reactivity assay, only 150 μL of whole blood was needed for all performed 
platelet reactivity measurements. The assay determines the reactivity of single platelets 
independently of platelet number. Only 3 quick handling steps, incubation, fixation and red 
cell lysis, are needed to perform the assay because platelet isolation is not required. The 
serial dilutions used for platelet activation can be stored at -20°C for several weeks and can 
be used instantly when needed. The assay has a broad and quantitative detection range, 
measuring both platelet degranulation and GPIIbIIIa opening, and it distinguishes between 
multiple specific activation pathways. In the scope of this research, we decided to test 
pathways of specific interest in ITP, but naturally, each agonist of choice can be used in both 
assays. Both tests might be of great diagnostic value in a broad range of patients suffering 
from thrombocytopenia. In this study in children with chronic ITP, we proved that we can 
determine platelet function and correlate this with bleeding phenotype. 

We classified patients as having a mild or a severe bleeding phenotype using the overall 
Buchanan bleeding score.16 We compared patients with a mild bleeding phenotype scoring 
a grade 0 to 3 to patients with a severe phenotype scoring a grade 4 to 5 in our search 
for a relation between platelet function and bleeding phenotype. This established score 
for ITP patients, which grades bleeding severity based on skin and mucosal bleeds, was 
demonstrated to be associated with platelet function. 

With the microaggregation assay, we found patients classified as severe bleeders to have 
significantly lower aggregation levels compared with healthy controls upon 5 and 10 
minutes of PMA stimulation. However, when stimulating with ristocetin, no differences 
between patients and healthy controls were observed. A possible explanation for the 
decreased PMA response might be an interference of autoantibodies present on patient 
platelets not detectable by indirect MAIPA or indirect PIFT because both assays have very 
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low sensitivities (25 to 39% and 30%, respectively).18-20 The presence of anti-GPIIbIIIa 
antibodies in these patients might explain why we predominantly see an effect with PMA 
stimulation and not with ristocetin, as these autoantibodies are most frequently found in 
ITP patients.7,21 With the platelet reactivity assay, we found the severe patients to have 
significantly lower P-selectin expression after activation with ADP, but not after activation 
with CVX or TRAP. Next to platelet P-selectin expression, opening of the platelet GPIIbIIIa 
receptor was measured. We observed that for both stimulation with ADP and CVX, higher 
agonist concentrations were needed in patients with a severe phenotype to obtain opening 
of the half-maximal amount of GPIIbIIIa receptors, when compared both with mild patients 
and controls. Interference of autoantibodies in binding of fluorescin isothiocyanate-
labeled fibrinogen to open GPIIbIIIa in the platelet reactivity assay seems unlikely because 
differences in GPIIbIIIa opening are seen only for ADP and CVX stimulation, and not 
following TRAP stimulation. Theoretically, the decrease in platelet reactivity observed 
in severe patients might be caused by an interaction of autoantibodies with platelets or 
megakaryocytes, leading to outside-in signaling influencing platelet reactivity to natural 
stimuli or influencing megakaryocyte maturation and differentiation. 

A limitation to our study is that we cannot confirm if the decreased platelet activity that 
we observed in the more severe ITP patients was attributable to anti-platelet antibodies. 
Although direct variants of PIFT and MAIPA are more sensitive, these still require a high 
number of platelets and are therefore unsuitable for severe cases with a low number of 
platelets.18,20. Therefore, direct confirmation of whether autoantibodies are to blame will 
have to wait until more reliable methods are developed to detect low levels of anti-platelet 
antibodies using a low number of platelets. Also, a larger prospective study determining 
platelet function, and estimating bleeding tendency with the new ITP bleeding assessment 
tool, will be required to determine if the assay reported here can predict severity.22

Within healthy adult individuals, platelet parameters are known to be stable when 
measured at several time points.23 A single measurement represents a person’s innate 
platelet reactivity, making repeated measurements unnecessary. However, we cannot 
exclude antibodies responsible for ITP to influence this innate platelet reactivity via 
outside-in signaling. Platelet reactivity in chronic ITP patients could therefore vary along 
with disease activity. Future longitudinal studies will be necessary to determine whether 
platelet reactivity is stable in chronic ITP.  

In this study, we have focused on in vitro platelet function in the context of bleeding 
severity in chronic ITP. Nevertheless, in vivo other factors could influence bleeding severity 
as well, such as endothelial function and plasma factors. These factors might, together with 
platelet function, influence bleeding phenotype.
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In summary, here we have established 2 functional tests that allows for evaluation of platelet 
function in children with chronic ITP and enable us to associate the results with the bleeding 
phenotype. Patients with a severe bleeding phenotype were found to have a decreased 
platelet function, shown by decreased platelet aggregation following PMA stimulation 
in the platelet microaggregation test, decreased platelet degranulation following ADP 
stimulation in the platelet reactivity assay, and higher ADP and CVX concentrations needed 
for half-maximal activation in the platelet reactivity assay. Longitudinal studies will have to 
confirm if the microaggregation test and the platelet reactivity assay can be used to predict 
bleeding phenotype in chronic ITP. 
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SUPPLEMENTARy MATERIAL

Micro platelets aggregation test Platelet reactivity assay

Patient material - 10 ml whole blood - 150 μl whole blood

Pathways 
tested

- GPIIbIIIa (PMA)
- GPIbIX (ristocetin)

- P2Y1 and P2Y12 (ADP)
- GPVI (convulxin)
- PAR1 (TRAP)

Material 
processing

- Platelet isolation (1 hour)
- Staining, incubation and fixation (1.5 hours)

- Incubation of whole blood (20 minutes)
- Fixation (10 minutes)
- Lysis of erythrocytes (30 minutes)

Analysis - FACS analysis in a 96 well plate - FACS analysis in a 96 well plate

Read-out - Microaggregation with control platelets - Degranulation (P-selectin)
- Fibrinogen binding (GPIIbIIIa opening)

Supplementary Table 1: Assay characteristics

Supplementary Figure 1. Optimization of the PKH:CFSE ratio for the platelet microaggregation test. Different ratios 
ranging from 0.01:1 to 1:1 were tested to determine the lowest number of test platelets (PKH+) for detection of 
microaggregates after stimulation with PMA. Ratios of 0.06:1 to 0.5:1 resulted in reliable and comparable test 
outcomes with low background aggregation without stimulus, at time point 0. Using a ratio of 0.01:1 resulted 
in very few PKH+ events and thereby affected the determination of aggregation, and 1:1 lead to high numbers 
of PKH-stained events causing spillover in FACS analysis. A ratio of approximately 0.10:1 was considered optimal 
since this required a minimum number of test platelets while giving similar results. 
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Supplementary Figure 2. Healthy Controls reach similar aggregation levels in an autologous and allogenic setting. 
Platelets obtained from 2 healthy controls were isolated and tested in the platelet microaggregation test to assess 
whether aggregation levels where influenced by the allogenic nature of the assay compared to the autologous 
healthy control. Two healthy controls were performed in an autologous setting as well as crossed with each other 
to test the allogenic setting. No differences in aggregation scores were observed. 
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Supplementary Figure 3. Validation platelet reactivity assay with decreasing platelet number. Platelets from 3 
control subjects were diluted to 250 x 109/L, 50 x 109/L, 25 x 109 /L, and 10 x 109/L, by diluting platelet rich 
plasma with platelet poor plasma. Five μL of these samples was added to 50 μL of buffer containing RPE-labeled 
anti-P-selectin antibodies, Alexa Fluor  488-labeled fibrinogen, and serial concentrations of ADP, CVX or TRAP. 
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MFI in AU and concentration of the agonists needed to obtain half-maximal MFI are displayed for both platelet 
P-selectin  expression (A-B, E-F, I-J) and opening of GPIIbIIIa receptor (C-D, G-H, K-L). Each line represents the 
results obtained for an individual donor. These related samples were compared by Wilcoxon signed ranks tests, 
showing no significant differences when platelet number was reduced from 250 x 109/L to 10 x 109/L.
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Supplementary Figure 5. Severe phenotype patients have reduced aggregation levels compared to mild phenotype 
patients upon PMA stimulation. Aggregation indexes were calculated by dividing the healthy control aggregation 
level by its patient aggregation level. An aggregation index of 1 indicates that the patient has an aggregation 
capacity equal to its healthy control (depicted by the dotted line), whereas a number <1 indicates diminished 
aggregation capacity. Upon PMA stimulation, severe phenotype patients exhibited a lower aggregation index 
compared to mild phenotype patients after 5 (0.57 [0.39-0.65] versus 0.94 [0.64-1.12]; p=.04) and 10 minutes 
(0.77 [0.53-0.91] versus 0.97 [0.86-1.06]). No significant differences were observed upon stimulation with 
ristocetin, between severe and mild phenotype patients after 5 (0.78 [0.58-0.86] versus 1.07 [0.93-1.25]) and 10 
minutes (0.79 [0.63-0.89] versus1.17 [0.74-1.22]). 

Supplementary Figure 4. Correlation of platelet reactivity with platelet count within the study population. No 
correlation is observed between platelet number and ADP induced maximal platelet reactivity (Spearmans rho 
0.165, P= .367) within the study population (n=33). 
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Severe hemorrhage in children with immune thrombocytopenic purpura (ITP) is rare 
and occurs in 3% of patients.1 Intracranial hemorrhage (ICH), the most feared bleeding 
complication, has an estimated incidence of 0.1–0.5%.1-3 Mortality rate of ICH is high and 
varies from 24–57%.2-4 We report a patient with acute ITP who developed fatal ICH shortly 
after starting high-dose methylprednisolone.

A 5-year-old girl with an unremarkable medical and family history presented to her 
pediatrician with acute onset of bruising and petechiae. Physical examination revealed no 
other abnormalities. Blood pressure was 112/60 mmHg. Laboratory studies showed an 
isolated thrombocytopenia of 1 x 109/L (Table 1). She was diagnosed with acute ITP and 
managed conservatively. Four days after presentation, she developed large ecchymoses and 
epistaxis causing anemia. Intravenous immunoglobulins (IVIg; 0.8 g/kg once) and packed 
red cells were administered (Figure 1). Platelet count remained low (1 x 109/L) and mucosal 
bleeding continued. The girl was referred to our department for further management. We 
saw a pale, tachycardic girl with multiple ecchymoses and active mucosal bleeding from 
nose and mouth. Hemoglobin was 7.4 g/dL and platelet count 2 x 109/L. After a second gift 
of IVIg, prednisone 2 mg/kg/day, an erythrocyte transfusion and a large dose of platelets 
(ten donor units), platelet count rose to 21 x 109/L, hemoglobin stabilized and the clinical 
condition of our patient improved dramatically. However, 36 h later, profuse mucosal 
bleeding from nose and mouth recurred at a platelet count of 1 x 109/L. We started high-
dose methylprednisolone (15 mg/kg) together with another platelet transfusion. Shortly 
after starting the methylprednisolone infusion, she complained of severe headache and 
instantly developed generalized seizures. Blood pressure at that moment was elevated: 
170/90 mmHg. Computed tomography (CT) showed extensive bifrontal ICH. 

Diagnosis Day 4 Day 5 Day 6 Day 7 Day 8 Day 9  
(1 hr  
after ICH)

Day 9  
(5 hrs 
after ICH)

Day 10  
(at moment  
of herniation)

units

Hemoglobin 11.6 5.8 11.3 7.4 8.6 10.6 9.0 6.4 g/dL

Hematocrit 0.32 0.17 0.32 0.23 0.28 0.24 0.17 L/L

Platelets 1 1 1 2 21 1 3 129 16 x109/L

Leukocytes 12.7 7.5 10.6 14.0 12.6 15.6 25.1 x109/L

Neutrophils 8.9 5.4 5.3 x109/L

Lymphocytes 2.8 1.9 3.9 x109/L

Activated Partial 
Thromboplastin Time 
(APTT)

29 29 24 sec

Prothrombin Time (PT) 12.7 14.4 <10 sec

Coombs test negative negative

ICH: Intracranial hemorrhage.

Table 1. Results of laboratory studies in our patient. 
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Unfortunately, our patient died of progressive herniation caused by massive cerebral 
edema, despite continuous platelet transfusions and intensive care management. Autopsy 
was not performed. 

The main reason for clinicians to treat children with acute ITP and minor bleeding 
symptoms is to raise platelet counts in order to prevent severe bleeding complications 
and in particular ICH. The question is whether treatment really prevents these bleeding 
complications. The majority of children with severe bleeding or ICH described in literature 
developed these complications despite prior therapy.1-5 Why do some patients develop 
ICH despite therapy? Apart from known risk factors like head trauma, use of non-steroidal 
anti-inflammatory drugs, intracranial arteriovenous malformation, and bleeding beyond 
petechiae and ecchymoses,2,3 there are some other possible explanations. Patients may 
suffer from refractory ITP and remain severely thrombocytopenic despite therapy, leaving 
them at risk for bleeding complications.6 However, there is also a possibility of either causing 
or worsening ICH due to adverse effects of drug therapy. In our patient, the temporal 
relationship between starting methylprednisolone and development of headache and ICH 
remains remarkable. A sudden rise in blood pressure, a known adverse effect of high-dose 
methylprednisolone, could have initiated or worsened ICH.

In conclusion, this report shows that treatment of ITP cannot always prevent ICH and may 
even be involved in initiating or worsening ICH.

Figure 1. Overview of platelet counts and interventions in our patient. i = IVIg; white bar = prednisone 2 mg/kg/
day; white arrow = high-dose methylprednisolone infusion; black circle = platelet transfusion; black diamond 
= erythrocyte transfusion; lightning flash = event: the first one represents onset of ICH, the second one brain 
herniation.
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Newly diagnosed immune thrombocytopenia (ITP) in children is a generally benign and 
transient autoimmune disorder. Severe bleeding is rare1 and most children will recover 
within 6-12 months. Management consists of careful observation in the majority of 
patients. Treatment with corticosteroids, intravenous immunoglobulin (IVIg), anti-D 
immunoglobulin, either alone or in combination is indicated in case of severe bleeding 
events. 

In this thesis, we have gained many new insights in several aspects of pediatric ITP. In this 
chapter, our main findings will be addressed and discussed, followed by an outline of our 
future plans. 

wHAT wE HAVE LEARNED

who will develop ITP? 
The majority of children with newly diagnosed ITP experienced a common viral infection 
within 28 days before diagnosis (chapter 3). Infections trigger the immune system to 
produce antibodies against the involved pathogen. In ITP, it is believed that cross-reactivity 
of these antibodies, due to molecular mimicry, leads to platelet directed antibodies and 
accelerated platelet clearance by binding of the Fc fragment of these antibodies to Fc-
gamma receptors (FcγRs), particularly in the spleen.2 Several studies have shown that FcγR 
polymorphisms may be involved in pathogenesis of ITP.3-8 

In chapter 5, we have shown that ITP patients indeed show a different FcγR profile than 
healthy controls, with a higher allele frequency of FCGR3A*V158, an overrepresentation 
of FCGR2C-ORF and the promoter 2B.2 sequence and less often FCGR3B-HNA1a. After 
correction for linkage disequilibria the genetic association observed for FCGR3A*V158 in 
ITP seems to be concomitant to the dominant prevalence of FCGR2C*ORF together with 
the promoter haplotype 2B.2. Expression of this activating FcγR may alter the balance of 
activating and inhibiting FcγR signaling in the immune cells expressing these receptors, 
leading for example to enhanced phagocytic activity or to impaired down regulation of 
B-cell responses and thereby predisposition to ITP. Since FcγRIIc is also expressed on 
natural killer cells and dendritic cells, that are involved in antibody dependent cellular 
cytotoxicity and antigen presentation, respectively, the expression of FcγRIIc may at least 
partly explain the onset of pediatric ITP following a viral infection, by causing accelerated 
platelet clearance and killing. 

Although auto-antibody-mediated platelet destruction plays an important role in the 
pathogenesis of newly diagnosed ITP, little is known about factors that determine the 
degree of phagocytosis. In the research described in chapter 6, we have found that the 
acute phase protein C-reactive protein (CRP) is a ligand for Fc receptors on phagocytes 
and enhances antibody-mediated platelet destruction. CRP levels were significantly 
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elevated in children with ITP compared with healthy controls. These data suggest that CRP 
amplifies antibody-mediated platelet destruction and may in part explain the aggravation 
of thrombocytopenia during infections. 

who will develop chronic ITP?
Chronic ITP formerly was defined as a platelet count < 150 x 109/L six months after diagnosis 
and since 2009 as a platelet count < 100 x 109/L twelve months after diagnosis.9 Since 
we were highly interested in the findings of Bruin and Tamminga suggesting a possible 
protective effect of IVIg treatment regarding development of chronic ITP,8,10 we performed 
a systematic review and meta-analysis to identify all risk factors for development of chronic 
ITP (chapter 2). By doing so, we would not only take into account the small amount of 
studies that were designed to identify risk factors, but also data from studies with other 
research questions. Besides confirmation of already known risk factors for developing 
chronic ITP, like non-acute onset, higher platelet counts at diagnosis, no preceding infection, 
older age, female gender and absence of mucosal bleeding, we indeed could show a lower 
risk of chronic ITP in case of treatment with IVIg (OR 0.71; 95% CI 0.52-0.97). However, this 
systematic review was predominantly based on non-randomized studies, and we could not 
rule out that confounders influenced these results. For example, in children with lower 
platelet counts and higher bleeding tendency, both associated with a lower rate of chronic 
disease, treatment will be instituted more often than in children with higher platelet 
counts or a low bleeding tendency. The results of this systematic review emphasized the 
need for our randomized controlled ‘Treatment with or without IVIg for Kids with acute 
ITP’ (TIKI) trial to give a definite answer to the question whether IVIg treatment protects 
against chronic ITP.

In this TIKI trial (chapter 3), 200 children with newly diagnosed ITP were enrolled. One 
hundred children were randomized to receive a single dose of 0.8 g/kg IVIg and one hundred 
were randomized to receive careful observation with treatment to enhance platelet counts 
only in case of severe bleeding. Although the rate of complete recovery (defined as a 
platelet count > 100 x 109/L) was higher during the first three months of diagnosis in the 
IVIg group compared to the observation group, at six and twelve months after diagnosis 
complete recovery rates did not differ anymore (at twelve months 90% in the IVIg group 
versus 88% in the observation group, p=0.65). As previously suggested, the beneficial effect 
of IVIg in former observational and case-control studies might be explained by confounding 
factors as well as by their use of the old definition of chronic ITP. Indeed, when applying the 
old definition in our TIKI trial we observed a lower rate of chronic disease in the IVIg group, 
although this difference was only significant in the age group 1-10 years.

The rate of chronic ITP was much lower than formerly reported: 11% instead of 20-25%. 
Selection bias did not seem to be present and the most plausible explanation of the lower 
rate of chronic ITP again seems to be the change of definition and the relatively high 
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recovery rate between 6 and 12 months in children with ITP: 55% of children with a platelet 
count < 150 x 109/L at six month showed complete response at 12 months.  This knowledge 
regarding the lower incidence of chronic disease is very important when counseling parents 
and children in case of newly diagnosed ITP.

Risk factors for development of chronic ITP in the TIKI trial were older age, longer duration 
of symptoms before diagnosis, absence of mucosal bleeding at diagnosis, and lower 
lymphocyte counts at diagnosis. The presence of a preceding infection was significantly less 
often reported in children without complete recovery at 6 months, but not at 12 months. 
Remarkably, in patients randomized to IVIg that did not show complete response at one 
week, the rate of chronic ITP was significantly higher than in those children that did have a 
complete response at 1 week (at 12 months: 19.4% versus 5.9%, p=0.04). 

Although we did not find any correlation between FcγR polymorphisms and development 
of chronic disease in our systematic review, we were able to identify certain FcγR 
polymorphisms that were related to development of chronic disease in our TIKI trial 
(chapter 5). The absence of FCGR2C*ORF and absence of the 2B.2 promoter were both 
associated with a higher rate of development of chronic ITP. 2 In this view, FCGR2C*ORF can 
be considered as an indicator for the quick-recovering variant of ITP. Absence of the 2B.4 
promoter haplotype was associated with development of chronic ITP as well. We assume that 
the presence of an FcγR profile with the presence of optimal functioning inhibiting FcγRIIb, 
because of either a heterozygous or homozygous FCGR2B*I232 genotype, combined with 
the 2B.4 promoter haplotype associated with relatively high FcγRIIb expression levels,11 is 
involved in long-term recovery by shifting the immune balance towards a more inhibiting 
phenotype. 

which children should be treated? 
In our TIKI trial, we have demonstrated that treatment with IVIg in children with newly 
diagnosed ITP does not protect against development of chronic ITP. Based on our results, 
treatment with IVIg solely to prevent a chronic course of the disease seems not justified.
 
Eight out of 100 patients in the observation group needed rescue treatment during follow-
up because of grade 4-5 bleeding, with seven bleeding events occurring during the first 
month of disease. All patients, including the one patient with mild intracranial hemorrhage, 
recovered completely after rescue treatment. In the IVIg group only one grade 4 bleeding 
event occurred. Since recovery rates in the IVIg group were significantly higher during the 
first three months after diagnosis, it seems likely that higher platelet counts contributed 
to the lower risk of severe bleeding. This is in accordance with previous research.12,13 The 
question raises whether, based on these findings, all children should receive treatment to 
achieve higher platelet counts in order to prevent severe bleeding events, at least during 
the first month after diagnosis. However, the vast majority of children in the observation 
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group did not have serious bleeding events, and the number to treat to prevent one severe 
bleeding event during the first month would be 14. In addition, in the IVIg group there 
were two admissions because of adverse reactions to IVIg and two admissions because 
of gastrointestinal complaints, either due to IVIg or to nosocomial infection, so the actual 
number to treat to prevent one admission would be higher. Moreover, several studies have 
shown that many children with ITP and severe bleeding experienced these events despite 
prior therapy, so therapy will not always be able to prevent severe bleeding.1,14 From these 
studies it is not always clear whether these patients responded to therapy and nevertheless 
had a severe bleeding tendency, or did not respond and suffered from bleeding due to 
persisting low platelet counts. 

Current international guidelines state that, when making management decisions, health-
related quality of life (HRQoL) issues should be taken into account.15,16 As part of the 
TIKI trial, we assessed HRQoL in 107 children using Pediatric Quality of Life Inventory™ 
(PedsQL™) and Kids’ ITP Tools (KIT) questionnaires at diagnosis and during standardized 
follow-up (chapter 3). However, we could not show any differences in HRQoL scores 
between the IVIg and observation group. The only difference we could detect was 
significant higher HRQoL scores in children who recovered versus children with persisting 
immune thrombocytopenia. From this study we have learned that treatment itself does 
not improve HRQoL in children with newly diagnosed ITP, unless treatment can induce 
long-term recovery. 

So in our opinion, management of children with newly diagnosed ITP with careful 
observation is safe in the vast majority of patients, even in case of mild mucosal bleeding, 
provided that emergency care as well as rescue medication is available 24/7 and within 
acceptable travel distance. The results of our trial can be used to update international 
guidelines on management of pediatric ITP, but can also offer support for communities 
and countries that cannot afford expensive treatments like IVIg. Based on our data, we 
would advise to reserve treatment for those children with ITP that have a higher risk of 
severe bleeding, like toddlers with the tendency to fall or bump or for teenage girls to 
prevent menorrhagia. In chapter 8, we have described two platelet function tests that can 
be performed in patients with low platelet counts and that correlate well with bleeding 
tendency in ITP. Our findings have recently been confirmed by Frelinger et al.17 However, 
these tests are as yet available for research purposes only thus cannot yet help to guide 
clinical decisions on management of children with newly diagnosed ITP. 

When treatment is indicated, it is of high importance that it will be effective in raising platelet 
counts, in order to stop bleeding. In our TIKI trial (chapter 3), we have found a complete 
response rate of 68.7% after one week. Unfortunately, until now, it is not possible to predict 
whether a child with ITP will respond to IVIg or not. However, in our FcγR polymorphism 
study (chapter 5), we were able to identify some indicators of response to IVIg. Children 

9

Proefschrift KH.indb   175 10/10/2016   10:10:03 AM



CHAPTER 9

176

with the homozygous FCGR2B*T232 genotypic variant, although present in only three 
children, did not respond to IVIg treatment, whereas the homozygous FCGR2B*I232 
combined with the presence of its promoter 2B.4 was associated with very high complete 
response rates (93.3%), and also with high spontaneous recovery rates in the observation 
group. Our study provides some evidence that the patient’s FCGR2B genotype can help us 
to guide management decisions. Children with a homozygous FCGR2B*I232 genotype have 
a high tendency to early complete recovery, so if they have no severe bleeding tendency, 
they can be carefully observed without IVIg in order to raise platelet counts. In case of a 
heterozygous FCGR2B*I232 genotype no complete recovery was observed after 1 week 
in the observation group, in contrast with 68.2% in patients that received IVIg. In patients 
with a heterozygous FCGR2B*I232 genotype that may benefit from higher platelet counts 
during the first weeks after diagnosis, treatment with IVIg may be considered. On the 
contrary, in the small group of patients with a heterozygous FCGR2B*T232 genotype, it is 
not likely that IVIg will be effective, so if treatment is indicated other treatment modalities 
should be considered.

FUTURE PLANS 

As expected, our research not only has answered questions, but also has raised many new 
questions. For this reason, our research project will continue, as outlined below and shown 
in figure 1.

Since treatment with IVIg does not improve HRQoL nor prevents chronic ITP, the decision 
to treat children with newly diagnosed ITP should be based on individual characteristics of 
patients. In order to improve care for these patients, we aim to design a more personalized 
approach in management of ITP, initiating early IVIg treatment only in those children with 
an increased bleeding risk, that are not expected to recover within one week and to select 
only those children who will respond to IVIg treatment. 

In our TIKI trial we observed a higher rate of recovery during the first three months and 
no severe bleeding events during the first month after diagnosis in the IVIg treated group, 
in contrast with the 9% severe bleeding events in the observation group. Being able to 
predict which children with newly diagnosed ITP will develop severe bleeding could guide 
pediatricians in their treatment decisions. Therefore, in our future research project, we will 
investigate whether we can define a set of clinical and laboratory parameters to predict a 
clinical relevant bleeding risk in children with newly diagnosed ITP in order to target IVIg 
therapy and to prevent severe bleeding complications.

One of the laboratory tests that can be used to answer this question is the platelet 
aggregation test described in chapter 7. Since this test can be performed in children 
with low platelet counts and seems to correlate well with bleeding severity in children 
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with chronic ITP, in our next study we will evaluate whether this test is also adequate in 
predicting bleeding risk in children with newly diagnosed ITP. 
The type of platelet autoantibodies may also influence bleeding risk. Platelet autoantibodies 
may interfere with platelet function by blocking fibrinogen binding and up regulating 
platelet surface P-selectin,18 may cause desialylation of platelets and hence promoting 
uptake by the hepatic Ashwell-Morell receptor,19,20 and can promote complement fixing.21 
We hypothesize that determination of both the autoantibody specificity and biological 
activity, combined with the platelet aggregation test and soluble markers representing 
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Figure 1. Schematic representation of future research plans
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platelet activation will discriminate patients with a high from those with a low bleeding 
tendency. 

If therapy is indicated, based on actual or predicted bleeding tendency, it is of major 
importance that response to therapy can be predicted. In our TIKI trial 31.3% of patients 
did not show complete response to a single dose of IVIg. One of the explanations of non-
response could be that plasma levels of IVIg are too low in some patients, either due to 
pharmacokinetic processes or by FcγR polymorphisms that influence the affinity for IgG 
and consequently lead to a higher consumption of IVIg. This is suggested by the high 
complete response rates (93.3%) in case of the homozygous FCGR2B*I232 combined 
with the presence of its promoter 2B.4 as described in chapter 5. At this moment, little 
is known about pharmacokinetics and pharmacodynamics of IVIg in children, nor do 
we know if plasma levels of IVIg correlate with effect. This will be addressed in our next 
research project. Furthermore, platelet antibody specificity and antibody class (IgG versus 
IgM) may be involved. Lower response rates to IVIg have been reported in patients with 
anti-glycoprotein Ib antibodies, possibly due to platelet destruction via the Ashwell-Morell 
receptor.22,23 In our TIKI trial, we could not confirm these lower response rates in case of 
anti-glycoprotein Ib antibodies. However, due to the low sensitivity of the indirect MAIPA 
test, the number of detected antibodies was small. Therefore, in our future research 
project, we aim to investigate blood samples from newly diagnosed pediatric ITP patients 
with more sensitive techniques. In autoimmune hemolytic anemia, IgM class antibodies 
have shown to induce more complement activation than IgG class antibodies. Since we 
have detected IgM class antibodies against platelets in our TIKI study, we hypothesize that 
the stronger complement activation caused by these antibodies may reduce the efficacy 
of IVIg treatment. In our future research, we will try to identify these functional effects of 
platelet autoantibody binding.

Pediatric ITP is characterized by a heterogeneous clinical course, and time to recovery, thus 
far, cannot be predicted. We aim to obtain more insight in the immunological dysbalance 
underlying the development of ITP, and, more importantly, in development of a chronic 
course of the disease, which may be limited in duration if appropriate timely treatment with 
immune modulating drugs is given. As outlined in chapter 1 of this thesis, pathophysiology 
of ITP is complex. Recent insights suggest that pediatric ITP is a heterogeneous disease, 
with at one end of the spectrum infection-induced ITP with cross-reactivity of antibodies 
and quick recovery of ITP when infection-induced antibodies disappear and at the other 
end chronic ITP with auto reactivity due to immune dysregulation with involvement of 
the T-cell compartment.2 Thus, within the group of children with newly diagnosed ITP, 
different triggers leading to autoimmune-mediated thrombocytopenia will be present. 
Careful dissection of this group by thorough analysis of clinical factors in relation to 
antibody specificity and class, signs of inflammation and immunophenotyping may help 
to distinguish patients with a benign course of disease from those with a risk to develop 
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persisting or chronic disease. In that case, it would be of major importance to find out if 
early immune modulating therapy, for example T-cell directed therapy, can revert or correct 
the immunologic disturbances that are associated with chronic ITP. 

In conclusion, our future research will focus on identifying subgroups of ITP patients that 
might benefit from IVIg therapy based on their bleeding risk, predicted response to IVIg 
and the expected course of the disease, in order to continuously improve the care for 
children with this rare autoimmune bleeding disorder.

MAJOR FINDINGS OF THIS THESIS

 ‒ Although the previously reported protective effect of IVIg treatment regarding 
development of chronic ITP was confirmed by our systematic review on predictors 
of chronic ITP, in our randomized clinical trial, we found that treatment with IVIg in 
children with newly diagnosed ITP does not protect against development of chronic 
ITP.

 ‒ The rate of chronic ITP when applying the current definition is 11% instead of 
historical rates of 20-25%.

 ‒ Management with careful observation is safe in the vast majority of children with 
newly diagnosed ITP, even in case of mild mucosal bleeding. 

 ‒ Treatment with IVIg might be beneficial in order to provide adequate hemostasis in 
selected patient groups. 

 ‒ Children that do not show complete response to IVIg at 1 week show a higher rate 
of chronic ITP: 19.4% versus 5.9%.  

 ‒ Treatment itself does not improve HRQoL in children with newly diagnosed ITP, 
unless treatment can induce long-term recovery.

 ‒ Children with newly diagnosed ITP show a different FcγR profile than healthy 
controls, with an overrepresentation of FCGR2C-ORF and the promoter 2B.2 
haplotype and less often FCGR3B-HNA1a

 ‒ In children with newly diagnosed ITP, the FCGR2B*232I/T genotype is associated 
with response to IVIg and early spontaneous recovery. 

 ‒ The presence of FCGR2C*ORF either alone or in combination with the 2B.2 promoter 
sequence as well as presence of the 2B.4 promoter haplotype are associated with 
high complete recovery rates at 12 months.

 ‒ The acute phase protein C-reactive protein (CRP), a ligand for Fc receptors on 
phagocytes, enhances antibody-mediated platelet destruction.

 ‒ The platelet micro-aggregation test and the platelet reactivity assay are able to 
assess platelet function in case of very low platelet counts

 ‒ Pediatric chronic ITP patients with a severe bleeding phenotype exhibit functional 
platelet defects

9
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SUMMARy

Immune thrombocytopenia (ITP) is a rare autoimmune disorder characterized by isolated 
thrombocytopenia (peripheral blood platelet count <100 × 109/L) in the absence of other 
causes or disorders that may be associated with thrombocytopenia. ITP is recognized by the 
acute development of purpura and bruising in an otherwise healthy individual. In children, 
ITP regularly develops after a viral infection and often follows a mild and transient course. 
For this reason, most children with newly diagnosed ITP are carefully observed without 
medication. Severe bleeding, occurring in only 3% to 5% of children, requires treatment 
with corticosteroids, intravenous immunoglobulin (IVIg), or anti-Rh-D immunoglobulin 
(not used in The Netherlands for this indication), either alone or in combination and, if life 
threatening, also with platelet and red blood cell transfusions. 

Chronic ITP, currently defined as a platelet count < 100 × 109/L one year after diagnosis, 
occurs in approximately 25% of patients. Despite the in general transient and benign course 
of the disease, many clinicians observe that ITP has a significant impact on the quality of life 
of children and their families.  

In newly diagnosed ITP, up to now it is not possible to predict at diagnosis who will rapidly 
recover without bleeding events, who needs medical treatment, and who will develop 
chronic disease. The aim of the research described in this thesis was to find clues to further 
optimize clinical management of children with newly diagnosed ITP. 

To answer our research questions, we performed the TIKI trial: Therapy with or without 
IVIg for Kids with acute ITP, a multicenter randomized trial to determine whether early 
administration of IVIg can prevent a chronic course of the disease. Secondary objectives 
were evaluating recovery and response rates as well as identifying predictors of response 
and recovery. Children with newly diagnosed ITP were randomized to receive either a single 
dose of 0.8 g/kg IVIg or close observation with medical treatment only in case of severe 
bleeding. Two hundred children were enrolled in this trial, and clinical, health-related 
quality of life (HRQoL) and laboratory data were gathered at diagnosis, and at 1 week, 1 
month, 3 months, 6 months and 12 months after diagnosis. 

Chapter 1 gives an overview of current knowledge on ITP in children. Several concepts of 
pathophysiology, the role of Fc-gamma receptors (FcγR) in etiology and recovery of ITP, 
management strategies, health-related quality of life issues and known risk factors for 
development of chronic ITP are summarized and discussed. 

Chapter 2 provides a systematic review and meta-analysis of risk factors for developing 
chronic ITP in children. After an extensive literature review and critical appraisal of 1399 
articles, 54 studies were included. Besides confirmation of already known risk factors 
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for developing chronic ITP, like non-acute onset, higher platelet counts at diagnosis, no 
preceding infection, older age, female gender and absence of mucosal bleeding, we also 
found a lower risk of chronic ITP in case of treatment with IVIg (OR 0.71; 95% CI 0.52-0.97).  
This possible beneficial effect of IVIg treatment was the main objective of the multicenter 
randomized TIKI trial. 

The main results of the TIKI trial are described in chapter 3. Regarding the primary endpoint 
of the study – the rate of chronic ITP – no significant differences were found between the 
children treated with IVIg and those that were closely observed (10% in the IVIg group 
and 12% in the observation group; P=0.65). The rate of chronic ITP was equal in different 
age groups: <1 year, 1-10 year, > 10 years. However, in the IVIg group recovery rates were 
higher during the first three months after diagnosis and bleeding events occurred less 
frequently than in the observation group (1 grade 4 bleeding event in the IVIg group versus 
9 grade 4-5 bleeding events in the observation group, P=0.04). These results suggest that 
treatment with IVIg solely to prevent a chronic course of the disease is not justified, but 
that treatment with IVIg might be beneficial in order to provide adequate hemostasis in 
selected patient groups. 

In chapter 4, we studied HRQoL in children with ITP, one of the secondary outcome 
parameters of the TIKI trial. In 107 children taking part in the TIKI trial, we evaluated HRQoL, 
using the generic Pediatric Quality of Life Inventory™ as well as the disease-specific Kids’ 
ITP Tools questionnaires at diagnosis and during standardized follow-up. Kids’ ITP Tools 
proxy reports and parent self-reports showed significantly higher HRQoL scores in children 
who recovered than in children with persistent ITP. No significant differences in HRQoL 
were found between children with mild or moderate bleeding and between children who 
received IVIg or children who were carefully observed. In conclusion, HRQoL of children 
with newly diagnosed ITP seems not to be influenced by treatment modality or bleeding 
severity, but only by clinical course of the disease.

The next three chapters describe the results of laboratory studies that were part of either 
the TIKI trial or the CINKID (Chronic ITP in The Netherlands, KIDs) study. 

In chapter 5 we investigated whether Fc-gamma receptor (FcγR) polymorphisms were 
related to the development of ITP, response to IVIg, and recovery in 180 children that 
were enrolled in the TIKI trial. We showed that functional FcγR polymorphisms in FCGR2C, 
FCGR3A and FCGR3B genes are associated with newly diagnosed ITP in children and can be 
regarded as a risk factor to develop ITP during childhood. In addition, the less functional 
232T-FcγRIIb isoform was associated with the lack of early recovery, either with or without 
IVIg treatment, suggesting that determination of the FcγR profile can be of additional value 
in patient counseling and decision algorithms whether or not to start IVIg treatment in ITP. 
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In chapter 6 we showed that the acute phase protein C-reactive protein (CRP), a ligand for 
Fc-receptors on phagocytes, enhances antibody-mediated platelet destruction by human 
phagocytes in vitro and in vivo in mice. To confirm this mechanism in human patients 
with ITP, we measured CRP levels in 78 children enrolled in the TIKI trial. CRP levels were 
significantly elevated in children with ITP compared to healthy controls. In addition, IVIg 
treatment led to a significant decrease of CRP levels, correlating with increased platelet 
numbers and clinically decreased bleeding severity. Furthermore, the higher the level of 
CRP at diagnosis, the longer it took before stable platelet counts were reached. These data 
suggest that CRP amplifies antibody-mediated platelet destruction and may in part explain 
the aggravation of thrombocytopenia after infections. Hence, targeting CRP could offer 
new therapeutic opportunities for these patients. 

Platelet counts do not always correlate with bleeding tendency in children with ITP, so we 
hypothesized that platelet function might be affected as well. However, regular platelet 
function tests cannot be performed in case of very low platelet counts. In chapter 7 we 
describe the results of two novel platelet function tests that are able to measure platelet 
function in patients with low platelet counts. We applied these assays in a cohort of chronic 
pediatric ITP patients taking part in the CINKID study. Indeed, patients with a severe 
bleeding tendency displayed a decreased platelet function, whereas patients with a mild 
bleeding tendency showed normal results. In the future, these tests may prove useful to 
identify ITP patients with a high risk of bleeding that may benefit from early treatment with 
platelet enhancing agents, like IVIg. 

In chapter 8 we reported about a girl with newly diagnosed ITP that suffered from severe 
bleeding complications and eventually died. This case-report provides the basis for our 
future ITP research. Would it be possible to predict which children will suffer from severe 
bleeding complications and if so, would we be able to prevent these bleedings? 

In chapter 9, the main findings from this thesis were summarized and discussed, together 
with an outline of our future research plans.

In conclusion, with the research described in this thesis we aimed to identify clinical and 
laboratory parameters that are involved in etiology, bleeding severity, response to therapy 
and clinical course in children with ITP. We have learned that the majority of children 
with newly diagnosed ITP, even in case of mild mucosal bleeding, does not need medical 
treatment in order to raise platelet counts and will recover within several weeks to months 
without bleeding complications and with a good HRQoL. However, in children treated 
with IVIg, bleeding complications occurred significantly less often, so for a subgroup of 
patients, treatment with IVIg might be beneficial in order to provide adequate hemostasis. 
Pediatricians treating a child with newly diagnosed ITP should balance the risk of bleeding 
in the individual patient as well as the availability of 24/7 emergency care against the 
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adverse effects and costs of medication to decide whether a watch and wait policy is 
justified or whether treatment is indicated. The challenge for the future will be to identify 
at diagnosis those children who have a higher risk of bleeding complications and who will 
respond to IVIg treatment, in order to treat only the small subgroup of patients with IVIg 
that will benefit from it. Based on our studies, this can be accomplished by using clinical 
characteristics, combined with results of platelet function tests and FcγR genetic profiles. 
In the end, we hope that our findings provide guidance to clinicians to make an evidence-
based decision ‘to treat or not to treat’ their individual ITP patients. 
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Immuungemedieerde trombocytopenie (ITP) is een zeldzame auto-immuunziekte waarbij 
het eigen afweersysteem de bloedplaatjes versneld afbreekt. Hierdoor ontstaat een laag 
bloedplaatjes aantal (trombocytopenie) van <100 × 109/L bij afwezigheid van andere 
oorzaken of aandoeningen die een trombocytopenie kunnen veroorzaken. Bloedplaatjes 
zijn nodig om het bloed te laten stollen. Door het lage bloedplaatjes aantal ontstaan 
bij patiënten met ITP plotseling blauwe plekken en puntbloedingen, terwijl ze verder 
helemaal gezond zijn. Bij kinderen ontstaat ITP vaak na een virale infectie en is de ziekte 
meestal mild en van voorbijgaande aard. Daarom worden de meeste kinderen met nieuw 
gediagnosticeerde ITP zorgvuldig geobserveerd en wordt geen medicatie gegeven om 
het bloedplaatjes aantal omhoog te brengen. Alleen in het geval van ernstige bloedingen 
(slechts bij 3 tot 5% van alle kinderen met ITP) is behandeling met corticosteroïden, 
intraveneus immuunglobuline (IVIg), of anti-Rh-D immuunglobuline (wordt niet gebruikt in 
Nederland voor deze indicatie), afzonderlijk of in combinatie, noodzakelijk. Als de bloeding 
levensbedreigend is, worden tevens transfusies met bloedplaatjes en rode bloedcellen 
gegeven. 

Chronische ITP, tegenwoordig gedefinieerd als een bloedplaatjes aantal <100 × 109/L één 
jaar na de diagnose, treedt op bij ongeveer 25% van de kinderen met ITP. Ondanks het 
over het algemeen goedaardige verloop van de ziekte, merken veel artsen dat ITP een 
aanzienlijke invloed heeft op de kwaliteit van leven van kinderen en hun families.

Bij nieuw gediagnosticeerde ITP is het tot nu toe niet mogelijk om bij diagnose al te voorspellen 
wie zonder ernstige bloedingen zal herstellen en wie chronische ITP zal ontwikkelen. Het 
doel van het in dit proefschrift beschreven onderzoek was om aanknopingspunten te 
vinden om de behandeling van kinderen met ITP verder te optimaliseren.

Om onze onderzoeksvragen te beantwoorden, hebben we de TIKI studie (Therapie met of 
zonder IVIg voor Kinderen met acute ITP) opgezet, een onderzoek dat in een groot deel 
van de Nederlandse ziekenhuizen heeft plaatsgevonden. Hiermee wilden we vaststellen 
of het geven van IVIg kort na de diagnose een chronisch beloop van de ziekte kan 
voorkomen. Verder wilden we onderzoeken hoe snel kinderen met of zonder behandeling 
zouden herstellen en of we variabelen konden vinden die dit herstel kunnen voorspellen. 
Kinderen bij wie de diagnose ITP werd gesteld, werden door middel van loting in twee 
groepen verdeeld. De ene groep kreeg eenmalig IVIg in een dosering van 0.8 gram per 
kilogram lichaamsgewicht. De andere groep werd zorgvuldig geobserveerd en kreeg alleen 
medicatie als er een ernstige bloeding optrad. Tweehonderd kinderen namen deel aan het 
onderzoek, waarbij klinische gegevens, kwaliteit van leven vragenlijsten en laboratorium 
gegevens werden verzameld op het moment dat de diagnose werd gesteld en 1 week, 1 
maand, 3 maanden, 6 maanden en 12 maanden na de diagnose.
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Hoofdstuk 1 geeft een overzicht van de huidige kennis over ITP bij kinderen. Verschillende 
ideeën over het ontstaan van ITP, de rol van receptoren voor immuunglobulines (Fc-gamma-
receptoren), de behandeling van ITP, kwaliteit van leven bij ITP en risicofactoren voor de 
ontwikkeling van chronische ITP worden in dit hoofdstuk samengevat en besproken.

Hoofdstuk 2 is een systematische review en meta-analyse van de risicofactoren voor 
het ontwikkelen van chronische ITP bij kinderen. Na een uitgebreide literatuurstudie en 
kritische evaluatie van 1399 artikelen, werden 54 studies opgenomen in dit onderzoek. 
Naast de bevestiging van reeds bekende risicofactoren voor het ontwikkelen van chronische 
ITP, zoals een niet-acuut begin, een hoger aantal bloedplaatjes bij diagnose, de afwezigheid 
van een voorafgaande infectie, een hogere leeftijd, vrouwelijk geslacht en de afwezigheid 
van slijmvliesbloedingen, vonden we ook een lager risico op chronische ITP wanneer met 
IVIg behandeld was. Dit mogelijke gunstige effect van IVIg behandeling was de belangrijkste 
reden om de TIKI studie uit te voeren. 

De belangrijkste resultaten van deze TIKI studie worden beschreven in hoofdstuk 3. 
Wat betreft het belangrijkste onderzoeksdoel van de studie -het percentage chronische 
ITP- werden geen statistisch belangrijke verschillen gevonden tussen de groep kinderen 
die werden behandeld met IVIg en degenen die zorgvuldig werden geobserveerd. Het 
percentage chronische ITP was gelijk in verschillende leeftijdsgroepen: <1 jaar, 1-10 jaar,> 
10 jaar. In de IVIg groep herstelden de kinderen wel sneller dan in de observatiegroep en 
ernstige bloedingen traden minder vaak op dan in de observatiegroep (1 ernstige bloeding 
in de IVIg groep versus 9 ernstige bloedingen in de observatie-groep). Deze resultaten 
suggereren dat behandeling met IVIg uitsluitend om chronische ITP te voorkomen niet 
geïndiceerd is, maar dat behandeling met IVIg bij geselecteerde patiëntengroepen wel 
effectief lijkt bij het voorkomen van bloedingen.  

In hoofdstuk 4 bestudeerden we de kwaliteit van leven bij kinderen met ITP. Bij 107 
kinderen die deelnamen aan de TIKI studie evalueerden we de aan gezondheid gerelateerde 
kwaliteit van leven, met behulp van een algemene vragenlijst (de Pediatric Quality of Life 
Inventory™) en een vragenlijst specifiek gericht op ITP (de Kids’ ITP Tool). De vragenlijsten 
werden door ouders en door de kinderen van 7 jaar en ouder ingevuld op het moment dat 
de diagnose ITP gesteld werd en tijdens de eerder genoemde vervolg meetmomenten. Bij 
kinderen die binnen 3 maanden herstelden, waren de scores die ouders voor zichzelf en de 
scores die ze namens hun kind gaven hoger dan bij kinderen die na 3 maanden nog steeds 
ITP hadden. Er werden geen statistisch belangrijke verschillen gevonden tussen kinderen 
met milde of matige bloedingsneiging en tussen kinderen die IVIg kregen of zorgvuldig 
geobserveerd werden. Concluderend lijkt de aan gezondheid gerelateerde kwaliteit van 
leven bij kinderen met ITP niet te worden beïnvloed door het wel of niet behandelen met 
IVIg of door de ernst van de bloedingen, maar alleen door het klinisch beloop van de ziekte.
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De volgende drie hoofdstukken beschrijven de resultaten van het laboratoriumonderzoek 
dat uitgevoerd werd in het kader van de TIKI studie en de CINKID (Chronische ITP in 
Nederland, bij KInDeren) studie.

In hoofdstuk 5 hebben we bij 180 kinderen die deelnamen aan de TIKI studie onderzocht 
of genetische variaties (‘polymorfismen’) van de Fc-gamma receptoren (FcγR) verband 
houden met het ontstaan van ITP of met het herstel van ITP, zowel met als zonder IVIg 
behandeling. We hebben ontdekt dat functionele polymorfismen in de FCGR2C, FCGR3A 
en FCGR3B genen bij kinderen verband houden met het krijgen van ITP en daarom als 
risicofactor kunnen worden beschouwd voor het ontwikkelen van ITP op de kinderleeftijd. 
Daarnaast ontdekten we dat de minder actieve variant 232T-FcγRIIB samenhing met 
gebrek aan herstel, zowel bij de kinderen die IVIg kregen als bij de kinderen die zorgvuldig 
geobserveerd werden. Onze resultaten suggereren dat het vaststellen van het FcγR 
profiel van toegevoegde waarde is bij het voorlichten van patiënten en bij het besluiten of 
behandeling met IVIg wel of niet zinvol is. 

In hoofdstuk 6 hebben we laten zien dat het eiwit C-reactief proteïne (CRP), een eiwit 
dat we kennen als ontstekingseiwit, betrokken is bij het afbreken van bloedplaatjes waar 
antistoffen op zitten. In eerste instantie werd dit bij laboratoriumproeven en bij onderzoek 
met muizen vastgesteld. Om te bevestigen dat dit mechanisme ook bij mensen met ITP 
een rol speelt, hebben we CRP waardes gemeten bij 78 kinderen die deelnamen aan 
de TIKI studie. CRP waardes bij kinderen met ITP waren duidelijk hoger dan bij gezonde 
personen. Daarnaast vonden we dat na behandeling met IVIg het CRP belangrijk daalde, 
wat samenhing met een stijging van het bloedplaatjes aantal en een verbetering van de 
bloedingsneiging. Ook zagen we dat hoe hoger de waarde van het CRP was bij diagnose, 
hoe langer het duurde voordat de patiënten hersteld waren. Deze gegevens suggereren 
dat CRP de afbraak versterkt van bloedplaatjes waar antistoffen op zitten en bieden 
een gedeeltelijke verklaring voor de observatie dat bij infecties het bloedplaatjes aantal 
vaak daalt. Het aanpakken van dit mechanisme kan in de toekomst mogelijk nieuwe 
behandelingsmogelijkheden bieden voor patiënten met ITP.

Bij kinderen met ITP hangt het aantal bloedplaatjes niet altijd precies samen met de ernst 
van de bloedingsneiging. Naast het aantal bloedplaatjes lijkt daarom ook de kwaliteit 
(‘functie’) van de bloedplaatjes een rol te spelen. Helaas kunnen de huidige testen die 
de functie van bloedplaatjes meten niet uitgevoerd worden als het aantal bloedplaatjes 
laag is. In hoofdstuk 7 beschrijven we de resultaten van twee nieuwe testen die ook bij 
patiënten met een laag aantal bloedplaatjes gebruikt kunnen worden om de functie van de 
bloedplaatjes te meten. We hebben deze testen uitgevoerd bij kinderen met chronische ITP 
die deelnamen aan de CINKID studie. Patiënten met een ernstiger bloedingsneiging bleken 
inderdaad een verminderde functie van de bloedplaatjes te hebben, terwijl patiënten 
met een milde bloedingsneiging normale resultaten lieten zien. Wij verwachten dat deze 
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testen in de toekomst gebruikt kunnen worden om ITP patiënten met een hoog risico op 
ernstige bloedingen op tijd te kunnen identificeren, zodat zij kunnen profiteren van vroege 
behandeling met medicijnen die het aantal bloedplaatjes verhogen, zoals IVIg.

In hoofdstuk 8 beschrijven we een meisje met nieuw gediagnosticeerde ITP en ernstige 
bloedingscomplicaties, waaraan zij uiteindelijk tot ons verdriet overleden is. Deze 
casusbeschrijving vormt de basis voor ons toekomstige ITP onderzoek. Zou het mogelijk 
zijn om te voorspellen welke kinderen ernstige bloedingen zullen krijgen en zo ja, zouden 
we dan in staat zijn deze bloedingen te voorkomen?

In hoofdstuk 9 worden de belangrijkste bevindingen van dit proefschrift samengevat en 
besproken, en wordt een overzicht gegeven van onze toekomstige onderzoeksplannen.

Concluderend hebben we bij het onderzoek dat in dit proefschrift beschreven is, geprobeerd 
om klinische factoren en laboratoriummetingen te identificeren die betrokken zijn bij het 
ontstaan van ITP, de ernst van de bloedingsneiging, het effect van de behandeling en het 
natuurlijk beloop van ITP op de kinderleeftijd. We hebben geleerd dat de meeste kinderen 
met nieuw gediagnosticeerde ITP, zelfs bij milde slijmvliesbloedingen, geen medische 
behandeling nodig hebben om de bloedplaatjes te laten stijgen. Zij zullen binnen enkele 
weken tot maanden herstellen zonder bloedingscomplicaties en met een goede kwaliteit 
van leven. Wel is het zo dat kinderen die behandeld werden met IVIg, minder vaak 
bloedingscomplicaties hadden. Dus voor een subgroep van patiënten kan behandeling met 
IVIg zinvol zijn om een   adequate bloedstolling te verkrijgen. Kinderartsen die een kind met 
nieuw gediagnosticeerde ITP behandelen, zullen het risico op bloedingen bij de individuele 
patiënt, evenals de beschikbaarheid van 24/7 spoedeisende zorg moeten afwegen tegen 
de mogelijke bijwerkingen en kosten van de verschillende medicijnen om te beslissen of 
een afwachtend beleid gerechtvaardigd is of dat behandeling is geïndiceerd. De uitdaging 
voor de toekomst is om methodes te vinden om al bij diagnose de kinderen te kunnen 
identificeren die een hoger risico op bloedingscomplicaties hebben en tevens goed zullen 
reageren op behandeling met IVIg. Op die manier zal het hopelijk mogelijk zijn om alleen 
die kinderen te behandelen met IVIg die er ook daadwerkelijk baat bij zullen hebben. 
Op basis van onze studies kan dit worden bereikt door het combineren van klinische 
kenmerken met resultaten van de plaatjesfunctie testen en van de FcγR  genetische 
profielen. Uiteindelijk hopen we met onze bevindingen artsen een richtsnoer te geven om 
een   gefundeerde beslissing te kunnen nemen over het ‘behandelen of niet behandelen’ 
van iedere individuele patiënt met ITP.
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DANKwOORD 

Afgelopen zomer ben ik voor het eerst op een racefiets gestapt. En in mijn jeugdig 
enthousiasme besloot ik om dan maar meteen de Col d’Aspin, een col uit de Tour de 
France, op te fietsen.  Terugkijkend op die ervaring, zie ik heel wat gelijkenissen met dit 
promotieonderzoek. Het eerste stuk van de berg, waarbij je bijna fluitend omhoog fietst, en 
in jezelf glimlacht om de mensen die je waarschuwden dat het toch echt wel pittig is, zo’n 
beklimming. Het gestaag klimmen erna, waarbij je het nog wel redt met een flinke portie 
doorzettingsvermogen en waarbij je diezelfde mensen al wat beter begint te begrijpen. Om 
vervolgens bij de laatste vier kilometer je af te vragen waarom en voor wie je ook alweer 
naar boven wilde, je afstapt, om wilt keren en dan toch maar de kiezen op elkaar zet om het 
af te maken. En gelukkig maar, want als je dan eenmaal ploeterend boven bent gekomen, 
weet je waar je het voor gedaan hebt: een indrukwekkend uitzicht met een nieuwe horizon, 
waarvan je het bestaan niet kon vermoeden toen je nog beneden stond. Met als beloning 
de afdaling, waarbij je moe, maar voldaan alleen maar hoeft te genieten…

De beklimming is gelukt, het proefschrift is af! Dit was echter nooit gelukt zonder de steun 
van vele anderen. Een aantal mensen wil ik graag in het bijzonder bedanken.

Allereerst wil ik nadrukkelijk de kinderen en ouders bedanken die aan de TIKI studie en aan 
de CINKID studie hebben meegedaan.  Dankzij jullie zijn we heel veel nieuwe dingen te 
weten gekomen over ITP!

Dr. M.C.A. Bruin, beste Marrie. Toen ik in 2005 als fellow kinderhematologie en –oncologie 
in het Wilhelmina Kinderziekenhuis begon, deelde jij al snel je plannen voor een vervolg 
op je eigen promotieonderzoek naar immuungemedieerde trombocytopenie (ITP) bij 
kinderen. Je enthousiasme werkte aanstekelijk en samen met Masja de Haas van Sanquin 
werkten we een subsidieaanvraag en een onderzoeksprotocol uit, wat de start betekende 
van mijn promotietraject. Jij bent degene die mij iedere keer als het tegenzat tijdens dit 
onderzoek weer wist te motiveren om door te gaan en altijd bereid was praktische hand- en 
spandiensten te verrichten. Vele besprekingen, telefoontjes, mails en gezellige gezamenlijke 
congressen later, ligt hier dan eindelijk het proefschrift waarin jij een belangrijke inbreng 
hebt gehad. Marrie, ik bewonder je heldere en positief kritische manier van denken, de 
enorme hoeveelheid kennis en ervaring die je bezit en de bergen werk die je verzet in 
beperkte tijd. Ik waardeer het enorm dat jij dit avontuur met me aan hebt willen gaan en 
zie al uit naar onze vervolgprojecten!

Prof. dr. M. de Haas, beste Masja. Ook jij beschikt over een heldere, analytische manier van 
denken, waardoor je al onze gedachtenspinsels in mooie diagrammen wist samen te vatten. 
Daarbij ben jij iemand die een brug weet te slaan tussen het laboratorium en de kliniek, iets 
wat voor het slagen van dit project enorm belangrijk is geweest. Jouw altijd goede humeur 
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en tomeloze energie leverden de juiste ingrediënten voor onze TIKI werkbesprekingen 
bij Sanquin, maar ook voor de afronding van de laatste loodjes. Dank voor je jarenlange 
betrokkenheid! Op naar TIKI 2.0!

Prof. dr. E.E.S. Nieuwenhuis, beste Edward. Toen we jou benaderden om mijn promotor te 
worden, zei je direct volmondig ‘ja’. Het was prettig om met jou te kunnen sparren over 
dit onderzoeksproject, maar ook over allerlei andere aspecten van het leven. Je oprechte 
belangstelling en waardering voor de TIKI studie, maar ook voor mij als persoon, heb ik 
enorm gewaardeerd. 

Prof. dr. C.E. Hack, Prof. dr. H. Deckmyn, Prof. dr. N. Wulffraat, Prof. dr. B.J. Prakken, Dr. R.Y.J. 
Tamminga, hartelijk dank dat u zitting heeft genomen in de beoordelingscommissie van 
mijn proefschrift.  Leden van de promotiecommissie, mijn welgemeende dank voor de tijd 
die jullie aan dit proefschrift hebben besteed.

De TIKI studie was uiteindelijk open in 60 ziekenhuizen in Nederland. Dit had nooit gekund 
zonder de enorme inzet van alle lokale kinderartsen. Dank voor jullie hulp bij het aanvragen 
van lokale uitvoerbaarheid, jullie motivatie om patiënten te includeren, alle gegevens in de 
database in te voeren,  bloed af te nemen, tijd vrij te maken voor de monitorbezoeken en 
al mijn aanvullende vragen te beantwoorden. Dankzij jullie hulp hebben we deze studie tot 
een goed eind kunnen brengen!

Leden van de Data Safety Monitoring Board: Prof. dr. C.J. Fijn van Draat, Prof. dr. L. Bont, dr. 
K. Fischer. Beste Karin, Louis en Kathelijne, dank voor jullie belangeloze inzet om de kwaliteit 
en veiligheid van deze studie te waarborgen en dank voor jullie waardevolle adviezen, die 
ik enorm gewaardeerd heb.

Prof. dr. C.E. van der Schoot, dr. G. Vidarsson, P. Strengers, dr. L. Porcelijn, E. Huiskes,  dr. 
R. van Beem en Dr. I. Klein Budde. Beste Ellen, Gestur, Paul, Leendert, Elly, Rachel en Ilona, 
vanuit Sanquin zijn jullie nauw betrokken geweest bij de TIKI studie. Dank voor jullie hulp, 
adviezen en goede ideeën. 

David, jij gaat het stokje van mij overnemen. Met jouw enthousiasme en intelligentie gaat 
het je vast en zeker lukken om TIKI 2.0 tot een succes te maken. Ik hoop dat ik daar ook mijn 
steentje aan bij mag dragen!

Dr. R. Kapur, beste Rick. Al tijdens een van onze eerste onderzoeksbesprekingen vertelde je 
over je indrukwekkende bevindingen op het gebied van fagocytose.  Op dat moment kon ik 
nog niet vermoeden dat we hierover een gezamenlijk artikel zouden schrijven, maar ik ben 
enorm blij dat het uiteindelijk gelukt is en nu een hoofdstuk in dit proefschrift is geworden. 
Succes met je verdere carrière in het onderzoek!
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Dr. A.C. Laarhoven, beste Annemieke, gezamenlijk begonnen we aan ons onderzoek binnen 
de TIKI studie. Samen stoeiden we met het isoleren en meten van regulatoire T cellen in 
het ‘Prakken-lab’ en worstelden we ons door de statistiek van de MLPA’s heen. Dankzij je 
gedrevenheid heb je een prachtig proefschrift kunnen schrijven en is het je al snel gelukt 
om een opleidingsplaats voor de kindergeneeskunde te bemachtigen. Het ga je goed!

Dr. C.S.P.M. Uiterwaal, beste Cuno. Al vanaf de eerste opzet van deze studie heb je met ons 
meegedacht. Ik vind het altijd inspirerend hoe jij de enorme hoeveelheid aan gegevens 
terug kan brengen tot de essentie. Dank voor je betrokkenheid.

Mijn overige mede-auteurs: Joyce Nijsten, Chantal Boonacker, Rienk Tamminga, Frans 
Smiers, Nicole van Woerden, Judit Wesseling, Lotte Haverman, Kim Annink, Sarah Schep, 
Barbera Veldhuisen, Sietse Nagelkerke, Taco Kuijpers,  Arthur Bentlage, Remco Visser,
Dirk Roos, Richard Schasfoort, Esther van Bladel, Laila van der Heijden, Mark Roest, 
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