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Journeys are the midwives of thought. Few places are more conducive to internal conversations than a 

moving plane, ship or train. There is an almost quaint correlation between what is in font of our eyes and 

the thoughts we are able to have in our heads: large thoughts at times requiring large views, new thoughts 
new places. 
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GENERAL INTRODUCTION 

Based on the review 

Immunologic screening of children with recurrent otitis media 

Selma P. Wiertsema1, Reinier H. Veenhoven2, Elisabeth A.M. Sanders\ Ger T. Rijkers1 

1 Department of Pediatric Immunology, University Medical Center Utrecht, the Netherlands 

2 Department of Pediatrics, Spaarne Hospital, Hoofddorp, the Netherlands 

Curr Allergy Asthma Rep. 2005 Jul;5(4): 302-7. 
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Otitis media: Epidemiology and background 

Otitis media, or middle ear infection, is the most frequent childhood infectious disease and 

the primary reason for a child under 3 years of age to visit the general practitioner. In many 

countries, including the Netherlands, it is the most common indication for the prescription of 

antibiotics.1-2 In the mid 199o's it was estimated that there were 14 million otitis episodes per 

annum in the USA, with total medical costs of around $US 3-5 billion for children under the 

age of 5.3 The true financial impact however will be much more, because indirect costs, like par

ents staying at home from work, are not included in these calculations.4 

Otitis media (OM) is the common denominator for a variety of related middle ear diseases. 

There are three main categories of OM: acute otitis media (AOM), otitis media with effusion 

(OME) and chronic suppurative otitis media (CSOM).5 AOM is generally defuied as the pres

ence of middle ear effusion accompanied with one or more signs of acute inflammation of the 

middle ear, such as otalgia, new onset otorrhea, fever and malaise or irritability of the child.6 

OME is also characterized by the presence of middle ear fluid, but without the symptoms of 

acute inflammation.6 OME can develop as a sequel to AOM, when effusion persists after clear

ance of the infection, but it can also develop de nouo, especially in the first year of life.7•
10 The 

exact pathogenesis of de nouo OME remains poorly understood.11 CSOM is a persistent, at least 

6 weeks to 3 months, inflammation of the middle ear in the presence of a perforated tympanic 

membrane and discharge.12 

Approximately 80% of all children have had at least one episode of AOM by 3 years of age, with a 

peak incidence between 6 and 18 months.13·15 Recurrent AOM is generally defined as having had 

3 or more episodes of AOM within a period of 6 months or 4 or more episodes in 12 months, 

which around 10-20% of children are prone to develop.16
.
18 For OME it has been estimated that 

more than 50% of children have experienced at least one episode by their first birthday14 and 

that 30-40% of children have recurrent episodes of OME .19 

Approximately 80% of AOM cases resolve spontaneously within 2-14 days and also OME is 
characterized by a self-liming nature: 60% of newly detected OME resolves within 3 months.19.zo 

Antibiotic treatment has a positive but limited effect for both AOM and OME.21
.22 These high 

rates of spontaneous resolution plus the limited benefits of antibiotic treatment suggest that 

children with AOM or OME are suitable for initial observation, without instant anti-micro

bial treatment. Children diagnosed with AOM do need adequate analgesics, especially for the 

first 24h after diagnosis, and observation is advised only when appropriate follow-up and com

munication can be assured.23 If symptoms worsen or do not improve within 48-72 hours, chil

dren should receive prompt antibiotic treatment to fight the infection and prevent complica

tions. Medical treatment for OME is appropriate only if clinical and persistent benefits can 

be achieved beyond spontaneous resolution, and thus otherwise healthy children with OME 

should be observed for 3 months or longer before intervention is considered.23 Surgical treat

ment with tympanostomy tubes does decrease recurrence of AOM and reduces middle ear 

effusion prevalence in children with a history of recurrent AOM.24 In OME only short-term 

improvements of tympanostomy tube insertion have been reported on hearing, language and 
developmental outcomes.25

•
30 Similarly the benefits of adenoidectomy as treatment for OME 
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and AOM are modest.2s,2s,11.34 

The impact of treatment from child to child is likely to be highly variable, and thus identifica

tion of children to benefit mostly of antibiotic or surgical treatment is of prime importance.23 

For children with recurrent OM, those at increased risk to develop complications like acute 

mastoiditis, facial paralysis, and external otitis35 or those children suffering from associated 

symptoms like otalgia, hearing loss or a delay in speak and language development,23 treatment 

would be required. The controversial results on the treatment of OM have prompted the search 

for widely useable preventive strategies like vaccination to manage recurrent OM. 

Host risk factors in the development of OM 

The pathogenesis of AOM is multi-factorial, mainly induding factors related to immune re

sponses and environmental microbial load (figure r). Also the onset of OME, although it has 

fewer symptoms than AOM, probably involves a similar multi-factorial sequence of events. 

Innate immune systems including mucosal defense, pathogen recognition receptors, and com

plement, and adaptive immune responses, such as local production of secretory IgA, systemi

cally produced IgG and the production of cytokines, together play an important role in the 

protection against recurrent OM.36·40 Therefore, an immature immune system as seen in young 

children or defective immunity are predisposing factors in the aetiology of OM.41.42 

Smoking r---.,., 

d sfunction 

Siblings 

Breast feeding 

Day-care 

Seasonal 
viral infections 

Cranio-facial 
malformation 

Figure 1 Risk factors, to a certain degree related to immunity and microbial load, which may be involved 

in the development of OM. 
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Twin studies suggest a marked genetic component in the development of OM.43
•
44 Further

more, genetic factors, like male gender and HLA type, predispose to get recurrent OM.45
'
48 The 

fact that OM is more common in certain populations like Alaska Inuits, Australian Aborigines, 

and some Native Americans, also points to a genetic component in OM susceptibility.49
•
53 The 

genetics of OM are, however, complex with many genes probably contributing. 

The microbial burden from older siblings or day-care attendance, environmental factors like 

cigarette smoke exposure, the use of pacifiers and the withdrawal of breast milk with its immu

nological properties, are all associated with an increased risk for OM.14
,54-

59 

Anatomical factors are important in the development of OM and an increased incidence of 

OM is seen in patients with cranio-facial abnormalities.60
•
62 The Eustachian tube (ET) with its 

ventilatory, protective and clearance function plays a role in maintaining middle-ear health. In
fants and young children have a poorly functioning short, floppy, and horizontal ET. These ET 

characteristics might contribute to the beginning of OM, but whether it is a main cause in the 

majority of children with OM is doubtful.42
•
63

•
64 

Microbiology of OM: viruses and bacteria 

Respiratory viruses play a role in the aetio-pathogenesis of AOM. Viruses may cause Eustachian 

tube dysfunction, increase adherence ofbacteria to epithelial cells resulting in a rise in bacterial 

colonization of the nasopharynx, and may modulate the host's immune function. 65 Respiratory 

viruses alone account for approximately 30% of OM cases. This apparent low incidence of viral 

infection in OM may be a reflection of difficulties in viral culture and detection methods.66 Re

spiratory syncytial virus (RSV) is the most commonly detected virus in middle ear fluid. Other 

viral agents associated with OM include influenza-, parainfluenza- and rhino-viruses, whereas 

enterovirus or adenovirus are found less ofi:en.67
•
68 

Three bacterial pathogens predominate as the cause of AOM: Streptococcus pneumoniae (25-50%), 

nontypeable Haemophilus in~uenzae (NTHi) (15-30%) and Moraxella catarrhalis (3-20%).69
.
72 Colo

nization with these bacteria at an early age has been shown to predispose children to the devel

opment of recurrentAOM.73
•
74 Since OME can develop as a sequel to AOM, these pathogens are 

also ofi:en found in middle ear effusions from children with OME. Whether these bacteria are 

as important in the development of de nouo OME, is not yet clear.11
·
42 

Since S. pneumoniae is the pathogen most frequently associated with OM, it will be discussed in 

detail below. 

STREPTOCOCCUS PNEUMONIAE: NASOPHARYNGEAL CARRIAGE AND DISEASE 

S. pneumoniae is a gram-positive diplococcus surrounded by a polysaccharide capsule. This cap

sule protects the bacterium from being recognized by host phagocytes and is essential for the 

bacterium's virulence (figure 2).
15

·
77 Currently more than 90 pneumococcal serotypes, which dif

fer in the chemical composition of their polysaccharide capsule, have been identified.78 

S. pneumoniae is a common component of the nasopharyngeal flora in healthy individuals. The 

dynamic process of periodical colonization of the upper respiratory tract with S. pneumoniae 
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begins soon after birth, with an increase in carriage during the first year ofhfe. At the age of one 

year, about 50% of cluldren have been colonized with S. pneumoniae at least once. From age 3-5 

years carriage declines to a rate of 20-30% in adul.ts.74
·
79 The duration of pneumococcal coloni

zation depends on the pneumococcal serotype and age of the host. In children younger than r 

year median nasopharyngeal carriage persists for around 30 days, whereas in adults this is ap

proximately two weeks.80 When mucocil.iary clearance is impaired, colonization is followed by 

rapid replication and clinical infection. The bacterium then vigorously activates inflammatory 

mediators, which further impairs clearance mechanisms, leading to local and systemic symp

toms.77 In case the bacteria reach the middle ear cavity via the Eustachian tube, S. pneumoniae 
can cause AOM. 

Innate immune defense in OM 

The innate immune system is an evolutionary ancient form of immunity and offers the main 

resistance to microbial pathogens within the first minutes, hours or days of an infection.81 Epi

thelial surfaces with mechanical barriers and digestive enzymes form the first barrier against 

pathogens causing OM. However, when microbes do penetrate the body, defensive systems ca

pable of distinguishing pathogens from self-structures are required. This recognition of patho

gens is mediated by a set of pattern-recognition receptors (PRRs) that bind conserved pathogen

associated molecular patterns (PAMPs), which are shared by broad classes of microorganisms.82 

The PRRs are expressed on a wide variety of cells of the innate immune system, including 

polymorphonuclear phagocytes (PMN), monocytes/macrophages, dendritic cells, natural kill.er 

cells and to some extent epithelial or endothelial cells.83 Two important innate immune defense 

systems will be discussed in detail. 

Figure 2 Cross-sectional representation of Streptococcus pneumoniae. 
The bacterium is surrounded by a cell membrane, a cell wall and a polysaccharide capsule. 
The polysaccharide capsule is the main virulence factor of the bacterium, and protects it from 
phagocytosis by the host. Courtesy United States Notional Foundation for Infectious Diseases (www.njid.org). 
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MANNAN-BINDING LECTIN 

The collectins and ficolins are important PRRs that mediate phagocytic uptake.84 An impor
tant constituent of the collectin family is mannan-binding lectin (MBL). An MBL polypeptide 
is made up of a collagenous structure and a C-type lectin carbohydrate-recognition domain 

(CRD).85 Three polypeptides fold together to form a structural subunit.86 Oligomers of 3-6 of 

these structural subunits produce functional human MBL (figure 3).87 

Upon recognition of an infectious agent, MBL together with MEL-associated serine proteases 
(MASPs) initiates the lectin pathway of complement activation.87 Next to the classical and the al

ternative complement activation pathway, this pathway is now recognized as the third comple
ment activation route.ss.90 The activated complement system has three main biological activities: 

1) opsonization of pathogens, 2) chemotaxis and activation ofleukocytes, and 3) direct killing of 

pathogens (figure 4).91 The importance of MBL is underlined by several clinical studies that link 
low serum MBL levels with increased susceptibility to various infectious diseases.9z.<Js Functional 

polymorphisms in the MBL2 gene encoding MBL have been described to determine the MBL 
serum level and could thus possibly also play a role in the development of recurrent OM.99

·
103 

CD14 AND TOLL-LIKE RECEPTORS 

CD14 was initially characterized as the endotoxin/hpopolysaccharide (LPS) receptor.104 Howev-

Polypeptide 

Structural subunit 

Oligomer of structural 

subunits: functional MBL 

Figure 3 Structure of the Mannan-binding lectin molecule. 

The MBL2 gene encodes for single MBL polypeptides. Three polypeptides fold together to form 

a structural subunit. Oligomers of 3 to 6 structural subunits together produce functional MBL. 
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er, evidence evolves suggesting CD14 is also involved in responses to lipoteichoic acid of gram

positive bacteria,105 peptidoglycan of both gram-positive and gram-negative bacteria,106 myco

bacteria and possibly viruses.107 Furthermore, involvement of CDr4 in macrophage responses 

against purified capsular polysaccharide of S. pneumoniae has been described.108 CDr4 thus 

seems to play a central role in the fust innate immune defense against many upper respiratory 
tract pathogens.100 

Signal transduction of CD14 is mediated through a complex of Toll-like receptor 4 (TLR4) 

and MD-2..11° TLRs are the principal membrane signaling molecules through which mammals 

sense infection and binding of a ligand to TLRs leads to activation of pro-inflammatory path
ways.111·113 A functional polymorphism in the CD14 promoter is known to exist, determining 

soluble CD14 levels.114 This polymorphism has already been associated with several immuno

logical disorders like allergy, atopy, tuberculosis and rheumatoid arthritis. 115
-
118 Since CD14 is 

important in the immune defense against many OM associated pathogens, functional CD 14 

polymorphisms could be of importance in the development of OM. 

[ Pathway: ] [ Classical pathway ] [ Lectin pathway] [ Alternative pathway ] 

~/ 
(4 

C2 (3 
! 

C4b2,"' l / ClbBb 

C3b 

l 
Membrane attack complex 

Microbial 

components 

Figure 4 The three principal pathways and major components of the complement cascade. 
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Adaptive immune defense in OM 

Next to the above-described innate immune defense systems, adaptive immunity plays a pro

found role in the protection against OM (figure 5). The role of antibodies directed against the 

pneumococcal capsular polysaccharide, induced after natural encounter with the pathogen 

and/or after vaccination, and Fe receptors expressed on phagocytic cells that interact with these 

antibodies will be discussed in detail below. 

PNEUMOCOCCAL SEROTYl'E SPECIFIC ANTIBODIES 

Protective antibodies against encapsulated bacteria are directed against the bacterial polysac

charide capsule and are serotype specific. Polysaccharides are able to induce antibody respons

es in the absence of T-cells and are referred to as T-cell independent type 2 (TI-2) antigens. 

A number of features distinguish TI-2 antigens from proteins, which are classified as T-cell 

dependent (TD) antigens.119 TI-2 antigens are high molecular weight molecules, carrying re

peating epitopes, which are poorly metabolized.12° TI-2 antigens do not induce classical im

munologic memory and no avidity maturation is observed after repeated antigenic stimulus 

with TI-2 antigens.121
·
122 Furthermore, the immune response to TI-2 antigens develops late in 

ontogeny, around 18-24 months of age, compared to TD antigens.123 

Effective phagocytosis of pneumococci by PMN depends primarily oflgG
2 
-anti-pneumococcal 

antibodies in several in-vitro studies.124-m In children with recurrent OM both increased as well 

Figures 

Complement . . .. Complement 

Pneumococci 
.... 

Fe receptor 

Phagocytic cell 

B-cell 
Activated B-cell 

Main immune defense mechanisms against S. pneumoniae. 

Immunity against S. pneumoniae mainly depends on complement and antibody mediated 

phagocytosis through complement- and Fe receptors expressed on neutrophils and monocytes/ 

macrophages. 
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as normal serum IgA, IgM, IgG and IgG
1 

levels, and for IgG
2 

both normal as well as low values 

have been found.128
·132 Pneumococcal serotype-specifi.c IgG and IgG

2 
antibody titers seem to be 

lower in children with frequent recurrent AOM compared to healthy controls.133
-
135 

PNEUMOCOCCAL VACCINES 

Antibodies can be elicited upon both natural encounter with the pathogen or by vaccination. To 

protect from pneumococcal disease several vaccines based on the capsular polysaccharides have 

been developed. A first pneumococcal polysaccharide vaccine for the prevention of invasive 

pneumococcal infections was marketed as early as r946. The currently available 23-valent pneu

mococcal polysaccharide vaccine (PPV23) contains 25 µg of capsular polysaccharides of each 

of the pneumococcal serotypes r, 2, 3, 4, 5, 6B, 7F, 8, 9N, 9V, roA, nA, r2F, r4, r5B, r7F, r8C, r9F, 

r9A, 20, 22F, 23F and 33F. These serotypes were chosen on the basis of the relative distribution 

of the individual serotypes that cause around 90% of invasive pneumococcal infections.136
-
141 

lmmuno-competent healthy adults produce protective anti-pneumococcal antibody titers two 

to three weeks after vaccination with PPV23. All immunoglobulin classes are included in these 

responses, although among IgG subclasses, IgG
2 

predominates. In children below 2 years of 

age the immunogenicity of polysaccharide vaccines is poor because of the T-cell independent 

character of polysaccharide antigens (figure 6).123 Clinical effectiveness of 8- and r4-valent pneu

mococcal polysaccharide vaccines in children has been evaluated in trials in the early r98o's, 

and was at best moderate in children older than 2 years of age and only marginal in younger 

children.142
-
149 To overcome the poor immunogenicity of polysaccharide vaccines, pneumococ

cal capsular antigens are covalently conjugated to a protein carrier. Several carrier proteins have 

been utilized in the development of pneumococcal conjugate vaccines, including H. in~uenzae 

protein, N. meningitidis outer-membrane protein complex (OMPC)150
•
151

, diphtheria- and tetanus 

toxoids,152 and a non-toxic diphtheria protein analogue (CRMr97).153
•
154 A 7-valent pneumococcal 

conjugate vaccine including capsular polysaccharides of pneumococcal serotypes 4, 6B, 9 V, r4, 

~SC, r9F and 23F conjugated to CRMr97 (PCV7, Prevnar®, Wyeth Lederle Vaccines) was licensed 

lil the USA and Europe in 2000 and 2oor, respectively. 9-valent vaccines additionally includ

ing polysaccharide types r and 5, and n-valent vaccines also including serotypes 3 and 7F are 

currently under investigation. The serotypes included in PCV7 are responsible for 69-79% of 

reported invasive pneumococcal disease cases in children aged <5 years in England and Wales, 

and the 9-valent and n-valent vaccines cover 77-87% and 82-9r%, respectively.155
.1

56 Pneumococ

~al conjugate vaccines (PCV) with T-cell dependent characteristics are immunogenic in infants, 

mduce antibodies in serum and mucosal secretions, provoke immunologic memory and have 

the potential to induce a progressive increase in avidity and opsonophagocytic capacity of an

tibodies upon repeated immunizations (figure 6).157 These vaccines are also immunogenic in 

~hildren at increased risk for pneumococcal infections, such as those infected with the human 

lllununo-deficiency virus, and in patients who previously failed to respond to pneumococcal 

polysaccharide vaccinations.158
-
160 Furthermore, PCV7 induces good antibody responses in chil

dren with recurrentAOM.161.1
62 Despite induction ofigG antibodies and >95% efficacy of these 

Conjugate vaccines against vaccine serotype invasive pneumococcal disease,163
•
164 efficacy in pre

venting mucosal colonization and infection with conjugate vaccine pneumococcal serotypes is 
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at best approximately 50%.157
•
165

·
170 However, along side this decrease an increase of non-conju

gate vaccine serotypes has been observed in nasopharyngeal carriage, middle ear disease and 

even in invasive pneumococcal disease.157
•
167

•
168

•
171

·
173 

Determination of IgG antibody concentrations by ELISA is at present the standard technique 

to measure immune responses upon vaccination with PCV or PPV. However as of yet, no defi

nite threshold antibody levels or minimal protective antibody levels, which should be defined 

for each individual serotype in the vaccine and possibly even for different pneumococcal dis

eases, have been set. It is agreed that for prevention of mucosal disease higher antibody levels 

are required as compared with invasive disease. Functional antibody characteristics, 1.ke an

tibody avidity and the opsonophagocytic capacity of antibodies should be investigated when 

evaluating vaccine efficacy as well, because some of the poor immunogenic capsular antigens 

1.ke serotype 6B seem to induce excellent clinical protection from mucosal and systemic dis

ease, despite low ELISA antibody titers after vaccinations.174
•
175 

Fe RECEPTORS 

Fe receptors (FcR) are expressed on phagocytic cells and recognize the constant part of an an

tibody. Therefore FcR are often referred to as a crucial links between the cellular and humeral 

parts of the immune system.17
6-

178 The interaction between antibodies and FcRs can result in 

Figure 6 

Protein speciflc T-cell 

Complement • 
CD!9/CD21 

Polysaccharide specific B-cell 

B-cell activation upon stimulation with polysaccharide or after a polysaccharide-protein conju

gate. 

Left: Polysaccharide activates B-cells independently ofT-cells, by cross linking B-cell receptors. 

Right: After binding of polysaccharide-protein conjugate to polysaccharide specific B-cell receptor, the 

conjugate is interna lized, processed and presented. The protein part of a polysaccharide-protein conjugate 

att racts T-cell help, and therefore a T-cell dependent immune response is elicited, also influencing the im

mune response against the polysaccharide part. Possibly a polysaccharide specific T-cell is present as well 

(right). 
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activation of several effector functions, like phagocytosis, antibody-dependent cellular cytotox

icity (ADCC), antigen presentation, cytokine release, degranulation, and regulation of antibody 

synthesis. Polymorphisms that exist in FcRs for IgG (FcyRs), especially in FcyRIIa that inter

acts with IgG
2 

antibodies, 179 are relevant for the susceptibility to respiratory tract infections and 

could possibly also play a role in the development of OM.126
·
127

·
180

•
181 

Scope of this thesis 

In this thesis we have studied the role of several factors of innate and adaptive immunity in two 

large and well-defined cohorts of children with either recurrentAOM or prolonged episodes of 

0ME. Children participated in two randomized controlled trials on the prevention of OM by 

combined pneumococcal conjugate and polysaccharide vaccinations in the Netherlands.41
•
165 

In chapter 2 we studied genetically determined low levels of Mannan-binding lectin (MBL), 

which initiates the lectin pathway of complement activation, as a risk factor in the development 

of recurrent AOM. In chapter 3, the impact of a functional CD14 promoter polymorphism, 

described to determine soluble CD14 levels, on the number of AOM recurrences was studied. 

This clinical association might be related to the influence of this polymorphism on pneumo

coccal serotype specific IgG antibody levels, as described in this chapter. In chapter 4 we set out 

to compare functional antibody synthesis in children with recurrent AOM, children with per

sistent OME and age-matched controls without OM. The antibody levels against a viral vaccine 

(measles), a bacterial vaccine (diphtheria, tetanus) and a conjugated polysaccharide-protein vac

cine (Haemophilus iniuenzae type b) after regular childhood vaccinations were analysed. Previ

ously, we described the adaptive IgG antibody response to combined pneumococcal conjugate 

and polysaccharide vaccinations in recurrent AOM and persistent OME.165
•
182 In chapter 5 we 

now studied antibody functionality of pneumococcal polysaccharide specific IgG antibodies 

after this vaccine schedule in children with recurrent AOM. In chapter 6 the role of the Fey re

ceptor Ila polymorphism, known to determine IgG
2 

binding capacity, as a potential risk factor 

to develop recurrent AOM, is investigated. The influence of single nucleotide polymorphisms 

(SNPs) in IL-4, IL-4RA and IL-13 on pneumococcal polysaccharide specific IgG antibody re

sponses, both in isolation and in haplotypes composed of these polymorphisms, are described 

in chapter 7. Finally, several immunologic risk factors (irnmunoglobulirl levels, MBL and FcyR 

polymorphisms) in the development of OME are discussed in chapter 8 and a summarizing 

discussion is presented in chapter 9. 
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Summary 

Mannan-binding lectin (MBL) can bind highly conserved structures on a wide range of mi

croorganisms, leading to initiation of the lectin pathway of complement activation. Aberrant 

functional MBL serum levels, caused by MBL2 gene polymorphisms, are a possible risk factor 

for recurrent infections. Within the seven co=on previously described MBL haplotypes, still 

considerable variation in MBL serum levels and activity is known to exist. 

12 genetic variants in the MBL2 gene and functional MBL serum levels were determined in a 

large and well-defined cohort of children with a history of recurrent acute otitis media. Hap

lotypes were constructed and associated with functional MBL serum levels and the number of 

otitis episodes in the previous year. 

The 7 common MBL2 haplotypes mainly determine the level of functional MBL in serum. 

Additionally, the 3130G>C SNP, located in exon 4, further significantly influenced functional 

MBL levels within the LXPA haplotype. LXPA carriers with 3130G showed a significantly lower 

geometric mean functional MBL serum level of 0.19 i-ig/ml (95% CI 0.07-0.5) compared to 0.70 

i-ig/ml (95% CI 0-4-1.2) in 3130C carriers (p=o.026). Clinically, non-wild type MBL2 carriers be

tween 12-24 months of age had a significantly increased number of acute otitis media episodes 

(s.1/year) compared to wild type MBL2 carriers (4.1/year) (p=o.027). In older children this asso

ciation was not found anymore. 

We conclude that additional SNPs within the seven common haplotypes can further explain 

the observed variation in functional MBL serum levels. MBL seems to be of particular clinical 

importance during early childhood, when maternally derived antibodies have waned, and pro

tective adaptive immunity is not well developed yet. 
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Introduction 

Mannan-binding lectin (MBL) is a C-type lectin with a collagen-1ike domain1 that plays an im

P0rtant role in innate immune defense against infections.2 MBL functions as a pattern-recog

nition receptor (PRR) that can bind highly conserved structures on a wide range of microor

ganisms, known as pathogen-associated molecular patterns (PAMPs).3·4 MBL subunits fold into 

ohgomers, which upon binding of mannan or alternative carbohydrate ligands, recruit MBL

associated serine proteases (MASPs). This complex initiates the lectin pathway of complement 

aCtivation.5·8 As compared with other components of the complement system, there is an enor

mous range in serum MBL concentrations in humans, from 0.1-10,000 ng/ml. MBL deficiency, 

defined as an MBL serum concentration below 100 ng/rnl, has been estimated to occur in 5-10% 
0_f the general Caucasian population.9 This condition seems to be associated with an increased 

nsk for infections, especially when a coexisting primary or secondary immune deficiency is 

present and during the immunologic frail period of early childhood, when the adaptive im

mune system has not yet matured and protective maternally derived antibodies have waned.10·12 

Furthermore, MBL insufficiency is thought to influence autoimmune conditions, 1ike SLE and 

rheumatoid arthritis, and the severity and course of several other diseases, 1ike AIDS, hepatitis, 
and cystic fibrosis.10,1J.1s 

'l'he differences in circulating serum MBL levels can to a large extent be explained by genetic 

Variation in the MBL2 gene, which encodes MBL. 16 Three single nucleotide polymorphisms 

(SNPs) in exon 1, known as the D, B and C alleles, all interfere with the formation of higher 

MBL ohgomers, leading to alterations in circulating MBL levels (Arg52Cys, D-variant; Gly54Asp, 

B-vanant; Gly57Glu, C-variant).11·19 An MBL coding region carrying any of the three polymor

~hisms is collectively termed "o", whereas the wild-type allele is referred to as "N'.20 In addi

tion, three pairs of allelic dimorphisms in the downstream promoter and the 5' -untranslated 
re · f gton o the MBL gene have been described to further affect MBL serum levels: -619G>C 

(l-I/L), -290G>C (Y/X) and -66C> T (P/Q).20·22 Many other polymorphisms within the MBL2 gene 

eJCist; whether these SNPs also influence functional MBL serum levels is unknown.23 Since 

strong hnkage disequilibrium exists between the known genetic MBL variants, at present only 
seven common haplotypes have been described.20.24 

'l'he most frequently diagnosed infection in early childhood is otitis media (OM), in which viral, 

especially respiratory syncytial virus (RSV), as well as bacterial pathogens 1ike Streptococcus pneu

rnoniae and Haemophilus in~uenzae are involved.25·26 MBL activity could contribute to protection 

against pathogens involved in the development of OM and likewise, MBL deficiency could be 

one of the factors predisposing to recurrent OM. We studied haplotypes ofMBL2 exon 1 and Y/ 

)( promoter polymorphisms in a well-defined group of 383 children with a history of recurrent 

a~te otitis media (AOM). Haplotypes were associated with functional MBL serum levels and 

~th the number of AOM episodes the child had experienced in the previous year. Additionally, 

. aplotypes composed of 12 polymorphisms across the MBL2 gene were investigated for their 

influence on functional serum MBL levels in these children with recurrent AOM. 
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Material and Methods 

STUDY POPULATION 

Serum and DNA was available from children with a history of AOM, participating in a rand

omized controlled pneumococcal vaccine efficacy trial as described in detail elsewhere.27 Inclu

sion criteria were age between r and 7 years and a history of 2 or more physician diagnosed 

AOM episodes in the previous year. The ethical committees of the participating hospitals pre

viously approved the study. Written informed parental consent was obtained from all subjects. 

Serum and whole blood for DNA isolation were collected at study entry, i.e. before any vaccina

tion was given. Serum and blood was stored at -20 • C until analysis. 

MBL2 EXON I AND Y/X PROMOTER HAPLOTYPING 

Genomic DNA was extracted from whole blood using a QIAamp DNA Blood Kit (Qiagen, 

Hilden, Germany) and stored at -20 • C until analysis. Haplotypes of MBL2 exon r and Y/X pro

moter polymorphisms were determined using a previously described denaturing gradient gel 

electrophoresis (DGGE) assay with slight modifi.cations in a nested PCR protocol.28 Two PCR 

assays specific for the promoter X haplotype (forward primer ATT TGT TCT CAC TGC CAC 

C; reverse primer GAG CTG AAT CTC TGT TTT GAG TT; 25 cycles, annealing temperature 

63°C) or Y haplotype (forward primer TTT GTT CTC ACT GCC ACG) were run. The PCR 

products were diluted r:roo in distilled water. MBL2 exon r was amplified from these dilutions 

with an extra GC-clamp attached (forward primer with clamp ccg ccc gee gcg ccc cgc gee egg 

ccc gee gee ccc gee ccG TGT TCA TTA ACT GAG ATT AAC CTT C; reverse primer CAG AAC 

AGC CCA ACA CG). The amplified DNA was run overnight on a 6% polyacrylamide gel con

taining a denaturing gradient linearly increasing from 35% to 55% formamide and urea. Upon 

electrophoresis, all exon r haplotypes have a unique pattern of migration. The corresponding 

Y/X promoter haplotypes could be inferred from the presence or absence of a product in the 

nested PCR. 

SINGLE NUCLEOTIDE POLYMORPHISMS IN THE MBL2 GENE 

II Single Nucleotide Polymorphisms in the MBL2 gene were determined using polymerase 

chain reaction with sequence-specific primers (SSP-PCR). SNPs and primer sequences are de

scribed in Table r. 

Because of the reported difficulties in SSP-PCR for the -6r9G>C (H/L) SNP (rsnoo3r25)20 this 

SNP was determined using a TaqMan SNP Genotyping assay. Two locus-specific PCR primers 

(forward primer GGA GTT TGC TTC CCC TTG GT; reverse primer GGG CCA ACG TAG 

TAA GAA ATT TCC A) and two allele-specific oligonucleotide TaqMan probes (CAA GCC TGT 

~TA AAA C-Vic;AAG CCT GT.QTAAAA C-Fam)were used. 

FUNCTIONAL MBL LEVELS 

Functional mannan-binding lectin levels in serum were determined using the assay described 

by Kuipers et al.29 This assay is based on the principle of yeast-induced bystander lysis of 

chicken erythrocytes. In short, serum samples were diluted and incubated with a standardized 
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Table 1 - Single Nucleotide Polymorphisms determined using SSP-PCR 

dbSNp SNP• Amino-ac- Name Primer 
identifier id change 

rs930506 -5156A>G promoter R- AAAGGCAGCTCAGTAGTTAGGAT 
R- AAGGCAGCTCAGTAGTTAGGAC 
F-CAATGATGGTCACCCACTAGG 

rs920725 -1640C>T promoter R-CCTTACGGGCATCGCCAA 
R- CTTACGGGCATCGCCAG 
F- GTGATGATAGCACAACCGTGT 

rs7084554 -418A>G promoter R-CTCCATGTCCTCTTCGGGT 
R- TCCATGTCCTCTTCGGGC 
F- GCTAGGCTGCTGAGGTTTCTT 

rs7096206 -290G>C promoter Y/X F- CATTTGTTCTCACTGCCACG/C 
R-GATGCCAGAGAATGAGAGCTG 

rs7095891 -66C>T promoter P/Q F- GTAGGACAGAGGGCATGCTT 
F- TAGGACAGAGGGCATGCTC 
R-GATGCCAGAGAATGAGAGCTG 

rs5030737 154C>T D52C D-variant R- T (C) CCTTGGTG (C) CATCACGt 

R- CT (T) CCTTGGTG (C) CATCACGt 

R- CT (C) CCTTGGTG (T) CATCACGt 

R- TTCT (T) CCTTGGTG (T) CATCACGt 

R- CT(C/T)CCTTGGTG(C/T)CATCACAt 
F- ACGGTCCCATTTGTTCTCACT 

rs1800450 161G>A G54D B-variant R- CCCCTTTTCT (C/T)CCTTGGTGTt 
R- CCCTTTTCT(C/T)CCTTGGTGCt 
F-ACGGTCCCATTTGTTCTCACT 

rs1800451 170G>A G57E C-variant R- ACCTGGTTCCCCCTTTTCTT 
R- CCTGGTTCCCCCTTTTCTC 
F- ACGGTCCCATTTGTTCTCACT 

rs1982266 760C>T intron F-TCCTGGGTCAAGGTCTCCT 
F- CCTGGGTCAAGGTCTCCC 
R-TTTTTCCAGGGTCTCCTTTTTG 

rs930507 3130G>C L126L F- CCACTTTTTCACATTTTAGGGCTG/C 
R-ATAGGGAACTCACAGACGGC 

rs2506 5887T>G R-TGTCTTTCAGGAGTCTATACCTGA 
R- GTCTTTCAGGAGTCTATACCTGC 
F-ATGAGGTTTCTACTGGGACCAC 

Notes. Basepair substitutions are defined based on the coding strand 
I Different primers were used in one run for overlapping sequences in exam 
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amount of freshly cultured baker's yeast (S. cerevisiae) to activate the MEL pathway. To stand

ardize for complement components of the classical, amplification and terminal route, MEL 

deficient serum was added. Chicken erythrocytes were used as the target for hemolysis due to 

MEL pathway activation. Hemoglobin release was measured in an ELISA reader at 405 nm. 

Percentages of hemolysis were calculated using controls for 100% (water lysed) and 0% (buffer 

control) hemolysis. MEL activity is expressed as f!g equivalent MEL per ml, relative to a refer

ence human serum pool with an estabhshed antigenic MEL level of r.67 f!g/ml. 

STATISTICAL ANALYSES 

Differences in functional MEL concentrations according to MEL2 Exom and Y/X haplotypes 

were tested for significance using a general hnear model correcting for age and gender. The dif

ference in the mean number of documented AOM episodes in the previous year according to 

haplotype was tested for significance using Mann-Whitney U-test. Haplotypes for the 12 SNP 

positions were estimated from unphased genotype data using the Eaysian statistical method 

in PHASE 2.130
•
31 (http://www.stat.washington.edu/stephens/sottwa:re.html). Two not previously 

described haplotypes (HYPE, LYQE) were found. These two additional haplotypes might be 

imperfectly constructed using PHASE or these individuals might have been incorrectly geno

typed. Therefore these subjects were not included in statistical analyses. 

Differences in functional MEL levels according to the phased haplotypes were tested for sig

nificance using a general hnear model correcting for age and gender. 

SPSS 12.0.1 for windows (SPSS Inc., Chicago, IL) was used for all statistical analyses. 

P<o.05 was considered significant. 
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Results 

Functional and genetic MBL analyses were performed in material from a pneumococcal vac

cine efficacy trial, in which 383 children were initially included. Of 244 of these children DNA 

Was available to determine haplotypes of MBL2 exon 1 and Y/X promoter polymorphisms us

lllg DGGE. More than 98% of the patients were of Caucasian ethnicity. Functional MBL con

centrations were determined in available serum from 204 of these 244 subjects. We correlated 

haplotypes of these individuals with their serum MBL level. Highest mean functional MBL 

levels were observed in serum of wild-type YA/YA haplotype carriers (figure 1). Mean serum 

MBL levels were lower when MBL2 exon 1 and/or Y/X promoter polymorphisms were present. 

Differences in MBL serum levels between YA/YO, XA/YO or YO/YO and wild-type YA/YA hap-
lotype . . . all 'gnifi ( ) earners were statistic y s1 cant p<o.01 . 

Additionally, functional serum MBL concentrations were investigated according to haplotypes 

constructed of 12 polymorphisms in the MBL2 gene in 195 individuals with full genotype data 

on these 12 SNP positions (figure 2). PHASE 2.1 software constructed 33 different haplotypes 

frorn the genotype data. Based on the MBL2 exon 1 and the H/L, Y/X, and P/Q promoter SNPs, 
the seven common (HYPA, LYPA, LYQA, LXPA, HYPD, LYPB, and LYQC) and one of the rare 

(BXPA) haplotypes were obtained 20
•
32

• Of 181 children with haplotype data functional MBL 
levels Were available. We now investigated geometric mean functional MBL concentrations ac-
~ J· 1 rllll1g to the 8 recognized haplotypes. MBL levels were lower when an MBL2 exon 1 po ymor-
Phisrn was present (Table 2). 

Of the additional 6 SNPs that were studied, the exon 4 SNP 3130G>C, common within the LXP A 

haplotype, was found to affect functional MBL levels. Haplotypes with 3130G showed a signifi

cantly lower geometric mean functional MBL serum level of 0.19 fJ,g/ml (95% CI 0.07-0.5) corn

Pared to 0.70 fJ,g/ml (95% CI 0.4-1.2) in haplotypes including 3130C carriers (p=o.026) (figure 2). 
l'he 12 SNP haplotype analysis revealed linkage between a number of SNPs. The P/Q SNP at 

Table 2 Geometric mean MBL levels (fig/ml) and 95% confidence intervals according to recognized 

haplotypes 

N Mean functional 95%CI p-values 

---- MBL level (fig/ml} LYPA LYQA LXPA HYPD LYPB LYQC 
HYPA 119 0.62 0.42-0.91 0.2 0.4 0.4 0.05 <0.001 0.009 

LYPA 22 1.18 0.48-2.89 0.5 0.07 0.01 <0.001 0.003 

LYQA 60 0.84 0.49-1.44 0.1 0.02 <0.001 0.004 

lXPA 94 0.47 0.30-0.73 0.1 <0.001 0.02 

HYPO 17 0.20 0.07-0.57 0.3 0.2 

LYPB 44 0.10 0.05-0.20 0.5 

LYQc 5 0.05 0.01-0.32 

Note. 
p-values comparing these levels are calculated using a general linear model correcting for age and gender 
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position -66 was linked with the -4r8A>G promoter SNP and with the - 5r56A>G promoter 

SNP (figure 2). 

Clinical relevance of the MBL2 haplotypes was investigated by comparing the mean number 

of AOM episodes in the previous year between carriers of the wild-type YA/YA haplotype with 

non-wild-type carriers (Table 3). For the group as a whole there was no difference in the number 

of previous AOM episodes according to haplotype. Since MBL is thought to be of particular 

importance in young children, we split the cohort based on age. Indeed, in the group of young

est children between 12-24 months of age, wild-type carriers had experienced significantly less 

AOM episodes as compared to non-wild-type carriers (p=o.027). For the older children the MBL 

haplotype had no effect on the number of AOM episodes (p=o.89). 

H/L Y/X P/Q D/ B/C 

-5156A>G -1640G T / I \ -66C>T / I ""' 760C>T 

- 619G,C - 418A>G -290G>C " 

3130G,C 5887T>G 

Figure 2 
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2.7S (01- 30.6) 

nd 
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nd 

nd 

nd 

nd 

45 0.80 (0.4-l.5) 
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0.69 (0.1-4.S) 

1.47 (0.1-281) 
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71 0.64 (0.4 · 1.1) 

15 0.18 (0.1-0.5) 

014 (0.0-2.0) 

0'7 (0.0 16') 

nd 

nd 
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15 0.15 (0.1-05) 

2 1.53 (OJ - 29.6) 

38 0.12 (0.1- 0.2) 
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Schematic representation of single nucleotide polymorphisms studied across the MBL2 gene 

and overview of haplotypes with functional MBL levels (fJg/ml ) constructed from genotype data 

on the 12 SNP positions. 

N indicates freciuency of haplotypes. 

nd: Mean MBL level is not determined when haplotype freciuency (N) is 1. 

Wild-type positions are indicated in light grey, polymorphic positions in dark grey. 
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Discussion 

MBL levels and function vary greatly within the general population. Part of this variation can 

be explained by polymorphisms within the structural gene as well as by promoter polymor

phisms. Yet, since considerable variation in MBL activity exists even within the seven common 

MBL haplotypes, it has been speculated that additional variants may contribute to functional 

MBL levels. To address this issue, we have correlated both the 7 recognized MBL2 gene haplo-

1:ypes as well as several new polymorphisms within existing haplotypes with functional serum 

MBL levels. Indeed we found that a common SNP in exon 4 (3130G>C) regulates functional 

MBL serum levels within the LXPA haplotype. Furthermore, we showed that functional MBL2 

gene polymorphisms are of clinical importance with respect to susceptibility to AOM in chil

dren below two years of age when adaptive immune responses are still immature and the child 

ls Without maternally derived protective antibodies. 

Recently Bernig et al. published 87 polymorphic sites across the MBL2 gene.23 The high fre

quency of MBL2 polymorphic haplotypes in certain ethnic populations suggests a possible 

selective advantage for heterozygosity.20·21 Carriers of MBL2 genetic variants may be protect

ed against intracellular replicating organisms like Mycobacteria spp and Leishmania spp or the 

lower MBL levels serve to reduce the harmful effects of extreme complement activation via the 
lectin pathway.33-36 

In the study ofBernig et al. a high degree of linkage between 51 SNPs with a minor-allele fre

quency greater than 0.05, occurring in a two-block structure, was observed. We also found a high 

degree of linkage in our current study, especially within the 5' end of the MBL2 gene. Whereas 

Table 3 Association between MBL haplotype and number of AOM episodes from retrospectively 
obtained data. -- Total cohort 12-24 months >24 months 

YA/YA 

Number of children 76 32 44 

Median AOM episodes 3 3 3 

Mean AOM episodes (95% Cl) 4.3 (3.7 - 4.9) 4.1 (3.2- 5.0) 4.4 (3.6 -5.2) 

NoN-YA/YA 

Number of children 168 81 87 

Median AOM episodes 4 4 3 

Mean AOM episodes (95% Cl) 4.7 (4.3 - 5.1) 5.1 (4.5 - 5.6) 4.4 (3.8 - 5.0) 

P-YA.Lue 0.12 0.027 0.89 

Note. 
p-values are determined comparing the number of AOM episodes between wild-type and non-wild-type carriers 

using Mann-Whitney U-test. 
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Bernig et al. defined the 51 block boundary at position -27031 we now observed linkage of the 

more 51 SNP at position -5r56 with the SNPs at positions -4r8 and -66 of the MBL2 promoter. 

This could implicate that the boundaries of the 51 block lie further downstream in the promoter 

region, and future analysis beyond the -5r56 boundary, possibly including neighboring genes, 

may be required for optimal correlation ofMBL2 haplotypes with MBL serum levels. 

The density of common SNPs is comparable for the two-block structures identified by Bernig 

et al., but the region that separates the two blocks shows an increased recombination rate and 

thus probably includes a recombination hot spot. Within this recombination hot spot we now 

identified an SNP (3r30G>C) that apparently influences functional MBL levels within the LXPA 

haplotype. As compared to homozygous carriers of the other common haplotypes (HYP A, LYP A 

or LYQA), LXPA homozygotes display a much larger variation in MBL levels.24 Our finding that 

the 3r30G>C SNP further splits-up the LXPA haplotype in two haplotypes with different MBL 

activities, could be the basis for that large variation. Subtyping of LXPA homozygotes for the 

3r30G>C SNP would further establish the relation between this particular genotype and MBL 

function. 

The 3r30G>C SNP has previously been shown to be mainly observed within the LXPA haplo

type in Caucasians.23 In other ethnicity groups 3r30C can also be found in the HYPD, LYPA, 

and LYQC haplotypes.23 Our study population consists for approximately 95% of Caucasian 

children and we thus found the 3r30C primarily within the LXP A haplotype. 

The 3r30G>C SNP in exon 41 which encodes the carbohydrate recognition domain, does not 

lead to an amino acid substitution. However, it is know that non-coding SNPs might influence 

exon splicing or stability of the mRNA.23
•
37 Alternatively, Bernig et al. showed the 3r30G>C SNP 

to be in linkage disequilibrium with the intronic IVS3+709G>C SNP. Possibly this SNP or an
other SNP in linkage with 3r30G>C causes the difference in functional MBL serum levels we 

observed within the LXPA haplotype. 

Previously variant MBL2 genotypes as well as low circulating levels of MBL have been associat

ed with susceptibility to invasive pneumococcal and meningococcal disease, immunodeficiency 

and severe infections.38
•
43 Additionally, several studies showed an association of upper respira

tory tract infections and/or acute otitis media with aberrant MBL levels and/or genotypes,11
•
44

•
46 

but this was not confirmed by others.47
•
48 These conflicting results might be caused by variation 

in age of subjects under study, since in one prospective study in children from Greenland the 

maximal effect of MBL deficiency was observed in children between 6 and r7 months of age, 

whereas the effect could not be demonstrated in younger or older children.11 The fact that we 

find MBL relevance only below the age of 24 months makes sense, since adaptive immunity 

against polysaccharide encapsulated bacteria, a main group of causative pathogens for AOM, 

matures around this age.49 Similar to Koch et al. we included the Y/X promoter polymorphism 

in our clinical association study, whereas other studies only investigated the structural MBL2 

exon r variants. Since others and we showed that the Y/X promoter polymorphism further 

down-regulates functional MBL levels, this also could explain the conflicting data in literature.20 

Finally, the studies that did not find an association between otitis media and MBL2 genotype 

were rather small (n=73, n=89)1 especially when looking at otitis media sub-groups.47
·
48 Probably 

large and well-characterized cohorts of defined ethnicity are necessary to establish the effect of 
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a single gene in a multi-factorial disease hke otitis media. 

~Verall, our data show that both recognized and new MBL2 polymorphisms influence func

tional MBL serum levels and are of clinical relevance in young children suffering from recur

~ent acute otitis media. Possibly additional SNPs within common MBL2 haplotypes are of clin

ical importance. Therefore, future association studies will probably require a more locus-wide 

approach, as already suggested by Bernig et al. Since data on MBL2 haplotype distribution in 

a childhood population without recurrent OM is not available, and healthy adult populations 

Will include persons with a history of recurrent OM, a large prospective birth cohort is prob
ably required to determine the relative contribution of MBL2 haplotypes to the development 

of recurrent OM. Whether MBL replacement therapy5°·52 will be a treatment option for these 

children will depend also on the relative impact of MBL on AOM susceptibility. 
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Summary 

Innate immunity may be of particular importance for protection against infections in infants 

and toddlers, before the full maturation of the adaptive immune system. CDr4 plays a role in 

the innate immune defense against pathogens associated with otitis media, which is a major 

health care issue in these young children. The CDr4 C-r59T promoter polymorphism, regulat

ing soluble CDr4 levels, may have functional consequences for immune defense against otitis 

pathogens. 

The objective of this study was to investigate the potential role of the functional CDr4 C-r591' 

polymorphism in the susceptibility to recurrent acute otitis media of toddlers. 

The association between CDr4 promoter genotype and the number of acute otitis media epi

sodes was evaluated in a large and well-defined cohort of 300 children participating in a ran

domized controlled vaccination trial. Since S. pneumoniae is a major bacterial pathogen in 

otitis media, serotype specific IgG antibody responses after pneumococcal vaccinations were 

examined according to CDr4 genotype in a separate group of children with otitis media. 

Children aged between r2-24 months with the CDr4 -r59TT genotype had significantly fewer 

episodes of acute otitis media compared to age-matched CC homozygotes (mean number of 

AOM episodes 4.3 and 5.7, respectively; p=o.003), while this was no longer significant in older 

children. TT homozygotes showed higher serotype specific anti-pneumococcal IgG antibody 

levels. 

CDr4 -r59TT homozygous children seem to be less prone to recurrent middle ear infections 

at early age when adaptive immunity is not yet fully developed. Possibly, higher sCDr4 levels 

in carriers of the T allele, lead to an enhanced immune response in reaction to pathogens as 

observed after pneumococcal vaccinations. 
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Introduction 

Otitis media (OM) is the most common reason for a child under 3 years of age to visit a gen

eral practitioner and represents a major pediatric health care issueY A wide variety of bacterial 

pathogens, such as Streptococcus pneumoniae, Haemophilus in~uenzae, Mora:x:ella catarrhalis, and vi

:ses, such as Respiratory Syncytial Virus, play a role in the onset of inflammation of the mid

& e ear cavity. Innate defense systems capable of quickly distinguishing potential pathogens 

thorn self-structures are important for protection from infection, particularly at early age when 

e adaptive immune response to many microorganisms, like encapsulated bacteria, is still im
mature.1 

CDr4 plays a central role in innate immune defense against many microorganisms causing 

Otitis media. After first being characterized as the endotoxin/lipopolysaccharide (LPS) receptor,4 

CDr4 seems also to be involved in responses to lipoteichoic acid from gram-positive bacteria,5 

peptidoglycan of both gram-positive and gram-negative bacteria,6 mycobacteria and viruses.7 

l'he CD14 crystal structure provides a basis for this ligand diversity.8 Involvement of CD14 in 

Ib.acrophage responses against purified capsular polysaccharide of S. pneumoniae, the most im

portant bacterial pathogen associated with OM, makes CD14 a potential candidate in the im

mune defense against middle ear infection.9 CD14 is expressed in a membrane bound form 

(mCDr4) on the cell surface of monocytes and neutrophils, but is also present in serum as a 

:luble protein. Soluble CD14 (sCD14) has the ability to confer pathogen responsiveness to cells 

at do not constitutively express CD14 on their membrane, such as epithelial-, endothelial

~d dendritic-cells,1°·11 and to enhance mCD14 mediated responses to both LPS and peptido

; }'can.12 CD14 also is an important supplementary molecule needed for optimal functioning of 
0 11-like receptor 4,13 which is a principal membrane signaling molecule through which mam

mals sense infection.14 

~ functional polymorphism in the promoter of the CD14 gene (C-159T) has been describedY 

he 1' allele is associated with enhanced transcriptional activity in a monocytic reporter assay 

and increased sCD14 levels in epidemiological studies.15
·
17 

Slllce CD14 might be important in the immune defense against OM related pathogens, carriers 

~ the CD14-159T allele may have a lower susceptibility to middle ear infections. 

b a cohort of 300 children with a history of recurrent acute otitis media (AOM) the association 

. etween the CD14 C-159T genotype and the number of AOM episodes children experienced 

: the kst year was investigated. It is known that innate immune systems can also influence 

e adaptive immune response by up-regulation of co-stimulatory molecules and increased 

CJtoki.ne production. Therefore the humoral immune response to S. pneumoniae, which is the 

crucial part of adaptive immunity against this microorganism, was examined in relation to the 

CDr4 promoter polymorphism. IgG antibody responses to 7-valent pneumococcal conjugate 

vaccination (PCV7) followed by boosting with the 23-valent pneumococcal polysaccharide vac

~ne (PPV23) were evaluated in children with either a history of recurrent AOM (n=48) or pro

onged periods of otitis media with effusion (OME) (n=23). 
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Methods 

STUDY POPULATION TO INVESTIGATE OCCURRENCE OF AOM 

DNA for genotyping of the CD14 C-159T polymorphism was available from 300 children who 

participated in a randomized controlled trial on the clinical efficacy of pneumococcal vaccines 

in prevention of AOM.18 All children were between 1 and 7 years of age and had a history of 2 or 

more physician documented AOM episodes in the year before study entry. 

STUDY POPULATION TO INVESTIGATE PNEUMOCOCCAL VACCINE RESPONSES 

The potential association between the CD14 promoter polymorphism and the response to 

pneumococcal conjugate followed by polysaccharide vaccinations was investigated in seventy

one children affected with recurrent or prolonged OM. Pneumococcal serotype specific IgG 

vaccine responses were available from children participating in two large vaccination trials in

vestigating prevention of recurrence of otitis media by pneumococcal vaccinations in the Neth
erlands.18·19 

The first group consisted of 48 children aged 2 to 7 years, with a history of 2 or more physician 

diagnosed episodes of acute otitis media in the previous 12 months, randomly selected from 

the study population participating in the randomized controlled vaccination study described 

above (AOM group). All children received the 7-valent pneumococcal coajugate vaccine (Pre

vnar®, Wyeth Pharmaceuticals, Philadelphia, PA) followed by the 23-valent pneumococcal poly

saccharide vaccine 6 months later (Pneumune®, Wyeth Pharmaceuticals, Philadelphia, PA). 

The second group consisted of 23 children aged 2 to 7 years, who had suffered from at least 

two prolonged periods of bilateral otitis media with effusion, each lasting 3 months or longer 

and documented by an ENT specialist, and who were therefore referred for ventilation tube 

placement (OME group). These children were also vaccinated with the 7-valent pneumococcal 

conjugate vaccine followed by the 23-valent pneumococcal polysaccharide vaccine but with a 4 

months interval. 

The 7-valent pneumococcal conjugate vaccine (PCV7) consisted of 2 µg each of capsular poly

saccharides from pneumococcal serotypes 4, 9 V, 14, 19F, and 23F, 4 µg of serotype 6B polysac

charide, and 2 µg of serotype 18C oligosaccharide, each conjugated individually to mutant non

toxic diphtheria toxin (CRM197). The 23-valent pneumococcal polysaccharide vaccine (PPV23) 

consisted of 25 µg of capsular polysaccharides from each of the pneumococcal serotypes l, 2, 3, 

4, 5, 6B, 7F, 8, 9N, 9 V, roA, nA, 12F, 14, 15B, 17F, 18C, 19F, 19A, 20, 22F, 23F, and 33F. 

These studies were approved by the participating hospitals and institutions ethics committees. 

Parental written informed consent was obtained for all subjects. 

DNA EXTRACTION AND GENOTYPING 

Genomic DNA was extracted from whole blood collected at study entry using a QIAamp DNA 

Blood Kit (Qiagen, Hilden, Germany). Patients were genotyped for the CD14 C-159T polymor

phism using polymerase chain reaction (PCR) and restriction enzyme digestion with AvaII 

(Promega Corporation, Madison, WI), as described by Baldini and coworkers.15 
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MEA.sullEMENT OF PNEUMOCOCCAL ANTIBODIES AND IMMUNOGLOBULINS 

Blood samples for determination of pneumococcal antibodies were obtained 4 weeks after the 

pneumococcal polysaccharide booster vaccination. Serum was separated and stored at -20°C 

Until analysis. Post vaccination IgG antibody levels to all PCV7 serotypes 4, 6B, 9V, 14, 18C, 19F 

a:nd 23F were measured by ELISA as described previously.20 Minimal detection levels for these 

pneumococcal serotypes in our assay were 0.03, 0.09, 0.12, 0.61, 0.05, o.n, and 0.08 f,lg/ml, re

spectively. All sera were pre-incubated overnight at 4°C with pneumococcal cell wall polysac

chande (CPS) in diluting buffer to block non-specific anti-CPS antibodies (so f,lg/ml; Statens 

Serum Institute, Copenhagen, Denmark).21 The pneumococcal antibody reference serum (lot 
8
9-SF) was used for assay standardization.22 

Serum immunoglobulin levels (IgM, IgG, IgA) and IgG subclasses were measured by rate neph
elometry in sera obtained at enrollment of the study and stored at -20°C until analysis. Total 

serum IgE levels were determined by ImmunoCAP® (Pharmacia, Uppsala, Sweden). 

S'l'A.TISTICAL METHODS 

A.NOVA, Chi-square and Kruskal-Wallis tests were used to determine the significance of differ
ences in general and immunological characteristics. 

Poisson regression was employed for the analysis of the mean number of AOM episodes ac

cording to CD14 genotype in the group of children between 12-24 months and above 24 months 

of age, correcting for age, gender and log total IgE. 

To test differences between antibody levels after pneumococcal vaccination for the three geno

~e groups and using a model recessive for the C allele, general linear models were used, ad

JUsting for age, gender, type of ear disease and log total IgE levels. 

P-values <0.05 were considered statistically significant. SPSS 12.0.1 for windows (SPSS Inc., Chi
cago, IL) was used for all statistical analyses. 

Results 

en 14 PllOMOTEil POLYMOilPHISM AND NUMBEil OF ACUTE OTITIS MEDIA INFECTIONS 

General characteristics and immunologic data on the cohort of children with recurrent AOM 

b
are described in Table r. Overall, there were no statistically significant differences in the distri

Uti du[; on ~f genotypes for age or gender. Serum IgM, IgA, IgG and IgG subclass levels did not 
er significantly according to genotype. Also environmental risk factors that are known to 

redispose to recurrence of AOM did not differ across CD14 genotype. Notably, total serum IgE 

evels Were significantly higher in CC and CT carriers compared to TT homozygotes (Table r). 
When analyzing the number of AOM episodes in the year before study entry in the group 

of duldr b en etween 12-24 months of age according to CD14 genotype, those homozygous for 

t59TT had a history of significantly fewer AOM episodes compared to children homozygous 

~r -r59CC (mean number of AOM episodes 4.3 and 5.7, respectively; p=o.003). Heterozygotes 

all d an intermediate number of episodes (Table 2). A significant linear trend was found across 

three genotype groups with an increasing number of AOM episodes with each additional 
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Table 1 General and immunologic characteristics of the children under study for occurrence of AOM 

CD14CC CD14CT CD14TT p-value 
. 

Number of children 83 149 68 

Mean Age (95% Cl) 3.2 (2.8-3.5) 3.1 (2.8-3.4) 2.8 (2.4-3.1) 0.3 

Boys(%) 50 (60.2) 87 (58.4) 48 (70.6) 0.2 

2:3 months 

breastfeeding(%) 36 (43.4) 63 (42.3) 29 (42.6) 0.9 

Mean number of 

siblings (95% Cl) 1.1 (0.9-1.3) 1.2 (1.0-1.3) 1.0 (0.8-1.2) 0.6 

Daycare attendance(%) 12-24 months 10 (35.7) 24 (46.2) 13 (44.8) 0.7 

2:24 months 22 (81.5) 49 (85.9) 21 (84.0) 0.9 

Smoking in home(%) 23 (27.7) 47 (31.5) 29 (42.6) 0.1 

lgM (g/1) 1.4 1.4 1.3 0.5 

lgA (g/1) 0.7 0.8 0.7 0.4 

lgG (g/1) 9.3 9.2 8.8 0.6 

lgGI (g/1) 7.2 7.3 7.2 0.9 

lgG
2 (g/1) 0.9 0.9 0.9 0.6 

lgG
3 (g/1) 0.4 0.4 0.4 0.9 

lgG
4 (g/1) 0.3 0.2 0.1 0.06 

GM lgE (kU/1) 16.9 17.7 8.8 0.01 

Note. p-values are calculated comparing all three genotype groups, using Anova (age, immunoglobulin and lgE 
levels), Chi-square (gende r, breastfeeding, daycare attendance, smoking) and Kruskal-Wallis (siblings) 
analyses. 

Table 2 Association between CD14 C-159T genotype and number of AOM episodes: Retrospectively 

obtained data from the year before study entry 

12-24 months 2:24 months 

CD14C-159T N MeanAOM• IRR• p N MeanAOM IRR 

(95%CI) (95%CI) (95%CI) (95%CI) 

cc 28 5.7 (4.5-6.9) SS 4.9 (4.1-5.6) 1 

CT 52 5.1 (4.5-5.8) 0.8 (0.6-1.0) 0.07 97 4.8 (4.3-5.4) 1.01 (0.8-1.2) 

TI 29 4.3 (3.3-5.3) 0.7 (0.5-0.9) 0.003 39 5.0 (4.2-5.8) 1.01 (0.8-1.2) 

Notes. p-value calculated compared to baseline CC genotype 
p value for linear trend in mean number of AOM episodes in children between 12-24 months: 0.003 

' IRR;lncidence Rate Ratio 

p 

0.9 

0.9 
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C allele (p=o.003). This association was not identified in children more than 24 months of age 

(lllean number of AOM episodes, 5.0 and 4.9 in those with-159TT and CC, respectively; p=o.9). 

CD14 PROMOTER POLYMORPHISM AND PNEUMOCOCCAL VACCINE RESPONSES 

Since it has been described that the otitis-prone condition might be related to poor responses 

tot pneumococcal polysaccharide vaccine,20
•
23

•
25 and since innate immune systems might sig

nificantly influence adaptive immune responses,26 we investigated the IgG specific antibody re

sponse after combined pneumococcal polysaccharide and conjugate vaccinations according to 

~D14 genotype in a separate group of children with either AOM or OME. General characteris

tics and serum immunoglobulin levels of this study cohort according to genotype are shown in 

'Table 3- There were no significant differences in distribution of genotypes by age or gender. For 

the study of antibody responses, more children with recurrent episodes of AOM participated 

(68%) compared with children with prolonged episodes of OME (32%). However, since we have 

~teviously shown that both groups of children display similar antibody responses after vaccina

tion,27 these groups were pooled for data analysis. Total IgM, IgA, IgG and IgG subclass levels 

did not differ significantly according to genotype. 

Individuals with the CC genotype, associated with a higher number of previous otitis episodes 

lable 3 General characteristics and serum immunoglobulin levels according to CD14 genotype of the -- children under study for antibody responses 

CD14CC CD14CT CD14TI p-value . --N 
19 39 13 

Gender Boys (%) 13 (68.4) 28 (71.8) 5 (38.5) 0.1 

Ear disease AOM (%) 14 (73.7) 26 (66.7) 8 (61.5) 0.8 

Mean Age (95% Cl) 4.2 (3.5-4.9) 4.5 (3.9-5.1) 4.1 (2.9-5.2) 0.7 

lgfv\ (g/1) 

lgA (g/1) 

lgG (g/1) 

lgG1 (g/1) 

lgG1 (g/1) 

lgGi (g/1) 

lgG4 (g/1) 

"-lote. 

1.4 1.3 1.4 0.7 

1.0 1.1 0.8 0.6 

10.2 10.0 9.4 0.8 

8.3 8.1 8.0 0.9 

1.2 1.3 1.2 0.9 

0.5 0.5 0.5 0.9 

0.4 0.3 0.2 0.4 

p-values are calculated comparing all three genotype groups, using Anova (age, immunoglobulin levels), and 

Chi-square (gender, ear disease). 
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in the above described AOM cohort, had lower IgG antibody responses against all serotypes 

of the 7-valent pneumococcal conjugate vaccine compared to CT or TT genotypes (figure 1). 

Antibody levels were significantly lower in CC homozygotes compared to CT/TT individuals 

for pneumococcal serotypes 9V (p=o.02), 18C (p=o.04) and 23F (p=o.02) and a trend for serotype 

4 (p=o.09). 

Discussion 

An association was found between the CD14 C-159T polymorphism and the number of AOM 

episodes in a cohort of 300 children with a history of documented episodes of AOM. TT ho

mozygotes suffered from significantly fewer AOM episodes compared to CC carriers. This was 

found only in the youngest patients from our study cohort and not in children more than 2 

years of age. In a subset of children with AOM and OME, the specific IgG response to pneu

mococcal conjugate vaccine serotypes after pneumococcal conjugate vaccination followed by 

pneumococcal polysaccharide vaccination was higher in TT homozygotes. 

The higher antibody levels in TT carriers suggest a more vigorous adaptive immune defense 

against S. pneumoniae, one of the main causative pathogens in AOM. This enhanced immune 

response may contribute to the reduced frequency of Iniddle ear infections in the youngest 

children, especially since IgG anti-capsular antibodies after pneumococcal vaccinations were 

previously shown to protect against recurrent episodes of acute otitis media in infants.2829 We 

Figure 1 
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also previously reported otitis-prone patients with 4 or more AOM episodes per year to have 

lower total IgG levels30 and lower responses upon pneumococcal vaccinations (unpublished 

data). This is consistent with the currently described association between CD14 genotype, in-

~ection frequency and the pneumococcal specific antibody response. In the present study we 

lllvestigated number of ear infections and antibody responses in two separate cohorts. Future 

research in one large cohort is required to confirm our findings. 

'rhe fact that CD14, as a component of innate immunity, plays a more prominent role in im

mune defense early in life is in accordance with age-related data on other innate immune path

ways, such as the mannan-binding lectin pathway.31 MBL was found to be only important in the 

development of upper respiratory tract infections in children between 6-17 months of age.32 The 

~enerally accepted explanation for this is that innate immune defense pathways are of prime 

llnportance between 6 and 24 months of age when maternally derived antibodies have waned 

and the adaptive immune system of the young child is not yet fully developed. Furthermore it is 

~own that IgG antibody responsiveness after pneumococcal polysaccharide vaccinations and 

infections gradually matures only after 18 to 24 months of age.3 Children aged below 24 months 

With the TT variant may therefore benefit from their higher sCD14 levels directly, because of 

an enhanced innate immune defense or indirectly, through earlier adaptive IgG anti-pneumo

coccal immune responsiveness. This advantage is lost after 2 years when the adaptive immune 

system of all children has matured, and becomes of prime importance. 

We can only speculate on a possible mechanism in which CD14 might influence the magnitude 

of pneumococcal specific antibody responses, and the development of otitis media. In prelimi

nary experiments, we observed higher IL-6, TNFa and IL-ro cytokine levels in supernatants 

of Un-stimulated PBMC cultures from CD14 -159TT homozygote donors, known to have in

creased sCD14 levels. Cytokine levels were also high in supernatants of PBMC cultures from 

-r59CC donors after recombinant sCD14 was added. Additionally, increasing levels ofIL1a and 

lLr~ were found in the latter situation. This would be compatible with previous findings of 

Cauwels et al. showing a pro-inflammatory role for sCD14 during the progression of bacterial 

llleningitis in mice and showing that co-injection of S. pneumoniae with recombinant sCD14 re

sulted in enhanced release ofIL-6 and TNFa.33 The protective role of these pro-inflammatory 

cytokines in the innate immune defense against bacteria is well established, and it is known that 

the events that mediate these innate responses to pathogens have a profound influence on the 

quality and intensity of the subsequent adaptive immune response.26
•
34

•
35 Furthermore, an im

r0rtant role for these pro-inflammatory cytokines, i.e IL-r, IL-6, TNFa and IL-ro, in enhancing 

. Utnoral immune responses to polysaccharide antigens, has been described.36
'
39An enhanced 

llnrnune response upon natural exposure to pathogens able to cause AOM, might explain the 

O~served lower otitis media frequency in carriers of the TT genotype. 

Slllce the CD14 promoter polymorphism may be associated with both the clinical course of 

recurrent AOM in young children, as well as with antibody responses upon pneumococcal 

Vaccination, further studies into additional components of this innate immune pathway are 

~arranted. The interaction between CD14 and TLR4, which forms an essential link between 

~ate and adaptive immune responses,26 leads to initiation of downstream signal transduc

tion cascades, ultimately resulting in activation of transcription factors.40
•
41 Thus, investigations 
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of polymorphisms within these downstream components of the CDr4/TLR4 pathway, such as 

Myd88,42 IRA~,43 NEM0,44 and IKBa45 may also be worthwhile. 

Environmental factors such as breast-feeding, number of siblings, day care attendance, and to

bacco smoke exposure are known to contribute to the development of recurrent otitis media.46 

In the study cohort of 300 children described here, these environmental factors were equally 

distributed across CD14 genotype, suggesting an effect of the CDr4 promoter polymorphism in 

our population separate from these known environmental factors. It remains possible that our 

findings are the result of another polymorphism in linkage disequilibrium with the studied 

polymorphism. 

As previously demonstrated by others, 15
•
47

•
48 we found signi£.cantly lower geometric mean total 

IgE levels in TT homozygotes, who showed higher pneumococcal specific IgG levels. Our data 

may suggest an inverse relationship between IgG and IgE levels according to CD14 genotype. 

Possibly, the atopic condition as such may predispose to increased susceptibility to pneumo

coccal- or respiratory tract infections.49
•
51 

Together our data support a role for CDr4 in early immune defense, possibly by linking innate 

and adaptive humoral immune responses. A large prospective birth cohort however is required 

to determine the true impact of innate immunity pathways associated with CD14, in relation to 

infection susceptibility at young age. 
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Summary 

Recurrent otitis media may be related to defects in specific antibody production, as suggested 

previously. This might be reflected in lower antibody responses to vaccinations administered ill 

the context of the national childhood vaccination program in children suffering from recurrent 

otitis media. 

In a cross sectional study we determined the levels of anti-diphtheria, anti-tetanus, anti-Hae· 

mophilus influenzae type b (anti-Bib) and anti-measles antibodies in sera of 163 children with 

two or more episodes of acute otitis media per year and in 143 children with repeated periods of 

persistent otitis media with effusion each lasting at least 3 months. The control group consisted 

of 521 age-matched healthy children, who were free of recurrent respiratory tract infections. 

Children with recurrent acute otitis media, including highly otitis-prone children, showed 

higher anti-diphtheria and anti-tetanus antibody titers compared to controls. No differences 

were observed in anti-Bib and anti-measles antibody levels between children with recurrent 

acute otitis media and controls, nor did any of the antibody levels in children with persistent 

otitis media with effusion differ from those in controls. Therefore, the results of our study do 

not point toward a generalized immunological hypo-responsiveness in children with recur· 

rent acute otitis media and persistent otitis media with effusion. Determination of antibody 

responses to regular vaccines is not indicative for otitis proneness. 
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Introduction 

Otitis media (OM) is one of the most common childhood infections and is the cause of 12% of 

~dren's office visits to physicians in the United States.1 To rule out immunodeficiency, chil-

en whose frequency of infections exceeds the norm, as well as children who experience seri

ous complications of common infections, are often evaluated for antibody deficiency. Exclusion 

of agammaglobulinemia via measurement of serum immunoglobulin concentrations of the 

~ajor classes of immunoglobulins IgA, IgM, IgG, with or without measurement of IgG sub

c asses, is the starting point for humoral immunity. Since the early r98o's, several studies have 

reported on groups of patients with recurrent respiratory tract infections who have normal or 

n_ear normal serum immunoglobulin concentrations, but do show specific antibody deficien

Cles.23 Therefore, apart from overall immunoglobulin levels, it is nowadays advized to measure 

~Pecific antibody synthesis as response to vaccination. In previous smaller studies, specific anti-

ody deficiency is suggested to occur in otitis-prone children. This is based on low antibody tit

ers in Otitis-prone children after diphtheria, tetanus, and rubella vaccination4 or in response to 

~epeated contact with pathogens like Haemophilus in~uenzae.5•6 To further investigate potential 

llnrnunological hypo-responsiveness in children with recurrent ear infections, we now studied 

specific antibody levels after regular childhood vaccinations in large and well-defined groups t children with recurrent acute otitis media (AOM) or persistent otitis media with effusion 

OI'vIE). These values were compared with data of 52r healthy age matched controls. 

Methods 

S'l:'u 
Dy POPULATIONS 

!hree groups of children were immunologically evaluated as described in detail below: r) chil-

)
ren With a history of at least two documented episodes of AOM in the year prior to study; 

2 childr chi.J.dr en with at least two documented prolonged episodes of OME; and 3) healthy control 
en. 

l. 
The AOM patient population included r63 children aged between 24 and 84 months (me

dian age 4 years) with a history of at least two physician-diagnosed episodes of AOM in the 

previous r2 months.7 Approximately 50% of the children had a reported history of atopy, 

defined as having eczema, hay fever, or recurrent wheezing or asthma.7 A subdivision in the 

AOM group was made on the basis of the number of AOM episodes the child experienced 

the previous year: a) 2-3 AOM episodes; b) 4-S AOM episodes; and c) >6 AOM episodes. 

The OME group consisted of r43 children aged between 26 and 97 months (median age 5 

years) who experienced at least two periods of bilateral OME lasting 3 months or longer, 

documented by an ENT specialist, and who were therefore referred for ventilation-tube 

placement. In both the AOM and the OME patient groups, patients with previously rec-

0gnized congenital or acquired immunodeficiencies, cystic fibrosis, immotile cilia syn

drome, craniofacial abnormalities (i.e. cleft palate), or chromosomal abnormalities (i.e. 

Down's syndrome) were excluded. 
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3. The control group consisted of 521 age-matched healthy children selected from a cross· 

sectional, population-based surveillance study performed in the Netherlands from October 

1995 through December 1996 by the National Institute of Public Health and the Environ· 

ment to evaluate the national immunization program (NIP). At the time of blood sarn· 

pling, parents of participants £Jled out a questionnaire to obtain information regarding 

the determinants of the immune and general health status of the child.8 For the present 

study we selected children aged between 24 and 84 months old (median age 4 years), of 

whom parents stated in the questionnaire that 1) the child participated in the Dutch NIP; 

2) the child did not experience any ear infection, infection of the nasal cavity, or (maxillary) 

sinusitis during the last 12 months for which a physician was consulted or medication 

required; and 3) the child's general health condition was "good" to "very good"(on a scale 

from "poor" to "very good"). 

The ethical committees of the participating hospitals and institutions previously approved all 
three studies. Written informed parental consent was obtained from all subjects. 

DUTCH NATIONAL IMMUNIZATION PROGRAM 

DTP-IPV and hib: All children under study received combined diphtheria, tetanus, whole cell 

pertussis, and inactivated poliomyelitis vaccination (DTP-IPV produced by the Netherlands 

Vaccine Institute (NVI), Bilthoven, The Netherlands) at the age of 3, 4, 5, and II months. DTIPV 

booster vaccination is administered to children 4 and 9 years of age. Since 1993, PRP-T con· 

jugated Haemophilus in~uenzae type b vaccination (Pasteur Merieux SV, Lyon, France) is given 

simultaneously but in a separate syringe, with the first series ofDTP-IPV vaccinations. 

MMR: Live attenuated measles, mumps, and rubella (MMR) viral vaccine (Merck &. Co., Jnc. 

Rahway, NJ, produced by the NVI) is administered to children at the age of 14 months and re· 

peated at 9 years of age. 

MEASUREMENT OF SPECIFIC ANTIBODY CONCENTRATIONS 

Blood samples were obtained at random time points after vaccination by venepuncture, and 

serum was isolated. Patient sera were stored at -20°C and control sera at -8o°C until analysis. 

The levels of anti-diphtheria and anti-tetanus antibodies were measured at the Laboratory for 

Vaccine preventable Diseases at the National Institute for Public Health and the Envirorunent 

with a toxin-binding inhibition assay described elsewhere in detail.9 In brief, twofold serum 

dilution series were incubated with a fixed amount of diphtheria- or tetanus-toxin overnight. 

The toxin that was not neutralized by serum antibodies was measured in an enzyme linked 

immunosorbent assay (ELISA). Horse anti-toxin (diphtheria and tetanus, respectively) purified 

from hyperimmune serum was used for coating and peroxidase labeled horse anti-diphtheria 

or anti-tetanus IgG as a conjugate. Antibody titers are expressed in international units, which 

were calculated according to the WHO reference standard serum (ro IU/ml) by the four-pa· 

rameter fit method in Kineticalc (KC4, Biolyse, USA) with aBio-Tek plate reader (EL312d). IgG 

anti-Hib antibody titers in the patient groups were determined at the Laboratory of PediatriC 

Immunology at the Wilhelmina Children's Hospital by ELISA as described previously.10 Wells 
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of a 96-well polystyrene microtiter plate (Greiner Labortechnik, Langerthal, Germany) were 

~oated with Hib polysaccharide conjugated to human serum albumin (HbO-HALot 17, pro-

Uced by Wyeth Lederle Vaccines; obtained through NISCB, UK, 1 i,tg/ml in PBS). Subsequently, 

plates Were incubated with serial dilutions of serum samples, thereafter with alkaline phos

thatase-conjugated goat-anti-human IgG (Sanbio Biosource, Camarillo, CA; 1:1000 in diluting 

/ffer), and p-nitrophenylphosphate (Sigma-Aldrich Chemie Gmbh, Steinheim, Germany). 

he IgG anti-Hib antibody titers in the control group were determined at the Laboratory for 

~accine preventable Diseases at the National Institute for Public Health and the Environment 

Y ELISA, according to methods previously described elsewhere.11 A number of samples were 

exchanged between the two institutes to test for consistency of the quantitative measurements, 

which proved to be good (R2 >0.98). Specific anti-measles IgG was determined at the Labora

tory for Vaccine preventable Diseases at the National Institute for Public Health and the Envi

ronrnent using ELISA.12 Briefly, IgG antibody concentrations were measured against purified 

measles virus (strain Edmonston). Microtiter plates (Greiner Labortechnik) were coated with 2 

µg/rnl measles antigen. International unitage was calculated relative to the second international 

standard for human anti-measles serum by four-parameter fit. 

SrA.l'tsncs 

Geornetric mean titers (GMTs) and 95% confidence intervals (Cis) were calculated for diphthe

ria, tetanus, Hib, and measles antibody levels in the groups of children with AOM, OME, and in 

controls. GMTs were tested for significant differences between the three groups, using analysis 

of covariance (ANCOVA) in the statistical analysis program SPSS rr.5 for windows (SPSS Inc., 

Chicago, IL). P-values below 0.05 were considered significant. On the basis of literature, age, sex, 

attendance at a day-care center or school, and older siblings at home were tested as potential 

c~variates.1
3--

17 The percentages of children attending a day-care center or school or with older 

siblings at home were very high (Table 1), therefore, these covariates did not influence results 

~d Were not taken into account in further analyses. Age and sex appeared to be relevant, there

ore these two factors were introduced as covariates in the AN COVA model. 

'Table 1 -.:.:...:.. General characteristics of the three studied groups 

----- AOM OME Control 

Number 163 143 521 

Number of males(%) 98 (61.6) 85 (59.4) 276 (53.0) 

Med· 1an age in years 4 5 4 

Day care or school attendance(%) 150 (94.3) 138 (96.5) 452 (86.8) 

Sibl· 1ng(s) at home(%) 134 (84.3) 130 (90.9) 456 (87.7) 
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Results 

To evaluate the hypothesis of a broader specific antibody deficiency in children suffering from 

repeated episodes of AOM or OME, we evaluated immune responses in two large cohorts of 

children with recurrent otitis media (AOM, n=r63; OME, n=r43) and compared them with 521 

healthy age-matched controls. General characteristics of the children in the three groups were 

compared (Tabler). The three groups were matched for age and sex, however the OME group 

consisted of slightly older children (median age 5 years) compared to the AOM and the con

trol group (median age 4 years in both groups). The frequency of boys in the AOM and oME 
groups is higher (62 and 59%, respectively) compared to the control group (s3%), which is in ac

cordance with the observation that OM seems to occur more often in boys.1
3--

15 

Diphtheria and tetanus. Unexpectedly, statistically significant higher anti-diphtheria (GMT, 0.39 

IU/ml) and anti-tetanus (GMT, r.63 IU/ml) antibody levels were found in children with recur· 

rent AOM compared to healthy controls (GMT, 0.26 and 0.90 IU/ml, respectively; p<o.005; 'fa· 

ble 2). The differences between children with recurrent AOM and healthy controls were most 

outspoken in 4-year-olds, the age at which they received the DT-IPV booster vaccination (Fig
r). At the age of 5, antibody levels in both groups declined again and differences were no longer 

distinguishable. Subdivision of the AOM group based on the number of AOM episodes the 

child experienced in the previous 12 months revealed a trend that anti-diphtheria and anti-teta· 

nus antibody levels decreased with an increasing number of AOM episodes. However, for those 

children with four or five AOM episodes per year, and for the group of children with six or 

more AOM episodes per year, anti-diphtheria antibody titers were still similar and anti-tetanus 

antibody levels were even higher compared to controls (Table 3). No differences were observed 

in geometric mean anti-diphtheria and anti-tetanus antibody titers between children with per· 

sistent OME and controls. 

2 
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Figure i Geometric mean anti-diphtheria and anti-tetanus antibody levels in children with AOM and 

healthy controls per year of age. 

Error bars indicate upper 95% confidence intervals of the geometric means. 

Closed bars: AOM patients; Open bars: Controls. 



Table2 Geometric mean antibody titers in children wit/, AOM, OM£ and healthy controls 

AOM OME Control P-values 

N GMT(95%CI) N GMT(95%CI) N GMT(95%CI) AOM-OME AOM-Contro/ OME-Contro/ 

Diphtheria (IU/ml) 162 0.39 (0.32-0.49) 94 0.27 (0.20-0.35) 519 0.26 (0.23-0.29) 0.092 0.002 1.000 

Tetanus (IU/ml) 132 1.63 (1.26-2.11) 110 1.15 (0.87-1.52) 519 0.90 (0.79-1.02) 0.214 <0.001 0.340 

Hib(p.g/ml) 163 1.38 (1.16-1.64) 143 1.06 (0.86-1.31) 122 1. 48 (1.16-1.88) 0.165 1.000 0.202 

Measles (I U/ml) 163 1.16 (0.98-1.37) 141 1.18 (0.99-1.41) 521 1.36 (1.24-1.49) 1.000 0.333 0.525 

Note. Geometric mean antibody titers for diphtheria, tetanus, Hib, and measles in children with AOM, OME and healthy controls. Between brackets the 95% confidence intervals 

for the geometric means are given. 

Table 3 Geometric mean antibody titers in children with AOM according to the number of AOM episodes in the year prior to study 

Controls 2-3 episodes 4-5 episodes >6 episodes P-values 

N GMT (95% Cl) N GMT (95%CI) N GMT(95%CI) N GMT(95% CI) 2/3 vs. 4/5 2/3 vs. >6 4/5 vs. >6 

Diphtheria (IU/ml) 519 0.26 (0.23-0.29) 60 0.55 (0.39-0.77) 43 0.35 (0.23-0.53) SS 0.28 (0.19-0.40) 0.308 0.024 1.000 

Tetanus (IU/mL) 519 0.90 (0.79-1.02) 48 1.81 (1.16-2.81) 32 1.89 (1.10-3.24) so 1.36 (0.88-2.09) 1.000 1.000 1.000 

Hib (1-1g/mL) 122 1.48 (1.16-1.88) 60 1.46 (1.13-1.89) 43 1.47 (1.08-1.99) 56 1.22 (0.94-1.59) 1.000 1.000 1.000 

Measles (IU/mL) 521 1.36 (1.24-1.49) 60 1.17 (0.94-1.45) 43 1.22 (0.94-1.57) 56 1.29 (1.03-1.61) 1.000 1.000 1.000 

Note. Geometric mean antibody titers for diphtheria, tetanus, Hib, and measles in children with different numbers of AOM episodes in the year prior to study. Between brackets 

the 95% confidence intervals for the geometric means. 
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Hib. Because Bib-conjugate vaccination was introduced in the Dutch NIP in 1993 and the con· 

trol surveillance study was conducted in 1995/1996, a control group of only 122 two and three 

years old children was available for the anti-Hib antibody determination. No differences in 

geometric mean anti-Hib antibody levels were found between children with AOM, OME, and 

in controls (GMT of r.38, r.06, and 1.48 fJ,g/rnl, respectively; Table 2). Analysis of the AOM sub· 

group on the basis of number of AOM episodes the child experienced in the preceding year, 

showed no difference in mean anti-Hib antibody titer between children with 2-3, 4-S, or more 

than 6 AOM episodes in 12 months (Table 3). 

Measles. No differences in mean anti-measles antibody titers were observed between children 

with AOM, OME, and in controls (GMT of r.16, r.18, and r.36 IU/mL, respectively; Table 2), nor 

did comparison between the AOM subgroups elucidate any significant differences (Table 3). 

Discussion 

µ 
There have been previous suggestions of specific antibody deficiency in otitis-prone children, 

but now our study addresses, for the first time, this issue in large cohorts of well-defined patient 

populations and a large group of healthy control children. As a tool for immunological evalua· 

tion we determined antibody titers related to vaccinations of the NIP. In contrast with previous 

studies that described decreased antibody responses, suggesting a more general immunologic 

divergence to occur in otitis-prone children, we observed significantly higher anti-diphthe· 

ria and anti-tetanus antibody levels in children with recurrent episodes of AOM compared 

to healthy controls. This was particularly true for the age group of 4-year olds who received a 

DT-IPV booster vaccination, which seems to provoke an even more pronounced response in 

children with recurrent AOM as compared to healthy age matched controls. We did observe a 

trend in decreasing anti-diphtheria and anti-tetanus antibody levels with an increasing number 

of AOM episodes. However, in those children considered otitis-prone, with four or five AOM 

episodes per year, as well as in the severe otitis-prone group with six or more AOM episodes 

per year, similar anti-diphtheria and even higher anti-tetanus antibody levels were observed 

compared to controls. Furthermore, no differences were observed in anti-measles and anti-Bib 

GMTs between children with AOM and healthy controls. The fact that no antibody differences 

were found suggests that the immune responses in children with AOM will be at least as good 

as in healthy controls. Moreover, when the AOM group was further divided in an otitis-prone 

(4-s AOM episodes in 12 months) and a non-otitis-prone (2- 3 AOM episodes in 12 months) 

group, high anti-measles and anti-Hib antibody levels were seen in both groups. Even in the 

group of severe otitis-prone children with six or more AOM episodes per year, high anti-mea· 

sles and anti-Bib antibody levels were observed, which were not different from those in healthy 

controls. Nasal atopy is considered a predisposing factor for AOM. Indeed, 50% of the AOM 

patients were reported as having atopy. The antibody production in response to protein and 

polysaccharide antigens of routine vaccinations did not differ between atopic and non-atopic 

AOM patients (data not shown). These results all indicate a well-functioning humoral immune 

system in response to protein, polysaccharide-protein conjugate, and viral vaccines, that is in 
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fact stimulated in children with recurrent AOM rather than hypo-responsive, as previously sug

gested.4 Prellner et al. described significantly lower anti-rubella antibody levels after vaccina

tion in sera of 13 children with recurrent AOM, defined as having 6 or more AOM episodes in 
12 lrlonths, compared to sera of 29 healthy children. This trend, although not significant, was 

also shown for anti-tetanus toxoid antibody levels.4 Yamanaka et al. described antibody levels 

against the P6 outer membrane protein ofHaemophilus iniuenzae in 13 healthy children and in 
30 0 titis-prone children, specified as having experienced four or more episodes of OM in the 

~st year of life or six or more episodes by the second year of life. Significantly lower antibody 

evels were found in the otitis-prone group after the age of 18 months.5 Hotomi et al. described 
20 0 titis-prone children, all with AOM due to non-typeable Haemophilus iniuenzae. The otitis

prone condition was defined as having more than 3 AOM episodes in 6 months, more than 4 

A.OJ'vl episodes in 1 year, or more than 4 AOM episodes by 2 years of age. Of these 20 otitis

prone children, II showed subnormal levels of anti-P6 IgG.6 Differences between our study and 

~e previous studies are that we did not study children directly after an immunological chal

enge, either by vaccination, like Prellner et al. described, or by natural exposure, like Yamanaka 

~d Botomi et al. investigated. However, anti-diphtheria and anti-tetanus antibody responses 

~ 4-year-olds do reflect the immune response after DT-IPV booster vaccination, showing good 

~unological responsiveness in the subjects in our study. Because measles booster vaccina

tion is given to 9-year-old children and Hib booster vaccination is administered at II months, 

""e could not evaluate responses directly after stimulation with these two vaccines in our study 

Populations. However, overall antibody levels do not point at a hypo-responsive humoral im

lllune system. Furthermore, the studies in hterature that are suggesting a hypo-responsive im

lllune system in children with recurrentAOM were conducted in very small groups of children, 

"'Me our study was carried out in a well defined and substantial larger cohort of children using 

a large group of control subjects. Within the group with recurrent AOM, children with 2 or 3 

episodes of AOM, showed no differences with otitis-prone children with 4-5 or even 6 or more 

A.OJ'vl episodes. Our results therefore indicate that the previous suggestions of a generalized 

iecific antibody deficiency in otitis-prone children should be reconsidered. Gross et al. stated 

. at the measurement of immunoglobuhn levels in children with recurrent respiratory infec

tions is hkely to identify a high proportion of children with values outside the normal range.18 

~
0 Wever, such children are likely to represent the small percentage of the normal population 

""ith values more than 2 SD below the mean for age. Therefore, it is more informative in the im

:unological evaluation of children with recurrent infections to study the capacity of a child to 

.
0
tin antibodies. In addition to the antibody levels reported here, we observed normal to high 

lltununoglobuhn levels in children with recurrent AOM and OME as well.19 These data again 

are not indicative for a hypo-responsive immune system but rather an activated one. Further

lllore, Gross et al. described normal antibody responses after vaccination with tetanus toxoid in 

a group of 203 children with recurrent respiratory infections, which is in agreement with our 

~ent results. In addition, Gross et al. evaluated antibody responses to polysaccharide antigens 

Y llnmunizing 66 patients with a pneumococcal polysaccharide (PPS) vaccine. This revealed a 

:
0 P0 rtion of 79% of patients that responded poorly to one or more specific PPS types. Thus, 

ese data from Gross et al. as well as our previous data20 indicate that if children with recurrent 
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respiratory infections, like OM, are immunologically evaluated, the response to specific PPS's 

is the best discriminating test to elucidate immunodeficiency. This is supported by data froJll 

Herrod et al. who reported on otitis-prone children with normal serum immunoglobulin levels 

and normal titers of anti-tetan:us toxoid antibodies, who were unable to respond to specific Bib 

capsular polysaccharides.21 

To summarize, our present study indicates that antibody levels determined in older children 

after childhood vaccinations of the NIP do not confirm the presence of a generalized imroU· 

nodeficiency in response to vaccinations in children with recurrent episodes of OM. Instead, 

rather high specific antibody levels to diphtheria, tetanus, measles, and Hib are found in otitiS· 

prone children, probably due to an activated immune system. Determining antibody responses 

at a fixed time point after vaccination with a polysaccharide vaccine, like the 23-valent PPS vac· 

cine, possibly is more indicative for the patient's immunological status and proneness to de

velop recurrent episodes of OM. 
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Summary 

The objective of this study was to evaluate whether pneumococcal polysaccharide boosting af
ter pneumococcal conjugate vaccine priming leads to enhanced antibody functionality against 

pneumococcal serotypes included in both vaccines. 

Avidity and opsonophagocytic capacities of antibodies against pneumococcal serotypes 6B, 18C, 

19F and 23F after a single or a double conjugate vaccine priming dose and after polysaccharide 

boosting, in children aged 1-7 years with a history of recurrent acute otitis media, were studied. 

Polysaccharide boosting significantly increased antibody avidity and opsonophagocytic capac· 

ity. However, the increases in antibody functionality varied between the individual pneumococ· 

cal serotypes. For serotypes 6B and 18C1 priming with two instead of one dose of conjugate 

vaccine, led to better avidity maturation upon polysaccharide boosting. 

Avidity maturation upon a pure polysaccharide booster vaccination after conjugate vaccine 

priming is induced and polysaccharide boosting thus contributes to optimal protection against 

pneumococcal infection. Apart from serotype specific antibody titers, the increase in antibody 

avidity should be considered when evaluating vaccine immunogenicity. 
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Introduction 

~titis media (OM) is one of the most common childhood infections with Streptococcus pneumo

hlae as the main bacterial cause.1·3 Prevention of pneumococcal infections by vaccination is the 

;:egy of choice because of the rapid emergence of multi-drug resistant S. pneumoniae and the 

ted benefit of antibiotics in OM.4 

!he 23-valent pneumococcal polysaccharide vaccine (PPV23) includes capsular polysaccharides 

b 0:tn the most prevalent pneumococci and aims to induce protective serotype-specific IgG anti

odies. However, the immunogenicity of this T-cell independent polysaccharide vaccine proved 

~ be low in ~~dren _under r8 to 24 months of age, who ar~ most at risk for mucos~ infecti~ns 
e acute otitis media (AOM).5·

9 Furthermore, the T-cell mdependent polysacchande vaccme 

~one fails to induce memory and affinity maturation of antibodies.10
•
13 

l O overcome the poor immunogenicity of polysaccharide vaccines, capsular antigens are cova

ently co~ugated to a protein carrier. Pneumococcal conjugate vaccines (PCV) with T-cell de

pendent characteristics are immunogenic in infants, induce antibodies in serum and mucosal 

secretions, provoke immunologic memory and induce a progressive increase in avidity and op

sonophagocytic capacity of antibodies upon repeated immunizations.14 

~espite over 95% clinical efficacy against vaccine serotype invasive pneumococcal disease,15
'
16 

e efficacy of conjugate vaccines in preventing mucosal colonization and infection is at best 
SO% 14

'17 f rth th . . li . d b ( ) f · u ermore, e current conjugate vaccmes cover a nnte num er 7-rr o pneumo-

coccal serotypes. A vaccine schedule including PPV23 booster vaccination after primary PCV7 

Vaccination would potentially increase serotype coverage, particularly in children after 2 years 
0
~ age. Moreover, pneumococcal polysaccharide boosting after priming with a conjugate vac

cine leads to higher serum IgG levels as compared to a conjugate vaccine booster.18 Whether 

Polysaccharide booster vaccination after conjugate vaccine priming would lead to functional 

:a~ation of antibodies against serotypes included in both vaccines is unknown. 

e investigated avidity and opsonophagocytic capacity of antibodies against pneumococcal se

~0types 6B, r8C, r9F and 23F after one or two PCV7 priming vaccinations and again after PPV23 
008ting, in 40 children with a history of recurrent AOM who participated in a randomized 

controlled trial on the efficacy of combined PCV7/PPV23 vaccination.17 Our data show that 

Polysaccharide boosting improves the functional characteristics of pneumococcal serotype-

5Pecific antibodies, but large differences were observed between individual serotypes. Further

~ore, the number of PCV7 priming doses (one or two) influences functional antibody matura
tion after PPV23 boosting. 
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Methods 

STUDY POPULATION AND VACCINATIONS 

Forty patients were randomly selected from 191 patients immunized with pneumococcal con· 

jugate and polysaccharide vaccine, who participated in a randomized controlled trial of the 

clinical efficacy of pneumococcal vaccines in prevention of AOM. All children had a history of 

physician diagnosed recurrent AOM.17 The ethical committees of the participating hospitals 

previously approved the study. Written informed parental consent was obtained from all sub· 

jects. 

All children were between I and 7 years of age and had a history of 2 or more AOM episodes 

in the year before study entry. Twenty children aged between 12-24 months were randomly se· 

lected from the group who received the 7-valent pneumococcal conjugate vaccine twice with a 

one-month interval. Another 20 children aged 24-84 months were randomly selected from the 

group that received one dose of pneumococcal conjugate vaccine. All 40 patients of both age 

groups received a 23-valent pneumococcal polysaccharide booster vaccination 6 months after 

the last coajugate vaccination. Blood was drawn and serum was isolated 4 weeks after the last 

PCV7 vaccination and again 4 weeks after PPV23 boosting. Serum was stored at -20 ·c until 

analyses. 

The pneumococcal conjugate vaccine (Prevnar, Wyeth, Rochester, NY, USA) consists of 2 p,g ea.eh 

of capsular polysaccharides of pneumococcal serotypes 4, 9 V, 14, 19F, and 23F, 4 p,g of serotype 

6B polysaccharide and 2 p,g of serotype 18C oligosaccharide, each conjugated individually to the 

CRM197 protein. 

The pneumococcal polysaccharide vaccine (Pneumune, Wyeth, Rochester, NY, USA) consists of 

25 p,g of capsular polysaccharides of each of the pneumococcal serotypes 1, 2, 3, 4, 5, 6B, 7F, 8, 9:N, 

9V, rnA, 11A, 12F, 14, 15B, 17F, 18C, 19F, 19A, 20, 22F, 23F and 33F. 

lGG ANTIBODY AVIDITY 

Avidity indices of IgG anti-pneumococcal antibodies against serotypes 6B, 18C, 19F and zl 
polysaccharides were determined after PCV7 vaccination and after PPV23 booster vaccination 

in the same 40 patients. All serum samples were diluted to an IgG antibody concentration of 

0.05 p,g/ml for the specific serotype, which corresponds with an OD value of approximately 1.o 

and allow accurate measurement in the most dynamic range. 

A modification of the sodium thiocyanate (NaSCN, Fluka, Steinheim, Germany) elution ELI

SA as described previously,19 was applied to the anti-pneumococcal antibody ELISA. In short, 

Inicrotiter plates (Greiner Bio-One, Frickenhausen, Germany) were coated with pneumococcal 

polysaccharide (Statens Serum Institute, Copenhagen, Denmark). After 2 hours incubation with 

serum, increasing concentrations ofNaSCN were added to individual wells, ranging from o to 

3.5 M (o, 0.1, 0.3, 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, and 3-5). After 15 minutes incubation at 37°C plates were 

washed and incubated for 2 hours at 37°C with alkaline-phosphatase conjugated goat-anti-hu

man IgG (Sanbio Biosource, Camarillo, CA, USA). After washing, p-nitrophenyl phosphate ill 

DEAE buffer (diethanolarnine, MgCb.6H20 in distilled H20) was added as substrate. Color 

intensity was measured at 405 nm in an MRX Revelation ELISA reader (Dynex Technology, 
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Chantill y,VA, USA). 

~chty index is indicated as the NaSCN concentration that elutes 50% of bound antibodies at a 

'I: ed antibody concentration. 
0 Illinimize technical variation, the post-PCV7 and post-PPV23 samples from one patient 

~ere run on the same plate and additionally, avidity indices of all 40 patients against a particu

ar Pneumococcal serotype were determined on a single day. Pre- immunization antibody levels 

\Vere too low for reliable measurement of avidity indices. 

lGG 
ANTIBODY OPSONOPHAGOCYTIC CAPACITY 

Opsonophagocytic capacity of sera was determined against pneumococcal serotypes 6B, 18C, 

•9F and 23F after PCV 7 vaccination ( one or two doses) and after booster vaccination with the 23-

V~ent polysaccharide vaccine according to a modification of the method described by Busetto 

et ~·
20 

We first established which incubation-time and amount of antibody yielded the best re

producible results in our assay (figure 1). Incubation times were varied from IO to 30 minutes. 

Because within this time frame little variation in overall phagocytosis was observed, 15 minutes 

llicubation time was applied in following experiments. Experiments were performed with a 

redete~ed antibody concentration. For each serotype the lowest concentration of specific 

JG antibody that yielded plateau level of phagocytosis was used for all further experiments. 

his Was 0.5 f,lg/ml for antibodies against serotypes 6B, 18C and 19F, and r.o f,lg/ml for anti-23F 

;tibodies (figure 1). 

or 0 psonophagocytic experiments, individual clinical strains of 6B, 18C, 19F and 23F sero

tJred S. pneumoniae, cultured from the middle ear of patients with otitis media with effusion, 

"'ere heat inactivated (56 • C, 30 minutes) and labeled with Fluorescein Isothiocyanate (FITC la-
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Optimization of opsonophagocytic assay. 

3 

Incubation of leukocytes, pneumococcal se rotype 68 and patient serum for 10 minutes (circles, drawn line), 

20 minutes (triangles, dotted line) or 30 minutes (squa res, dashed line) and various amounts of pneumococ

cal serotype specific lgG antibody (o to 2.5 fig/ml). 

Graph shows a representative result, as was observed for all studied serotypes. 
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beling kit, Pierce, Rockford, IL, USA). Whole blood as a source of granulocytes was drawn fro:[ll 

one volunteer donor. For assay standardization the same donor, with the optimal IgG bind· 

ing FcyR1Ia-131HH genotype,21
·
22 was used for all experiments. Erythrocytes were lysed using 

hypotonic shock buffer (0.8% NH4Cl; 0.1% KHC03; 0.003% EDTA in PBS). Fifty thousand 

leukocytes were mixed with roxro6 bacteria in a total volume of 150 fl-1. Fifty fl-1 patient seru:(ll 

with the pre-defined serum antibody concentration was then added and the mixture was in· 

cubated for 15 minutes at 37°C while shaking to allow attachment and phagocytosis. Samples 

were washed twice and FITC intensity was measured using a FACSCalibur (Becton Dickin· 

son, Cal, USA). Cell-bound green fluorescence intensity of granulocytes corresponds with the 

amount of attached and ingested bacteria. After this first measurement, roo fl-1 trypan blue (1'13) 

(Sigma-Aldrich Company, Irvine, UK; 250 fl,g/ml in 0.1M citrate buffer pH 4.0) was added to 

the sample and FITC intensity was measured again. TB quenches the FITC label of bacteri3 

that are attached but not ingested, which shifts the emission wavelength to above 590 run. 'fhe 

TB quenched signal was measured at 675/20 nm (FL-3 channel). Residual FITC fluorescence 

intensity corresponds with bacteria that are really phagocytosed (figure 2). OpsonophagocytiC 

capacity was calculated as the product of the percentage of green fluorescent cells after adding 

TB and the geometric mean fluorescence intensity of these cells. 

To minimize technical variation, opsonophagocytic capacities of antibodies against all 4 pneu· 

mococcal serotypes in the post-PCV7 and post-PPV23 samples from an individual patient were 

determined in a single experiment. A maximum of IO patients were tested on a single day. 

STATISTICAL ANALYSES 

Differences in number of AOM episodes and immunoglobulin levels were tested for signil1' 

cance using Mann-Whitney U and t-tests, respectively. IgG antibody avidity and opsonophago· 

cytic capacity were normally distributed. Therefore, differences in avidity indices and op· 

sonophagocytic capacity of antibodies post-PCV7 vs post-PPV23 were tested for significance 
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Figure 2 Representative result of FACS analysis in opsonophagocytic assay. 

Forward scatter-side scatter dotplot gated on granulocytes is depicted in panel a. 

Before addition of trypan blue (b), FIT( positive cells represent granulocytes with both attached and in· 

gested fluorescent bacteria. After addition of trypan blue (c), bacteria that are on the outside of the cell and 

therefore only attached and not ingested, become negative for FIT( and positive in the FL3 channel. 
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Using a paired t-test. Differences in post-PPV23 antibody functionahty between groups re
c . 
tVing PCV7 priming once or twice were compared using t-test. Statistical analyses were per-

0llned using SPSS 12.0 for Windows (SPSS Inc., Chicago, IL, USA). P-values below 0.05 were 
con "d 81 ered signi£.cant. 

Results 

t questions in our study were whether polysaccharide booster vaccination would lead to a 

her increase in antibody functionality (avidity and opsonophagocytic capacity), and wheth

er the number of conjugate vaccine priming doses influences antibody functionahty after the 

tlysaccharide booster. Characteristics of the 40 children studied for pneumococcal antibody 

th n_ctionahty are described in Table r. Children aged between 12 and 24 months had, because of 

a eir younger age, lower IgA, IgG, IgG
1 

and IgG
2 

immunoglobulin levels compared to children 

ged 2-7 years. Because of the significant variation in antibody titers, a fixed amount of pneu

niococcal serotype specific antibody was added in the antibody avidity and opsonophagocytic 
capa . 
:p- city measurements. 

igure 3 shows the increase in avidity of IgG antibodies against pneumococcal serotypes 6B, :c, 19F and 23F after polysaccharide booster vaccination compared with conjugate vaccinations 

one. For all serotypes, a signi£.cant increase in antibody avidity after pneumococcal polysac-

lable 1 ---.::..:__ General and immunological characteristics of the 40 children with recurrent AOM in the cohort 

---- p-val N --------------------------"'--
1xPCV7 2XPCV7 

uni be r of children 

Gender 

Boys 

Girls 

Med· ian AOM episodes 

Mean lg (range) 

lgM (g/1) 

lgG (g/1) 

lgA 

lgG 

lgG 

lgG 

lgG 

l 

l 

J 

4 

(g/1) 

(g/1) 

(g/1) 

(g/1) 

(g/1) 

1.4 

12.1 

1.4 

9.9 

1.3 

0.5 

0.3 

20 

11 

9 

3.5 

(0.6 - 2.3) 1.3 

(6.2 -18.7) 8.3 

(0.4 - 5.5) 0.5 

(5.0 - 18.3) 7.3 

(0.8 - 2.1) 0.7 

(0.2 - 1.3) 0.5 

(0.1 - 1.2) 0.2 

20 

12 

8 

3.5 

(0.9 - 1.6) 

(3.4 -12.2) 

(0.1 - 1.0) 

(4.5 - 10.8) 

(0.2- 2.0) 

(0.1- 1.5) 

(0.1 - 1.0) 

0.6 

0.3 

<0.001 

0.002 

0.007 

<0.001 

0.7 

0.2 

Note. 
Differences in number of AOM episodes and immunoglobulin levels were tested for significance using Mann-

Whitney U and t-tests, respectively. · 
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charide boosting was found irrespective of whether one or two conjugate vaccine priming dos· 

es were given. Only for serotype 6B, the increase in antibody avidity failed to reach signifi.cance 

in children primed with PCV7 once. Anti-6B and anti-18C antibody avidity after polysaccharide 

boosting was significantly higher after priming with two doses of PCV7, compared with onlY 

one previous PCV7 vaccination (figure 3). 

As a second in-vitro functional read-out system, the opsonophagocytic capacities of antibodies 

against serotypes 6B, 18C, 19F and 23F were evaluated (figure 4). 
At a fixed antibody concentration, significantly higher opsonophagocytic capacities after 

polysaccharide boosting were observed for anti-6B and anti-23F antibodies after two conjll· 

Figure 3 
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Avidity of lgG antibod ies against serotypes 68, 18C, 19F and 23F post-PCV7 vaccination and post· 

PPV23 booster vaccination after PCV7 priming once (open squares) and after PCV7 priming twice 

(closed squares). 

Differences in avidity indices of antibodies post-PCV7 vs post-PPV23 were test ed for significance using' 

paired t-test. Differences in post-PPV23 antibody avidity between groups receiving PCV7 priming once or 

twice were compared using t-test. 

* p<o.05 

** p<o.001 
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fate Vaccinations. For antibodies against serotype 19F the increase was significant upon PPV23 
008ting in the older group of children receiving only one PCV7 dose. Higher opsonophago

<)tic capacities of IgG antibodies after PPV23 boosting were observed for anti-19F and anti-23F 

:tibodies after priming with PCV7 twice compared with only one conjugate vaccine priming 

ose. Remarkably, serotype 18C showed no increase in opsonophagocytic capacity with either 

~l1e or two PCV7 priming doses at a fixed antibody concentration, despite the increase in anti
ody avidity. 
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Opsonophagocytic ca pacity of lgG antibodies against serotypes 68, 18C, 19F and 23F post-PCV7 
vaccination and post-PPV23 booster vaccination after PCV7 priming once (open squares) and 

after PCV7 priming twice (closed squares). 
Differences in opsonophagocytic capacity of antibodies post-PCV7 vs post-PPV23 were tested for signifi

cance using a paired !-test. Differences in post-PPV23 antibody avidity between groups receiving PCV7 

priming once or twice were compared using t-test. 

* p<o.05 

** p < 0 .001 



So , Chapters 

Discussion 

Our data show that pneumococcal polysaccharide booster vaccination after conjugate vacci.JJe 

priming in children with recurrent AOM, next to an increase in serotype specific IgG antibody 

titers, also results in a further increase in antibody avidity. This indicates that ongoing affurit}' 
maturation is not only achieved by repeated conjugate vaccinations, but also by polysaccharide 

booster vaccination after conjugate vaccine priming. However, marked differences in serotype· 

specific antibody avidity maturation and dependency upon the number of primary vaccinatio!lS 

with conjugate vaccine occur. 

The capsular polysaccharide of serotype 6B is known to be a weak immunogenic antigen whell 

Ehsa IgG levels are considered.23
·
25 However, despite these relatively low antibody titers, sev· 

eral studies observed the highest vaccine efficacy against AOM for serotype 6B.14
,1

6 In our ra.Jl· 

domized controlled vaccination study, we also observed a marked decrease in nasopharyngeal 

carriage of serotype 6B, although hmited to the youngest patients who had received PCV7 twice 

before PPV23 booster vaccination.27 This decrease is observed despite the fact that these you!lg· 

er children had geometric mean antibody levels of only 0.56 f,tg/rnl, which is significantly lower 

then in the older age group primed with PCV7 once before PPV23 boosting (1.52 f,tg/rnl). 27 'The 

difference in carriage reduction between the two groups might be explained by the significantly 

higher antibody avidity after two conjugate vaccine doses in the younger age group as compared 

to one conjugate vaccine dose in the older group. This would also suggest that repeated coll· 

jugate vaccinations before polysaccharide boosting are required for functional maturation and 

chnical efficacy of antibodies against serotype 6B, and that antibody concentrations as meas· 

ured by Ehsa do not reflect vaccine immunogenicity for serotype 6B. However, because our 

study was performed in a patient group care should be taken when extrapolating these results 

to the general population. Possibly older patients with recurrent AOM are unable to increase 

antibody avidity as part of an immunodeficiency, which might also be the basis for their recur· 

rent infections. 

Comparable to anti-6B antibody levels, anti-23F antibody concentrations are also rather low 

after immunization. In contrast to anti-6B antibody avidity, the increase in anti-23F antibody 

avidity after PPV23 boosting was significant both after one or two PCV7 priming vaccinatio!lS, 

but resulted in less effective carriage reduction in our study.27 The poorest reduction in chnical 

efficacy against otitis media14 or invasive disease,15 as well as in nasopharyngeal carriage rediic

tion in our own study,27 was observed for serotype 19F, despite good serum IgG antibody levels. 

We found only a modest increase in anti-19F antibody avidity after PPV23 boosting with both 

PCV7 priming schedules. Likewise, low anti-19F antibody avidity was seen by others.28 For se· 

rotype 18C, both significantly increased antibody titers, antibody avidity and optimal carriage 

reduction was observed.27 Despite the wide difference in chnical efficacy against individual 

serotypes, the overall data suggests that apart from Ehsa determined antibody titers, antibody 

avidity also should be taken into account in evaluating vaccines immunogenicity.29 However, to 

define standardized correlates of protection after pneumococcal vaccination remains comple1' 

and is probably not fully covered by antibody titers and avidity, particularly in mucosal diseaSe· 

Next to these parameters, the opsonophagocytic activity might serve as a potential correlate 
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of protection. However, after polysaccharide boosting we observed only modest increases in 
0Psonophagocytic capacities of antibodies as compared to the increase in antibody avidity and 
110 strong correlation between opsonophagocytosis and antibody avidity maturation. This sug

gests that opsonophagocytosis might not be primarily or solely dependent on antibody avid

ity: ln-vivo, both IgG concentrations and avidity, together with factors like complement and 

Fe receptor expression on granulocytes, will play a role in determining the opsonophagocytic 

capacity. Since opsonophagocytic capacity has been shown to correlate with serum IgG anti

Polysaccharide antibody levels in adults and in infants,30
·
32 the fixed antibody concentration in 

0
Ur 0 psonophagocytic test might not be optimal and therefore adds little extra information as 

a. correlate of protection. 

A. Vaccine schedule including polysaccharide boosting would offer several benefits, like broader 

~erotype coverage, reduced costs and optimal IgG antibody levels.18 In contrast to earlier reports 

Y Anttila et al., data by Richmond et al. and our results now show that polysaccharide booster 

~a.ccination after conjugate vaccine priming also induces further avidity maturation.10
·
11

·
33 The 

a.et that our results are in conflict with the studies of Anttila may be due to the fact that both 

"Richruond et al. and we investigated older children, whereas the studies described by Anttila et 

al. involved infants immunized at 2, 4, and 6 months of age. It is known that with age, antibody 

~Vidity increases because of ongoing natural priming.34 Furthermore, in contrast to the healthy 

llJ.fants studied by Anttila et al., we vaccinated a patient population with a history of recurrent 

tOM: that might have had a higher exposure to pneumococcal antigens, leading to a higher 
eveI of natural priming. 

!he fact that we now demonstrate increased antibody functionality after polysaccharide boost

llJ.g supports the option to use the polysaccharide vaccine, especially in children above 18-24 

~onths of age. However, a sufficient number of conjugate vaccine priming doses, essential to 

:duce enough memory B-cells, will be of major importance for a consecutive increase in anti-

ody functionality after polysaccharide booster vaccination. The required number of conjugate 

Vaccine priming doses will depend on the age and the immunologic characteristics of subjects 

to be vaccinated. In our cohort of children with recurrent AOM we would now advise at least 

~o Coajugate vaccine priming doses, even in children above 2 years of age, since one priming 

y°se in older children failed to substantially reduce nasopharyngeal pneumococcal carriage.17
.2

7 

.a.ccine schedules (time and number of vaccinations), type of booster vaccination (polysaccha

tide Vs coajugate) and routes of administration (mucosal, parenteral or systemic) are key ele

~ents in developing optimal protection from pneumococcal disease, and remain important 

tssues for future research. Both antibody titers as well as functionality should be included as 

Parameters in studies on vaccine immunogenicity. 
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Summary 

IgG
2 

antibodies are the main antibody subclass produced after pneumococcal polysaccharide 

vaccination. For these antibodies to be effective, interaction with Fcylla receptors on phago· 

cytic cells is necessary. FcyRIIa displays a functional polymorphism with either a histidine (B) 

or arginine (R) at position 131. Interaction of IgG
2 
antibodies depends on the Hr3r allele, where· 

as this interaction is low to absent with the Rr3r allele. 

We tested the clinical efficacy of combined pneumococcal conjugate and pneumococcal 

polysaccharide vaccination according to Fcylla-H/Rr3r genotype in a randomized double bJ..ind 

placebo controlled vaccination trial in children with a history of acute otitis media. 

We found a decisive role for the Fcylla-H/Rr3r polymorphism on the clinical vaccine efficacy of 

combined pneumococcal conjugate and polysaccharide vaccinations. RR homozygotes showed 

a significant increase in recurrence of acute otitis media after pneumococcal vaccinations. 'fhi5 

cannot be explained by differences in the pneumococcal specific antibody response or differ· 

ences in nasopharyngeal pneumococcal carriage, but may be explained by less efficient inter· 

action of FcyRIIa with polysaccharide-induced IgG
2 

anti-pneumococcal antibodies in RR ho· 

mozygotes. Our data show that the genetic make-up of individuals or populations under study 

should be considered while evaluating vaccine efficacy trials. 
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Introduction 

1'he recently developed pneumococcal polysaccharide-protein conjugate vaccines (PCVs) have 

offered new possibilities for prevention of invasive and mucosal pneumococcal infections, 

tll.ost notably in young children. While the efficacy for vaccine serotype invasive pneumococ

caJ. disease has proven to be consistently high (>95%),1
•
2 even in immune-compromised target 

8l'oups such as HIV+ children (vaccine efficacy of 65% with 95% Cl 24% to 86%),3 successes in 

Preventing mucosal pneumococcal infection, i.e. otitis media, are much lower, with a vaccine 

efiicacy against conjugate vaccine serotypes of only 57% (95% Cl 44% to 67%).4 Apart from less 
effectiv · · PCV al · · · ul d · e protection agamst serotypes, pneumococc conjugate vaccmation res te m a 
33% increase in acute otitis media episodes due to non-PCV serotypes.4 This phenomenon of 

replacement of PCV type pneumococci by non-PCV type pneumococci after vaccination with 

Pllelllnococcal conjugate vaccine has been described for carriage on the nasopharyngeal level 

llJ. infants and toddlers as well.5
•
6 Furthermore, a small but significant increase in non-PCV 

serotype invasive disease has been observed after widespread immunization with PCV7 in Mas

sachusetts.7 Because the increase in invasive pneumococcal disease caused by non-PCV sero

~es is small, the overall effect of vaccination is a decline in invasive pneumococcal disease. 

eplacement by non-conjugate vaccine serotypes at the nasopharyngeal level causing invasive 

:d lllucosal pneumococcal disease will be an important public health factor to keep track of 

e Coming years. To prevent an increase in carriage and disease caused by non-vaccine type 
P11e11

- • ~_c._ • • • • 1 di ·d f al \\>ill ~uococci arrer vaccmation, vaccines me u ng a Wl er range o pneumococc serotypes 

b be an important step forward. However, the number of pneumococcal serotypes that can 

e included in a conjugate vaccine is limited. Moreover, conjugate vaccines are expensive and 

~e therefore not readily accessible to major populations with a presumed high risk, especially 

lll. developing countries. Use of the 23 -valent pneumococcal polysaccharide vaccine (PPV23) 

as a booster after primary pneumococcal conjugate vaccination might offer broader pneumo

~Occal serotype coverage and possibly prevent replacement by frequently circulating serotypes 

lllcluded in the 23-valent pneumococcal polysaccharide vaccine. At the nasopharyngeal level, 

holysaccharide vaccination could not prevent replacement with PPV 23 serotypes, despite PPV 23 

t:i~ost~r vaccination after conjugate priming.8 However, polysaccharide vaccine induced lgG an

b odies might offer broader protection, particular against invasive disease, where lower anti-

00dy levels may already be sufficient.9
•
10 

hP80nisation by lgG antibodies plays a decisive role in the immune defense against polysac

~ aride encapsulated bacteria such as Streptococcus pneumoniae. In adults the antibodies induced 

l Pneumococcal polysaccharide antigens are mainly of the lgG
2 

subclass,11
•
12 whereas in chil-

;n both lgG
1 

and lgG
2 

anti-polysaccharide antibodies are formed.13 For these antibodies to be 

e ~Clive, an interaction of the constant part of the antibody with receptors for lgG on phago

:c cells, i.e. Fey receptors, is necessary.14
.1

5 lgG
2 

antibodies exclusively interact with FcyRIIa, 

(l-I eh has 2 genetically determined and functionally different allotypes, with either a histidine 

l ) or an arginine (R) at position 131 of the receptor. While both FcyRIIa allotypes interact with 

JG~ and lgG
3

, interaction with lgG
2 

is mainly restricted to the FcyR1Ia-H131 allele, whereas 

e Interaction of lgG
2 

with the FcyR1Ia-R131 allele is as good as absent.16 Clinical relevance of 
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this functional polymorphism in FcyRIIa has been previously described in bacterial respiratory 

tract infections and meningococcal disease.17
.1

8 

For this reason we hypothesized that the genetic polymorphism in FcyRIIa might in.flueilce 

pneumococcal vaccine efficacy against otitis media. Our data indeed show that chnical vacciile 

efficacy of polyvalent pneumococcal vaccines is influenced by the genetic make-up of the host 

or population under study. 

Materials and Methods 

PATIENTS AND VACCINATIONS 

From April 1998 to December 2001, 383 children, aged 1-7 years, who had experienced tw0 or 

more episodes of AOM in the previous year, were enrolled in a double-blind randomized vac· 

cination trial.19 Hundred-ninety children received a 7-valent pneumococcal conjugate vacciile 

(Prevnar®, Wyeth). Children were immunized twice, with one-month interval, when betweeP 

12 and 24 months of age, and only once when older than 2 years of age. Children in both age 

groups received the 23-valent pneumococcal polysaccharide vaccine 6 months after (the fuial) 
PCV7 vaccination (Pneumune®, Wyeth). 

PCV7 consisted of 2 f,lg each of capsular polysaccharides of pneumococcal serotypes 4, 9V, 14' 

19F, and 23F, 4 f,lg of serotype 6B polysaccharide, and 2 f,lg of serotype 18C oligosaccharide, each 

conjugated individually to the CRM197 protein. PPV23 consisted of 25 f,lg of capsular polysac· 

charides of each of the pneumococcal serotypes 1, 2, 3, 4, 5, 6B, 7 F, 8, 9N, 9 V, roA, nA, 12F, 14, 1513• 

17F, 18C, 19F, 19A, 20, 22F, 23F, and 33F. 

The 193 control children received, depending on age, three doses of Hepatitis B (EngerixB"'AP 

Junior®, GlaxoSmithkline) or two doses Hepatitis A vaccine (Havrix=AE Junior®, GlaxoSnutb· 

kline). 
Parents who were willing to participate, signed a consent form to enroll their child in the study. 

The ethical committees of the participating institutions approved the study. 

Fe RECEPTOR GENOTYPING 

Genomic DNA was extracted from whole blood using a QIAamp DNA Blood Kit (Qiagen, West· 

burg, the Netherlands). FcyRIIa-H/R131 genotype was determined by means of allele-specific 

PCR amplification methods as described in detail previously.20 DNA samples from sequeilce 

confirmed homozygous and heterozygous genotypes were included as controls. PCR product~ 

were loaded on a 2% agarose gel containing ethidium bromide, visualized under UV light ail 

photographed (Gel Doc rooo, Bio Rad). 

ANTIBODY DETERMINATION 

IgG antibodies to capsular polysaccharides of S. pneumoniae serotypes 4, 6B, 9 V, 14, 18C, 191', 

23F in 4 weeks post-immunization serum samples of 86 PCV7/PPV23 vaccinated subjects wer; 

measured by ELISA.21
•
23 Additionally, we measured antibodies against serotypes 1, 7F, n.A ail 

15B, which are only included in PPV23, in 4 weeks post-immunization serum samples of 48 vac· 
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Ctriated children. Minimal detection levels for these pneumococcal serotypes in our assay are 
0

·
03, 0.09, 0.12, o.6I, 0.05, o.n, 0.08, 0.006, 0.04, 0.008 and 0.02 f,l-g/ml, respectively. Serum sam

ples Were pre-incubated with excess (so f,l-g/ml) pneumococcal common cell wall polysaccharide 

(CPS) overnight at 4 °C to block anti-CPS antibodies.24
•
25 The pneumococcal antibody reference 

serum (lot 89-SF) was used for assay standardization.26 

}{ 
<\soPlIARYNGEAL SWABS AND MICROBIOLOGY 

~t study entry, directly before booster vaccination with PPV23 and at 7, 13, and 19 months after 

Py 23 vaccination, nasopharyngeal samples were taken trans-nasally with a flexible, sterile, dry 
cotton-wool swab. After sampling, swabs were placed immediately in Stuart's transport medi

lliti.. Samples were plated within 6 hours onto 5% sheep blood agar plates (with or w/o 5 mg/L 

genta.nucin) to culture for S. pneumoniae. Identification of S. pneumoniae was based on colony 

lb.orphology and conventional methods of determination. When S. pneumoniae was isolated, se

t~typing was performed with the capsular swelling method (Quellung reaction) by microscopy 

\\ith commercially available antisera (Statens Seruminstitut, Copenhagen, Denmark). 

s'l'"''l'rsncs 

1'he Primary endpoint of the study was the efficacy of pneumococcal vaccination against clini

ca} episodes of AOM according to FcyRIIa-H/R131 genotype during a follow-up period of 18 

1°nths, starting 1 month after completion of the vaccination scheme. Cox-type proportional 

_
1
azards regression models, including a frailty term allowing for differences between individu

<t!S. 
d 1lJ. numbers of recurrent AOM episodes were used. Both groups were matched for age, gen-

S~r, number of previous AOM episodes and environmental factors.19 This analysis was done in 

plus, version 2000. Results were considered significant when the CI did not include I. 

Geollletric mean IgG antibody titers (GMT) according to FcyRIIa-H/Rr31 genotype were com

tated using a general linear model, correcting for age, gender and number of AOM episodes in 

p e year prior to study, using SPSS 12.0 for windows. 

thneurnococcal carriage data were analyzed by combining all pneumococcal positive cultures at 

e three time-points after complete vaccination (time-point 7, 13 and 19 months after PPV23 

";ccination). If the same pneumococcal serotype was cultured consecutively, the result was in

c llded in the analysis only once. Cultures were classified as being either a 7-valent pneumococ

ca} conjugate vaccine serotype (PCV7-serotype), being a 23-valent pneumococcal polysaccharide 
Va.c . 

CI.Ue serotype (PPV23-serotype) or being an other pneumococcal serotype or negative for S. 

Pneullloniae, and compared between FcyRIIa131 -H/H and-R/R individuals in the pneumococ

ca} Vaccine and control group using chi-square analysis in SPSS 12.0 for windows. 

~f the 383 enrolled children, 367 children completed the vaccine schedule. Of these 367 chil

ien, DNA was available from 342. The overall FcyRila-H/RrJI genotype distribution in chil

en With recurrent AOM was found to be similar to the genotype distribution in a group of 
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239 healthy umelated Dutch blood donors.18 In our study population age, gender and treawent 

assignment were similarly distributed across the three FcyR1Ia-H/Rr3r genotype groups (Table 

r). 
Our main study outcome was clinical vaccine efficacy, measured as recurrence of AOM after 

completion of the vaccination scheme, according to FcyRIIa-H/Rr3r genotype. We found th~ 

in HH homozygotes, pneumococcal vaccination had no effect on AO M recurrence as compare 

to the control vaccine group (rate ratio 0.97, 95% Cl 0.63-r.5, p=o.89) (figurer). In contrast, clul· 
dren carrying the poor IgG

2 
binding RR genotype, who received pneumococcal vaccines, had a 

statistically significant increased risk of 77% to develop AOM recurrences compared to childrell 

vaccinated with control vaccines (rate ratio r.77, 95% Cl r.07-2.9, p=o.03). For children with the 

heterozygous HR genotype an intermediate risk to develop AOM recurrences after pneu:Illo· 

coccal vaccination compared to control vaccinated children was observed (rate ratio r.35, 95% Cl 
0.96-r.9, p=o.09) (figure r). 

This difference in clinical vaccine efficacy was not caused by a difference in magnitude of the 

polysaccharide specific antibody response between carriers of the different FcyR1Ia-H/R13
1 

genotypes. Similar geometric mean antibody levels against serotypes included in PCV7 or orilY 

in PPV23 were observed after vaccination in individuals with different FcyR1Ia-H/Rr31 gello· 

types (Table 2). 

Next, nasopharyngeal pneumococcal carriage according to FcyR1Ia-H/Rr3r genotype was stud· 

ied to explain the vaccine efficacy results. In both HH and RR homozygote individuals we 

found a similar statistically significant reduction in carriage of PCV7 serotypes in childrell vac· 

cinated with pneumococcal vaccines compared to those vaccinated with control vaccines (Table 

3). RR homozygotes, vaccinated with pneumococcal vaccines, were found to be colonized more 

often with PPV23 serotypes (20.5%) compared to HH homozygotes (14.2%), although this was 

not statistically significant (p=o.2). Such a difference in carriage of PPV23 serotypes based o!l 

FcyR1Ia-H/Rr3r genotype was not observed in controls, with a carriage of 14.6% in RR homozY

gotes and 15.1% in HH homozygotes. 

Figure 1 

3.0 

Ci 
* "' 

2.0 
~ 
0 

+ 
:;; 
~ 
QJ 1.0 ... 
"' a:: 

0.0 
HH HR RR 

Risk (rate ratio) to develop recurrence of AOM after vaccination with pneumococcal vaccines ac· 

cord ing to FcyRlla-H/R131 genotype. . h 
Values in the graph represent rate ratio in pneumococcal vaccinated subjects, with 95% Cl indicated wit 

error bars. Rate ratio is 1 for control vaccinated children. 
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labJe l FcyRlla-H/R131 genotype distribution in the total AOM study population and according to 

---- gender and number of AOM episodes the child experienced in the year prior to study 

....__ FcyRlla-H/Hl31 (%) 
lotalAOM 

FcyRlla-H/RBl (%) FcyRlla-R/RBl (%) p-value 

Population 96 (28.l) 169 (49.4) 77 (22.5) 

~ean age (year) 2.9 2.8 2.6 0.6 

Gender Boy 65 (30.5) 97 (45.5) 51 (23.9) 0.2 

Girl 31 (24.0) 72 (55.8) 26 (20.2) 

lreatrnent Pnc.vacc 51 (30.0) 83 (48.8) 36 (21.2) 0.7 

Control 45 (26.2) 86 (50.0) 41 (23.8) 

AoM . d ep1so es 2/3 36 (28.8) 66 (52.8) 23 (18.4) 0.4 

>4 60 (27.6) 103 (47.5) 54 (24.9) 

lable :i. 
Geometric mean (95% Cl) lgG antibody titers (f,lg/ml) against the serotypes included in the 7-

valent pneumococcal conjugate vaccine and against 4 serotypes only included in PPV23 accord-....___ ing to FcyRI la-H/R131 genotype 

~ 
FcyRlla-H/H131 FcyRlla-H/Rl31 FcyRlla-R/Rl31 p-value 

~ 25 40 21 
Ps 4 

4.3 (3 .0-6.2) 4.6 (3.5-6.2) 3.6 (2.4-5.3) 0.6 
Ps 68 

0.9 (0.4-2.0) 1.0 (0.6-1.9) 1.5 (0.7-3.6) 0.7 
Psw 

31.4 (19.8-49.6) 31.7 (21.9-46.0) 19.3 (11.5-32.2) 0.2 
Ps 14 

94.0 (66.3-133.4) 92.2 ( 69 .4-122.5) 59.5 (40.2-88.l) 0.1 
Ps l8C 

8.5 (6.1-11.7) 9.1 (7.0-11.9) 12.3 (8.5-17.7) 0.3 
Ps l9F 

12.6 (7.8-20.3) 15.2 (10.3-22.5) 13.8 (8.1-23.6) 0.8 
Ps <3F 

3.4 (1.8-6.4) 2.9 (1.7-4.8) 3.5 (1.7-7.l) 0.9 

t'-J 

~ 13 23 12 
Ps l 

1.2 (0.7-2.1) 1.0 (0.7-1.5) 0.9 (0.5-1.7) 0.8 
Ps 7F 

1.9 (1.0-3.5) 1.1 (0.7-1.5) 1.0 (0.5-2.0) 0.3 
Ps •,A 

1.5 (0.9-3.5) 1.0 (0.7-1.4) 0.9 (0.5-1.6) 0.4 
Ps •sB 1.2 (0.6-2.4) 2.1 (1.3-3.5) 1.2 (0.6-2.5) 0.3 
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Discussion 

We here describe the influence of a genetic polymorphism in Fe receptors on pneumococcal 

vaccine efficacy. We have reported previously that, overall, pneumococcal vaccination did ~: 

prevent recurrence of AOM in our study population of children of r year of age and older Wl 

a history of recurrent AOM (rate ratio r.25, 95% Cl 0.99-1.57).19 Analysis of vaccine efficacy a; 

cording to FcyR1Ia-H/Rr3r genotype now showed that pneumococcal vaccinated children W1 

the poor lgG
2 

binding RR genotype even had a significantly increased risk to develop AOM 
recurrences (rate ratio r.77, 95% Cl r.07-2.9) whereas in children with the HH genotype, pnetJ· 

mococcal vaccinations had no effect on AOM recurrence, and heterozygotes showed an inter· 

mediate risk to develop recurrence of otitis media compared to controls. 

We hypothesized that the difference in vaccine efficacy between carriers of the different 

FcyR1Ia-H/Rr3r genotypes might be related to a difference in the magnitude of the pneur1l0 ' 

coccal specific antibody response, since Fe receptors are described to play an augmenting role 

in the initiation of the immune response, i.e. by facilitating antigen presentation.15 However, 

an immune-complex-mediated feedback inhibition of antibody production, which depends on 
co-ligation of the B-cell receptor with FcyRilb, might counteract this effect.27

•
28 We did not ob· 

serve any difference in the overall lgG pneumococcal polysaccharide specific antibody response 

between carriers of the different FcyR1Ia-H/Rr3r genotypes. Since FcyRIIa is not expressed 0~ 

B-cells, and since FcyRIIa, in contrast to FcyRIIb, carries an activation signaling motif. the lacJ{ 
of an inhibitory effect of the FcyR1Ia-H/Rr31 polymorphism on the humoral immune response 

is not totally unexpected. 

The difference in clinical vaccine efficacy might also be brought about by a difference in nr 
sopharyngeal pneumococcal carriage according to FcyRIIa-H/Rr31 genotype. We previous Y 
showed that vaccination with combined pneumococcal conjugate and polysaccharide vaccines 

induces a 50% reduction of nasopharyngeal carriage of PCV7 type pneumococci with a concur· 

rent increase in non-PCV7 type pneumococci, including serotypes of the 23-valent polysaccha· 

ride vaccine.8·19 This shift was found to be mainly due to true replacement and not to capsular 

switch or unmasking.29 We found the significant reduction in carriage of PCV7 serotypes to be 

Table 3 Pneumococcal carriage data in children vaccinated with pneumococcal vaccines or control 

vaccines according to homozygous FcyRlla-H/R131 genotypes ----FcyRlla-H/HBl FcyRlla-R/RBl ----Vaccinated Control p-ualue Vaccinated Control ~ 
Children 51 45 36 41 

Swabs (n) 120 107 88 103 

PCV7 15 (12.5%) 27 (25.2%) 0.02 9 (10.2%) 34 (33.0%) < o.001 

PPV23 17 (14.2%) 17 (15.9%) 0.7 18 (20.5%) 15 (14.6%) 0.3 

Other/neg 88 (73.3%) 63 (58.9%) 61 (69.3%) 54 (52.4%) 
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SiituJ. lik ar in both HH and RR genotyped subjects who received pneumococcal vaccines. This is 

ely to occur since PCV7 vaccination mainly elicits IgG
1 

antibodies, which bind equally well 

to the genetically and functionally different Fcylla receptors. In contrast, polysaccharide vac
ciii_ 
p es mainly induce IgG

2 
antibodies that can only interact with the HH genotype. Therefore, 

8 
PV2.3 vaccine induced IgG

2 
antibodies might prevent nasopharyngeal acquisition of PPV2.3 

erotypes particularly in HH homozygotes and subsequently decrease the risk for new AOM 
ep· 

lsodes in these subjects since the risk of AOM is increased after the recent acquirement of 

IJ.ew pneumococcal serotypes.30 Nasopharyngeal replacement by PPV2.3 serotypes after elimi

~t:ion of the PCV7 serotype pneumococci in RR homozygotes might not be prevented as ef-

ciently as in HH carriers. Indeed we observed a higher percentage of vaccinated RR subjects 

to llasopharyngeally carry PPV 23 serotypes compared to vaccinated HH children. However, this 

:ll-significant difference in PPV 23 serotype pneumococcal carriage can only partly explain the 

B served significant higher rate of AOM after pneumococcal vaccinations in RR homozygotes. 

a.ctenal colonization of the nasopharynx is a very dynamic process and bacterial appearance 

and subsequent disappearance can occur within days. Taking nasopharyngeal swabs with six 

:
0:n.ths intervals as was done in our study might lead to under-representation of both the true 

CV7 and the true PPV23 serotype pneumococcal carriage. Therefore more detailed study of 

~sopharyngeal pneumococcal colonization after pneumococcal vaccinations is necessary. Fur

ermore, the fact that we find no significant difference in nasopharyngeal carriage but do find 
a. . 

818llificant clinical association might imply that the FcyRIIa polymorphism mainly affects 

~Ystelhic but not mucosal immune responses. Presumably serum IgG and phagocytic cells will 
~ 0 ~ major importance in the clinical protection once there is an infection, like otitis media. 

e· this regard, our group has already extensively shown that effective phagocytosis of bacteria, 

~ther S. pneumoniae or group B streptococci type III, depends on FcyRIIa, with significantly 

lgher phagocytosis levels in HH homozygotes compared to RR carriers.31
·
34 Therefore, an ex

p anation for the difference in clinical protection against AO M after pneumococcal vaccination 

a.c~ording to FcyRIIa genotype might be more efficient local, in the case of AOM locally in the 

~ddle ear, IgG
2 

mediated phagocytosis of PPV23 serotype pneumococci in HH homozygotes. 

0 
~r current study provides insufficient bacteriological data on middle ear fluids during acute 

t:it:is media episodes to statistically support this concept.19 This concept might be explored by 

Pooling data of the various pneumococcal vaccine studies where FcyRIIa genotyping can be 
Performed. 
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In conclusion, FcyRIIa genotype does not explain the otitis-prone condition in general. Bo~· 

ever, after combined pneumococcal conjugate and polysaccharide vaccinations, the RR ho· 

mozygotes do show a significant increased risk of new otitis media episodes as compared to 

HH homozygotes, indicating this polymorphism plays a role in determining clinical vacc:ille 

efficacy. This increased recurrence rate of acute otitis media after pneumococcal vaccinati005 

in RR homozygotes cannot be explained by differences in the pneumococcal specific antibody 

response or differences in nasopharyngeal pneumococcal carriage, but is possibly caused by 

less effective IgG
2 

mediated phagocytosis. 
. e 

Although we can only speculate on the mechanisms behind the differences in clinical vaccJ1l 

efficacy, our data do show that genetic differences between individuals or between populati005 

. e 
should be carefully considered while evaluating vaccination trials and when optimizing vaccJ1l 

schedules, especially in high-risk groups. 
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Summary 

Significant differences in immune responses upon vaccination between individuals and differ· 

ent ethnic groups have been described, suggesting genetic influences are important in deter· 

mining the magnitude of vaccine responses. The IL-4 pathway, including IL-4, IL-13 and the 

IL-4 receptor a chain, could potentially have impact on vaccine responses, since this pathway is 

known to stimulate B cells. 

The objective of this study was to investigate whether single nucleotide polymorphisms (SNJls) 

in IL-4, IL-13 and IL-4 RA influence pneumococcal serotype specific IgG antibody responses. 

SNPs in the IL-4 gene (C-589T, G2979T), the IL-13 gene (A-n12G, Argr30Gln) and in the 11·4 

RA gene (Ile50 Val, Gln551Arg) were investigated in isolation and in combination, for their :ill· 

fluence on serotype specific IgG antibody responses upon combined pneumococcal conjugate 

and polysaccharide vaccinations in children with a history of recurrent otitis media. 
Depending on the pneumococcal serotype under study, an association between single s:NPS 
and the serotype specific antibody response was observed for the IL-4 C-599T, IL-4 G29791', 

IL-4 Ra Gln551Arg, and for the IL-13 A-n12G SNP. Effects were stronger when investigat:illg 

haplotypes and haplotype-haplotype combinations. 
This study highlights the importance of host genetic factors in modulating responses to vac· 

cination. The additive effect ofhaplotype and haplotype-haplotype combination analyses, co!ll· 

pared to single locus and single haplotype analyses respectively, supports the approach of stud· 

ying the effect of combinations of multiple loci, both within and between genes, on cornplet 

phenotypes. 
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Introduction 

Streptococcus pneumoniae may cause severe invasive infections including sepsis, and meningitis 

~r lower respiratory tract infections hke pneumonia. It is also the most commonly reported 

a.cterial cause of upper respiratory tract infections such as otitis mediaY Host defense against 

S. pneumoniae depends largely on opsonization by antibodies and complement,3 followed by 

Pha.gocytosis and intracellular killing by leukocytes and macrophages.4•
5 Prevention by vaccina

~on is the favored strategy against pneumococcal infection because of the persisting mortal

ity and morbidity associated with pneumococcal diseases despite antibiotic treatment, and the 

rapid emergence of multi-drug resistant S. pneumoniae.6 Current pneumococcal vaccines con

~ capsular polysaccharides from the most prevalent pneumococci and aim to induce protec

tive anti-capsular serotype-speci£c opsonizing IgG antibodies. 

'l'he Optimal design of vaccines requires understanding of the factors controlling disease and 

llnniune pathways. Signi£cant differences in immune responses upon vaccination between in

cliViduals and different ethnic groups have been described, suggesting genetic influences are 

llnportant in determining the magnitude of vaccine responses.7•
8 The relative contributions of 

genetic and environmental factors to vaccine responses are yet to be determined, but associa

tions between speci£c genes and vaccine antibody responses have been described.8
•
9 To date, 

research on genetic influences on vaccine responses has mainly focused on human leukocyte 

<llltigen (HLA) alleles10
•
11 and the immunoglobulin allotype genes.12·13 Clearly, many additional 

genes may be involved and therefore a systematic approach is needed to prioritize which genes 

to examine. We investigated genetic variants in interleukin 4 (IL-4), IL-13 and the IL-4 receptor 

Q chain (IL-4 RA), as they are components of the pathway regulating antibody responses by B

cells. IL-4 and IL-13 are pleiotropic cytokines produced by mast-cells, basophils, and T-cells.14 

'I'hey a.re T helper 2 cytokines that trigger isotype switching from IgM to IgE in B-cells.15 Fur

therniore, they enhance the expression of surface molecules, such as the IL-4Ra chain, the low 

aifuuty receptor for IgE (FcERII, CD23) and MHC class II, and down-regulate the IgG type I 

receptor (FcyRI). Moreover, IL-4 is necessary for the promotion of its own production.16 IL-13 

shares several biological functions with IL-4, 17
•
18 but also has unique roles in mediating immune 

r~sponses.1920 The receptors for IL-4 and IL-13 share a common a chain: IL-4 Ra. IL-4 Ra 

~erizes with the common y chain in the IL-4 receptor, which is expressed on T- and B-cells, 

a~d With the IL-13 Ra1 chain in the IL-13 receptor, which is expressed on B-cells only.14
·
21 Func

tional polymorphisms in both cytokines and in the IL-4Ra chain have been associated with 

;o~y, asthma and associated phenotypes.22
•
24 

his study investigated single nucleotide polymorphisms (SNPs) in the IL-4 gene (C-589T, 

?2979T), the IL-13 gene (A-m2G, Arg130Gln) and in the IL-4 RA gene (Ile50Val, Gln551Arg), in 

isolation and in combination, for their influence on antibody responses upon combined pneu

l'ti.ococcal conjugate and polysaccharide vaccinations. 
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Materials and Methods 

PATIENTS AND VACCINATIONS 

Serum and DNA was available from 121 randomly selected children with recurrent otitis rnedia 

participating in one of two randomi2ed controlled vaccination trials investigating prevention 

of recurrence of otitis media by pneumococcal vaccinations in the Netherlands.25
•
26 Both studies 

were approved by the ethical committees of participating hospitals and institutions. Written 

informed parental consent was obtained from all subjects. 

Pneumococcal polysaccharide specific IgG antibody responses against the 7 conjugate vaccine 

capsular polysaccharide 4, 6B, 9 V, 14, r8C, r9F, and 23F were ascertained. . 

The first group consisted of 89 children aged r to 7 years who had a history of 2 or more physi· 

cian diagnosed episodes of acute otitis media (AOM) in the previous 12 months. These children 

received the 7-valent pneumococcal conjugate vaccine (Prevnar®, Wyeth Pharmaceuticals, phJa· 

delphia, PA, PCV7). Children below 24 months of age received a second dose of PCV7 4 wee~ 

later. After pneumococcal conjugate vaccination all children received a 23-valent pneumococc 

polysaccharide booster vaccination 6 months later (Pneumune®, Wyeth Pharmaceuticals, phJa· 

delphia, PA, PPV23). 

The second group consisted of 32 children aged 2 to 7 years who had a history of at least i:wo 

prolonged periods of bilateral otitis media with effusion (OME), each lasting 3 months or long· 

er and documented by an ENT specialist. These children were vaccinated with PCV7 once fol
lowed by a PPV23 booster vaccination 4 months later. 

Since we have previously shown that both groups of children display similar antibody respo!l5
• 

es after vaccination, these groups were pooled for data analysis.27 

PCV7 consists of 2 µg each of capsular polysaccharides of pneumococcal serotypes 4, 9V, 14' 

r9F, and 23F, 4 µg of serotype 6B polysaccharide, and 2 µg of serotype r8C oligosaccharide, each 

conjugated individually to the CRMr97 protein. PPV23 consists of 25 µg of capsular polysac· 

charides of each of the pneumococcal serotypes r, 2, 3, 4, 5, 6B, 7 F, 8, 9N, 9 V, roA, nA, r2F, 14, r5:B, 

17F, r8C, r9F, 19A, 20, 22F, 23F, and 33F. 

GENOTYPING AND HAPLOTYPING 

Genomic DNA was extracted from whole blood using a QIAamp DNA Blood Kit (Qiagen, 

Hilden, Germany). Patients were genotyped for single nucleotide polymorphisms in IL-4 

(C-589T, G2979T), IL-4 Ra (Gln55rArg) and IL-13 (A-n12G) using polymerase chain reactioJl 

(PCR) and restriction enzyme digestion. The IL-4 Ra Ile50Val and IL-13 Argr30Gln SNPs were 

determined using denaturing high-performance liquid chromatography (dHPLC) using the 

method developed by Oefner and Underhill28 using an automated Varian HPLC system (Varia!l 

Helix-System®). See Tabler for SNP, primer and restriction enzyme details. 

Haplotypes were inferred using PHASE2.r 

(http://www.stat.washington.edu/stephens/sottware.html).29
·
30 

PNEUMOCOCCAL ANTIBODY RESPONSES 

Blood samples for determination of pneumococcal antibodies were obtained 4 weeks after the 
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iable 1 -..:..:_ Investigated SNPs and used primers 
St·,w 

dbSNP Primer 

---- identifier 

IL-4 C-589T rs2243250 F-ACTAGGCCTCACCTGATACG 

R-GTTGTAATGCAGTCCTCCTG 

IL.4 G2979T rs2227284 F-TAGGTCCTGGGCTTCACAG 

R-TTAGCTCTCTTIGGTAAATAGGGAA 

IL-4 Ra lleSOVal rsl805010 F-GCAAGAGAGGCAACCCTA 

R-GCCTCCGTTGTTCTCAG 

IL-4 Ra Gln551Arg rsl801275 F-GCCCCCGTCTCGGCCCCCACCAGTGGCTACC 

R-GCCCCAAACCCACATTTCTCTGG 

IL.13 A-lll2G rsl800925 F-CGAGGACAGGACGGAGGGAGCCT 

R-GTCGCCTTTTCCTGCTCTTCCCG 

IL.l3 Argl30Gln rs20541 F-CTTCCGTGAGGACTGAATGAGACAGTC 

R-GCAAATAATGATGCTTICGAAGTTTCAGTGGA 

Notes. 
Underlined base in primers indicates a base change to create restriction enzyme site 

' Amino acids numbered from the beginning of the mature protein 

Restriction 

Enzyme 

BsMF I 

HINF I 

oHPLC 

MsP I 

BsTU I 

oHPLC 

~elllnococcal polysaccharide booster vaccination. Serum was isolated and stored at -20°C un-

an.alysis. Post vaccination IgG antibody levels to all PCV7 serotypes, 4, 6B, 9V, r4, r8C, r9F 

a.tid 23F, were measured by ELISA as described previously.31 Minimal detection levels for these 

~lleurnococcal serotypes in our assay were 0.03, 0.09, o.r2, o.6r, 0.05, o.n, and 0.08 f,'g/ml, respec

tely. All sera were pre-incubated overnight at 4°C with pneumococcal cell wall polysaccharide 

SCPS) in diluting buffer for blocking of non-specific anti-CPS antibodies (50 f,'g/ml; Statens 

8 
erurn Institute, Copenhagen, Denmark).32 The pneumococcal antibody reference serum (lot 
9-SF) was used for assay standardisation.33 

sl';\ 
l'IST!CAL ANALYSES 

(1e lgG antibody levels appeared to be positively skewed. Consequently, their geometric means 

Gl'v!:) Were calculated after applying a logarithmic transformation. A general linear model was 

ll.sed to compare the geometric means between the genotypes and haplotypes, adjusted for the 

covariates of interest, namely age, gender, type of ear disease, number of PCV vaccinations and 
total I W gE levels. . 

hen one of the genotype frequencies was less than ro%, this genotype was pooled with the 

~espective heterozygotes before testing. 

·values <0.05 were considered statistically significant. SPSS 12.0.1 for windows (SPSS Inc., Chi

ca.go, lL) was used for all statistical analyses. 
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Results 

SNPs in 3 genes in a pathway known to influence antibody production by B-cells were studied 

for their influence on antibody production (Table r). All genotype frequencies were in Hardy

Weinberg equilibrium. As expected, given their collocation on chromosome 5q3r, significallt 

linkage was observed between SNPs in IL-4 and IL-13 (Table 2). 

ANALYSES BY GENOTYPE . . aJ 
Pneumococcal specific IgG antibody responses were analysed according to the six individu 

· st 
SNPs (Table 3). For the two IL-4 SNPs, IL-4 C-599T and IL-4 G2979T, antibody levels agalll 
all seven pneumococcal serotypes were higher in CC and GG homozygotes, respectively. for 

the IL-4 C-599T SNP these differences were significant when using a modei recessive for the 

C allele for antibodies against serotypes 4 and 23F (p=o.002 and p=o.05). For the intronic s:NP a 
trend was observed for antibodies against these same serotypes when using a model recessive 

for the G allele (p=o.07 and p=o.06). 
For the IL-4 Ra Ile50 Val SNP, antibody levels were not consistently higher for a specific gerio· 

type. For the IL-4 Ra Gln551Arg SNP, antibodies against all seven serotypes were lowest in Glri/ 

Gln homozygotes compared to those with Gln/Arg and Arg/Arg genotypes. These differerices 

were significant for antibodies against serotypes 4, r8C and 14 (p=o.oor, 0.02 and 0.04, respec· 

tively). d 
For the IL-13 A-rn2G SNP, higher antibody levels were found in GG homozygotes coropare 

to GA/AA genotypes, except for antibodies against serotype 23F. Differences did not reach sig· 

nificance. For the IL-13 Argr30Gln SNP, antibody levels were not consistently higher for a spe· 

ci£.c genotype, and no trend or significant difference was observed. 

ANALYSES BY HAPLOTYPE d 
Geometric mean (GM) antibody levels according to haplotypes of each gene were investigate 

in a hnear model (Table 4). Given the results of single locus analyses, it was predicted that thos_e 

haplotypes composed of two alleles associated with high antibody responses would be assocd 

ated with the greatest antibody responses. Similarly it was predicted that haplotypes coro~os~ 
of two alleles associated with low antibody responses, would be associated with lowest anubo Y 

D' scores indicating linkage between SNPs on the same chromosome __., __________ .:::__..:::.._ ____________________ ___ Table 2 

IL-4 C-589T 

IL-4 G2979T 

IL-13 A-1112G 

IL-4 Ra. lleSOVal 

IL-4 G2979T 

0.89 

Note. P<o.0001, except for· p=o.004 

IL-13 A-1112G 

0.30 

0.49 

IL-13 Argl30Gln 

0.46 

0.76 

0.62 

IL-4 Ra. Gin~ 

0.36* 



Table3 Geometric mean antibody concentration according to the six investigated SNPs 

IL-4 C-589T IL-4 G2979T /L-4 Ra lle50Val IL-4 Ra Gln551Arg IL-13 A-lll2G 

CC CT(TT p GG GT(TT p lle/lle lle/Val Val/Val p Gin/Gin Gln/Arg p GG GA/AA p 

Arg/Arg 

N 87 31/2 70 41/6 35 64 22 77 36/3 80 35/5 

68 1.3 1.0 0.5 1.3 1.1 0.5 1.0 1.4 1.0 0.6 1.1 1.5 0.3 1.4 0.9 0.2 

4 4.4 2.8 0.002 4.5 3.2 0.07 4.1 4.2 2.7 0.1 3.2 5.8 0.001 4.3 3.1 0.09 

23F 4.8 3.0 0.05 4.9 3.2 0.06 3.3 4.6 4.8 0.3 4.0 5.0 0.3 4.2 4.2 0.9 

18C 9.1 8.5 0.7 9.4 8.3 0.5 8.2 9.9 7.5 0.4 7.7 12.1 0.02 9.4 8.1 0.5 

19F 10.4 10.3 0.9 10.2 10.2 0.9 11.0 9.9 11.0 0.9 9.9 12.1 0.5 10.9 9.3 0.6 

9V 27.0 17.8 0.1 26.2 21.4 0.4 19.0 27.3 25.3 0.4 22.4 30.5 0.2 26.6 19.9 0.3 

14 73.5 65.8 0.7 71.1 70.1 0.9 73.1 69.0 72.8 0.9 59.5 99.6 0.04 69.6 71.0 0.9 

Note. When one of the genotype frequencies is <10%, data for heterozygotes and least common homozygotes were pooled. 

IL-13 Argl30Gln 

Arg/Arg Arg/Gln p 

Gin/Gin 

86 30/4 

1.2 1.1 0.7 

4.1 3.5 0.5 

4.2 4.3 0.9 

9.1 8.5 0.7 

10.2 10.8 0.9 

25.4 21.6 0.6 

65.4 87.8 0.3 
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responses. For the purposes of this study these were designated as "high responder" and "]o~ 

responder" haplotypes, respectively. 

In accordance with this the IL-4 C*G high responder haplotype, composed of the IL-4 C-5991' 

and IL-4 G2979T SNPs, was associated with the highest antibody responses against pne~~: 

coccal serotypes 4, 6B, 9 V, r9F and 23F serotypes. These differences were significant for anobo d 

ies against serotypes 4 and 23F compared with the T*T low responder haplotype (p=o.o4 aJ'l 

0.05, respectively) (Table 4). 

For the IL-4 RA gene the high responder haplotype was Ile* Arg, whereas the low responder 

haplotype was Val*Gln. Antibody levels against all pneumococcal serotypes were highest 
10 

Ile* Arg carriers, except for antibodies against serotype 23F. Differences in antibody levels be· 

tween Ile* Arg and Val*Gln haplotype carriers were significant for antibodies against serotypeS 4 

and r8C (p=<o.oor and 0.03, respectively) and a trend was observed for serotype r4 (p=o.07). 

For the IL-r3 Argr30Gln SNP no clear high or low responder genotype was observed. No coo· 

sistently higher antibody levels against the seven pneumococcal serotypes were observed with 
3 

specific haplotype. . 
5 

Since significant differences within IL-4 and IL-4 RA haplotypes were observed for antibodie 

against pneumococcal serotype 4, we investigated combinations of these two haplotypes (fi~ 
1). An additive effect was observed, with significantly higher antibody levels in carriers ofbo 

high responder haplotypes compared to levels in carriers of both low responder haploty!'es 

(p=o.004). 

Table 4 Geometric mean lgG antibody concentration according to I L-4, IL-4 Ra and IL-13 hapl~ 

IL-4 IL-4 Ra IL-13 

C-589T * G2979T ILE50VAL * GLN551ARG ~ 
C*G T*T p ile*Arg Val*Gln p G*Arg A*Gln ___e..-

N 185 33 15 82 185 27 

68 1.3 1.0 0.4 1.5 1.2 0.5 1.2 1.0 o.s 

4 4.1 2.9 0.04 7.9 3.2 < 0.001 4.0 3.5 o.s 

23F 4.4 2.9 0.05 4.0 4.6 0.6 4.2 4.5 o.7 

18C 9.1 8.1 0.5 14.4 8.1 0.03 9.1 8.0 o.5 

19F 10.5 10.3 0.9 12.9 10.3 0.6 10.8 13.0 o.5 

9V 25.3 20.2 0.4 32.3 25.5 0.5 25.1 22.0 o.6 

14 71.4 66.0 0.8 127.4 66.1 0.07 69.7 84.4 o.5 

Note. P-values are determined using pairwise comparisons in a general linear model. 
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D· 1scussion 

'l'hi_ 
s study demonstrates associations of SNPs and haplotypes in IL-4 and IL-4 RA with pneu-

lb.ococcal antibody responses. The IL-4 -589T, IL-4 2979T and IL-4 RA 551Gln alleles were asso

C!ated With lower pneumococcal antibody levels. Additionally, haplotypes and haplotype combi

~ations of IL-4 and IL-4 RA, composed of alleles associated with decreased antibody responses 

lb. Single locus analyses, were associated with lower vaccination responses compared to these 

Single locus analyses. Thus, for the fust time, additive genetic effects of combinations of haplo

~es on antibody response to vaccination are shown . 

. everal lines of evidence suggest that the IL-4 -589T allele may be associated with dys-regulated 

~lllune responses. The IL-4 -589T allele has previously been associated with increased IgE 

evels,34
•
36 an increased frequency and rate of progression of disease in HIV infected patients37 

~ increased susceptibility to Kawasaki's disease.38 Furthermore, it was shown that amongst 

ll. dren with severe malaria, total IgE levels were significantly elevated in those carrying the 

4 -589T allele, suggesting the possibility that there is a relationship between susceptibility to 

;~~er~ malaria, IgE production and genetic variation in IL-4.39 

4 induces B-cell activation and modifies humeral B-cell responses to both T-cell depend

ent and T-cell independent stimuli.40 The IL-4 -589 T allele enhances IL-4 transcription in 

~tro.
41 

Therefore, prima facie, the T allele might be expected to be associated with increased 

lltnoral responses to vaccines. However, Vos and colleagues showed T-cell independent hu-

~ l3 f- t.:) . . 
IL-4 C-589T • f- u 

ll-4 G2979T • --+ • IL-4 ~ 2.6-3.0 
t::. ~ H,plotype 3.1-3.5 f-
t.:) 

t \? 3.6-4.0 
f- u H,plotype . 4.1-4.5 • C e." combination . 4.6-5.0 

I i3 < .5.1-6.0 . . 
~ A~ .6.1-7.0 

;£_~ i3 e."/ 
> -

~ . • < .7.1-8.0 - . . 8.1-9.0 > -= ~ . 
ll-4RCI- lle50V,I • > -= 
ll-4Ru Gln551Arg • --+ • IL-4Ru 

C bi) 

H,plotype i3 < 
c:M 
i3 < e." 

1 
i3 

Schematic overview of geometric mean antibody level against pneumococcal serotype 4 

accord ing to IL-4 and IL-4Ra genotype, haplotype and haplotype combination. 

An additive effect of haplotype and haplotypes combined on antibody titers is shown. 
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moral responses to be enhanced by short-term exposure to IL-4, in the absence ofIFNy, but 

suppressed by persistent IL-4 exposure.42 Thus, humoral responses may be dependent upon the 

cytokine microenvironment and the length of exposure to this microenvironment. Therefore, 

under certain conditions an IL-4 allele associated with increased IL-4 transcription might be 

associated with decreased humoral responses. These effects may be further modified by the 

coexistence of genetically mediated alterations of IL-4 Ra function. Furthermore a gene-envi· 

ronment interaction between day-care attendance in the first 6 months of hfe and the IL-4 RA 

I1e50Val locus on hpopolysaccharide induced IFNy production has been shown.43 Therefore, 

relationships between individual alleles or haplotypes of those genes and vaccination responses 

may be further dependent on microenvironmental, macroenvironmental and developmental 

influences. 

As for the IL-4-s89T allele, the IL-4 2979T allele has been associated with asthma.44 However, 

no functional work on this SNP has been reported. Functional data on the IL-4 RA Arg551GW 

SNP is conflicting.45
·
46 However, the 55rGln allele has been associated with asthma and atopic 

phenotypes.47
.
49 Interestingly, the IL-4 and IL-4 RA alleles that have been associated with atopY 

show a diminished antibody response in our study. Furthermore, atopic eczema has been asso· 

dated with delayed maturation of the antibody response to pneumococcal vaccine.50 This might 

suggest a relationship between atopy, genotype and the responses upon pneumococcal vaccl· 

nation, possibly brought about by an altered cytokine milieu secondary to an altered Thr(fhi 

balance. 

The antibody response against pneumococcal serotype 4 was most ofi:en associated with poly

morphic genotypes and haplotypes. Significant associations with genotype or haplotype were 

not demonstrated for antibody responses to all serotypes. Potential reasons for lack of consist· 

ent replication across all serotypes in this study include: true variation in the underlying asso· 

ciation between genotype and outcome (effect heterogeneity), type r error or lack of power.
51 

·th 

Possible biological explanations for variation in the underlying association of genotype Wl 

individual serotypes include differing immunogenicities between serotypes, related to varia· 

tions in the chemical structure of polysaccharide capsules, and/or variations in the magnitude 
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of polysaccharide specific response dependent on the prevalence of specific serotypes, and 

thus the presence or absence of natural priming. We would expect the effect of genotype to be 

lllost apparent in antibody responses against serotypes of intermediate immunogenicity and/or 

Prevalence. It is possible that the effect of the studied SNPs might be insufficient to significant

ly bolster IgG antibody responses against poorly immunogenic and/or low prevalent serotypes. 

Conversely, with high immunogenic and/or high prevalent serotypes the relative contribution 

of genetic variation may be small. 

Studying haplotypes of multiple polymorphisms in one gene maybe more informative than 

analysis of single SNPs in genetic association studies of complex diseases.52 The importance 

of investigating gene-gene interactions in complex biological pathways has also been demon

strated.49 The additive effect ofhaplotype and haplotype-haplotype combination analyses, corn

Pared to single locus and single haplotype analyses respectively, reported in this study supports 

the approach of studying the effect of combinations of multiple loci, both within and between 

genes, on complex phenotypes. Furthermore, this study highlights the importance of host ge

netic factors in modulating responses to vaccination. 

Further studies are required to investigate the role of variation in immunomodulatory genes in 

Vaccine response, within and across populations, to this and other vaccines. Understanding of 

these genetic influences is likely to be important for the development of improved and novel 
Vaccines. 
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Summary 

The objective was to study the role of serum immunoglobulin levels, mannose-binding lectin 

and Fe gamma receptor (FcyR) polymorphisms on the development of recurrent otitis media 

with effusion (OME). Children aged between two and seven years with persisting OME received 

bilateral tympanostomy tubes and immunological parameters were investigated in relation 

with OME recurrence within six months after tube extrusion. No statistically significant differ· 

ences in serum immunoglobulin levels were present between children with and without oME 
recurrence. In children with bilateral recurrence (n=56), median levels of mannose-binding lee· 

tin were r.39 mg/1 compared to 2-48 mg/1 in children with OME recurrence (n=r7) (p value 0.29). 

In addition, 34% of the children with bilateral recurrence were homozygous for the genotype 

FcyRIIa-RfRr3r, whereas less than 20% of the children with unilateral recurrence or those with
out recurrence were homozygous for this Fey receptor (p value 0.26). 

Serum mannose-binding lectin and FcyRIIa-R/Rr3r polymorphism may play a role in the ae

tio-pathogenesis of recurrent OME. 
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Introduction 

Otitis media with effusion (OME) is a highly prevalent ear disorder in young children; at least 

80% of children experience one or more episodes of OME by the age of four yearsY OME is 

characterised by a high rate of spontaneous recovery, but also by a high rate of recurrence.3 As 

adverse effects of OME mainly occur in the group of children with a history of recurrent or 

chronic OME, it is necessary to distinguish these children from the total group of OME chil

dren early in the course of the disease to focus intervention measures such as tympanostomy 

tubes on this particular group.4
·
8 Predisposing factors for the recurrence of OME are beheved 

to be related to its aetiology. OME is a multifactorial-generated condition in which the inflam

matory response to respiratory pathogens, both bacterial and viral, seems to be a crucial ele
ment. 9 In order to distinguish children with transient OME from those with recurrent OME, 

We studied three aspects of the immune response to respiratory tract pathogens in a group of 

children with chronic OME. These children were referred for bilateral tympanostomy tube in

sertion. Serum immunoglobuhn levels, functional mannose-binding lectin serum levels (MBL) 

and Fey receptor polymorphisms were assessed. 

Low serum immunoglobulin levels, despite infections or chronic inflammatory processes, may 

be indicative for a subtle immunodeficiency.10
·
11 This phenomenon was the basis of our first 

hyPothesis: children with low IgA, IgG (and subclasses) or IgM levels early in the course of the 

disease are more hkely to develop recurrent OME.12·14 

Independent of antibodies, MBL is able to initiate the complement pathway by directly op-

80nizing pathogens by binding to specific ohgosaccharides.15
•
16 Increased susceptibility to bac

terial and viral respiratory infections in early childhood is associated with low or absent serum 

MBL levels.17
•
18 This phenomenon led us to the second hypothesis: children who have lower 

functional MBL serum levels early in the course of OME are more likely to develop recurrent 
disease. 

Leukocyte antibody receptors for IgG (FcyR) play an important role in IgG-facilitated phagocy

tosis of bacteria. Genetically determined functional polymorphisms for three classes of human 

BcyR. have been described.19.2° In FcyRIIA, the bi-allehc polymorphism consists of the presence 

of either Arginine (R) or Histidine (H) at position 131. Only the H131-allotype is capable ofbind

ing lgG2 opsonized bacteria, such as Streptococcus pneumoniae. In FcyRIIIA, the allotype with 

Phenylalanine (F) at position 158 has been shown to bind complexed IgG1, IgG3 and IgG4 less 

aVidly than the Valine (V) allotype. FcyRIIIb bears the neutrophil antigen (NA) polymorphism. 

N°Ai homozygotes have a higher phagocytotic capacity for IgG1 and IgG3 opsonized bacteria 

than NA2 homozygotes. Recently, it has become evident that some of these genetically deter

mined functional polymorphisms may contribute to susceptibihty to infections.21
·
25 Thus our 

third hypothesis was: children with recurrent OME are more hkely to be homozygous for the 

Fey receptors with the lower binding affinity for IgG subclasses IgG1, IgG2 and IgG3 (FcyRila

R/lu:31) and IgG1 and IgG3 (FcyRIIIb-NA2/NA2). 
1'o test these three hypotheses, we conducted a cohort study on a group of children with their 

first chnical episode of OME. Follow-up of these children enabled us to study the role of im

munological status on the subsequent probability of developing recurrent OME. 
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Methods 

PATIENTS AND STUDY DESIGN 

In the Netherlands, health insurance companies require formal referral by a general practitioner 

(GP) before refunding specialist care. Therefore, nearly all patients with OME are initially seen 

by their GP. According to the guidelines of the Dutch College of General Practitioners, chil

dren with chronic OME should only be referred to an otologist after repeated observations of 

middle ear effusion over a period of at least three months. Children were eligible for the study 

if they were aged between two and seven years, their fust clinical episode of bilateral oME 

had persisted for at least three months as documented by their GP and they had been referred 

for the fust time to the Departments of Otorhinolaryngology of one of the three participating 

hospitals in Nijmegen or Winterswijk (the Netherlands) between December 1999 and March 

2002. Children with Down's syndrome, cleft palate, or daily treatment with inhalation or topi

cal corticosteroids for at least one month per year were excluded, as were children with proven 

immunodeficiency or previous adenoidectomy. The Medical Ethical Committees of the par

ticipating hospitals approved the study protocol. Signed informed consent was obtained fro:rn 

the parents or legal guardians. At study entry, all the children received bilateral tympanosto:rnY 

tubes for OME under general anaesthesia. Blood samples were collected during this surgical 

intervention. Serum and DNA were isolated and stored at -20°C until required for analysis. To 
monitor OME recurrence, an otologist examined the ear status of each child once every three 

months until six months after documentation of spontaneous tube extrusion. The date of tube 

extrusion was taken as the date of the fust check-up during which extrusion had been observed 

(per ear). 

DEFINITION OF OME RECURRENCE 

OME was defined in accordance with an algorithm, which is primarily based on tympano:rn

etry.26 Tympanograms were classified in accordance with Jerger.27 OME was considered to be 

present when tympanometry resulted in a type B tympanogram or a type C2 tympanogra:Ill 

with otoscopic findings that suggested the presence of effusion in the middle ear and the ab

sence of an acute ear infection.26 If tympanometry (Rexton Danplex TYMP 87 A/S Copenhagen, 

Denmark) could not be performed, otoscopic findings that suggested effusion in the middle 

ear were considered to diagnose OME. Children were categorised into those who developed 

bilateral OME (biLrOME), children with unilateral OME recurrence (uni_rOME) and children 

who did not develop OME in the follow-up period (no_rOME). 

IMMUNOLOGICAL TESTS 

Total serum immunoglobulin concentrations of IgA, IgM and IgG as well as IgGr, IgG2, IgG3 

and IgG4 subclass concentrations were determined by radial immunodiffusion (Behring Werke, 

Mannheim, Germany and Central Laboratory of the Red Cross Blood Transfusion Service, Am
sterdam, the Netherlands).28 To determine functional mannose-binding lectin levels in seru:Ill, 

the assay described by Kuipers et al. was used.29 This assay is based on the principle of yeast

induced bystander lysis of chicken erythrocytes. In short, serum samples were diluted and in-
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cubated with a standardised amount of freshly cultured baker's yeast (S. cereuisiae) to activate 

the MBL pathway. Chicken erythrocytes were used as the target for haemolysis due to MBL 

pathway activation. Haemoglobin release was measured in an ELISA reader at 405 nm. Percent

ages of haemolysis were calculated using controls for 100% (water lysed) and 0% (buffer con

trol) haemolysis. Genomic DNA was extracted from whole blood using a QIAamp DNA Blood 

!<it (Qiagen, Westburg, the Netherlands). FcyRIIa and FcyRIIIb genotypes were determined by 

llleans of PCR amplification methods as described previously.30 

STATISTICAL ANALYSES 

A.s most of the immunoglobuhn and MBL levels were not normally distributed, non-paramet

ric Kruskal Walhs tests were performed to compare distributions of immunoglobuhns and 

MBL levels between OME groups. To study the possible confounding effect of age, gender and 

day care attendance, stratified analyses were performed as these parameters are hkely to be as

sociated with immune status and constitute risk factors for the recurrence of OME.32 The dis

tributions (of combinations) of Fey-receptor polymorphisms in OME groups were compared 

Using Fisher's exact test. 

A.11 analyses were performed with the Statistical Analysis Systems (SAS version 8.o ). 

Results 

Sl'uny POPULATION 

A. total of 186 children met the inclusion criteria; 136 of them (73%) participated in the study. 

1'he median age of the children at study entry was 5.3 years (range, 2.1 to 7.5 years). Owing to 

lllostly practical problems during the study period 15 children were lost to follow-up. In the 90 

children with complete follow-up data at the end of the study (August 2003), OME recurrence 

\Vas high: 56 children (62%) developed bilateral OME, 17 children (19%) developed unilateral 

01-fE and only 17 children (19%) did not develop OME. The remaining 31 children were not 

included in the analyses because of unkown chnical outcome due to incomplete follow-up in 

either 1 or 2 ears at the predetermined end of the study. 

'rhe groups were comparable except for age, gender and exposure to smoking at home (Table 

r). 1'he group of children without OME recurrence contained fewer boys and fewer children 

had been exposed to smoking at home. Children who developed bilateral OME were shghtly 

Y0 unger, both at study entry and when extrusion of the last tube was documented. Tympanos

tomy tubes appeared to be extruded a median of 9 months after insertion. The documentation 

date of tube extrusion ranged from 3 to 27 months (Table r). Due to missing serum samples, im

lllunological data were not always complete in the 90 children who completed follow-up. 

lM:M:UNOGLOBULINS AND lGG SUBCLASSES 

Median concentrations of all immunoglobuhns except for IgM were similar in the no_rOME 

group, the uni_rOME group and the bi.LrOME group (figure r, Table 2). After stratification by 

gender, the differences in IgM levels between the uni_rOME and bi.LrOME became smaller, 
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Table 1 Characteristics of the study population 

No_rOME Uni_rOME Bil_rOME 

N 17 17 56 

Male gender 35% 59% 54% 

Median age (range) at study entry 5.4 (2.7-7.2) 5.7 (2.4-7.5) 5.0 (2.8-7.2) 

Median age (range) at start of follow-up 6.2 (3.6-9.1) 6.9 (3.4-8.9) 6.0 (3.5-8.3) 

Children aged between 2-4 years at study entry 41% 29% 48% 

Children aged between 5-7 years at study entry 59% 71% 52% 

Attending day care at study entry 18% 24% 18% 

Children aged 2-4 years and attending day care at study entry 12% 18% 18% 

Siblings present 94% 94% 93% 

Exposure to smoking at home 18% 35% 36% 

Father born in the Netherlands 94% 100% 93% 

Mother born in the Netherlands 94% 95% 88% 

Median check-up (range) tube extrusion: 

From left ear 9 (3-27) 12 (3-27) 9 (3-27) 

From right ear 9 (3-24) 9 (6-18) 9 (3-21) 

while the differences with the no_rOME group remained the same. Adjustment for age and day 

care attendance did not affect the overall results. However, IgM levels and all the other i:rn11111-

noglobulin levels were within the normal range of age-matched healthy children (Table 2). 

MANNOSE-BINDING LECTIN 

Children in the bi.LrOME group tended to have lower functional MBL serum levels at baseliril 

(median 1.38 mg/1) compared to the children in the no_rOME group (median 2-48 mg/1) aJl 

the uni_rOME group (median r.88 mg/1) (Kruskal Wallis p = 0.29) (figure 2, Table 2). In the bil

rOME group and the uni_rOME group, about 33% of the children had MBL levels of below 1·
0 

mg/1, compared to 24% in the no_rOME group (Chi2 p=o-48). Stratified analyses for age, gender 

and day care attendance showed the same, but non-significant, trend towards lower MBL levels 

in the biLrOME group. The largest difference in MBL between the bi.LrOME group and the 

other two groups was seen in the youngest age category (p value 0.09, data not shown). 
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(a) Serum immunoglobulin levels (g/1) in children without recurrent OME (no), children with 

recurrent unilateral OME (unil.) and children with recurrent bilateral OME (bil.). 

(b) lgG subclass levels (g/1) in children without recurrent OME (no), children with recurrent uni-

lateral OME (uni I.) and children with recurrent bilateral OME (bil.). 
The length of each box represents the distance between P25 and P75; the horizontal line in the box repre

sents the median (PSO), while the vertical lines extend to the minimum and maximum value. Outliers and 

extreme values are excluded. 



Table 2 Serum immunoglobulin and man nose-binding lectin levels in each of the OME groups 

No_rOME (N=l7) 

lg level (g/L) median range 

lgA 1.05 0.25- 2.25 

lgM 1.65 0.85- 4.30 

lgG 10.65 7.60-13.51 

lgG I 8.67 5.53-12.87 

lgG
2 

1.35 0.05- 2.60 

lgG
3 

0.40 0.15- 0.90 

lgG
4 

0.25 0.05- 1.55 

--

MBL-level (mg/L) 2.48 0.21- 7.32 

<0.20 0% 

0.20 -0.42 18% 

0.42 -1.0 6% 

1.0 - 2.5 35% 

2.5 - 7.5 41% 

>7.5 0% 

Notes. Concentration below age-specific normal value 

t Concentration above age-specific normal value 

! N=l6 for immunoglobulin determinations 

%low' %hight 

12% 24% 

0% 65% 

6% 35% 

0% 41% 

12% 0% 

0% 0% 

6% 12% 

Uni_rOME (N=l7~ 

median range %low 

1.08 0.30- 2.20 6% 

1.00 0.60- 2.25 0% 

9.67 5.90-14.34 13% 

8.47 4.12-14.03 0% 

1.28 0.25- 2.10 20% 

0.40 0.15- 0.70 0% 

0.33 0.05- 1.90 0% 

1.88 0.19- 7.98 

6% 

12% 

18% 

24% 

35% 

6% 

Bil_rome (N=56) 

%high median range %low 

44% 0.95 0.10- 2.40 5% 

19% 1.40 0.50- 2.95 7% 

50% 9.44 5.11-14.34 4% 

25% 7.54 5.08-11.44 0% 

19% 1.25 0.55- 2.95 2% 

0% 0.40 0.15- 0.85 0% 

13% 0.25 0.05- 1.45 0% 

1.38 0.07-11.58 

7% 

7% 

20% 

43% 

20% 

4% 

p value 

%high Kruskal wallis 

30% 0.50 

55% 0.01 

36% 0.28 

36% 0.33 

0% 0.84 

0% 0.95 

7% 0.86 

0.29 

Chi' 0.48 

.E 

n 
:::r .., 
~ 

/1) , 
00 
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Figure 2 Man nose-binding lectin levels (mg/I) in children without recurrent OME (no), children with re
current unilateral OME (uni I.) and children with recurrent bilateral OME (bil.). 
The length of each box represents the distance between P25 and P75; the horizontal line in the box repre

sents the median (PSO), while the vertical lines extend to the minimum and maximum value. Outliers and 

extreme values are excluded. 

Fey-RECEPTOR POLYMORPHISMS 

Distribution of the FcyRIIa genotypes suggests that the proportion of children with the less 

effective IgGz binding genotype (FcyRIIa-R/R131) is higher in the bi.GOME group than in 

the no_rOME group or uni_rOME group (Table 3). Approximately one third of the children 

in the bi.GOME group were homozygous for Arginin (131R/R), compared to only 19% in the 

no_rOME group and 13% in the uni__rOME group (Fisher's Exact Test p=o.26). In contrast, the 

proportion of the bi.GOME group (32%) with the less effective binding capacity for IgG1 and 

IgG3 FcyRIIIb-NA2/NA2 genotype was smaller compared to the no_rOME group (56%) and 

uni_rOME group (50%). Again, this difference was not statistically significant (Table 3, Fisher's 

Exact Test p=o-42). 
Analysis of combinations of variant genotypes of FcyRIIa and FcyIIIb did not suggest signif

icant skewing towards a particular combination in any of the three OME groups (data not 

shown). 

Discussion 

In a clinically homogeneous cohort, we evaluated the role of serum immunoglobulin levels, 

MEL and Fey receptor polymorphisms in the aetiology of recurrent OME. All the children in 

this cohort had had OME for a period of at least three months and had been referred to the 

otologist for the first time for this indication. No statistically significant differences were found 

in immunoglobulin levels between the groups. In the majority of children, immunoglobulin 

levels were in the normal range of age-matched healthy children. The proportion of children 

with immunoglobulin levels of two standard deviations below the age-specific mean varied 

from 0% to 20%. In fact, a substantial proportion of children in all the OME groups had IgA, 
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Table 3 Distribution FcyR-polymorphisms 

NO_rOME' UNl_rOME' BIL rOME' Fisher's Exact Test 

N 16 w 53 

FcyRI la genotype 

FcyRI la-R/R131 19% (3) 13% (2) 34% (18) 

FcyRlla-R/H131 63% (10) 47% (7) 49% (26) 

FcyRlla-H/Hl31 19% (3) 40% (6) 17% (9) P = 0.26 

FcyRlllb genotype 

FcyRI 11 b-NA2/2 56% (9) 50% (7) 32% (17) 

FcyRI I lb-NAl/2 38% (6) 43% (6) 59% (31) 

FcyRlllb-NAl/1 6% (1) 7% (1) 9% (5) P = 0.42 

Notes. The genotype distribution of FcyRI la in healthy subjects is R/R131 24%, R/Hl31 50%, and H/H131 26%; for 

FcyRlllb: NA2/2 40%, NAl/2 47%, and NAl/113% (data from reference 36) 

* In six children, blood samples for extracting genomic DNA were unavailable 

t One child with unilateral OME lacked the FcyRlllb-genotype 

IgG and IgM levels higher than two standard deviations above the age-specific mean, which 

has also been demonstrated in a large group of Dutch children with recurrent acute otitis me

dia (AOM).11 Recently, significant associations (Veenhoven et al.)11 and non-significant associa

tions (Berman et al.33 and Drake-Lee et al.1°) have been reported between otitis media and seruID 

immunoglobulin levels. All three studies found a trend towards lower serum immunoglobulin 

levels in the children with frequent recurrent otitis media than in the control group without 

otitis media or only occasional otitis media episodes. Our results are in concordance with these 

findings. Non-significant lower serum levels ofigA, IgG, IgG1, IgG2, and IgM were measured at 

baseline in the children who developed recurrent bilateral OME within a period of six months 

after the first OME episode had been resolved. The consistency of this trend in so many studies, 

even after adjustment for age and gender, makes it unlikely to be solely due to chance. The low

er IgM levels in children with unilateral recurrent otitis reported here may suggest a decreased 

IgM antibody response in this group. However, in our opinion total serum immunoglobulin 

levels do not seem to have any clinical value in predicting which child will recover from 01\fB 

and which child will develop recurrent OME, based on our findings of only small differences ill 

serum immunoglobulin levels. 

Deficiencies in classical and alternative complement pathways are rare, but at least 20% of the 

Caucasian population is found to have decreased or absent MBL levels in association with res

piratory tract infections.17.18 We demonstrated a non-significant trend in functional MBL seruJil 

levels towards lower levels at baseline in children who subsequently developed bilateral oME
ln a cross-sectional hospital-based study, a similar non-statistically significant, trend was shoWll 

towards lower median functional MBL levels in 22 Danish children with OME compared to I5 
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children without OME.34 Moreover, a second Danish study provided evidence for the hypoth

esis that severe recurrent otitis media was associated with MBL variant alleles that result in low 

MBL serum levels.18 However, a retrospective community-based study on associations between 

MBL genotypes and a history of AOM failed to show these trends.35 This lack of trends may 

be due to the limitations of a retrospective study design. Both our study population and that 

of Garred et al.34 comprised older children, which suggests that in older children, MBL serum 

levels are associated with the course of recurrent OME, as has been postulated earlier.17 

Genetically-determined variation in Fey receptor function may play a role in the recurrence 

of OME.25 In this study, we found differences in the proportion of children homozygous for 

the allotypes with lower binding affinity for IgGz (FcyRIIa-RfRr3r). Although this difference 

was not statistically significant, a trend was visible in line with our hypothesis. Comparable 

figures were shown for the FcyRIIa-R/Rr3r genotype in a cross-sectional study on AOM: 31% 

of the children with frequent recurrent episodes of AOM or sinusitis were homozygous for the 

R.-allotype, compared to 24% of the healthy controls.25
•
36 Our results on the FcyRIIIb genotype 

do not support the hypothesis that children with OME recurrence are more likely to have the 

FcyRIIIb-NA2/NA2 genotype. Elsewhere, we also reported a normal frequency of the latter 

genotype in children with recurrent acute otitis media.25 The proportion of children in our 

study with the FcyRIIIb-NAr/NAr genotype was smaller (ro%) than the proportions found in 

children with recurrent AOM or in healthy controls (20%).25
,3

6
·
38 Future studies should elucidate 

whether this difference reflects a characteristic of OME children or is merely due to chance. 

This is the fust prospective study in which baseline immunological parameters were evalu

ated in relation with the subsequent risk of OME recurrence in a homogeneous population of 

children treated for their fust clinical episode ofbilateral OME. By using this cohort design, we 

Were able to exclude selection bias and avoid discussions about what is cause and what is effect. 

Our study results are based on 90 children with known clinical outcome. We feel that this pop

ulation is representative of the full cohort of children with a history of at least three months of 

bilateral OME, because the predetermined end-point of the follow-up period and the reasons 

for loss to follow-up were unrelated to the clinical outcomes. Although the study size is limited 

and hence statistical significance was not reached, the results are not likely to be merely due to 

chance, as most of these accord with etiological hypotheses postulated a priori. 
'rhe various immunological parameters analysed in this study may be connected or act in con

juction. Polymorphisms of FcyR do not influence immunoglobulin levels,37 nor MBL.39
•
40 How

ever, a low level ofigGz combined with the FcyRIIa-RJRr31 genotype or with low MBL does 

pose an increased risk for bacterial infections. 

In conclusion, serum immunoglobulin levels only seemed to play a limited role in the aetio

pathogenesis of recurrent OME, while MBL and FcyRIIa genotype may provide interesting 

clues towards the discovery of mechanisms to explain OME recurrence in children. 
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Summarizing discussion 

In this thesis various aspects of innate and adaptive immunity in children with recurrent acute 

otitis media (AOM) and persistent otitis media with effusion (OME) were evaluated. The clul

dren in the studies all participated in one of two large randomized controlled vaccination tri

als performed in the Netherlands on the efficacy of combined pneumococcal conjugate and 

polysaccharide vaccination to prevent recurrence of ear infection. The clinical efficacy results 

of these vaccination trials have been described elsewhere.1
·
2 The children, aged 1-7 years, were 

all vaccinated with 7-valent pneumococcal conjugate vaccine (Prevnar®, Wyeth Pharmaceuticals) 

followed by the 23-valent pneumococcal polysaccharide vaccine (Pneumune®, Wyeth Pharma

ceuticals). All children had a history of either recurrent acute otitis media or recurrent persist

ing otitis media with effusion. Despite the fact that vaccinations resulted in the induction of 

apparently adequate serum IgG antibody levels, these could not prevent recurrence of either 

AOM or OME. This may be due to replacement of conjugate-vaccine type pneumococci by 

non-conjugate vaccine serotypes or by other pathogens after vaccination.3
•
9 The cause of otitis 

media however is multi-factorial and other aspects, like genetically determined variation in in

nate and adaptive immunity, may also contribute to the susceptibility to middle ear infections. 

The first two chapters of this thesis have focused on innate immunity pathways in children 

with recurrent acute otitis media. In chapter 2 we showed in a cohort of 204 children with a 

history of 2 or more episodes of AOM in the year before study entry, that single nucleotide 

polymorphisms (SNPs) in the MBL2 gene resulted in low functional serum MBL levels. Next to 

the 7 commonly recognized MBL haplotypes, derived from 3 SNPs in the promoter region and 

3 exon 1 SNPs, we found that an SNP in exon 4 at position 3130 further determines serum MBL 

levels within one of the common haplotypes (LXPA). This finding underscores the importance 

to analyze the functional impact of all the 87 SNPs that have currently been identified across the 

MBL2 gene,10 and not just to focus on the 7 common secretor haplotypes. We also found the 

genetically determined MBL2 polymorphisms to have clinical impact on acute otitis media in 

those children below 2 years of age. Non-wild type carriers had a history of significantly more 

AOM episodes compared with matched wild type carriers. We were not able to investigate all 
the 7 common haplotypes separately for their clinical impact, due to limited numbers of chil

dren in the various subgroups. However, in our opinion assessment ofMBL genotypes should 

be extended with SNPs with to be identified functional implications. Since the 3130 SNP is 

regularly found in Caucasians, it should be one of the first candidates to add to the list of SNPs 

to be investigated. 

The fact that the clinical association with respect to AOM was apparent only in children below 

2 years of age and not in older ones is in agreement with the hypothesis that MBL may be of 

importance in the protection against OM particularly in children between 6 and 24 months of 

age, when maternally derived antibodies have waned and the adaptive immune response against 

polysaccharide antigens is not yet fully developed. Whether this is true and what the real impact 

of low MBL levels on susceptibility to ear infections is, should be investigated in a large pro

spectively followed birth cohort study, with documentation of infections, environmental factors 

and for instance the presence of atopy. Also the potential relevance in the development of OM 
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of other innate immune pathways, like Toll-hke receptors (TLR), TLR associated molecules like 

CDr4 and Myd88 and possibly DC-SIGN, are best investigated in such a birth cohort.11·14 

We described in chapter 3 that the CDr4 C-r59T promoter polymorphism, already shown to be 

associated with increased serum soluble CDr4 (sCDr4) levels, was associated with a decreased 

number of AOM episodes in the year prior to the study in children aged between r-2 years. 

We also found that in children carrying the T allele, the serum IgG antibody response upon 

combined pneumococcal conjugate and polysaccharide vaccinations is higher as compared to 

wild-type C carriers. Prehminary data showed increased IL-6, TNFa and IL-ro cytokine levels 

in PBMC supernatants of TT homozygous donors. Also after adding recombinant sCDr4 to 

PBMC cultures of CC homozygotes, higher levels of these cytokines and additionally increased 

levels of ILra and ILrP were found. This data may indicate that dilferent sCDr4 levels could 

lead to a different cytokine environment in CDr4 polymorphic TT and wild-type CC carriers. 

We therefore propose the following hypothesis to explain the association between the CDr4 

promoter polymorphism, pneumococcal specific IgG antibody production and the protection 

against infection in the youngest children: sCDr4 might promote presentation of antigens 

(possibly including polysaccharides) to DCs and macrophages.15
•
16 sCDr4 might also stabihze 

and/or facihtate the formation of the CDr4/TLR4 complex, with a subsequent increase in signal 

transduction.17
•
18 In both models, higher levels of sCDr4, as in carriers of the CDr4 -r59TT gen

otype, might result in enhanced cell activation, which augments production and secretion of 

pro-inflammatory cytokines, as was shown by Cauwels et al.19 This cytokine environment could 

lead to the enhanced anti-pneumococcal antibody responses we observed after vaccination. An 

enhanced immune response upon natural exposure to pathogens able to cause AOM might 

explain the observed lower otitis media frequency in carriers of the TT genotype in the young

est children. As soon as the child has developed a more mature adaptive immune system, this 

innate immunity pathway has less impact on the infection susceptibihty. Future in depth cel

lular research on the functional impact of this CDr4 promoter polymorphism will be required 

to substantiate these models. 

The observed association between a polymorphism in an innate immune pathway and pneumo

coccal specific IgG antibody responses, stresses the fact that innate pathways control acquired 

immune responses. This area of research has gained interest over the last years. Somehow the 

evolutionary success of the innate immune response has not been recognized for a long time, 

and "mainstream" immunologists only described innate defenses as a primitive measure to 

hold the fort before the arrival of sophisticated adaptive immune responses. With the discovery 

of the Toll-like receptors the innate immune system gained interest again, and with it came the 

realization that the innate immune response not only provides a fust hne of defense but also is · 

Critical for prodding the adaptive immune response into action. 

In chapter 4 we evaluated the adaptive immune response in children with a history of OM, by 

rneasuring antibody responses after viral (measles), protein (diphtheria and tetanus), and pro

tein-polysaccharide conjugate (Haemophilus influenzae type B: Hib) vaccinations in children 

With recurrent AOM or persistent OME. We hypothesized that, apart from impaired antibody 

responses to polysaccharide vaccines,20
•
24 these children might have a more generalized hypo-re

sponsiveness which would be reflected in lower antibody responses to protein antigens, as was 
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reported in otitis-prone children for the antibody response after rubella vaccination by Prellner 

et al. and for responses against the outer membrane protein P6 of non-typeable Haemophilus 

influenzae by Hotomi et al.25
•
26 To this aim antibody levels to 4 vaccinations included in the 

national immunization program (Rijksvaccinatieprogramma) were measured in children be

tween 2-7 years of age with recurrent AOM or recurrent persisting OME. Antibody levels were 

compared to titers in 521 healthy age-matched controls without previous middle ear disease. 

We found no differences in IgG antibody levels after childhood vaccinations between the three 

groups, and if any, children with AOM showed even higher antibody levels. Therefore, IgG an

tibody levels upon protein-, polysaccharide-protein conjugate- and viral- vaccinations given in 

infancy are not indicative for otitis-proneness. Consequently, these antibody titers should not 

be used as a diagnostic tool for the immunological assessment of children presenting with 

OM. However, we did not evaluate antibody responses upon recent (booster) vaccinations. Pos

sibly, antibody responses measured 4 weeks after administration of a protein or viral vaccine 

might be more informative. This however remains to be shown, especially since we and others 

already showed that patients with recurrent acute otitis media or other upper respiratory tract 

infections, despite failure to respond to pneumococcal polysaccharide vaccination, responded 

normally to pneumococcal conjugate vaccines.1
•
27

·
29 

In our two randomized controlled vaccination studies we choose to prime with a 7-valent pneu

mococcal conjugate vaccine but to booster with the 23-valent pneumococcal polysaccharide vac

cine. Those children who were below 2 years of age were primed with two doses of conjugate 

vaccine with a 4-weeks interval, whereas older children in both the AOM and the OME study 

received one conjugate priming vaccination followed by the 23-valent pneumococcal polysac

charide booster vaccination. It was previously shown that boosting with a pure polysaccharide 

instead of a conjugate vaccine leads to optimal IgG antibody levels as determined by ELISA.30 

Furthermore, boosting with the polysaccharide vaccine, especially after 18 to 24 months of age, 

might increase serotype coverage particularly against invasive pneumococcal disease. 

Antibody responses after the combined pneumococcal conjugate and polysaccharide vaccina

tions in both studies were described in the clinical efficacy papersY Despite their history of 

recurrent OM, all children showed adequate ELISA IgG antibody responses, similar or higher 

to those described in studies with the conjugate vaccine in infants,5
•
31 except for serum IgG tit

ers against serotype 6B, which were lower in our studies. 

Antibody levels as such did not predict clinical efficacy, as was most apparent in the AOM co

hort for serotype 6B: the highest decrease in nasopharyngeal pneumococcal carriage was in

duced in the youngest patients between 12 and 24 months, who had signi£cantly lower serum 

anti-6B IgG antibody levels than the older children.3 In chapters we therefore set out to explain 

these differences in carriage reduction by further investigating functional antibody characteris

tics, like antibody avidity and the opsonophagocytic capacity of antibodies. We observed a sig

nificantly higher increase in avidity of antibodies directed against serotype 6B in the younger 

children compared to the older age group, which might thus explain the better carriage re

duction in the youngest patients. It is currently unknown which degree of avidity is necessary 

for optimal function of antibodies and which factors exactly determine antibody avidity. It was 

previously shown by our group that the avidity of anti-tetanus antibodies is significantly higher 
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than that of anti-Hib antibodies.32 This might be caused by the limited variety of available Hib 

capsular polysaccharide epitopes, which is associated with an oligoclonality of the serum anti

Hib antibody response and a restricted use of V H genes.33
.
35 These factors make further avidity 

maturation of anti-Hib antibodies after repeated vaccinations less likely compared to the re

sponse to a complex protein antigen such as tetanus. Possibly similar mechanisms are involved 

in the antibody response and maturation against pneumococcal polysaccharide antigens. 

We showed that the polysaccharide booster vaccination after conjugate vaccine priming further 

increased antibody avidity, which proves further affinity maturation after a plain polysaccharide 

booster vaccine. Polysaccharides are classified as T-cell independent type 2 antigens, meaning 

that T lymphocytes are not strictly necessary for, but can augment the B-cell response.36
•
37 The 

exact mechanism of T-cell activation by polysaccharides however is unknown, particular since 

polysaccharide antigens do not associate with MHC.38
•
39 Yet, the progressive affinity maturation 

after polysaccharide booster immunization that we observed is suggestive for involvement of 

T-cells. Whether cognate T-B cell interaction is required for affinity maturation (i.e. somatic 

hypermutation) is unknown. Theoretically, alternative CD40 ligation could substitute for direct 

T-B cell interaction.40 

We also found that priming with two instead of one dose of conjugate vaccine led to better 

avidity maturation upon polysaccharide boosting. For this reason we would now advise to im

munize all children with increased risk for invasive pneumococcal infections, even those above 

2 years of age, with at least two conjugate vaccine doses. In addition, our observations indicate 

that polysaccharide booster after 2 conjugate vaccine priming vaccinations might be useful, 

since it not only induces a raise in serum antibody levels, but also further increases antibody 

avidity and potentially would improve serotype coverage against invasive pneumococcal dis

ease. Last but not least use of the 23-valent polysaccharide vaccine is more cost-effective as com

pared with the conjugate vaccine. 

We furthermore think that avidity measurements are essential in the evaluation of vaccine effi

cacy, and that both antibody levels and antibody avidity should be considered in the assessment 

of vaccination strategies. We also studied the opsonophagocytic capacity of antibodies, however 

no clear association with clinical efficacy (i.e. nasopharyngeal pneumococcal carriage reduction) 

was observed. Possibly the way we performed our assay, with a standardized amount of anti

body added, is not optimal. Further research is necessary to develop a well-standardized assay to 

evaluate opsonophagocytic capacity, which would also contribute to the evaluation of vaccines. 

The efficacy of phagocytosis, which is the principal route for antibody mediated elimination 

of encapsulated bacteria, is determined not only by the above described antibody character

istics, but also by the quality of Fe receptors for IgG (Fey receptors) expressed on phagocytic 

cells. Thus differences in expression or function of Fey receptors, particularly Fey receptor Ila 

that interacts with IgG
2
, could predispose a child for recurrence of OM. The functional H/R131 

polymorphism of FcyRIIa is known to influence the binding capacity and clearance of immune 

complexes with IgG
2 
and IgG

3 
and the phagocytosis of IgG

2 
opsonized bacteria.41

•
42 In the past, 

we found the homozygous FcyRIIa-H/H131 receptor with optimal binding of IgG
2
-opsonized 

bacteria to be associated with less respiratory tract infections in young children, who have low 

IgG
2 

antibody levels.43 For this reason the FcyRIIa polymorphism was now investigated as an 
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additional risk factor for recurrence of AOM after pneumococcal vaccinations in a much larger 

cohort of children prospectively followed for 18 months. Children with the poorly IgG
2 
binding 

Fcylla-R/R131 genotype showed an increased number of AOM recurrences after pneumococ

cal conjugate and polysaccharide vaccinations, as described in chapter 6. Due to limited data 

on pathogens present in the middle ear in case of recurrence of AOM, we could not prove that 

indeed less effective clearance of either conjugate vaccine serotypes or replacing pneumococci 

caused the higher recurrence rate of middle ear infections in FcyR1Ia-R/R131 children. We saw 

no differences in nasopharyngeal pneumococcal colonization, or in serum IgG anti-pneumo

coccal antibody levels after vaccinations. Future studies should elucidate whether indeed our 

model of decreased local phagocytosis depending ofFcyRIIa genotype holds true and whether 

this explains the high AOM recurrence rate in FcyR1Ia-RjRI31 children. In our opinion Fe re

ceptor polymorphisms and their role in the development of upper respiratory tract infections 

still deserve attention. Animal models could be of use, but since different Fe receptors and dif
ferent IgG subclasses are expressed in experimental animals like mice, these studies remain 

difficult to extrapolate to clinical conditions in men. 

The possible genetic regulation of pneumococcal specific IgG antibody response was investi

gated in chapter 7. Six single nucleotide polymorphisms (SNPs) in the genes encoding inter

leukin 4 (IL-4), IL-13 and the gene encoding the IL-4 receptor a chain (IL-4RA), were investi

gated for their influence on pneumococcal specific IgG antibody responses. We choose to study 

Il-4 and IL-13 and the IL-4 receptor a chain, which is involved in both the IL-4 and the IL-13 re

ceptor, since it is know that these cytokines stimulate antibody production by B-cells. Further

more, SNPs in these genes have been widely studied for their possible influence on asthma and 

atopy development,44-46 and functional work on some of these SNPs has been performed.47
•
49 In 

our study group of children with recurrent AOM or OME, we found an association between 

antibody responses and the SNPs in IL4 (IL4C-599T and IL4 G2979T) and IL4RA (Gln55rArg), 

depending on the pneumococcal serotype under investigation. Interestingly, the genotypes as

sociated with decreased IgG antibody levels for several pneumococcal serotypes, were also as

sociated with increased serum IgE levels. This might suggest an inverse relationship between 

atopic phenotypes and the response upon pneumococcal vaccination, possibly brought about 

by genotype and an altered Th1/Th2 balance. This model would fit with the inverse relationship 

between infection and atopy as proposed in the hygiene hypothesis where infections at early 

age are suggested to protect against development of atopy.5° Conversely however, many patients 

with an atopic constitution seem to have an increased risk of respiratory tract infections.51
•
52 

The additional value of investigating haplotypes or gene-gene interactions instead of single 

SNPs, especially when studying complex biological pathways, has been recognized.53
·
54 We 

therefore also analyzed haplotypes of SNPs in IL-4, IL-13 and IL-4RA. This showed an additive 

effect above investigation of single SNPs. Furthermore, we made combinations ofhaplotypes, 

and despite limited numbers of children in the various subgroups, indeed antibody responses 

were found lowest in carriers of two low producing haplotypes, and highest in carriers of two 

high-producing haplotypes. This highlights the importance to study gene-gene interactions, 

haplotypes or even haplotype-haplotype combinations in relation with environmental factors. 

However, very large and well-defined cohorts are necessary for such genetic analyses, especially 
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when studying common disorders with multiple susceptibility genes, and when their interac

tion with the environment is considered. For genetic association studies, in general two ap

proaches can be used: a whole genome linkage survey or the candidate-gene approach. For our 

study with limited numbers of patients we choose to only evaluate the specific hypothesis of 

IL-4 and IL-13 influencing vaccine responsiveness. To identify new disease associated genes and 

to gain better knowledge on the influence of genetic variations on vaccine responses, which will 
have great value for the development of novel and improved vaccines, further in-depth studies 

are required. 

In chapter 8 it was investigated whether several of the risk factors identified in the develop

ment of AOM may be recognized as risk factors predisposing for persistent OME as well. In 

this study serum immunoglobulin levels, serum MBL levels, and polymorphisms in FcyRila 

and FcyRIIIb were evaluated. lmmunoglobulin levels were within the normal range and did 

not have any predictive value for the recurrence of a period of OME. Functional serum MBL 

levels seemed to have some association with OME recurrence. However, we think that before 

drawing conclusions, genetic MBL analyses should be performed in addition to the investiga

tion ofMBL serum levels alone. Furthermore, the OME cohort did not include children below 

2 years of age, in whom the impact of MBL seems to be most outspoken as was shown in the 

in the AOM study cohort. Further studies on the true impact of MBL on OME are thus war

ranted. Fey receptor polymorphisms also did seem to have some influence on OME recurrence, 

but again differences were not statistically significant. Therefore, care should be taken to draw 

general conclusions, especially since the OME study cohort was rather small for the assessment 

of genetic risk factors. 

OME is a common condition in childhood occurring in more than 50% of children at least 

once before their first birthday.55 After a first recognized episode of OME the recurrence rate is 

high, up to 40%.56 In contrast to AOM, the diagnosis of OME and the persistence of symptoms 

may often not be clinically recognized. No consensus has been reached on the question wheth

er AOM and OME should be regarded as the same disease with varying clinical characteristics 

within one spectrum of middle ear infections, or as different disease entities at an identical site, 

the middle ear cavity. There is an ongoing debate on clinical distinction, differences in aetiolo

gy, and on the relative importance of several immunological parameters. Also from our studies, 

no generalized conclusions on the differences between OME and AOM can be made, especially 

since we cannot fully compare the two study cohorts. Both cohorts differed not only regarding 

age and baseline characteristics, but also in follow-up. Future research should elucidate whether 

potential risk factors for AOM also play a role in the development of persisting and recurrent 

OME. This knowledge might direct the future treatment strategies for both diseases. 

GENERAL CONCLUSIONS AND FUTURE RESEARCH 

The work described in this thesis highlights the importance of adaptive immunity, especially 

the production of polysaccharide specific antibodies and functional characteristics of these an

tibodies, and the value of the innate immune system, especially in very young children when 

adaptive anti-polysaccharide specific immunity is still immature, in the protection from OM. 

Our work further indicates there is a dynamic but intricate balance between the innate and 



140 • Chapter 9 

adaptive immune systems. 

The influence of genetic variation in several immune parameters of both the innate and adap

tive immune systems was investigated. This area of genetic research is rapidly progressing, and 

future work will have to show us the true impact of variation in disease-associated genes and 

disease modifier genes, taking into consideration their interaction with environmental factors, 

in a multi-factorial infectious disease like otitis media. 

An area of research that we did not touch on in this thesis is the role oflocal and mucosal im

munity in the development of OM. Pneumococcal conjugate vaccines are described to elicit 

anti-capsular IgA, and to a lesser extent IgG antibody responses in saliva of children vaccinated 

in infancy.57
•
58 Local mucosal immunity, either innate or acquired by natural exposition to path

ogens like S. pneumoniae, possibly plays a larger role in the protection from mucosal diseases 

like OM as compared to vaccine-induced systemic antibodies. Animal models have shown that 

mucosal administration of conjugated vaccines induces a pronounced salivary IgA response, 

which offers protection against invasive disease and bacterial carriage.59
·
60 Future research into 

this route of administration of vaccines potentially could lead to vaccines with higher efficacy 

against mucosal diseases like OM, and could also result in vaccines that will be better applica

ble and available for children.61 Clinical trials however are warranted to prove mucosal vaccine 

efficacy and to make sure no tolerance is induced. 

The current vaccination strategies in children based on polysaccharide antigens will most likely 

not solve the problem of OM, since replacing pneumococci and pathogens like H. iniuenzae 

and M. catharralis were shown to have increased as middle ear pathogens after the introduction 

of infant pneumococcal conjugate vaccinations.4
·
9

•
62 The main future challenge thus remains the 

development of a successful and widely useable vaccine against OM. A pneumococcal vaccine 

including protein antigens that are conserved across the varying pneumococcal serotypes and 

antigens of H. iniuenzae and M. catharralis may be more likely to be successful (R. Prymula et 

al., abstract ESPID, 2005). A number of lead protein antigens for all three bacteria have now 

been identified, which have the potential to protect across the range of serotypes and strain5 

responsible for disease.63 However, OM is a poly-microbial disease in which a complex relation

ship between various bacteria and viruses exists. Vaccinating against influenza also may have a 

significant impact on reducing the incidence of AOM in high risk cohorts during periods of 

influenza activity in the community.64·66 Combining viral and bacterial vaccines will thus be of 

importance in the future. 63 Apart from vaccinations, a better understanding of the susceptibility 

of individuals toward infectious diseases will ultimately bring better vaccination and treatment 

strategies for individuals at increased risk to otitis media. 
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Het afweersysteem of immuunsysteem beschermt ons tegen micro-organismen die ons ziek 

kunnen maken zoals bacterien, virussen, schimmels en wormen. Met een verzamelnaam he

ten deze ziekmakende micro-organismen ook wel pathogenen. Aangezien er vele verschillende 

soorten ziekteverwekkers bestaan, is er ook een heel scala aan afweermechanismen noodzake

lijk. Het belang van een goed afweersysteem bhjkt uit zeldzame syndromen waarbij kinderen 

geboren worden zonder goed functionerend afweersysteem of bij patienten met het Acquired 

Immune Deficiency Syndrome (AIDS). Deze patienten overlijden meestal aan het optreden van 

verschillende infecties - infecties die bij een persoon met een goed functionerend immuunsy

steem niet of nauwehjks hinder zouden hebben veroorzaakt. 

De eerste bescherming tegen pathogenen wordt geboden door mechanische barrieres, zoals 

de huid en de intacte slijmvliezen van luchtwegen en darmen. Wanneer een pathogeen hier 

doorheen ons hchaam weet binnen te dringen en ons ziek tracht te maken, komt het in contact 

met het afweersysteem. Het afweersysteem bestaat uit grofweg twee takken, met allebei hun 

eigen speciahsaties en karakteristieke eigenschappen: het aangeboren (innate) en het specifieke 

(adaptive) afweersysteem. Het aangeboren afweersysteem heeft als voordelen dat het vanaf de 

geboorte aanwezig is en onmiddellijk kan werken. Het aangeboren immuunsysteem maakt een 

eerste selectie om te bepalen of iets hchaamsvreemd is door eiwitpatronen te herkennen die 

algemeen karakteristiek zijn voor de bouw van pathogene micro-organismen. Deze her kenning 

vindt plaats door receptoren op cellen van het aangeboren afweersysteem en een voorbeeld zijn 

Toll-receptoren. Nadat bijvoorbeeld cellen met Toll receptoren een pathogeen hebben herkend, 

zetten ze het afweersysteem in gang om het micro-organisme op te ruimen. Een manier waarop 

macrofagen een micro-organisme kunnen opruimen is door het letterhjk op te eten en het 

vervolgens intracellulair te verteren. Dit proces heet fagocytose. Micro-organisme kunnen ook 

worden gedood door middel van eiwitten (het complementsysteem) die ook deel uit maken van het 

aangeboren afweersysteem. Het eindproduct van de complementcascade maakt de buitenwand 

(membraan) van sommige bacterien kapot door een porie in de membraan te boren, waardoor 

het in staat is het micro-organisme direct te doden. Daarnaast dienen de bij- en eindproducten 

van deze complementcascade als merkvlaggetjes die kunnen binden aan het pathogeen, waar

door het beter herkend kan worden door de fagocyterende cellen van het aangeboren afweersy

steem. Het afweersysteem kent zo een heel scala aan eiwitten aanwezig in het bloed en weefsels, 

waarvan sommige dienen als merkvlaggetjes om pathogenen beter zichtbaar te maken, andere 

leiden tot een verhoogde bloedtoevoer (locale roodheid, warmte en zwelling) en weer andere 

dienstdoen als boodschappermoleculen voor cellen van het immuunsysteem. Deze processen 

dragen allemaal bij aan het opruimen van het pathogeen. 

Een tekortkoming van het aangeboren afweersysteem is dat het slechts in staat is een infec

tie onder controle te houden, maar dat het de infectie niet volledig kan opruimen. De tweede 

tak, het specifieke afweersysteem, is wel in staat een pathogeen, en dus een infectie, volledig te 
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elimineren. Dit specifieke afweersysteem wordt van oudsher verdeeld in twee delen: het humo

rale afweersysteem en het cellulaire afweersysteem. Door het humorale afweersysteem worden 

na herkenning van een specifieke structuur op een micro-organisme (het antigeen) antistoffen 

geproduceerd. Deze antistoffen zijn wel specifiek gericht tegen dat ene micro-organisme dat 

is binnengedrongen. Antistoffen worden gemaakt door cellen die oorspronkelijk uit het been

merg komen, en daarom B-cellen worden genoemd. De antistoffen worden in grote hoeveel

heden geproduceerd en binden aan het specifieke antigeen op het binnendringende micro-or

ganisme. Vervolgens kan het antigeen-antistof complex worden herkend door receptoren voor 

het antistof (Fc-receptoren) die v66rkomen op allerlei cellen van het immuunsysteem. Na binding 

van het complex aan de Fe-receptor wordt het complex uit de weg geruimd door bijvoorbeeld 

te worden gefagocyteerd. De andere, cellulaire tak van het specifieke afweersysteem bestaat uit 

cellen die oorspronkelijk uit de thymus komen en daarom T-cellen worden genoemd. Cellu

laire afweer is onder anderen belangrijk voor virus infecties. Zogenaamde cytotoxische T-cel-
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complement-receptoren op phagocyterende cellen het antigeen-antistof complex en ruimen dit 
uit de weg. 
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len kunnen met virus geinfecteerde cellen doden en daardoor voorkomen dat het virus zich 

verder in het lichaam verspreidt. Een andere categorie van T-cellen produceert groeifactoren 

(cytokinen) die het afweersysteem bemvloeden, reguleren en coordineren. Op het oppervlak van 

deze T-cellen zitten specifieke receptoren die weer kunnen binden aan andere cellen van het 

immuunsysteem, bijvoorbeeld B-cellen. De T-cel kan met deze binding de B-cel tot productie 

van antistoffen aanzetten. Deze T-cellen warden daarom ook wel T-helper-cellen genoemd. De 

cellen van het specifieke afweersysteem herkennen dus ieder een zeer specifiek antigeen. Het 

grate voordeel van het specifieke afweersysteem is dat bij de tweede keer dat dit zelfde antigeen 

het lichaam binnendringt er nog cellen zijn die zich dit antigeen herinneren. Deze B-cellen 

kunnen deze tweede keer, geholpen door de T-helper-cellen, sneller en meer antistoffen produ

ceren. Bovendien zijn deze antistoffen van een betere kwaliteit (affiniteit). Het immuunsysteem 

reageert nu dus zo snel en efficient dat het pathogeen geen ziekteverschijnselen meer kan ver

oorzaken. Dit immunologisch geheugen ontstaat na een natuurlijke infectie maar kan ook door 

middel van inenting (uaccinatie) warden opgewekt. 

Het aangeboren en het specifieke afweersysteem werken nauw samen om een binnendringend 

pathogeen uit te roeien. Doordat het aangeboren systeem in staat is snel en aspecifiek te rea

geren, kan het pathogeen zich niet optimaal vermenigvuldigen en blijft de infectie dus onder 

controle. Het specifieke afweersysteem maakt het opruimwerk vervolgens af en zorgt voor ge

heugen zodat een tweede infectie nog sneller en beter te bestrijden is. Voor een optimale be

scherming tegen pathogenen kan het ene systeem niet zonder het andere. Dit blijkt ook uit het 

feit dat kleine kinderen vaker infecties hebben dan volwassenen. Immers, bij kleine kinderen 

moet het immunologische geheugen nog opgebouwd warden door contacten met alle in de 

omgeving voorkomende pathogenen, waardoor het specifieke immuunsysteem zich geleidelijk 

aan verbetert. Bij de allerjongsten is dus het aangeboren immuunsysteem extra belangrijk. Toch 

zie je ook in de volwassen bevolking een groat verschil in infectiegevoeligheid; je ene collega is 

nooit ziek, terwijl de ander om de week met een griepje of verkoudheid kampt. Dit verschil in 

infectiegevoeligheid komt onder andere door variaties in erfelijke (genetische) factoren van het 

aangeboren en specifieke afweersysteem. Deze variaties warden polymorfismen genoemd en 

kunnen voorkomen in allerlei onderdelen van het immuunsysteem, zoals de bovengenoemde 

Toll receptoren, de complementcascade, receptoren voor antistoffen (Fc-receptoren), de bood

schappermoleculen (cytokinen) en receptoren voor deze cytokinen. Het hebben van een bepaalde 

erfelijke variatie geett niet een alles-of-niets effect. Wel is het vaak zo dat de ene variant beter 

werkt en een andere net iets minder. Wanneer iemand voor meerdere componenten van het 

afweersysteem een minder goed werkende variant heeft, kan dit leiden tot een verhoogde vat

baarheid voor infecties. 

Een van de meest voorkomende infectieziektes bij kinderen is otitis media (OM), ofwel mid

denoorontsteking. Zoals in figuur 2 te zien is, staat het middenoor via de buis van Eustachius in 

verbinding met de neus-keelholte. In een mensenmond, en dus de neus-keelholte, zijn continu 

allerlei soorten bacterien aanwezig. Het kan v66rkomen, bijvoorbeeld tijdens een verkoudheid, 

dat bacterien via de buis van Eustachius het middenoor bereiken, waar ze, als ze niet bijtijds 

door het afweersysteem uit de weg warden geruimd, een ontsteking kunnen veroorzaken. Er 

zijn verschillende vormen van middenoorontsteking. Otitis media acuta (OMA) is een vorm 



152 • Nederlandse samenvatting 

van acute ontsteking van het middenoor waarbij vloeistof (eflusie) aanwezig is in het middenoor, 

sarnen met symptomen van acute ontsteking zoals koorts, roodheid van het trommelvlies en 

pijn. Bij otitis media met effusie (OME) is ook effusie aanwezig in het middenoor, maar nu 

zonder symptomen van een acute ontsteking. OME kan het gevolg zijn van een acute midden

oorinfectie waarbij de effusie niet adequaat is opgeruimd en dus voor langere tijd achterblijtt 

in het middenoor. OME lijkt echter soms ook op te treden zonder dat hier een acute infectie 

met symptomen aan is voorafgegaan. Naar schatting heett ongeveer 80% van alle kinderen ten

minste een keer OMA gehad als ze 3 jaar oud zijn en heeft meer dan 50% van alle kinderen al 
een periode met OME doorgemaakt voor hun eerste ve:tjaardag. De huidige behandelingsme

thoden voor OMA en OME, (antibiotica, het plaatsen van trommelvliesbuisjes ofhet knippen 

van de keel- en/of neusarnandelen) blijken minder effectief dan gehoopt. Het zou dan ook wen

selijk zijn maatregelen ter voork6ming van OM beschikbaar te hebben. Momenteel is daarom 

intensief onderzoek gaande naar een bruikbaar vaccin dat aan het voork6men van OM bij zou 

kunnen dragen. De belangrijkste bacteriele verwekker van otitis media is Streptococcus pneumoni

ae, ofwel de pneumokok. Deze bacterie komt erg vaak voor in de neus-keelholte van jonge kin

deren. Naast OM kan deze bacterie ook andere ernstige ziekten veroorzaken zoals hersenvlies

ontsteking, longontsteking of sepsis (bloedvergifuging waarbij levende bacterien aanwezig zijn 

in de bloedbaan). Daarom is reeds vanaf de jaren '80 veel onderzoek gedaan naar de preventie 

Figuur 2 Dwarsdoorsnede van het menselijk oor. 

EG: Externe gehoorkanaal; 

TY: Trommelvlies; 

MO: Middenoor met gehoorbeentjes; 

BO: Binnenoor met slakkenhuis en evenwichtsorgaan; 

BvE: Buis van Eustachius; 

NKH: Neus-Keelholte. 
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van pneumokokkeninf ecties door middel van het opwekken van een specifieke afweerrespons 

met pneurnokokkenvaccins. De eerste vaccins bestonden uit suikers (polysacchariden) die aan de 

buitenkant van de pneumokok voorkomen en daar het kapsel vorrnen (gekapselde bacterie). 

Er kunnen op basis van verschillende polysaccharidekapsels 90 verschillende pneumokokken 

typen worden onderscheiden. Het op dit moment verkrijgbare pneumokokkenpolysaccharide

vaccin bevat kapselsuikers van 23 verschillende typen pneumokokken (serotypen). Deze 23 seroty

pen dekken ongeveer 90% van de voorkomende pneumokokkeninfecties in de Westerse wereld. 

Maar pneumokokkenpolysaccharidevaccins blijken echter bij kinderen jonger dan 2 jaar een 

onvoldoende afweerrespons op te wekken en dus pneumokokkeninfecties niet te kunnen voor

komen. Daarom is een nieuw vaccin ontwikkeld waarin de pneumokokkensuikers gekoppeld 

(geconjugeerd) zijn aan een dragereiwit. Dit conjugaatvaccin blijkt al een antistofrespons op te 

kunnen wekken bij kinderen vanaf de leettijd van 2 maanden. Het pneumokokkenconjugaat

vaccin bevat echter slechts de kapselsuikers van 7 verschillende pneumokokkenserotypen. Deze 

top 7 dekt 75% van de pneumokokkeninfecties bij kinderen. 

Kinderen met een otitis media, en vooral die kinderen die vaak een acute infectie of die vaak een 

langdurige OME doorrnaken, vorrnen belangrijke groepen waarvoor gezocht wordt naar betere 

behandeling en preventie. Daarom heeft ons onderzoek zich gericht op het in kaart brengen 

van het afweersysteem van bnderen met vaak terugkerende OMA en langdurige en terugkeren

de OME. De onderzoekspopulatie bestond uit 400 kinderen met acute middenoorontsteking 

en ongeveer evenzoveel kinderen met otitis media met effusie. Zij zijn onderzocht op factoren 

van het aangeboren en het specifieke afweersysteem. 

Hoofdstuk I van dit proefschrift geefl: een algemene inleiding over otitis media en het aange

boren en specifieke afweersysteem tegen pathogenen die otitis media kunnen veroorzaken. In 

de twee volgende hoofdstukken richten we ons op erfelijke (genetische) variaties in factoren van 

het aangeboren afweersysteem. 

In hoofdstuk 2 staat mannan-bindend lectine (MBL) centraal, een molecuul dat na binding aan 

suikers aan de buitenkant van een bacterie het complementsysteem activeert. Polyrnorfismen 

in het gen coderend voor MBL leiden tot verschillende hoeveelheden functioneel MBL in het 

bloed. We hebben op 12 posities in het gen erfelijke variaties onderzocht en een nieuwe variant 

van het MBL-gen gei:dentificeerd die leidt tot lagere functionele MBL spiegels. Ook laten we 

zien dat kinderen die drager zijn van deze en een aantal reeds bekende andere erfelijke MBL

varianten, vaker rniddenoorontsteking hebben dan kinderen die een "norrnaal" MBL-gen en 

dus hogere spiegels van MBL in bloed hebben. Deze associatie werd alleen in bnderen jonger 

dan 2 jaar gevonden, wat nog eens benadrukt dat het aangeboren imrnuunsysteem vooral in de 

jongste kinderen van groot belang is, omdat het specifieke afweersysteem zich op die leefujd 

nog verder moet ontwikkelen .. 

In hoofdstuk 3 beschrijven we een andere belangrijke component van het aangeboren afweer

systeem, namelijk de Toll-like receptoren (TLR) die patronen op de buitenkant van pathogenen 

herkennen. Een belangrijk molecuul in het Toll-like receptorcomplex is CD14, waarvan ook 

erferlijke varianten bekend zijn. Wij hebben aangetoond dat bnderen die drager zijn van de er

felijke variant die leidt tot lage spiegels van CD14 in het bloed minder goed antistoffen maken 

na pneumokokkenvaccinaties en ook vaker oorontsteking krijgen dan bnderen met de variant 
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waarbij meer CD14 geproduceerd wordt. De associatie tussen het polymorfisme en oorontste

bng werd weer alleen gevonden in de jongste bnderen. 

In de hoofdstukken 4 en 5 beschrijven we de speci.£.eke afweerrespons na verschillende vacci

naties in kinderen met middenoorontstebng. Er is gekeken of bij kinderen met terugkerende 

middenoorontstekingen eventueel sprake is van een meer algemene verzwakte speci.£.eke af
weerrespons in vergelijbng tot kinderen die nooit middenoorontstebng hebben gehad. Orn 

dit te onderzoeken is de antistofrespons na vaccinaties die alle kinderen in Nederland krijgen 

in het kader van het Rijksvaccinatieprogramma bepaald. Het bleek dat kinderen met OME, 

OMA en gezonde bnderen even goed reageerden op mazelen, Haemophilus iniuenzae-type B, 
tetanus en difterievaccinaties. 

De bnderen die aan onze studie deelnamen reageerden over het algemeen bovendien goed op 

de toegediende pneumokokkeninentingen en maakten voldoende antistoffen. Vervolgens heb

ben we onderzocht of verschillende vaccinatieschema's, met eerst een of twee keer een pneumo

kokkenconjugaatvaccinatie gevolgd door een pneumokokkenpolysaccharide inenting, leidden 

tot verschillen in antistofkwaliteit (affiniteit). Wij hebben laten zien dat de polysaccharidevac

cinatie, afhankelijk van het aantal toegediende pneumokokkenconjugaatvaccinaties, inderdaad 

betere antistoffen oplevert. De antistoffen opgewekt na een extra polysaccharidevaccinatie bin

den beter aan bacterien dan antistoffen die ontstaan na alleen conjugaatvaccinatie. Ook werden 

bacterien die in een reageerbuisje ge'incubeerd werden met antistoffen opgewekt na de extra 

polysaccharidevaccinatie beter gefagocyteerd dan bacterien geincubeerd met antistoffen opge

wekt na alleen een conjugaat inenting. Deze kwalitatieve karakteristieken na de polysaccharide

vaccinatie zijn over het algemeen beter als daarv66r twee pneumokokkenco:rajugaatvaccinaties 

zijn toegediend. 

In de hoofdstukken 6 en 7 hebben we bestudeerd of er ook variaties in erfelijke factoren van 

het afweersysteem voorkomen, die de effectiviteit van vaccinaties of de hoogte van de antistof

respons bemvloeden. In hoofdstuk 6 werd gekeken naar erfelijke variaties die bestaan in de Fc

receptoren (zie figuur r). Het blijkt dat kinderen die drager zijn van een Fe-receptor die minder 

goed antistoffen van de IgG2 klasse bindt, vaker last hebben van terugkomende middenooront

steking in vergelijking tot bnderen die de goed IgG2 bindende Fe-receptor hebben. Het slech

ter binden van IgG2 aan de Fe-receptor leidt waarschijnlijk tot een minder goede opname van 

pneumokokken door immuuncellen (slechtere fagocytose) lokaal in het middenoor. 

De sterkte en de aard van een antistofrespons wordt mede bepaald door de aanwezigheid van 

de immunologische boodschappermoleculen (cytokinen). Ook in deze cytokinen en receptoren 

voor cytokinen komen polymorfismen voor. Een cytobne dat productie van antistoffen door B

cellen stimuleert is interleukine-4 (IL-4). Wij hebben in hoofdstuk 7 gekeken of polymorfismen 

in IL-4 en de receptor daarvoor leiden tot een verschil in de antistofrespons na pneumokok

kenvaccinatie. Als maar een enkele erfelijke variant werd bekeken, waren de verschillen in anti

stofrespons klein. Toen echter gekeken werd naar de combinatie van de polymorfisme in IL-4 

en de IL-4 receptor tegelijkertijd (een haplotype), werd wel een associatie gezien met een minder 

goede antistofrespons. 

De vraag is welke componenten van het immuunsysteem die lijken bij te dragen aan het ont

staan van acute middenoorontsteking, ook bijdragen aan het ontstaan van otitis media met 
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effussie. In hoofdstuk 8 werden daarom een aantal van deze immunologische factoren on

derzocht in kinderen met otitis media met effusie. We hebben gekeken naar immuunglobu

linen- en mannan-bindend lectine (MBL) spiegels in serum en naar de polymorfismen in Fc

receptoren. MBLspiegels en variaties in Fc-receptoren lijken mogelijk wel geassocieerd te zijn 

met het terugkomen van OME, immuunglobulinenspiegels daarentegen niet. 

In hoofdstuk 9 worden de bevindingen beschreven in dit proefschrift samengevat en bediscus

sieerd in de context van reeds bestaande literatuur en worden tevens suggesties gedaan voor 

mogelijk vervolgonderzoek. 

Samenvattend zijn we er door middel van het door ons uitgevoerde onderzoek achter gekomen 

dat een aantal erfelijke variaties in het aangeboren afweersysteem bijdragen aan het ontstaan 

van middenoorontsteking, maar alleen in de jongste kinderen van onze studie. De productie 

van specifieke antistoffen lijkt in kinderen met middenoorontsteking voldoende. Vaccinatie 

met verschillende pneumokokkenvaccins leidt tot goede antistoffen, waarvan de kwaliteit wel 

verschilt afhankelijk van het type vaccin (puur bacterieel suiker of suiker gekoppeld aan een 

eiwit) en het aantal vaccinaties. Wederom zijn het genetische verschillen in de receptoren die 

deze antistoffen moeten binden voordat ze effect kunnen hebben die wel verder bijdragen tot 

een verhoogd risico op middenoorontsteking. 

Orn echter tot de ware invloed van genetische polymorfismen in het aangeboren en specifieke 

afweersysteem te komen en om het effect van omgevingsfactoren en andere immuun-gerela

teerde eigenschappen, zoals bijvoorbeeld het hebben van allergie, verder te onderzoeken, is 

vervolgonderzoek noodzakelijk Het beste zou hier een studie voor kunnen worden opgezet 

waarin baby's vanaf hun geboorte deelnemen en waarbij zowel de afweer, omgevingsfactoren 

(crechebezoek, roken in huis, het hebben van broertjes en zusjes), het ontwikkelen van allergie

en en het doormaken van infecties gedurende lange tijd zorgvuldig wordt gevolgd. Pas dan kan 

de bijdrage van deze verschillende factoren op waarde worden beoordeeld. Mogelijk leidt deze 

kennis dan ook tot een betere preventie en behandeling van middenoorontsteking en andere 

ontstekingen veroorzaakt door de pneumokok, waarvan veel kinderen over de gehele wereld 

zouden kunnen profiteren. 
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heb je me enthousiast gekregen voor hardlopen en waren de tour- en voetbalpoules elk jaar 

weer een succes. Bedankt voor deze vier onvergetelijke jaren! 
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wel bij de werkbesprekingen ... succes met de Panda's) Wilco (Mister Luminex, dank voor je 

hulp!) en Yvonne bedankt en veel succes met jullie promoties, klinisch werk en verdere toe
komstplannen! 
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En dan zijn er nog al die familie en vrienden, die rnisschien niet direct aan de inhoud van dit 
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genaam waren geweest. Dank datjullie er altijd zijn! 
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Leaue the beaten track occasionally and diue into the woods. Euery time you do so you will be 

certain to find something that you haue neuer seen before. Follow it up, explore all around it, 

and before you know it, you will haue something worth thinking about to occupy your mind. 

All really big discoueries are the results of thought. 

Alexander Graham Bell 
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