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Generall Introduction 

CHRONICC DIALYSI S TREATMEN T IN CHILDREN AND ITS COMPLICATIONS . 

Childrenn with end stage renal failure are treated with continuous ambulatory 
peritoneall dialysis (CAPD) or one of its modifications since 1978. CAPD is a dialysis 
treatmentt modality introduced by Popovich et al. [1,2]. Peritoneal dialysis (PD) is the most 
commonlyy used method of pediatric dialysis because of its safety and simplicity. The 
principlee of peritoneal dialysis is the transfer of water and solutes from the circulation to the 
peritoneall cavity across the peritoneal membrane. This can be achieved by instilling a 
hyperosmolar,, mostly glucose, containing fluid through a permanent catheter into the 
peritoneall cavity. The advantages of PD over hemodialysis (HD) treatment in children are 
thee steady-state biochemical control, the absence of a risk for desequilibrium syndrome, 
greatlyy reduced dietary and fluid restrictions, and no repeated hemodialysis needle 
punctures.. Furthermore PD can be performed at home or at school, offering children the 
opportunityy to experience a more normal childhood life. This contrasts with HD treatment in 
childrenn which is mostly performed in the hospital, at least three times a week for about 
threee hours. The main chronic PD modality is continuous ambulatory peritoneal dialysis 
(CAPD),, a technique in which the dialysis fluid is changed manually every 4-6 hours. At 
presentt most children are treated with automated nightly intermittent peritoneal dialysis 
(NIPD).. The best treatment for end stage renal failure in children is a successful renal 
transplantation,, but children can stay waiting on PD for many years. However, peritonitis 
remainss one of the major complication of this treatment [3-7]. The North American Pediatric 
Renall Transplant Cooperative Study (NAPRTCS) reported that the most common reasons 
forr dialysis modality termination were peritonitis or exit site/tunnel infections (45%), when the 
childd was not transplanted [3]. Nearly 50% of the children have had at least one peritonitis 
episodeepisode at the end of the first year on PD. An overall mortality rate of 5.7% has been 
describedd in the pediatric PD population [3]. The younger the child the higher the mortality 
risk.. The primary reported causes of death in PD children are cardiopulmonary disease and 
infection.. The treatment and the prevention of peritonitis are important elements in the care 
off pediatric PD patients, both for reduction of mortality and morbidity, and also for the 
preservationn of the peritoneal membrane function. Previous reports have shown that the 
incidencee of peritonitis in children is higher than that found in adults [5,6]. Furthermore, it 
hass been demonstrated that infants and children up to six years of age develop peritonitis 
moree frequently than older children [3]. Through technical improvements of PD systems, 
suchh as disconnect systems and double cuff catheters, the incidence of peritonitis has 
decreasedd [8,9]. However, the NAPRTCS reported an increase of the peritonitis incidence in 
PDD children since 1995 despite technical improvements [10]. Besides technical causes for 
thee risk of developing peritonitis in PD children, disturbances in the local intraperitoneal, or 
systemicc host defense might be involved in the individual infectious susceptibility [4]. This 
subjectt has not been investigated extensively in children with chronic renal failure, either 
treatedd conservatively or with dialysis treatment. 
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Chapterr 1 

PERITONEALL MEMBRAN E AND FUNCTION 

Successfull blood purification by peritoneal dialysis depends on the sustained ability 
off the peritoneal membrane tissues to function as a dialysis membrane allowing adequate 
removall of solutes and excess of fluid. The function of this peritoneal membrane can be 
negativelyy influenced by peritonitis episodes and the toxic effects of the commonly used 
dialysiss solutions [11-15]. 

Transperitoneall transport is based on two processes: diffusion and convection 
(Figuree 1). Diffusion is the movement of solutes down a concentration gradient, whereas 
convectionn is the movement of solutes along the direction of the fluid flux. Small molecules 
aree predominantly removed by diffusion [16]. 

FigureFigure 1. 
AA schematic representation of the 
peritoneall membrane and its 
transport.. The transcapillary 
ultrafiltrationn from the peritoneal 
capillariess to the peritoneal cavity 
occurss through small inter-endothelial 
poress and transcellularly through 
waterr channels. Lymphatic absorption 
fromm the peritoneal cavity is partly 
directlyy into the subdiaphragmatic 
lymphaticss and partly into the 
lymphaticss that drain the mesothelium. 

Thee average peritoneal surface area in adults ranges from 1.0 m2 [17] to 1.3 m2 [18]. A 
newbornn has a peritoneal surface area of 0.11 m2 [17]. The ratio between peritoneal surface 
areaa and body weight in newborns is twice that of the adult [17]. But, a difference between 
adultss and infants is barely present when the peritoneal surface area is related to the body 
surfacee area [17]. Solute transport across the peritoneal membrane is a size selective 
process.. The vascular wall is probably the most important size-selective barrier. Transport 
acrosss it is through a system of pores [19,20]. These pores consist of a small number of 
largee pores with radii exceeding 150A, involved in the transport of macromolecules such as 
serumm proteins, a large number of small pores with a radius of about 40A, through which 
smalll molecular weight solutes and water pass, and the water-conductive ultrasmall pores 
withh radii of 3-5A, allowing the transport of water but not of solutes [21,22]. The magnitude of 
transportt of low molecular weight solutes is therefore dependent on the vascular surface 
areaa of the peritoneum (i.e. the number of perfused peritoneal capillaries or the number of 
pores),, whereas the transport of high molecular weight solutes or macromolecules, such as 
proteins,, is dependent on the permeability or size-selectivity of the peritoneal membrane 
(thee pore size) [23,24]. 
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Generall Introduction 

Characterizationn of the peritoneal membrane permeability in patients treated with 
chronicc PD can be performed with a peritoneal equilibration test (PET), developed by 
Twardowskii et al. [25]. Through standardization of this test, adult patients could be 
categorizedd into low, average and high transporters according to their peritoneal solute 
transportt results [26]. The PET is performed during a 4-hour dwell with a glucose 2.27% 
dialysiss solution. It measures low molecular weight solute transport and ultrafiltration. 
Solutess transport is calculated by the dialysate over plasma ratio of creatinine (D/Pcr) after a 
4-hourr dwell, and the ratio of the dialysate glucose concentration at the end of the test and 
thee initial glucose concentration (D/Do). The net ultrafiltration is calculated as the difference 
betweenn the drained and the instilled volume. The D/P ratio is easily calculated, but it has 
somee disadvantages. The PET is based on the principle that peritoneal transport is diffusive. 
Thee D/P ratio is also influenced by convective transport from the circulation to the peritoneal 
cavity,, especially, when high glucose containing dialysis solutions are used. Furthermore, 
D/PP ratios vary with different instilled dialysate volumes [27]. Thus, in the same patient a 
higherr D/P ratio can be found as the resultant of a lower dwell volume. More recently, the 
standardd peritoneal permeability analysis (SPA) has been described by Pannekeet et al. 
[28].. In this modification and extension of the PET, the transport of low molecular weight 
solutess is expressed as mass transfer area coefficients (MTAC) instead of D/P ratios. 
Furthermore,, peritoneal fluid kinetics during the dwell are determined using intraperitoneally 
administeredd dextran, and the peritoneal clearances of various serum proteins are 
calculated.. The MTAC of a solute is equal to the maximum clearance, before transport has 
actuallyy started, thus at the theoretical point when the dialysate concentration for the solute 
iss zero [29-31]. It has been demonstrated in adult CAPD patients that the assessment of the 
MTACC is more accurate than the D/P ratio, since the MTAC is more constant from bag 
exchangee to bag exchange and the MTAC is independent of dialysate volume [28]. 
Furthermore,, the D/P ratio overestimates the MTAC values in the lower ranges and 
underestimatess them in the higher ranges [28]. However, the MTAC is a complicated 
calculationn whereas the D/P ratio is easily calculated. The size selectivity of the peritoneal 
membranee to macromolecules, or the intrinsic peritoneal permeability, can be expressed as 
thee restriction coefficient (RC). The RC is the slope of the linear relationship between the 
MTACC of various solutes and their free diffusion coefficients in water when plotted on a 
doubledouble logarithmic scale [32]. The higher the RC, the lower the permeability for high 
molecularr weight molecules. 

Itt has often been assumed that solute transport in children is different compared to 
thatt in adults [33-35]. Consequently, peritoneal loss of proteins such as immunoglobulins 
mightt also be higher. This could be one of the explanations for the higher peritonitis 
incidencee in children when compared to adult PD patients. Therefore, we have used the 
SPAA in children. The results are described and compared with those performed in adult 
CAPDD patients in chapter 2. 
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Thee peritoneum is covered by a single layer of mesothelial cells. Peritoneal 
mesotheliall cells are important for the local host defense and membrane integrity since they 
producee various substances, such as phospholipids, cytokines and chemokines and they 
cann ingest bacteria [36-40]. During active peritonitis, mesothelial denudation is temporarily 
observed.. The peritoneum is continuously exposed to unphysiological dialysis solutions 
whichh contain high concentrations of glucose and other toxic substances. Glucose was more 
toxicc to mesothelial cells than the low pH, lactate or hyperosmolality, when studied in a 
chronicc animal model [41,42]. Cancer antigen-125 (CM 25) is a 220,000 Dalton 
glycoprotein,, and it is produced by mesothelial cells. CA125 concentrations in serum are 
usedd as a marker for ovarian neoplasms [43]. In stable adult PD patients CA125 is a useful 
markerr of mesothelial cell mass or mesothelial cell turnover [44-46]. No significant 
correlationn could be found between the peritonitis incidence and dialysate CA125 
concentrationn in adult PD patients [47]. In children on PD no information is present on 
dialysatee CA125 levels. This has been investigated in chapter 3. 

Highh glucose concentrations in dialysis solutions might not only cause loss of 
mesotheliall cells, it also might induce diabetiform vascular changes caused by the formation 
off advanced glycosylation end products (AGEs) [48,49]. These products are created by a 
reactionn of the carbonyl group of a sugar with the amine group of a protein in the absence of 
enzymes.. This is also called the Maillard reaction. Initially, reversible Amadori products are 
formed,, followed by the irreversible AGEs [50]. Non-enzymatic glycation of proteins such as 
IgGG might modify the ability of IgG to activate complement and promote phagocytosis [51]. 
Thiss subject has been studied and described in chapter 5. 

HOSTT DEFENCE IN HEALTH Y CHILDREN 

Thee body's defense against infectious microorganisms can be divided into the 
innatee immunity, which attacks an infectious agent from its very beginning and is effective 
againstt a wide range of potentially infectious agents, and the adaptive or specific immunity 
whichh amplifies the effector mechanisms and is antigen specific [52-54]. The adaptive 
immunee response is the part of the immune defense that is enhanced by vaccination and 
providess long-term protection and memory against infections. In normal, healthy individuals 
mostt infectious agents that penetrate the mechanical barriers of the body are eliminated 
quicklyy by the innate immune response before causing any obvious symptoms of disease. 
Onee of the first components of the innate immunity to be activated is the complement 
system.. Secondly, phagocytes such as macrophages and neutrophils, and natural killer cells 
providee the innate cell-mediated immunity by killing microorganisms. Blood monocytes 
differentiatee into macrophages and leave the blood stream to reside in the tissues. 
Macrophagess also serve as professional antigen-presenting cells for the development of the 
adaptivee immunity [55]. Neutrophils are attracted to the site of infection by cytokines 
releasedd from activated macrophages. Phagocytosis of microorganisms can occur after 
recognitionn of the bacterial constituents by surface molecules on macrophages and 
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neutrophilss such as the mannose receptor, the lipopolysaccharide receptor, and the 
complementt receptor [56]. 

Thee adaptive immunity is highly specific for a particular pathogen. The adaptive or 
specificc immunity can be divided in the humoral and cell-mediated immunity, in which 
antibodies,, B and T lymphocytes respectively play a central role. Initiation of the adaptive 
immunee response is primary dependent on cytokines produced by CD4+ T lymphocytes, but 
CD8++ T cells also influence the immune response. The CD4+ T cells differentiate into T 
helperr type 1 (TH1) or T helper type 2 (TH2) effector cells [57,58]. The mechanism behind 
whichh the differentiation pathway is taken is not completely understood. Subsequently, the 
effectorr T cells are guided to the site of infection by newly expressed cell adhesion 
moleculess such as the integrins. The B cells which come into contact with T cells in the T 
celll area of the lymphoid tissue, start to proliferate and differentiate into antibody producing 
cellss [59]. This leads to the primary adaptive immune response. When the child is re-infected 
withh the same pathogen a secundary immune response will be encountered, which is faster 
andd stronger. 

IMMUNOGLOBULIN S S 
Immunoglobulinss (Ig) are glycoproteins present in blood, free and on the cell 

surfacee of B cells, and in extravascular fluids. Ig are composed of two identical light and two 

identicall heavy polypeptide chains, linked together by disulphide bonds. The light chains 

existt in two forms, the kappa (K) and lambda (X) light chains. Ig are produced by plasma 

cellss and memory cells and can be classified into 5 distinct classes namely IgG, IgA, IgM, 

IgDD and IgE. These immunoglobulins vary in their size, amino acid composition and 

carbohydratee structure [60,61]. IgG can be divided into four subclasses, IgGi, lgG2, lgG3, 

andd lgG4 (Figure 2), based on amino acid differences in their heavy polypeptide chains [62]. 

IgGG is the major Ig of serum, making up to 75% of the total. Functional, all antibody 

moleculess are composed of the same basic unit structure with two Fab (antigen binding 

fragment)) portions, containing the antigen-recognizing site and one Fc (crystalline fragment) 

region,, carrying out the effector functions [63]. The Fab and Fc fragments are connected by 

thee hinge-region. The length of the hinge region varies considerably among the classes and 

subclasses.. The diversity in the Fc region between the various heavy chains is responsible 

forr the different biological activities of the antibody response. However, the amino acid 

sequencess of antibody molecules found within the domains responsible for the antigen 

bindingg (variable domains) exhibit also considerable diversity. The diversity of antibodies is 

nott only determined by their isotypic differences but also by allotypic variations or 

polymorphisms.. This is the unique genetic variation which exists among individuals. The Ig 

geness encoding for the heavy chain of Ig are located on chromosome 14, for the X light 

chainn on chromosome 22 and for the K light chain on chromosome 2 [64]. 
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FigureFigure 2. Structure of IgG subclasses. Each IgG molecule consists two identical heavy (H) chains and 
twoo idential light (L) chains. H chains and L chains have variable (resp. VH and VL) and constant (resp. 
CHH and CL) domains. The antigen binding fragment (Fab) and the crystalline fragment (Fc; responsible 
forr the effector functions) fragment are connected by the hinge-region (red). The carbohydrate units lie 
betweenn the CH2 domains (blue). 

Thee diversity in the heavy chain genes arises from rearrangement of the variable (VH) , 
joiningg (JH) and diversity (D) gene segments [65]. The VDJ segment together with the 
constantt gene is then transcribed into messenger RNA (mRNA). A very similar process 
occurss with the assembly of mRNA for light chains, except that D genes do not exist. 
Ann important function of Ig is opsonization; this is the binding to antigens and to receptors 
(Fc-receptors)) of phagocytic cells to phacilitate the phagocytic process [66]. In any antibody 
response,, IgM is the first antibody to be made. In contrast to IgG, phagocytes have no 
receptorss for the IgM Fc region. However, the Fc region of IgM can bind complement and 
activatee the complement system. 

FetalFetal and postnatal development of Ig levels. 

Duringg fetal development of the immune system lymphoid tissue appears first in the 
thymuss at about 8 weeks of gestation. T cell functions can be demonstrated by the tenth 
weekk of gestation [67]. Ig secreting cells appear in the spleen and lymph nodes at about 20 
weeks.. From this period onwards IgM and IgD are produced by the fetus [68]. The synthesis 
off IgG by the fetus is very little. At birth the IgG concentration of the neonate is similar to that 
off the mother because IgG crosses the placenta [69]. After birth, IgM levels in blood of the 
infantt increases steadily whereas serum IgG levels display first a decrease because of infant 
growthh and catabolism of IgG. The lowest levels are reached between 4-6 months, and 
increasee thereafter, reaching adult levels at the age of about 10 years [70]. The slow onset 
off IgG production of the neonate is probably a reflection of the intrinsic B cell development 
ratherr than a maternal dependent process, because it has been demonstrated that children 
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bornn to a mother with agammaglobulinemia, show the same pattern of IgG levels after birth 
comparedd to children born to a mother with normal Ig levels [71]. The development of serum 
IgGG subclass increments is not parallel: IgGi and lgG3 reach adult levels at an earlier age 
thann lgG2and lgG4[72]. 

IgGIgG subclass deficiencies 
IgGG subclass deficiencies are based on either disturbances in the B cell maturation, 

TT cell help or both. For example, IgG subclass deficiency is also a common finding in other 
diseasess with a T cell defect such as Di-George syndrome, ataxia-teleangiectasia, or AIDS 
[73].. lgG2 and lgG4 synthesis require more T cell help than that of lgG1 and lgG3 [73]. In 
somee cases complete deficiency of one or more IgG subclasses is the result of a gene 
defectt [73,74]. IgG subclass deficiencies are more common in children with recurrent 
bacteriall sinopulmonary infections [75,76]. However, other factors must also be involved in 
thee infectious susceptibility, since some children have reduced IgG subclass levels without 
anyy symptoms, and some children have normal IgG subclass levels and suffer from 
recurrentt sinopulmonary infections. The latter group showed reduced antibody responses to 
polysaccharidee antigens [77]. 

RECEPTORSS FOR IgG 

Thee IgG Fc receptors (FcyR) on phagocytic cells serve as a link between the 

humorall and cellular immunity [78-81]. The FcyR are membrane glycoproteins belonging to 

thee Ig gene superfamily [82,83]. The FcyR are encoded by different genes located on 

chromosomee 1. Genetic variations or polymorphisms of the FcyR influence the function of 

thee receptor [84]. The basic structure of FcyR is composed of three domains, the 

extracellularr or binding domain, the transmembrane and the intracellular or cytoplasmatic 

domainn [82]. Besides these three domains, all FcyR need a subunit, the y-chain, for signal 

transductionn into the cell, with exception of FcyRII. The signal transducing domain of this 

receptorr is located in its cytoplasmatic tail. FcyR have two (FcyRII and FcyRIII) or three 

(FcyRI)) immunoglobulin-like extracellular domains which bind to the Fc portion of IgG. Three 

classess of FcyR exist: FcyRI (CD64), FcyRII (CD32), and FcyRIII (CD16), based on the 

structuree of their extracellular domain (Figure 3). 

FcyRII (CD64) is a 72-kD glycosylated receptor, present on monocytes, 

macrophagess and activated neutrophils. FcyRI has a high affinity for IgG and binds 

monomericc IgG. 

FcyRIII (CD32) is a 40-kD glycoprotein, present on monocytes, macrophages, 

neutrophils,, B lymphocytes and platelets. This receptor has a lower affinity for IgG and binds 

onlyy IgG complexes or aggregates. Two functional allelic forms of FcyRlla have been 
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identified:: the FcyRlla-H131 and the FcyRlla-R131 allotype. In humans, the allotype FcyRlla-

H1311 of FcyRII, is the only receptor that can bind lgG2 [85] 

FigureFigure 3. A schematic representation of the three IgG-Fc-receptors (FcyR). The extracellular part of 
FcyRI,, FcyRII and FcyRIII consists of two or three immunoglobulin-like domains which bind to the Fc 
portionn of IgG. FcyRI and FcyRII are complexed with disulphide-linked subunits (y-chains). FcyRIII has 
noo transmembrane part and cytoplasmatic tail, but is attached to the cellmembrane by a 
glycosylphosphatidyll inositol glycan (GPI) anker. 

FcyRIIII (CD16) is an extensively glycosylated receptor with a molecular weight of 

50-80kD.. The FcyRllla is expressed on macrophages and natural killer cells. The FcyRlllb, 

iss expressed on neutrophils with a glycanphosphatidylinositol (GPI) anchor. Both, the 

FcyRlllaa and FcyRlllb gene contain two allotypes: the FcyRllla-158V and FcyRllla-158F, and 

thee NA1- FcyRlllb and NA2- FcyRlllb [86,87]. FcyRlllb contains no intracellular domain, but it 

iss capable of transducing signals into the neutrophil upon crosslinking. Both FcyRllla and 

FcyRlllbb are the only receptors that can be cleaved from the membrane by proteases and 

theirr soluble forms can be detected in plasma [88]. 

FcyRFcyR and disease 

Functionall FcyR polymorphisms have been associated with disease, such as 

autoimmunee and infectious disease. This subject has been reviewed by van der Pol et al. 

[89].. The FcyRlla-H131 allotype is the only receptor which can bind lgG2 [85] Therefore this 

receptorr has been studied in relation to the susceptibility to infections with encapsulated 

bacteria,, in which lgG2 is the predominant subclass induced. It has been shown that 

phagocytosiss of lgG2 opsonized bacteria by polymorphonuclear cells of individuals with the 

homozygouss H131 allotype was higher than that of the R131 allotype. [90,91]. A skewed 

distributionn of the FcyRI la genotypes in children with recurrent upper respiratory tract 

infectionss has been found [92]. Furthermore, the combination of FcyR polymorphisms and 

latee complement component deficiencies in children with meningococcal septic shock has 
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Generall Introduction 

beenn described [93,94]. Interestingly, recent data have shown that FcyR might be relevant 

forr viral infections [95]. The FcyRlla genotype has also been related to pneumococcal 

diseasee in patients with systemic lupus erythematosus [96]. The relevance of the FcyRlla 

genotypee for SLE or SLE associated complications is controversial [97-99]. 

RECEPTORSS FOR COMPLEMEN T 

Complementt has an important role in the defense against infections, in 
autoimmunityy and in immune complex diseases [100]. C3 is an important component and is 
presentt in the blood circulation in similar concentrations as some immunoglobulins (1-2 
mg/mL).. Complement fragments that are produced during activation have an opsonic 
functionn and bind with antigen to specific receptors on the surface of immune cells. This 
processs enhances the phagocytosis of microorganisms. Cleavage of C3 results in the 
formationn of C3b, iC3b and C3dg fragments. These fragments can bind to four different 
complementt receptors: type 1 to 4 (CR1-CR4). CR1 (CD35) is an opsonic receptor, present 
onn neutrophils, monocytes and macrophages and mediates phagocytosis. CR1 binds to C3b 
andd iC3b. CR2 (CD21) is expressed on B lymphocytes with ligands for iC3b and C3dg and 
iss involved in B cell activation. CR3 (CD11b) mediates phagocytosis of iC3b opsonized 
particles.. The ligand specificity and the tissue distribution of CR4 is very similar to that of 
CR3.. CR1 and CR3 are most important for inducing phagocytosis of complement coated 
bacteria. . 

CRCR and disease 

Ann inherited deficiency of complement receptors is very rare. Reduced numbers of 
CR11 (CD35) on B lymphocytes and neutrophils of patients with SLE have been found [101]. 
AA deficiency or complete absence of CR3 (CD11b) on leukocytes leads to the disease 
leukocytee adhesion deficiency. In this disease, leukocytes are unable to migrate into sites of 
inflammation.. This results in uncontrolled tissue infections and delayed clearance of debris 
andd wound healing [102]. 

B-CEL LL DIFFERENTIATION 

Thee bone marrow is the specific microenvironment where B cells can differentiate 

fromm lymphoid precursors to naive B cells [103]. The first phase of B cell development is 

withoutt a contact with an antigen. There is an ordered rearrangement of immunoglobulin V-

D-JJ gene segments during B cell development [104,105]. When this is successful a JI heavy 

chainn is produced, followed by rearrangement of the K or X light chains. After this process 

thee cell is capable of expressing IgM on the surface of the developing B cell. These 

immaturee B cells will be eliminated when they bind to molecules via the surface 

immunoglobulinn to prevent autoreactivity. The last step of development in the absence of 
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antigenn is the addition of surface IgD expression on the cell. Now, the B cell is called a 
maturee naive B cell, leaves the bone marrow and enters the peripheral circulation and 
lymphoidd tissues. When these B cells do not encounter antigen, they will die. Differentiation 
off B cells also characterizes the acquisition of other cell surface molecules such as the 
majorr histocompatibility complex {MHC) class II molecules, Fc receptors and complement 
receptors.. The next step towards antibody forming plasma cells and memory cells is the 
antigen-drivenn maturation of these mature B cells. B cells first start to proliferate (clonal 
expansion)) with help of activated CD4+ T-helper cells in the T cell areas of secondary 
lymphoidd organs. These antigen-driven B cells first become short lived plasma cells that 
producee IgM. Some of the activated B cells migrate to the primary B cell follicles and start 
thee germinal center (GC) reaction [106,107]. Within the GC, B cells undergo extensive 
proliferationn along with somatic hypermutation, Ig isotype switching and affinity maturation. 
Essentiall in this process is the interaction between the CD40 molecule of the B cell receptor 
andd CD40 ligand of T cells and the environment of cytokines [107,108]. B cells that survive 
thiss process differentiate into plasma cells which migrate to the bone marrow and produce 
high-affinityy antibodies, or they become memory cells and enter the circulation where they 
cann survive for months without antigenic stimulation. Fully mature plasma cells lose their 
surfacee immunoglobulin and MHC class II molecules. On re-exposure of memory cells to the 
antigen,, they can become antibody producing plasma cells. 

Severall non-lg antigens on the surface of B cells have also been identified [109]. 
Somee of them are found during most stages of maturation, others are present only in a 
certainn differentiation stage of the B cell. Based on functional and phenotypic characteristics, 
CD277 is a marker for memory type B cells [109-111]. CD5 is present on only some B cells 
andd there is now strong evidence that this is a marker which identifies a subpopulation of B 
cellss (B1-cells), especially present during fetal life and in the peritoneal cavity [112]. 

T-CEL LL FUNCTION 
Precursorr T cells, situated in the thymus do not express CD4 or CD8 molecules. 

Theyy are also called double negative T cells. Later, T lymphocytes develop into double 
positivee cells and express low levels of T cell receptor and CD3 on their surface. Mature T 
cellss either express CD4 or CD8 [70]. T cells differ from B cells in the way they recognize 
antigens.. The T cell receptor does not recognize antigens on intact molecules but they 
recognizee a complex of peptide, derived by proteolysis of the antigen, bound to a class I or II 
MHCC protein. CD4+ T cells recognize only peptides presented by MHC class II whereas 
CD8++ T cells recognize only peptides of MHC class 1. 

CD4++ T cells or T-helper cells are the major regulatory cells of the immune system. Their 
regulatoryy function depends both on a cell surface molecules such as CD40-ligand, and on 
thee variety of cytokines they produce when activated. The CD4+ T cells differentiate into T-
helperr type-1 (TH1) or T-helper type-2 (TH2) cells. TH1 cells produce mainly IL-2 and IFN-y 
andd TH2 cells IL-4, and IL-5 [55]. TH1 cells are important for the cellular immunity, involving 
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enhancementt of microbicidal activity of monocytes and macrophages, whereas TH2 cells are 
importantt for the humoral immune response, by helping B cells to develop into antibody 
producingg cells. CD8+ T cells can develop into cytotoxic T lymphocytes (CTL). These cells 
cann lyse target cells that express antigens recognized by the cytotoxic T cells. This is a 
majorr mechanism for the destruction of virally infected cells. 

PREVENTIONN OF INFECTIONS BY IMMUNIZATIONS 

Preventionn of infectious diseases can be achieved by immunization. The principle of 
immunizationss is to induce long-lasting memory. A second exposure to the same antigens 
inducess a more rapid and strong antibody response which prevents disease. The antibody 
responsee to bacterial or viral antigens can be divided into T cell-dependent (TD) and T cell-
independentt <TI) responses [113]. The T cell-independent antigens can be further 
subdividedd into T cell-independent type 1 (TI-1) and type 2 (TI-2) antigens [114]. The TI-1 
antigens,, such as lipopolysaccharide (LPS) on gram-negative bacteria and protein A on the 
surfacee of Staphylococcus aureus, have the property of inducing polyclonal B cell activation. 
TI-22 antigens, are typically repeating polymers, such as polysaccharide antigens, and do not 
inducee a polyclonal B cell activation. T cell cytokines can enhance the antibody response to 
TI-22 antigens, but are not necessary for a TI-2 response. IL-2, IFN-y, IL-3 and granulocyte-
macrophagee colony-stimulating factor (GM-CSF) are especially important in promoting the 
TI-22 response. TI-2 antigens do not induce immunological memory [115]. Only children 
abovee the age of 2 years are capable of mounting a strong antibody response to TI-2 
antigens.. Conjugation of a T cell-independent antigen to an immunogenic carrier protein 
shiftss the antibody response towards a T cell-dependent reponse. Conjugated vaccines are 
alsoo suitable and effective for children under the age of 2 years. For example, since the 
introductionn of the conjugated Haemophilus Influenzae type B vaccine for children under the 
agee of 2 years, the incidence of Haemophilus Influenzae infections, especially meningitis, 
hass fallen dramatically [116]. 

HOSTT DEFENCE IN CHILDREN WITH CHRONIC RENAL FAILUR E 

Thee development of immunity, both intraperitoneally and systemic, during chronic 
renall failure of childhood, with or without dialysis treatment has been studied very scarcely. 
Sincee the peritonitis incidence in children on PD is higher than in adult PD patients, the 
resultss obtained from adults cannot be directly extrapolated to children. Low levels of IgG 
and/orr subclasses have been described in PD children [117-121]. This was ascribed to 
peritoneall loss in most of the studies [117,119,120], However, one study reported that the Ig 
deficiencyy was already present before the dialysis treatment had started [121]. Our study 
waswas designed to clarify these conflicting results (chapter 4). Besides Ig deficiencies, low 
serumm complement levels might also be present in PD children. However, this was not found 
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inn a study performed by Reddingius et al. [122]. Furthermore, these authors found evidence 
forr the occurrence of complement activation in the peritoneal cavity [123]. 

Informationn on the expression of complement receptor 1 and 2 and the three Fey 
receptorss on monocytes/macrophages, neutrophils and lymphocytes in children with CRF 
andd the effects of dialysis treatment on this are not available. One study has been performed 
byy Wasik et al. on the CD16 (FcyRIII) and CD35 (CR1) expression in CAPD children [124]. 
Theyy found a temporarily increase of the number of CD16 and CD35 positive neutrophils 
afterr one month of PD treatment. Furthermore, these authors reported an improvement of 
phagocytosiss after CAPD treatment had started. We performed two studies on the Fey and 
CRR expression. The first study analyzed the difference in CR and FcyR expression on white 
bloodd cells in peripheral blood and peritoneal dialysis effluent (chapter 7). The second study 
investigatedd the effects of uremia and dialysis treatment modalities on the receptor 
expressionn (chapter 8). 

Threee studies have been published on the lymphocyte subsets in peripheral blood 
off children with chronic- or end -stage renal failure [125-127]. Results from these studies are 
conflicting.. Two of them concluded that children on CAPD had normal percentages of T 
lymphocytess and subsets, and of B lymphocytes [125,126]. In contrast, Aksu et al. reported 
ann increased CD4/CD8 ratio and a reduced B lymphocyte and natural killer cell percentage 
inn CAPD children when compared to healthy controls [127]. Valle et al. performed a study on 
thee cellular populations in peritoneal effluent in PD children [128]. They found a trend 
towardss a decrease of monocyte/macrophage to T lymphocyte ratio after initiation of CAPD. 
T-he!perr (CD4) T-suppressor (CD8) ratios were not different in blood and dialysate. 
However,, these authors found more activated T lymphocytes in peritoneal effluent, defined 
byy the presence of IL-2 receptor on T lymphocytes, than in peripheral blood. We performed 
aa study on the classification of white blood cells and lymphocyte subsets in a large group of 
childrenn with chronic renal failure, with or without dialysis treatment, and a control group of 
healthyy children (chapter 9). 

Noo studies have been published on B cell differentiation, either in children or in 
adultt patients with chronic renal failure, to explore the etiology of low Ig levels. Such a study 
iss described in chapter 10. 

Immunityy can also be studied by measuring the antibody response after 
vaccination.. This has been studied in children with renal failure, but results are again 
conflictingg [129,130]. Because pneumococcal vaccination is recommended in children with 
chronicc renal disease, but not administered in many centers, we analyzed the antibody 
responsee to pneumococcal polysaccharide antigens (chapter 6). 
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AIMM OF THE STUDY 

Thee aim of this thesis is to explore the functional and immunological disturbances in 
uremicc children which might lead to more infections such as peritonitis, by: 

1.. Analyzing the peritoneal transport function and peritoneal membrane characteristics in 
PDD children (part one). 

2.. Analyzing parts of the specific and aspecific immunity in children with chronic renal 
failure,, and the effects of uremia and dialysis treatment modalities on this (part two, 
threee and four). 

Inn Part One, the functional characteristics of the peritoneal membrane are 
described.. In chapter 2, the results of investigations on peritoneal permeability are given in 
childrenn treated with peritoneal dialysis by using a standardized test. The possible 
differencess between adults and children are analyzed. In chapter 3, dialysate cancer-
antigen-1255 (CA125) levels are measured in PD children as marker for their mesothelial cell 
mass.. The results are compared to those in adults and analyzed for relationships with other 
parameters. . 

Inn Part Two, the humoral immunity of children with chronic renal failure is studied. In 
chapterr 4, the effects of chronic renal failure and dialysis treatment on the serum IgG, IgA, 
IgMM and IgG subclasses are analyzed. In chapter 5, the effects of glucose containing 
dialysiss solutions on the IgG glycation intraperitoneally and the effects on phagocytosis are 
investigated.. In chapter 6, the IgG and subclass antibody response to T-cell independent 
pneumococcall vaccination is measured in children treated with dialysis and after renal 
transplantation. . 

Inn Part Three, the expression levels of membrane receptors that bind opsonins such 

ass immunoglobulin and complement on white blood cells are analyzed. In chapter 7, the 

complementt and Fcy-receptor expression on phagocytes in peripheral blood and in 

peritoneall dialysis effluent are compared. In chapter 8, the effects of uremia and dialysis 

treatmentt on the complement and Fcy-receptor expression on lymphocytes, monocytes and 

neutrophilss are determined. 

Inn Part Four, differentiation of white blood cells and peritoneal cells are 
characterized.. In chapter 9, the white blood cell differentiation in peripheral blood and 
dialysatee is investigated. Also lymphocyte subsets are studied. In chapter 10, B lymphocyte 
subsetss are determined, TH1 and TH2 cytokine profiles and the in vitro Ig production by 
lymphocytess are measured. 
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ABSTRAC T T 
Peritoneall transport characteristics in children on peritoneal dialysis (PD) has been 

reportedd to be different compared to adults. However, various test methods can influence 

thiss difference. Thirty-one standard peritoneal permeability analyses (SPA) were performed 

inn 18 PD children with a median (range) age of 9.8 yr (2 to 19) and a median duration of PD 

off 2.6 yr (0.19 to 6.8). 

Thee median mass transfer area coefficient (MTAC) for creatinine was 9.6 

ml/min/1.733 m2 (4.4 to 18.0), and for urea 17.3 ml/min/1.73 m2 (12.2 to 22.8). The median 

dialysatee to plasma creatinine ratio (D/Pa) was 0.69 (0.44 to 0.92), the glucose absorption 

59%% (23 to 75) and the D/DQ for glucose 0.38 (0.23 to 0.62). The median clearance of p2-

microglobulinn was 923 ul/min/1.73 m2 (366 to 1828), of albumin 103 ul/min/1.73 m2 (55 to 

211),, of IgG 48 ul/min/1.73 m2 (20 to 105) and of a2-macroglobulin 12 ul/min/1.73 m2 (5 to 

49).. No correlation was found between these results and age or PD time. The restriction 

coefficientt for macromolecules indeed increased with duration of PD treatment (r = 0.38, P = 

0.03).. The median transcapillary ultrafiltration rate was 1.2 ml/min/1.73 m2 (-0.01 to 2.8), the 

nett ultrafiltration rate 0.2 ml/min/1.73 m2 (-1.97 to 1.82) and the effective lymphatic 

absorptionn rate 1.04 ml/min/1.73 m2 (-0.06 to 2.91). 

Whenn corrected for body surface area, no differences were found in peritoneal fluid 

andd solute transport characteristics between children and adults. No effect of time on PD on 

thee transport parameters was found in a cross-sectional analysis, except for an increase of 

thee restriction coefficient to macromolecules. This finding is similar to observations in adults. 

Therefore,, the present study showed no evidence for the common belief that the peritoneal 

membranee in children is different from that in adult patients. 
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INTRODUCTION N 

Thee assessment of peritoneal transport characteristics in children treated with 
chronicc peritoneal dialysis <PD) is mostly done by the peritoneal equilibration test (PET), 
developedd by Twardowski etal. [1]. Through standardization of this test, adult patients could 
bee categorized into low, low-average, high-average and high transporters according to their 
peritoneall solute transport results [2]. More recently, the standard peritoneal permeability 
analysiss (SPA) has been described by our group in adult patients [3]. In this modification and 
extensionn of the PET, the transport of low molecular weight solutes is expressed as mass 
transferr area coefficients (MTAC), instead of dialysate to plasma (D/P) ratios. Furthermore, 
peritoneall fluid kinetics during the dwell are determined using intraperitoneal^ administered 
dextrann 70, and the peritoneal clearances of various serum proteins are calculated. These 
aree used to compute the restriction coefficient (RC), which represents the intrinsic 
permeabilityy of the peritoneal membrane. It appeared that MTAC had a better discriminative 
powerr than D/P ratios, especially in the extreme ranges [3]. Furthermore, the MTAC was not 
influencedd by the tonicity of the dialysis fluids [4], and also not by the dialysate volume, e.g., 
22 or 3 L [5]. Possible differences in peritoneal transport between children and adults have 
beenn discussed by many authors. Some authors described higher D/P ratios of small solutes 
duringg a PET in children than adults [6-8] and also higher D/P ratios in younger infants than 
inn older children [6,7]. However, others were not able to confirm this [9,10]. These conflicting 
resultss are likely to be caused by differences in standardization of the instilled volume, either 
perr kilogram body weight or per square meter body surface area [11]. The results of MTAC 
measurementss in children have not been reported frequently. Warady et al. found higher 
MTACC in younger infants compared to older children [9], but Geary et al. described the 
oppositee [12]. The aim of the present study was to establish normal values of the SPA in 
children,, to compare MTAC of low molecular weight solutes with D/P ratios, and to compare 
thee results obtained in children with those in adult peritoneal dialysis patients. 

MATERIAL SS AND METHODS 
Thirty-onee SPA were performed in 18 children on PD. Their age ranged from 2 

to199 yr with a median of 9.8 yr. The median length of duration of PD treatment was 2.6 yr 
(range,, 0.2 to 6.8). SPA were done routinely, every year, on a voluntary basis. The first SPA 
wass performed 2 to 6 months after the initiation of dialysis. In one patient, an extra test was 
donee because of electrolyte disturbances. In 9 children only one SPA was performed, in 6 
two,, in 2 three and in 1 four tests (Table 1). None of the patients had peritonitis at the day of 
thee test or in the 4 preceeding weeks. The mean peritonitis incidence, defined as number of 
episodess per patient year, was 0.8 (Table 1). The results of 138 SPA performed in 86 adult 
patientss with a median age of 51 yr (range, 21 to 80 yr) and a median duration of PD 
treatmentt of 2.1 yr (range, 0.33 to13.5 yr) were used to compare with those in children. 
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TableTable 1. Duration of PD at first SPA, patient age at subsequent SPA and peritonitis incidence in all 18 
individuall patients* 

Patien tt  nr PDD Duratio n Agee (yr) 
Peritoniti s s 
Incidenc e e 

(yr) ) SPA1 1 SPAA 2 SPA 3 SPA 4 (episodes/yr) ) 

1 1 
2 2 
3 3 
4 4 
5 5 

6 6 
7 7 
8 8 

9 9 

10 0 

11 1 

12 2 

13 3 

14 4 

15 5 

16 6 

17 7 

18 8 

1.8 8 
0.2 2 

1.1 1 

4.2 2 

2.2 2 

2.7 7 

5.5 5 

6.8 8 

0.4 4 

4.5 5 

0.5 5 

0.4 4 

3.2 2 

1.6 6 

1.4 4 

0.5 5 

0.2 2 

2.7 7 

2 2 
3 3 

4.3 3 

4.2 2 

4.3 3 

6.1 1 

6.6 6 

7.6 6 

7.8 8 

9.3 3 

9.8 8 

10.7 7 

12.7 7 

12.8 8 

13.5 5 

16.8 8 

17.1 1 

19.2 2 

5.2 2 

5.7 7 

7.3 3 

10.4 4 

11 1 

13.7 7 

13.2 2 

17.9 9 

18.5 5 

6.7 7 

8.3 3 

13.É É 14.8 8 

1 1 

0 0 

1.3 3 
0.6 6 
1.8 8 
1.3 3 
0.4 4 
0.6 6 
0 0 
1 1 

1.9 9 
0 0 

0.3 3 
1.2 2 
1.1 1 
1.6 6 
0.4 4 
0.4 4 

aPD,, peritoneal dialysis; SPA, standard peritoneal permeability analysis 

Thee SPA consisted of a 4-h dwell of glucose 1.36% dialysis solution (DianeaP, 
Baxterr BV, Utrecht, The Netherlands) to which a volume marker, dextran 70, 1 g/L 
(Macrodex,, NPBI, Emmercompascuum, The Netherlands) was added. The mean test 
volumee was 1170 ml/m2 (range, 910 to1500). This corresponds with 42 ml/kg (range, 30 to 
56).. Before instillation of the test solution, the peritoneal cavity was rinsed with glucose 
1.36%% dialysis solution, of which the volume was equal to the volume of the test bag. 
Sampless of the dialysate (10 ml) were taken from the test bag before inflow and after 
drainage,, and from the peritoneal cavity 10, 20, 30, 60 and 180 min after instillation. To 
avoidd a dead space effect, 100 to 200 ml was temporarily drained before the test sample 
wass taken. At the end of the test, the peritoneal cavity was rinsed again with a 1.36% 
glucosee solution for measurement of the residual volume (RV). Blood samples were taken at 
timee 0 and after 240 min. To prevent possible anaphylaxis to dextran, Dextran 1 (Promiten®; 
NPBI),, 20 ml was given intravenously after the first blood sample was taken [13]. 
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Measurements Measurements 

Creatinine,, urea and urate concentrations in dialysate and plasma were measured 

byy enzymatic methods (Boehringer Mannheim, Mannheim, Germany). For glucose, a 

glucosee oxidase-peroxidase method was used, and determined on an autoanalyzer (SMA 

andd SMA-II, Technicon Corp., Terryton, NJ). Total dextran was measured by HPLC [14]. pV 

microglobulinn was determined by a microparticle enzyme immunoassay (Abbott laboratories, 

Abbottt Park, IL). Albumin, IgG and a2-macroglobulin were measured by nephelometry 

(BN100,, Behring, Marburg, Germany). 

Calculations Calculations 

Solut ee transport . The peritoneal transport rates of low molecular weight solutes 
(creatinine,, urea, and urate) were expressed as both MTAC and as D/P ratios. The MTAC 
wass calculated according to the Waniewski model [15] with the following equation: 

MTACC (ml/min) = Vm. In 

t t 

Thiss model corrects for convective transport by a factor F= 0.5. P is the plasma 
concentrationn corrected for plasma water. V10 and V24o represent the intraperitoneal volume, 
andd D10 and Q240 the dialysate concentration at t=10 and t=240 min, respectively. Vm is the 
meann intraperitoneal volume, calculated as the area under the intraperitoneal volume versus 
thee time curve, divided by the dwell time. This area was calculated by the trapezium rule 
[16].. Glucose transport was expressed as the Dt/Do ratio or the percentage glucose 
absorption.. The glucose absorption was calculated as the difference between the amount of 
glucosee instilled and the amount recovered, relative to the amount instilled. 

Thee protein clearances ^-microglobulin, albumin, IgG and oc2-macroglobulin) were 
calculatedd as follows: 

CII (ml/min) = Pr24o + Ptev 

(PrP)) t 

Inn this equation Pr24oand PrRV means the protein content in the drained bag and the 
residuall volume, respectively. The Prp is the plasma protein concentration and t the dwell 
time.. The intrinsic peritoneal permeability to macromolecules was assessed by the 
peritoneall restriction coefficient (RC) [4,17,18]. This is the exponent of the power 
relationshipp between the peritoneal clearances (C) of proteins and their free diffusion 
coefficientss in water (Dw): 

Vio1"FF (P-D10) 

V24o1"FF (P-D240) 
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CC = a . Dw
rc 

inn which a is a constant. 

Flui dd kinetics . Transcapillary ultrafiltration rate (TCUFR), effective lymphatic 

absorptionn rate (ELAR), and netto ultrafiltration rate (NUFR) were calculated as described 

previouslyy [4]. Briefly, the ELAR can be calculated as the dextran disappearance rate in 

whichh all pathways of uptake into the lymphatic system, both subdiaphragmatic and 

interstitial,, are included [19,20]: 

ELARR (ml/min) = (Dxi . Dxr) 

(UXgeom)) t 

Inn this equation Dxi is the dextran concentration in the instilled fluid, Dxr the recovered 

dextrann mass, and Dxge0m the geometric mean of the dialysate dextran concentration. The 

TCUFRR was calculated from the dilution of dextran 70 [21]. The NUFR was calculated as 

thee difference between the transcapillary ultrafiltration and the effective lymphatic absorption 

dividedd by the dwelltime. The residual volume (RV) was calculated by the following equation 

[22]: : 

RVV (ml ) = (Vrs  Crs) 

(Ctss — Crs) 

inn which rs is the rinsing solution, ts is the test solution, V is the instilled volume and C is the 
dextrann concentration after drainage. 

Thee MTAC, the protein clearances and the fluid kinetic measurements were all 
correctedd for body surface area (BSA). The BSA was calculated according to the 
Mostellers'ss formula: 

VV (Height(cm) x Weight(kg)) 

3600 0 

StatisticalStatistical analyses 
Resultss are given as mean and median values, SD, and ranges. Differences 

betweenn adults and children were tested with the Mann-Whitney nonparametric rank test. 
Correlationss between time on peritoneal dialysis or age and fluid/solute transport parameters 
weree tested with the Spearman, nonparametric rank test. Correlations and differences 
betweenn two methods {D/P and MTAC) were tested with the Spearman rank correlation test 
andd the Bland and Altman method [23,24], For the latter analysis, all values were expressed 
ass percentages of their means. 
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RESULTS S 

SoluteSolute transport 

Resultss of low molecular weight solute transport are given in Table 2. No 
differencess were found between the MTAC in adults and those in children except for the 
MTACurate,, which was lower in children than in adults. No significant changes of the MTACcr 
inn relation to age or duration of PD treatment were found (Figure 1). Furthermore, no 
relationshipp between the instilled test volume either per m2 or per kg and MTACcr was 
presentt (Figure 2). The lack of a relationship between MTAC and age, duration of treatment 
andd instilled volume was also found for the other low molecular weight solutes (data not 
shown).. The D/Pcr in adult CAPD patients was higher compared to children but the CWDb 
forr glucose and the glucose absorption were not different. The D/Pcr and the DWDb for 
glucosee in children had no relationship with age or duration of PD treatment (data not 
shown). . 

TableTable 2. D/P ratios, MTAC, and glucose absorption8 

Parameter r 

MTACur w w 

Child d 
Adult t 

MTACcr r 

child d 
adult t 

MTACurate e 

child d 
adult t 

Glu ee ab s 

child d 
adult t 

D/Pcr r 

child d 

adult t 

D/D0glUc c 

child d 

Adult t 

Mean n 

17.2 2 

18.1 1 

9.8 8 

10.8 8 

7.8 8 

9.2 2 

58 8 

60 0 

0.7 7 

0.76 6 

0.39 9 

0.37 7 

SD D 

2.7 7 

3.6 6 

3.2 2 

3.1 1 

2.8 8 

3.2 2 

11.5 5 

9.5 5 

0.12 2 

0.10 0 

0.09 9 

0.09 9 

Median n 

17.4 4 

17.9 9 

9.6 6 

10.4 4 

7.0 0 

8.4 4 

59 9 

61 1 

0.69 9 

0.76 6 

0.38 8 

0.37 7 

Range e 

1 2 . 2 - 2 2 . 8 8 

9 . 5 - 2 8 . 3 3 

4 . 4 - 1 8 . 0 0 

5 . 7 - 1 9 . 3 3 

3 . 3 - 1 4 . 1 1 

4 . 4 - 2 3 . 8 8 

3 3 - 7 5 5 

3 5 - 8 7 7 

0.444 - 0.92 

0.533 - 0.96 

0 . 2 3 - 0 . 6 2 2 

0 . 1 3 - 0 . 5 6 6 

PP value" 

0.48 8 

0.12 2 

0.01 1 

0.58 8 

0.01 1 

0.45 5 

MTAC:: mass transfer area coefficient (ml/min/1,73m2); MTACCr, MTAC creatinine; Glue abs, glucose absorption (% of 
thee instilled quantity); D/PCr, dialysate to plasma ratio of creatinine at t = 240 min; D/D0 g iuc . dialysate glucose 
concentrationn at f = 240 min per initial dialysate glucose concentration. 
bb Mann-Whitney nonparametric rank test. 
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ComparisonComparison of MTAC and D/P or D/D0 ratios 

AA strong correlation was present between the D/Pcr versus the MTACcr and CWDo 
giucc versus the percentage glucose absorption (Figure 3). The mean of the D/PCr and the 
MTACcrr compared with the difference of these two measurements however, showed no 
randomm distribution of the differences between MTAC and D/P ratio, but a significant 
relationshipp between the differences and the means (Figure 4). This suggests that 
systematicc errors are present according to the magnitude of the transport measurements. 
Onlyy for values between 80 and 110% of the mean was the agreement between the D/P and 
MTACC good. For glucose the best agreement was for values between 95 and 105% of the 
mean.. It appears from Figure 4 that the D/P ratio gives an overestimation compared to the 
MTACC in the lower range and an underestimation in the higher range. 
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TransportTransport of macromolecules 

Thee results of the peritoneal protein clearances are shown in Table 3. No 
differencess were found between children and adults except for the albumin clearance, which 
wass marginally higher in children. No effect of age or duration of PD treatment on the protein 
clearancess was found (data not shown). Only the restriction coefficient increased 
significantlyy with the duration of PD treatment (Figure 5). 
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rr = 0.39 
pp = 0.03 
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FigureFigure 5. Relation of the restriction coefficient (RC) for macromolecules with duration of peritoneal 
dialysiss (r= 0.39, P= 0.03). 

TableTable 3. Protein clearances3 

Parameter r 

Cl(spm m 

child d 
adult t 

Clalb b 
child d 
adult t 

CI|gG G 
child d 
adult t 

Cloam m 
child d 
adult t 

RC C 
child d 
adult t 

Mean n 

0.97 7 
0.9 9 

0.11 1 
0.10 0 

0.055 5 
0.050 0 

0.015 5 
0.017 7 

2.49 9 
2.38 8 

SD D Median n Range e PP value 

0.37 7 

0.37 7 

0.03 3 

0.04 4 

0.02 2 

0.03 3 

0.009 9 
0.010 0 

0.36 6 

0.32 2 

0.92 2 

0.84 4 

0.10 0 
0.09 9 

0.05 5 

0.05 5 

0.012 2 

0.015 5 

2.43 3 
2.31 1 

0.377 to 1.83 

0.177 to 2.41 

0.066 to 0.21 

0.011 to 0.26 

0.022 to 0.11 

0.011 to 0.18 

0.0055 to 0.049 

0.0011 to 0.067 

1.733 to 3.46 

1.899 to 3.80 

0.33 3 

0.027 7 

0.11 1 

0.42 2 

0.06 6 

aa CI: clearance (ml/min/1.73m2); p2m, [^.microglobulin; alb, albumin; a2m, a2-macroglobulin; 
RC,, restriction coefficient. b Mann-Whitney nonparametric rank test. 

FluidFluid kinetics 

Thee results of the TCUFR, ELAR, NUFR and RV are shown in Table 4. No 
significantt differences were found between children and adults. In children, no relation was 
observedd between age and fluid transport parameters, nor did time on PD influence these 
fluidd transport parameters significantly (Figure 6). 
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TableTable 4. Fluid transport3 

Parameter r Mean n SD D Median n Range e PP value 

ELAR R 
child d 
adult t 

TCUFR R 
child d 
adult t 

NUFR R 
child d 
adult t 

RV V 
Child d 
adult t 

1.19 9 
1.16 6 

1.31 1 
1.14 4 

0.12 2 
-0.03 3 

230 0 
236 6 

0.67 7 
0.66 6 

0.55 5 
0.46 6 

0.85 5 
0.65 5 

114 4 
131 1 

1.04 4 
0.99 9 

1.22 2 
1.06 6 

0.15 5 
0.03 3 

202 2 
216 6 

-0.066 - 2.91 
0.000 - 3.93 

-0.011 -2.81 
0.10-3.01 1 

-1.97-1.82 2 
-2.544 - 1.49 

110-616 6 
444 - 706 

0.5 5 

0.06 6 

0.24 4 

0.8 8 

ELAR:: effective lymphatic absorption rate (ml/min/1.73m ), TCUFR: transcapillary ultrafiltration rate (ml/min/1.73m ), 
NUFR:: netto ultrafiltration rate (ml/min/1.73m2), RV: residual volume (ml). SD = standard deviation. P-value: Mann-
Whitneyy non-parametric rank test. 
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DISCUSSION N 
Thee present study has shown that the results of the standard peritoneal 

permeabilityy analysis in children were not essentially different from results obtained in adult 
patients.. The few exceptions, i.e., the lower MTACurate and the marginally higher albumin 
clearancee were most probably caused by the relatively large number of adult patients and/or 
thee narrow range of values resulting in statistically significant but clinically not relevant 
differences.. This is Illustrated by our finding that a significant difference for the albumin 
clearancee was not found when nest was used. 

Thee MTAC and D/P ratios of low molecular weight solutes are dependent on the 
vascularr surface area of the peritoneum [25]. In adults, the peritoneal surface area ranges 
fromm 1.0 m2 [26] to 1.3 m2 [27], A newborn has a peritoneal surface area of 0.11 m2 [26]. 
Esperancaa and Collins have demonstrated that the ratio between peritoneal surface area 
andd body weight in newborns is about twice that of the adult [26]. Assuming that an adult 
hass a BSA of 1.73 m2 and a newborn 0.2 m2, the peritoneal surface area expressed per 
squaree meter body surface area is 0.6 m2 both in adults and infants. The BSA can be 
approximatedd by the weight and is relatively large in small children. Furthermore, BSA is a 
moree accurate predictor of drug dosage in infants and children because the clearance of a 
varietyy of drugs is greater in children than in adults when expressed in terms of total body 
weightt [28]. 

Inn the past, the PET in children was most often performed with a test volume in 
milliliterss per kilogram. When expressed per square meter this gives a relatively low volume, 
especiallyy in small children, and thus a more rapid equilibration of solutes resulting in higher 
D/PD/P ratios [29,30]. Therefore, it is likely that when the instilled volume is corrected for BSA, 
childrenn will not have enhanced peritoneal transport capacity compared to adults, as has 
beenn described previously [31-33]. MTAC are less influenced by the instilled test volume 
thann D/P ratios in the clinically relevant ranges in adult patients [5]. Warady et al. described 
noo difference in MTACCr using test volumes of 900 or 1100 ml/m2 but higher D/P ratios for 
creatininee in the lower test volumes [29]. Exceptionally low intraperitoneal volumes may 
resultt in low MTAC values because the peritoneal membrane surface area might not been 
usedd completely [34]. We used a test volume ranging between 900 and 1500 ml/m2 (30-55 
ml/kg)) and could not find a relation between MTACcr and the instilled volume. 

RelationshipRelationship between transport parameters and age 

Noo significant changes in D/P ratios and MTAC were found according to age. Other 
studiess have demonstrated higher D/P ratios in small infants than in older children. This 
couldd result from the rapid peritoneal solute equilibration observed when a relatively low test 
volumee per square meter is used [6-10]. Furthermore, the age distribution in the children 
groupp can influence these results. In our study, five children were under the age of 5 yr. 
Waradyy et al. compared D/P and MTAC measurements in children with a test volume of 
11000 ml/m and found no differences in DIP ratio for creatinine, urea and glucose according 
too age. However, they showed higher MTAC values (calculated according to the Pyle-
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Popovichh method) for glucose and creatinine in younger infants than older children. The 
authorss suggested that this might be the result of maturational changes in the peritoneal 
membranee or differences in the effective peritoneal membrane surface area [9]. Geary era/, 
foundd an increase of the MTAC (calculated by the Garred formula) according to age but 
usedd lower test volumes 5 ml/kg) [12]. This could result from using only a part of the 
peritoneall surface area especially in the young children. Moreover, these authors expressed 
theirr MTAC values in ml/min. Reviewing their data makes it likely that no significant 
correlationn between age and MTAC would have been found with the MTAC expressed in 
ml/min/1.733 m2. The differences in test volumes we used did not influence the results 
betweenn MTAC and age significantly when tested with a partial rank correlation test (r = 
0.33,, P = 0.09). The peritoneal protein clearances, i.e., |32-microglobulin, albumin, IgG and 
a2-macroglobulin,, did not change significantly according to age. Quan and Baum described 
ann inverse correlation between BSA and peritoneal protein loss expressed in mg/m2 per d 
andd suggested that the greater amount of protein loss may result from both a higher 
permeabilityy and a greater peritoneal surface area in children [35]. The protein clearances 
wee measured reflect the functional state of the peritoneum and cannot be extrapolated to 
24-hh loss of proteins, because it is dependent on the dwell time and the number of bag 
exchanges.. During the first hour of the dwell time, the protein clearance is higher than the 
consecutivee hours, probably caused by vasodilation induced by the dialysis solution 
resultingg in an increase in effective peritoneal surface area [36]. However, from our results, 
especiallyy the similar values for the restriction coefficient to macromolecules, we cannot 
concludee that a higher peritoneal permeability in children would exist. No influence of age on 
thee fluid kinetic parameters was found when corrected for BSA. Similar findings have been 
describedd by Reddingius et at. [37]. 

ComparisonComparison of children with adults 

Wee found a lower D/Pcr in children than in adults. This is contradictory to other 
studiess [6-10]. This is most likely the result of a lower average test volume per square meter 
usedd in the adult group which was 1000 ml/m2 [3]. MTAC were not different between 
childrenn and adults. Glucose transport was similar in both groups. The peritoneal protein 
clearancess in children and adults were also not different with the exception of the marginally 
higherr albumin clearance. We did not find changes in peritoneal fluid transport parameters 
betweenn children and adults when corrected for BSA in both groups. This is in agreement 
withh the study of Reddingius et al. [37]. The D/P ratios in children overestimated the MTAC 
inn the lower ranges and underestimated in the higher ranges. These results are similar to 
thosee found in adults [3]. This suggests that a different peritoneal transport category can be 
assignedd to the same patient when using either D/P ratio or MTAC. 

RelationshipRelationship between transport parameters and duration of PD treatment 

Thee MTAC of the low molecular weight solutes creatinine, glucose, and urate, as 

welll as the D/P ratios did not change according to time on PD. The time on PD in our study 
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mayy have been too short for detecting changes in fluid transport. The median PD time was 

2.66 yr, the maximum 6.7 yr. The first SPA test was not always performed in the first year of 

treatment,, and in most cases only two tests per patient were done. Instead of a cross-

sectionall analysis, a more extensive longitudinal follow-up will clarify individual changes 

accordingg to duration of PD treatment. The clearances of the high molecular weight proteins 

didd not change significantly according to duration of PD treatment. However, an increase of 

thee restriction coefficient for macromolecules occurred in relation to the duration of PD 

treatment,, indicating an increased size selectivity or a reduced peritoneal permeability for 

higherr molecular weight solutes. This has also been described in adults [38], but has not 

beenn reported in children. 

Inn summary, the SPA test is a good method to evaluate peritoneal transport 

functionn in children. MTAC is preferred to D/P ratio because it is less influenced by dialysis 

mechanicss since the MTAC is independent from exchange volumes and the dialysate 

glucosee concentration. SPA results in children are similar to adults when corrected for BSA 

inn both groups. No significant changes in peritoneal fluid and solute transport were found 

accordingg to the duration of PD treatment with exception of an increase of the restriction 

coefficientt for macromolecules. 
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ABSTRAC T T 
Peritoneall mesothelial cells are important for the local host defence and membrane 

integrity.. Dialysate CA125 (dCA125) has been shown to be a good marker for the 
mesotheliall cell mass in adult peritoneal dialysis (PD) patients. In children on PD no 
informationn is available yet. We measured dCA125 in 65 dialysate samples of 24 PD 
childrenn with a median age of 9.2 (2-18) years and 2.6 (0.1-9.3) years of PD treatment. 

Thee median dCA125 concentration was 8 (2.3-30.7) U/ml and CA125 appearance 
ratee (CA125AR) 66.5 (18-282) U/min/1.73 m2. On cross-sectional analysis, a negative 
correlationn was found between dCA125 and duration of PD treatment (r=-0.3, p=0.04). No 
relationn was found between age and dCA125 or CA125AR when the first measurement from 
eachh child was considered. No correlation was found between dCA125 and the mass 
transferr area coefficient of creatinine (MTACcreat)- Longitudinal analysis showed a negative 
trendd in CA125AR with duration of PD treatment (p=0.03). No relation was found between 
thee peritonitis incidence and dCA125 or CA125 AR. 

Inn conclusion: no influence of age on the dCA125 and CA125AR was found. Levels 
off dCA125 declined with the duration of PD treatment, reflecting mesothelial cell mass, but 
theyy did not correlate with MTACcreat or the peritonitis incidence in stable PD children. 
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INTRODUCTION N 
Peritoneall mesothelial cells are important for the local host defence since they are 

ablee to produce various cytokines or chemokines such as interleukin-6 (IL-6) and interleukin-
88 (IL-8) [1,2]. The chemoattractive and stimulating properties of these cytokines result in 
ann influx of neutrophils and macropaghes in the peritoneal cavity and activation of these 
phagocytess [3]. Loss of mesothelial cells has been reported in some long-term PD patients 
[4].. Long-term peritoneal dialysis treatment might thus result in an impaired local host 
defencee mechanism [5]. Children treated with PD have a higher peritonitis incidence 
comparedd to adults, resulting in more morbidity and treatment failure [6-10] for which a 
differencee in the immune system might be responsible. The uremic state, the loss of 
mechanicall barrier and the not fully developed immune system in children contribute to a 
susceptibilityy for infections Cancer antigen (CA) 125 has been shown to be a good marker 
forr mesothelial cell mass or turnover in adult PD patients [11]. Dialysate concentrations of 
CA1255 (dCA125) decreases with the duration of peritoneal dialysis [12]. No relationship 
betweenn CA125 and peritonitis incidence has been found [13]. One study reported a 
relationshipp between dialysate CA125 and peritoneal solute transport [14], but this finding 
couldd not be confirmed by others [15]. In children on PD no information on dCA125 has 
beenn published yet. 

Thee aim of the present study was to analyze dialysate CA125 concentrations and 
thee appearance rate of CA125 in peritoneal effluent of children treated with PD, with cross-
sectionall and longitudinal analyses, studying the relationship between CA125 and age, 
durationn of PD treatment, peritoneal transport parameters, peritonitis incidence and 
mesotheliall cell numbers. 

PATIENTSS AND METHODS 

Wee measured CA125 in 65 dialysate samples of 24 children treated with PD. The 
mediann age was 9.2 years {range 2-18) and median duration of PD treatment was 2.6 years 
(rangee 0.1-9.3). Dialysate samples were obtained during a standard peritoneal permeability 
analysiss (SPA) using a 4 hour dwell with a 1.36% or 3.86% glucose solution (Dianeal®, 
Baxterr BV, Utrecht, the Netherlands) [16,17]. We performed 1 SPA in six of the children, 2 
SPAss in six more, 3 SPAs in another six; 4 SPAs in one child and 5 SPAs in the remaining 
fivee children. The median peritonitis incidence was 0.9 episodes per patient year (range 0-
6).. Cytospins were prepared from 16 children for total cell count and differentiation. Results 
fromm the children were compared with results obtained from adult PD patients. 

Dialysatee samples for the CA125 measurement were taken from a test bag after 4 
hours.. The samples were centrifuged (500 g, 10 min) and the supematants stored at C 
untill analysis was performed. Levels of CA125 were measured with a microparticle enzyme 
immunoassayy using a commercially available monoclonal antibody OC125 (Cis Bio 
International,, France) on an Imx autoanalyzer (Abbott Laboratories Imx, North Chicago, 
USA).. This method was validated for dialysate measurements in our laboratory [18]. 
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Thee CA125 AR was calculated as the dialysate CA125 (U/mL) multiplied by the dwell 
volumee (ml_), divided by the dwell time (minutes) and corrected for body surface area. 

Resultss are given as medians and ranges. Differences between children and adults 
weree tested with the Mann-Whitney non-parametric rank test. Correlations between duration 
off PD treatment, age, transport parameters, mesothelial cells and CA125 were tested with 
thee Spearman rank correlation test. A Friedman trend analysis was performed for the 
longitudinall measurements. 

RESULT S S 
Thee median dCA125 concentration was 8 U/mL (range 2.3-30.7). The median 

CA1255 AR was 66.5 U/min/1.73 m2 (range 18-282). No relationship was found between age 
andd dCA125 or CA125 AR when the first SPA measurement of each child was considered. 
Thee dCA125 levels were not different in the group with a high peritonitis incidence ( 1) and 
thee group with a low peritonitis incidence (<1). Furthermore, the peritonitis incidence was not 
relatedd to the dCA125 levels. No relation could be demonstrated between the mass transfer 
areaa coefficient of creatinine (MTACcreat) or glucose absorption and dCA125. The restriction 
coefficientt to macromolecules (RC) was negatively correlated with the dCA125 (r=-0.4, 
p=0.004)) and CA125 AR (r=-0.4, p=0.003). When only the first SPA measurement was 
considered,, the relation between the dCA125 or CA125 AR and the RC was not present. 

AA negative correlation was found between dCA125 concentration and the duration 
off PD treatment (r=-0.3, p=0.04, Figure 1). The correlation did not reach significance for 
CA1255 AR (r=-0.2, p=0.08). 
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FigureFigure 1. Relation between dialysate CA125 (dCA125) levels in PD children and duration of dialysis 
treatment. . 
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FigureFigure 2. Longitudinal analysis of CA125 appearance rates in the individual PD children. 

Figuree 2 shows the longitudinal follow-up of each patient. A negative trend of dCA125 and 
CA1255 AR was found with duration of PD treatment (p=0.03). 

Thee percentage of mesothelial cells and the absolute number of mesothelial cells in 
thee cytospins did not decrease significantly with the duration of PD treatment. The dCA125 
levelss were not related to the absolute mesothelial cell number in the dialysis effluent (data 
nott shown). The CA125 AR had some relationship to the percentage mesothelial cells but 
thiss was not significant (r=-0.4, p=0.08, data not shown). 

DISCUSSION N 
Thee present study showed that dialysate CA125 levels in PD children declines with 

thee duration of PD treatment. This has been demonstrated previously in adult PD patients 
[12,19].. However, we could not find a significant relationship between mesothelial cell 
numberss and dCA125 or CA125 AR. This finding is probably caused by the relatively low 
numberr of cytospin preparations and the low number of children treated with PD over a long 
period.. No influence of age on dCA125 levels or CA125 AR was found. Also, no differences 
weree present between adult PD patients and children. In PD children the peritoneal transport 
off small molecular weight solutes such as creatinine as shown by the MTACcreat showed no 
changee with duration of PD treatment; on the other hand, the transport of high molecular 
weightt proteins decreased [17]. The result is an increase in the restriction coefficient, which 
iss a marker for the intrinsic permeability of the peritoneal membrane. This finding may 
explainn the correlation between the restriction coefficient and the dCA125 level in the cross-
sectionall study. The former parameter increases with the duration of PD treatment, the latter 
parameterr decreases. The relationship was not present when only the first measurement 
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fromm each patient was considered. This finding supports our contention that the two 
parameterss are not directly related. The number of peritonitis episodes increases with 
durationn of PD treatment. If the mesothelial cells were a principle factor in the anti-bacterial 
defencee mechanism, the peritonitis incidence should be highest in long-term PD patients 
withh a reduced mesothelial cell mass. However, we could find no relationship between 
peritonitiss incidence and duration of PD treatment. The number of patients that were 
transferredd to hemodialysis treatment and the reason for transfer may have influenced these 
results.. Betjes et al. demonstrated a relationship between a low number of mesothelial cells 
andd a high peritonitis incidence [20], but this finding was not confirmed by others [14]. None 
off our patients developed a clinical picture of peritoneal sclerosis preceded by a sudden 
decreasee of the dCA125 concentration. No peritoneal membrane biopsies were taken to 
analyzee the influence of membrane changes on dCA125 levels. 

Wee conclude that the dCA125 levels in children treated with peritoneal dialysis 
declinee with the duration of dialysis treatment in a manner similarly to that in adult PD 
patients.. No correlation between the peritoneal clearance of low molecular weight solutes 
andd dCA125 levels were found. A relationship between dCA125 and the restriction 
coefficientt is due to the duration of dialysis treatment. Although the mesothelial cell mass 
playy an important role in the peritoneal immune defense, we could not demonstrate that 
childrenn with a high peritonitis incidence had dCA125 levels different than those in children 
withh a low peritonitis incidence. 
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ABSTRAC T T 

Itt is not clear whether low serum levels of IgG (subclasses), previously 
demonstratedd in children on peritoneal dialysis (PD), are related to the PD procedure or to 
factorss associated with chronic renal failure (CRF). The aim of our study was to analyze the 
effectt of PD on serum and PD effluent (PDE) IgG and subclass levels in children with end 
stagee renal failure. 

Wee measured albumin, IgG, IgA, IgM and IgG subclasses in serum and PDE from 
childrenn on PD (n=40) and compared serum values with those of children treated with 
hemodialysiss (HD, n=23) or presenting with CRF but not yet dialyzed (CRF, n=63), and with 
aa group of healthy controls (HC, n=67). Sixteen PD children could be followed sequentially 
fromm before starting PD and eight during a peritonitis episode. 

Fortyy percent of the PD children showed reduced serum lgG2 levels (p=0.0003), 
comparedd with 35% in HD (p=0.006), 33% in CRF (p=0.001) and 9% in HC children. IgGi 
deficienciess were observed in 25% of PD patients (p<0.0001), 4% of HD (ns), 16% of CRF 
(p=0.0005)) and 0% of HC children. lgG3 and lgG4 deficiencies were observed less 
frequently.. Peritoneal clearances were similar for total IgG, lgGi,lgG2 and IgG*», but lower for 
lgG33 (p<0.05). No relationships were found between clearances and age or duration of PD 
treatment.. Total IgG (p=0.003) and IgGi (p=0.002) levels declined just after starting PD. 
Peritonitiss was associated with temporarily increased peritoneal loss of Ig while the serum 
concentrationss were unaffected. No significant relation was found between the peritonitis 
incidencee and reduced IgG or subclasses. However, all children with two or more peritonitis 
episodess per year had a reduced Ig level. 

Althoughh the mean serum concentrations of immunoglobulins were normal in all 
studiedd groups, a deficiency of one or more IgG subclasses was present in all groups with 
renall failure, suggesting inhibition of their synthesis by the uremic state. Ig deficiencies were 
moree frequently found in PD, likely caused by protein loss in PDE. A high peritonitis 
incidencee was associated with reduced serum Ig levels. 
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INTRODUCTION N 
Childrenn on peritoneal dialysis (PD) have a higher incidence of peritonitis than 

adults.. This results in a greater morbidity and treatment failure [1-6]. A relationship with poor 
hygienehygiene and technique is not probable because children on PD have a similar distribution of 
causativee microorganisms as adults [1]. A disturbed immune function might be involved 
sincee the presence of low serum levels of IgG and/or subclasses have been described in 
childrenn on PD [7-10]. It has been reported that Ig deficiency was absent before the start of 
PDD and that the low serum levels on PD would probably result from peritoneal leakage [8]. 
Thiss opinion is not shared by others who claimed that serum Ig deficiency is already present 
beforee starting PD and that this phenomenon is dependent on factors related to chronic 
renall failure (CRF) [11]. Our study was designed to clarify these conflicting results. 
Therefore,, we analyzed serum and dialysate concentrations of albumin, IgG, IgA, IgM and 
IgGG subclasses in a cross sectional study in children varying in age and duration of PD. 
Serumm concentrations were compared with those in children on hemodialysis (HD), children 
whoo were not yet undergoing dialysis (CRF) and healthy children (HC). In addition, a 
longitudinall study was done in children who were followed from before the initiation of PD for 
periodss up to 12 months on PD. PD children were also studied in the acute phase of a 
peritonitiss episode and during follow-up. 

PATIENTSS AND METHODS 
Fortyy children treated with PD, 23 children on chronic HD, 63 children with CRF not 

yett dialyzed, and 67 children who underwent a minor surgical procedure (healthy controls, 
HC)) were studied. Patients were obtained from all four pediatric dialysis centers in the 
Netherlands.. The mean, standard deviation (SD), median and range of age, duration of PD 
orr HD treatment are listed in Table 1. Also listed in Table 1 is the incidence of peritonitis for 
PDD patients and the estimated glomerular filtration rate (GFR) for CRF children. Thirty-eight 
percentt (24 out of 63) had a moderate renal insufficiency (25 to 50 ml/min/1.73 m2), 25 % 
(166 out of 63) a severe renal insufficiency (10 to 25 ml/min/1.73 m2) and 37% (23 out of 63) 
preterminall renal failure (< 10 ml/min/1.73 m2). The renal diseases leading to CRF are 
summarizedd in Table 2. Sixteen children treated with PD were studied before starting PD 
andd were followed longitudinally. Eight children with a peritonitis episode were studied at the 
timee of presentation, after 14 and 28 days, and also 3 months before or after the peritonitis 
episode.. The PD treatment consisted of nightly intermittent PD (NIPD) in all patients. From 
200 PD children a standard peritoneal permeability analysis (SPA) was routinely performed. 
Inn this modification and extension of the peritoneal equilibration test (PET) the transport of 
loww molecular weight solutes, fluid transport and protein clearances were determined 
[12,13]. . 
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TableTable 1. Patient characteristics 

Number r 

Age e 
(years) ) 

Duration n 
(years) ) 

GFR R 

off dialysis 

(ml/min/1.73m2) ) 

Mean n 
SD D 
Median n 
Range e 

Mean n 
SD D 
Median n 
Range e 

Mean n 
SD D 
Median n 
Range e 

PD D 

40 0 

9.9 9 
4.9 9 
10.1 1 
1.7-18.2 2 

2.4 4 
2.3 3 
1.35 5 
0.15-8.9 9 

HD D 

23 3 

12.3 3 
4.6 6 
12.7 7 
1.7-19.2 2 

3.0 0 
1.9 9 
2.2 2 
0.4-7.2 2 

CRF F 

63 3 

10.6 6 
5.3 3 
11.0 0 
0.2-20 0 

24 4 
18 8 
17 7 
4-50 0 

HC C 

67 7 

7.2 2 
3.9 9 
6.4 4 
0.8-17.5 5 

Numberr with proteinuria' 

Peritonitiss incidence 
(numberr per year) 

Mean n 
SD D 
Median n 
range e 

1.2 2 
1.6 6 
0.8 8 
0-7.9 9 

PD:: peritoneal dialysis, HD: hemodialysis, CRF: chronic renal failure, HC: healthy controls. SD= standard deviation. 
GFR:: glomerular filtration rate, approximated by the formula: 40 x Height(cm)/Plasma creatinine (umol/l). Peritonitis 
incidencee is defined as the number of episodes per patient year. ' Number of patients with proteinuria defined as > 2 
gramss per day. 

TableTable 2. Primary renal disease 

PD D HD D CRF F 

Urologiee malformation 

Glomerulopathy y 

Haemolyticc uremic syndrome 

Metabolicc disease 

Congenitall disease 

Otherr diseases 

Unknown n 

13 3 

11 1 

4 4 

1 1 

6 6 

3 3 

2 2 

7 7 

3 3 

3 3 

2 2 

4 4 

1 1 

3 3 

25 5 

12 2 

5 5 

1 1 

18 8 

2 2 

0 0 

Tota l l 40 0 23 3 63 3 

Abbreviations:: see fore mentioned in Table 1. 
Glomerulopathy:: 15 children with focal segmental glomerulosclerosis, 6 congenital nephrotic syndrome, 2 rapidly 
progressivee glomerulonephritis, 1 lupus nephritis, 1 Henoch-Schonlein-purpura nephritis and 1 Alport glomerulopathy. 
Metabolicc disease: 3 children with cystinosis and 1 oxalosis. 
Congenitall disease: 10 children with renal dysplasia, 9 nephronophtisis, 6 polycystic kidney disease, 2 tuberous 
sclerosiss and 1 extrophia vesicae. Other diseases: 5 children with acute tubular necrosis, 1 bilateral Wilms tumor 

62 2 



Igg in CRF children 

Measurements Measurements 

Fromm all groups serum samples were taken for measurement of the albumin, total 

IgG,, IgA, IgM and IgG subclass levels. Normal ranges for the serum concentrations of IgG 

andd its subclasses increase with aging. Therefore, reduced levels were defined as under 2.5 

percentilee of published normal values according to age [14,15]. In the PD group albumin, Ig 

andd subclasses were also determined in the PD effluent (PDE) obtained after a four hour 

dwelll (40 ml/kg) with a 1.36% glucose solution (Dianeal®, Baxter BV, Utrecht, The 

Netherlands).. Albumin, total IgG and IgA in serum and dialysate effluent were measured by 

nephelometryy on a Cobas-bio nephelometer analyzer (La Roche Diagnostics, Basel, 

Switzerland).. IgG subclasses and IgM in serum and dialysate were measured by enzyme-

linkedd immunosorbent assay (ELISA) [16]. Serum and dialysate samples were stored at -20 

CC until use. The study was approved by the Medical Ethical Review Committee of the 

hospitall and written informed consent was obtained from children and/or parents. 

Calculations Calculations 

Peritoneall clearances (Clperit) were calculated according to the following equation: 

Clperitt (ml/min/1.73 m2)= (D x V/S x t) x (1.73/BSA) (eq. 1) 

inn which D and S are the concentrations of albumin or the immunoglobulins in the dialysate 
andd serum, V is the volume of the drained bag, t the dwell time and BSA the body surface 
areaa [12, 13]. 
Ann approximation of the GFR from the children with chronic renal failure was calculated by 
thee Schwartz formula: 

GFRR = 40 x H/ Per (eq. 2) 

inn which Pcr is the plasma creatinine concentration in |u.mol/l and H the height in centimeters 
[17]. . 

StatisticalStatistical analysis 

Differencess between patient groups were first tested with the Kruskall-Wallis one
wayy analysis of variance. In case of significant differences the Mann-Whitney test was 
used.. The Fisher's exact test was performed to compare frequencies between groups. 
Changess within groups according to time (longitudinal data) were tested with Friedman trend 
analysiss and the paired Wilcoxon test. For relationships between measurements, the 
Spearmann rank sum correlation test was employed. Two sided p-values <0.05 were 
consideredd significant [18]. 
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TableTable 3. Serum Immunoglobulin and albumin levels (gram/liter). 

Alb b 

IgG G 

IgA A 

igM M 

IgG, , 

lgG2 2 

lgG3 3 

igG4 4 

PD D 

37(19^3) b b 

8.0(1.8-18.3)b b 

1.0(0.3-4.3)

0.88 (0.2-4.2)b 

5.11 (1-13.7)b 

0.88 (0.2-3.5)b 

0.38(0.07-1.65) ) 

0.177 (0.01-2.64)e 

HD D 

411 (30-53)b 

11.9(4.3-20.5) ) 

1.5(0.4-2.5) ) 

0.88 (0.2-2.9)0 

7.6(3-17.1) ) 

1.3(0.4-3.5) ) 

0.566 (0.13-1.37)d 

0.133 (0-1.16)e 

CRF F 

433 (8-55)b 

10.6(1.3-26.8) ) 

1.4(0.3-4.1) ) 

1.11 (0-2.6)b 

6.11 (0.9-16.7)b 

1.5(0-6.7) ) 

0.45(0.1-1.47) ) 

0.25(0.01-2.76) ) 

HC C 

466 (37 - 54 )a 

10.9(3.9-22.8) ) 

1.3(0.3-7.7) ) 

1.4(0.6-5.4) ) 

8.11 (3.4-14.9) 

1.5(0.3-5.8) ) 

0.39(0.14-1.21) ) 

0.32(0.01-2.51) ) 

Resultss are given in median values and range. Abbreviations: see fore mentioned in Table 1. 
Alb;; albumin. a albumin measurement in 30 children. b p<0.001, cp=0.03, dp=0.006, 8p=0.02 when compared with HC. 
alb:: PD vs HD p=0.01, PD vs CRF p=0.001. IgG: PD vs HD p=0.005, PD vs CRF p=0.002. I g d : PD vs HD 
p=0.0007.. HD vs CRF p=0.02. lgG2: PD vs HD p=0.009, PD vs CRF p=0.02. lgG4: HD vs CRF p=0.03. 

RESULT S S 

CrossCross sectional analysis 

Thee healthy children were younger compared with the other groups (p<0.01), but 
noo significant differences in age were present between the PD, HD and CRF groups (Table 
1).. The serum concentrations of IgG, IgA, IgM, IgG subclasses and albumin are listed in 
Tablee 3. Total IgG (p<0.001), IgA (p=0.03) and IgM (p<0.001) were lower in the PD group 
comparedd with HC. Individual IgG concentrations of both groups according to age are shown 
inn Figure 1. Children on HD and children with CRF only had lower serum IgM and albumin 
levelss compared with HC (both p<0.00t). The serum concentrations of the subclasses of 
IgGG were lower in the PD than in the HC group for IgGi (p<0.001), lgG2 (p<0.001) and lgG4 

(p=0.02).. Individual data for lgG2 are shown in Figure 1. Children on HD had lower igG4 

levelss than HC (p=0.02), but higher lgG3 concentrations (p=0.006). The CRF group had 
lowerr IgGi values compared to HC (p<0.001). 

TableTable 4. Prevalence of IgG and subclasses deficiency. 

Totall n 

40 0 

23 3 

63 3 

67 7 

IgG G 

5 5 

0 0 

4 4 

0 0 

IgG, , 

10 0 

1 1 

10 0 

0 0 

igG2 2 

16 6 

8 8 

21 1 

6 6 

igG3 3 

2 2 

1 1 

3 3 

0 0 

Deficiencyy defined as < P25 of normal range [12, 13]. Abbreviations: see Table 1. 
IgG:: PD vs HC (p=0.006). IgG, PD (p<0.0001) and CRF (p=0.0005) vs HC, PD vs HD p = 0.04. lgGz: PD (p=0.0003), 
HDD (p=0.006), CRF (p=0.001) vs HC. lgG4: PD (p=0.01) and HD (p=0.001) vs HC. HD vs CRF p = 0.01. 
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OO 5 10 15 20 O 5 10 15 20 

Agee (years ) Age (years ) 

FigureFigure 1. Total serum IgG and lgG2 in healthy children (HC) and in children with peritoneal dialysis (PD). 
(—):: 2.5th percentile of normal values [12, 13]. 

Thee prevalence of serum IgG and subclasses deficiency, defined as values under 
thee 2.5th percentile, is listed in Table 4. The PD group displayed significantly more cases of 
IgGG (p=0.006), IgGi (p<0.0001), lgG2 (p=0.0003) and lgG4 (p=0.01) deficiencies compared 
withh HC. The HD group had more reduced lgG2 (p=0.006) and lgG4 levels (p=0.001) and the 
CRFF group had more IgGi (p=0.0005) and lgG2 (p=0.001) deficiencies. No differences were 
foundd between the PD, HD and CRF groups with the exception of IgGi which was more 
oftenn reduced in PD patients compared with HD (p=0.04), and lgG4 which was more often 
reducedd in the HD group compared with CRF children (p=0.01). lgG2 deficiency in CRF 
childrenn with GFRs < 10 ml/min/1.73 m2 occurred in 48% (11 out of 23) compared with 13 % 
(33 out of 24) of the children with a clearance between 25 and 50 ml/min/1.73 m2 (p=0.01). 
Noo difference was found in the prevalence of lgG2 deficiency in patients with a GFR of < 10 
ml/min/1.733 m2 compared with a GFR between 11 and 25 ml/min/1.73 m2 (44%, 7 out of 16). 
Thee percentage of children with proteinuria of more than 2 grams per day was 8 % in PD (3 
outt of 40), 4 % in HD (1 out of 23) and 13% (8 out of 63) in CRF patients (Table 1). In the 
CRFF group 13 children had a selecive lgG2 deficiency, and only one of them had a 
significantt proteinuria. However, two or more IgG subclass deficiencies, especially the 
combinationn of IgGi and lgG2 and/or lgG3 were present in 75% (6/8) of the children with 
proteinuriaa compared with 4% (2 out of 55) of the children without proteinuria (p<0.0001). 
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However,, CRF children without proteinuria (n=55) had still more IgGi (4 out of 55, p=0.038) 

andd lgG2 (14 out of 55, p=0.025) deficiencies compared with HCs. 

Noo difference was found between the duration of PD treatment in children with 

reducedd serum IgGi or lgG2 levels (median 1.3 years) or those with normal values (median 

1.44 years). 

^^ 30 
CM M 

E E 
CO O 

20 0 

10--
o o 
< < 

• • 

0.00 0 0.05 5 0.10 0 0.15 5 

IgGG clearanc e (ml/min/1.7 3 m ) 

FigureFigure 2. Relationship between peritoneal IgG clearance and the MTACcreat in PD children. MTACcreat: 
masss transfer area coefficient of creatinine calculated according to the Waniewski method. (r=0.72, 
p=0.0003,, 95% CI: 0.4-0.9). 

Thee median peritoneal clearance of albumin was 76 (5 to 216) u.l/min/1.73m . For the 

immunoglobulinss the following values were found: IgG, 52 (18 to 218) uJ/min/1.73m2; IgA, 37 

(22 to 250); IgM, 12 (0.3 to 90). The clearance of IgGi was 43 (17-278) u.l/min/1.73m2, lgG2: 

488 (19-183), lgG3 : 35 (1.9-397) and lgG4: 40 (7-329). No relationship was found between 
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FigureFigure 3. Peritoneal IgG clearances in PD children with IgGi, lgG2 or no IgG subclass deficiency (def). 
(—)) median. *: p=0.025 
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peritoneall clearances and age or duration of PD treatment when corrected for body surface 
area.. A positive correlation was found between the IgG clearance and the mass transfer 
areaa coefficient of creatinine (MTACcr), calculated according to the Waniewski method [19] 
(Figuree 2). The median peritoneal IgG clearance in children with a IgGi deficiency was 131 
(24-218)) ul/min/1.73m2 compared with 49 (18 to 69) ul/min/1.73m2 in children with a lgG2 

deficiencyy (p=0.025) (Figure 3). No difference was found between the peritoneal IgG 
clearancee of children with lgG2 deficiency or with no IgG subclass deficiency. 

LongitudinalLongitudinal analysis 

Serumm values of albumin, IgG, IgA, IgM and IgG subclasses did not change with 
thee duration of PD treatment. However, the serum concentrations of total IgG and IgGi were 
significantlyy lower after one month PD treatment compared with just before starting dialysis 
treatmentt (p=0.003 for IgG and p=0.002 for IgGi). The time course of serum IgG is shown in 
Figuree 4. This temporary decrease was not found for the other IgG subclasses and also not 
forr albumin, IgA and IgM. No significant alteration of IgG and albumin concentrations was 
foundd in PDE during PD treatment (Data not shown). 

30 0 

~~ 20 

E E 
££ 10 
w w 

0 0 

II 1 1 1 1 I 

00 1 2 3 6 12 

Durationn of PD treatment (months) 

FigureFigure 4. Serum IgG in relation to the duration of peritoneal dialysis (PD) treatment. *: p=0.003 

Peritonitis Peritonitis 

Thee mean peritonitis incidence was 1.2 episode per patient per year (median 0.8, 
rangee 0 to 8). Gram positive organisms were responsible for 43% of the peritonitis 
episodes.. Gram negative microorganisms were cultured in 19% of the episodes, several 
differentt bacteria in 18% and yeast or fungi in 2%. In 18% of the cases the culture was 
negative.. Serum albumin decreased during peritonitis and reached the lowest level 14 days 
afterr presentation (p=0.03, Figure 5). However, serum IgG and IgA showed no significant 
declinee (Figure 5). This was also found for the IgG subclasses. Serum IgM was higher at the 
firstt day of presentation compared with the noninfectious state and decreased to normal 
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levelss after one month. Peritoneal effluent concentrations of albumin (p=0.04), IgG 
(p=0.008),, IgA (p=0.008), IgM (p=0.008) and IgG subclasses (lgGi:p=0.02, lgG2:p=0.02, 
lgG3:: p=0.03, lgG4:p=0.02) were all higher at the time of peritonitis presentation than during 
stablee PD. This is shown in Figure 5 for albumin and IgG. For all proteins, the increased 
levelss returned to normal within one month. 

Seventeenn children had one or more episodes of peritonitis per year. A reduced 
serumm IgGi or lgG2 concentration was present in 11 of them (65%). In contrast, a low serum 
IgGii or lgG2 level was found in 12 out of 23 children (52%) who had less than one peritonitis 
episodee per year. The difference between these groups was not significant (p=0.35). The 
meann peritonitis incidence of the PD group with normal serum IgGi or lgG2 was 0.8 
episodess per year. This incidence was 1.5 episodes per year in those with low serum IgGi or 
lgG22 levels (p=0.13). The individual data are shown in Figure 6. The median age in the 
groupp with the low peritonitis incidence was 11.2 years compared to 9.0 years in the higher 
incidencee group (p=0.25). No correlation was found between the duration of PD treatment 
andd peritonitis incidence (p=0.3). Also the IgG concentration in PDE was not related to 
peritonitiss incidence (p=0.1). 
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DISCUSSION N 
Ourr results show that not dialyzed children with CRF had lower median serum 

concentrationss of albumin and IgM than their HCs. Median serum IgG levels were not 
different,, while IgGi was reduced in children with a GFR of less than 50 ml/min/1.73 m2. 
Moreover,, these differences are probably underestimated because of the younger age of 
HCss and the physiological increase of immunoglobulins with age. A deficiency of one or 
moree IgG subclasses was present in 40% of the children with CRF. One third of the CRF 
childrenn had a deficiency of lgG2, compared with only 9 % in the HCs. Eighty-five percent of 
thee CRF children with a reduced lgG2 had a GFR of less than 25 ml/min/1.73 m2. These 
findingss are in agreement with those of Kemper et al., who reported a lgG2 deficiency in 9 
outt of 25 children with preterminal renal failure [11]. This secundary IgG subclass deficiency 
mightt be caused by a specific reduction of lgG2 synthesis. The latter might be secundary to 
aa primary impairment of the B-cell function but eventually also to a defect of the B-cell 
controll by T-cells. Indeed, renal insufficiency is associated with both B- and T-cell 
dysfunctionn [20-24]. Moreover, lgG2 deficiency is also a common finding in other diseases 
withh a T-cell defect such as Di-George syndrome, ataxia-teleangiectasia or AIDS [25, 26]. 
lgG22 and lgG4 synthesis requires more T-cell help than that of IgGi and lgG3[25, 26]. Other 
observationss plead for distinct control of lgG2/lgG4 and lgGi/lgG3 synthesis. In healthy 
childrenn serum IgGi and lgG3 levels increase quickly with age, whereas lgG2 and lgG4 
displayy a slow increase. After bone marrow transplantation serum lgG2 and lgG4 levels 
remainn low for a longer period than IgGi and lgG3[25, 26]. 

Proteinuriaa of more than 2 gr per day was not associated with a selective lgG2 
deficiencyy but with an increased frequency of reduced IgGi and lgG2 levels probably 
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becausee of urinary loss. A reduced IgG synthesis is another explanation for IgG deficiency in 
patientss with nephrotic syndrome [27]. 

Thee median serum concentrations of albumin, immunoglobulins and IgG 
subclassess of hemodialysis patients were similar to those of CRF patients. The Ig loss by 
thee HD treatment is negligible [28]. Serum lgG3 was significantly higher and serum albumin 
andd lgG4 lower than the values found in HCs. The older age of the HD children compared to 
thee HCs might be responsible for the higher serum lgG3 values. A previous study of our 
groupp in adults also showed higher lgG3 and lower lgG4 concentrations, but the differences 
weree less marked than in the pediatric population of the present study [29]. The study in 
adultss reported a higher estimated lgG3 synthesis in hemodialysis patients compared to 
HCss which might also explain the higher serum values [29]. A deficiency of one or more of 
thee IgG subclasses was found in 48% of the hemodialysis children, concerning mainly lgG2 
andd lgG4. This has not been reported previously but is in accordance with the findings in 
CRF. . 

Thee PD patients had the lowest median values for albumin and the 
immunoglobulins.. This was also the case for the IgG subclasses with the exception of the 
lgG33 concentration which was similar to that in the healthy children. Also, the lgG4 

concentrationn was not different from the levels found in HD children. A deficiency of one or 
moree of the IgG subclasses occurred in 60% of the PD children. Forty percent had a 
deficiencyy of lgG2 and 25% of IgGi The prevalence of lgG2 deficiency in our pediatric PD 
populationn was similar to our previous findings in adult continuous ambulatory peritoneal 
dialysiss (CAPD) patients [29]. However a reduced serum IgGi level was not present in 
adults. . 

Thee lower serum concentrations of albumin and the immunoglobulins in pediatric 
PDD patients are likely to be caused by loss of these proteins in the dialysis effluent. This is 
strengthenedd by the observation that serum IgG was lower at the end of the first month of 
PDD treatment when compared with the concentrations before starting dialysis. The 
peritoneall transport of proteins from the circulation to the dialysate is size selective [30]. This 
explainss the higher peritoneal clearance of albumin (MW 69,000 D), compared with that of 
IgGG (MW 150,000 D). Peritoneal protein clearances are higher during the first hour of the 
dwelll time compared with the hours thereafter, but this is most evident for the small proteins 
suchh as (^-microglobulin (MW 11,800 D) [31, 32]. All children were treated with NIPD with 
moree frequent bag exchanges and shorter dwell times compared with the standard CAPD 
treatment.. Thus, the actual 24-hour IgG loss could have exceeded the calculated loss from a 
44 hour dwell time. Furthermore, there is a marked daily variation of individual peritoneal 
proteinn clearance, especially for the higher molecular weight proteins, probably caused by 
alterationss in effective peritoneal surface area [33]. The values found in the PD children 
weree similar to those reported in adults when corrected for body surface area [12, 13]. 
Childrenn with high low molecular weight solute clearances had also a higher protein 
clearance.. This has also been found in adult CAPD patients [data from ref 12]. Children with 
ann IgGi deficiency had a higher median peritoneal IgG clearance compared with children 
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withh a selective lgG2 deficiency. The peritoneal clearances of IgGi, lgG2 and lgG4 were not 
differentt from each other and also not from values found in adult CAPD patients [29, 34]. 
Similarlyy to adults [29, 34], the clearance of lgG3 was lower than that of the other 
subclasses.. This is most likely caused by its higher molecular weight compared with IgGi, 
lgG22 and lgG4. It may explain why lgG3 deficiency hardly ever occurred in the PD population. 

Besidess an increased loss, a decreased synthesis of immunoglobulins, for 
example,, caused by malnutrition, could in theory be present in the PD population. We did 
nott examine the nutritional status of our pediatric PD patients, but studies in adults have 
reportedd a similar prevalence of malnutrition in HD and PD patients [35]. No comparative 
studyy in children treated with PD or HD has been performed. Data from different reports in 
childrenn have shown no evidence for a difference in nutritional status between both groups 
[36,, 37]. A PD specific inhibition of lgG2 synthesis has been postulated in adult CAPD 
patientss [29]. However, we are not aware of studies on the measurement of the synthesis 
ratee of IgG subclasses in PD patients, either in children or in adults. 

Thee serum concentrations of albumin and the immunoglobulins did not change 
duringg a follow-up of one year. This was also the case for effluent concentrations and 
peritoneall clearances. Also, in adult CAPD patients, the clearances of albumin and IgG did 
nott change during a two-year follow-up period [38]. This implies that the peritoneal loss of 
thesee proteins is compensated by their synthesis creating a steady state in the absence of 
peritonitis. . 

Thee increased peritoneal clearances of serum proteins during peritonitis caused a 
decreasee in the serum albumin concentration, but had no effect on serum IgG and IgA. 
Serumm IgM was even higher in the acute phase than after recovery. This suggests that the 
infectiouss state caused an increase in the synthesis rate of the immunoglobulins. In contrast, 
adultt patients showed reduced serum IgG levels in the acute phase of a peritonitis episode 
comparedd with the recovered state [39]. The difference between children and adults in the 
effectss of peritonitis on the serum immunoglobulin concentrations may be explained by the 
presencee of more inflammatory systemic symptoms in children. The presence of fever is 
moree common in infants than adults because children are less capable of keeping the 
bacteriall infections localized within the peritoneal cavity [5]. 

Thee role of serum IgG deficiency in the pathogenesis of peritonitis during PD is 
questionable.. Studies in adults on serum IgG and subclasses could not establish a 
relationshipp between the two [29, 40]. However, Kuizon et al. demonstrated a correlation 
betweenn IgG z-scores and the incidence of peritonitis in children [41]. We found no 
relationshipp between serum IgG and peritonitis incidence, but the latter was two times higher 
inn the group of patients with low IgGi or lgG2 serum levels than in those with normal values. 
Especiallyy patients with a high number of peritonitis episodes were found in the group with 
ann IgG deficiency. However, low levels of serum lgG2 in infection-prone children without a 
renall disease cannot exclusively explain the increased susceptibility to infections, especially 
withh polysaccharide encapsulated bacteria [26,42]. Disturbances in immune defence 
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mechanismss such as specific IgG subclass antibodies against bacteria, opsonic activity and 
phagocytosiss may contribute to infections as well. 

Somee studies in adults reported an inverse correlation between the opsonic activity 
off peritoneal dialysis effluent and the frequency of peritonitis [43-45]. IgG is a major 
componentt of the opsonic activity of dialysate. However no relationship between dialysate 
IgGG and peritonitis incidence was found in most of these studies [40, 43, 46-48]. No 
informationn on a possible relationship between dialysate IgG and peritonitis incidence is 
availablee in children. The present study in children confirms the absence of a relationship 
betweenn dialysate IgG and peritonitis incidence. 

Itt can be concluded that a deficiency of one or more IgG subclasses was present in 
aa considerable number of patients from all groups, suggesting inhibition of their synthesis by 
thee uremic state. Neither HD nor PD treatment appears to result in normalization of low Ig 
andd subclass levels in CRF patients. The deficiencies were especially marked in children 
treatedd with PD, most likely caused by loss of these proteins in peritoneal effluent. 
Peritoneall clearances of the immunoglobulins were similar to those in adult PD patients 
whenn corrected for body surface area. IgG subclass deficiency did not lead to more frequent 
peritonitiss episodes. However a high peritonitis incidence was related to reduced IgG 
subclasss levels. 
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ABSTRACT T 
IgGG in dialysate may have an important role in anti-infection mechanisms during 

continuouss ambulatory peritoneal dialysis (CAPD). As Fc fragment oligosaccharidic chains are 
cruciall for IgG effector functions, we have tested the hypothesis that IgG glycation might occur 
duringg CAPD and modify IgG properties. 

Purifiedd normal IgG was incubated with glucose solutions of different concentrations 
andd pH. Separation of glycated IgG was performed by affinity chromatography. Complement 
activationn (C3c deposition) and phagocytosis by polymorphonuclear leukocytes (PMN) were 
studiedd in vitro using Staphylococcus aureus Wood (STAW) as antigen. In addition, we 
comparedd the percentages of glycated IgG in IgG purified from sera and dialysates of 12 CAPD 
patients. . 

Thee percentage of glycated IgG after in vitro incubation of normal IgG with glucose 
solutionss was directly proportional to glucose concentrations, incubation time and pH. Glycated 
IgGG anti-STAW induced a higher C3c deposition than non-glycated IgG anti-STAW (C3c/lgG 
(meann  SD) 0.96  0.06 vs 0.79  0.08; p=0.027). PMN phagocytosis was not affected by IgG 
glycation.. The percentages of glycated IgG in dialysates of CAPD patients were greater than 
thosee in corresponding sera (5.38  2.36% vs 4.56  2.47%; p=0.006). 

Itt is concluded that IgG glycation may take place in the peritoneal cavity during CAPD 
andd lead to enhanced complement activation. This could explain the high degree of complement 
activationn previously described in dialysate of CAPD patients and might theoretically result in a 
reductionn of complement factors available in dialysate for adequate anti-infection mechanisms . 
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INTRODUCTION N 

Thee role of humoral immunity in the local anti-infection defence mechanism during 
continuouss ambulatory peritoneal dialysis (CAPD) is still not elucidated. Some studies reported 
aa relationship between a high peritonitis incidence and low IgG concentations in effluent of 
overnightt dialysis dwells [1,2] but such a relationship could not be confirmed by other groups [3-
5].. IgG molecules contain polysaccharidic chains which play an important role in the Fc 
fragmentt functions such as IgG plasmatic clearance by the liver asialoprotein receptors [6], 
complementt activation [7] and IgG binding to Fc receptors [8]. As glucose is still the more 
commonlyy used osmotic agent in peritoneal dialysis and as prolonged contact between glucose 
andd proteins can lead to non-enzymatic glycation of the latter [9], we tested in the present study 
thee hypothesis according to which the use of glucose in CAPD could induce the formation of 
glycatedd IgG and modify IgG ability to activate complement and promote phagocytosis in 
dialysate.. Studies were performed in vitro and in patients. 

PATIENTSS AND METHODS 

Twelvee stable adult CAPD patients aged from 18 to 57 years were included in the 
study.. They were treated with glucose-containing dialysis solutions (Dianeal, Baxter BV, 
Utrecht,, The Netherlands) for overnight exchange. The highest dialysate glucose concentration 
commerciallyy available {3.86%, 0. 21M) was chosen according to in vitro experiments showing 
thatt increased IgG glycation is more likely to occur when IgGs are incubated with solutions 
containingg high glucose concentrations. Patients had not experienced a peritonitis episode for at 
leastt 4 weeks before the study. Five diabetic patients not treated with CAPD and 5 healthy 
adultt volunteers were used as controls. 

BloodBlood samples and dialysates 

Dialysatess from night dwells (7-11 hours) were collected and immediatly stored at -
CC until determinations. Sera from patients with agammaglobulinaemia (and with normal 

haemolyticc complement activity) were used as source of complement. All agammaglobulinemic 
sampless were stored at C and thawed at C just before use. Other serum samples were 
flash-frozenn and stored at . Serum samples and corresponding night dwells were collected 
onn the ssame day. 

Materials Materials 

HRP-conjugatedd rabbit anti-human IgG and HRP-conjugated anti-human C3c were 
purchasedd from Dako, Glostrup, Denmark. Unencapsulated protein A-deficient Staphyloccus 
aureusaureus Wood (STAW) bacteria were kindly provided by L. van Alphen (Department of 
Microbiology,, University of Amsterdam, Amsterdam, The Netherlands). STAW was cultured in 
brainn - heart infusion broth containing hematin and NAD+. Bacteria were harvested in log phase, 
washedd three times with phosphate-buffered saline (PBS) (140 mmol/L NaCI, 9.2 mmol/L 
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Na2HP04,, 1.3 mmol/L NahbPCv, pH 7.4), and resuspended in coating buffer (0.05 mol/L 
NaHCOs,, pH 9.6). Phosphate buffer containing Ca2+ and Mg2+ {PiCM buffer; pH 7.2 - 7.4) 
consistedd of 137 mmol/L NaCI, 2.7 mmol/L KCI, 8.1 mmol/L Na2HP04,1.5 mmol/L KH2PO4, ,1.0 
mmol/LL MgCl2, 0.6 mmol/L CaCb, 1 % (w/v) glucose (all from Merck, Shuchardt, Hohenbrunn, 
Germany),, and 2.5 % (v/v) human serum albumin (from CLB, Amsterdam, The Netherlands). 
Tetramethyl-benzydinee was purchased from Sigma, St. Louis, Mo. Tween 20, NaHCC>3, citrate, 
andd Na2HPÜ4 were also from Merck. Flat bottom, 96-well microtiter plates (Immunolo, M129A) 
weree from Greiner, Kloten, Switzerland. 

IgGIgG purification 

IgGG was isolated from sera, plasma and dialysate using precipitation by ammonium 
sulphatee at a final concentration of 40% (serum or plasma) or 50% (dialysate) saturation. 
Thee precipitate was centrifuged for 15 minutes at C and the pellet was resuspended in 
PBSS and dialysed against PBS at . If necessary the sample was concentrated untill 
usablee IgG concentrations were reached. 

InIn vitro glycation 

Thee influence of pH, glucose concentration and incubation time on IgG glycation 

wass studied using commercial 16% IgG preparations for intramuscular injections (CLB, 

Amsterdam,, The Netherlands). These were incubated at a final concentration of 10mg/mL at 

CC for varying times with different glucose solutions (0.05, 0.2, 0.4M) at different pHs (5.5, 

7,9). . 

PurificationPurification of glycated IgG and estimation of glycated IgG percentage 

Glycatedd IgG was separated from non-glycated IgG in IgG purified from sera and 
dialysatess by the method used for determining plasma HbAic concentrations (Glyco test II 100, 
Pierce,, Illinois), adapted for glycated IgG as described by Dolhofer-Bliesener and Gerbitz [10]. 
Briefly,, 100 îl of purified IgG solutions in the range of 0.2 - 2 mg total IgG in PBS were applied 
too gel chromatography columns containing m-amino-phenyl-boric acid able to bind to glucose 
molecules.. Non-glycated IgG was eluted with a wash buffer without sugars. Glycated IgG was 
thenn eluted from the columns using a sorbitol-containing buffer. Glycated IgG percentages were 
determinedd by measuring the absorbance at 280 nm of both fractions with a spectrophotometer. 
Alll measurements were performed in duplicate. Within-run and between-day variation 
coefficientss were calculated using classical formulae, and were always less than 10%. 

IgGIgG ELISA assay 
Thee IgG ELISA assay was performed as previously described by Rümke et al. [11]. 

Antibodiess to STAW (IgG and IgG subclasses) were measured according to Ruths etal. [12]. 
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ComplementComplement deposition assay 

Thee ability of IgG to induce complement activation was studied by measuring the 
depositionn of complement split products, C3b, C3bi, C3c on bacteria according to the method 
describedd by Bredius etal. [13], adapted from Gordon etai [14]. Four different preparations of 
commerciall 16% IgG for intramuscular injections and presenting with high anti-STAW antibody 
titerss (CLB Amsterdam, The Netherlands) were used. Complement activation was expressed 
perr amount of antibacterial antibody bound to the antigen, expressed as a ratio. Antibacterial 
antibodiess were measured by ELISA [12] and expressed in |ig bound antibody/mL as described 
above,, and complement activation in the C3c deposition ELISA was expressed as percentage 
off normal human serum, measured in an A450 range of 0.5-1.0. Standards were normal human 
seraa presenting with high titers of anti-bacterial IgG and titration curves relatively parallel to 
thosee of IgG fractions. Complement activation was tested by using 10mmol/L MgEGTA in the 
assay. . 

PhagocytosisPhagocytosis assay 

Polymorphonuclearr leucocytes (PMN) were isolated from blood obtained from healthy 
volunteers.. Briefly, PMN were separated from platelets and mononuclear cells by density 
gradientt centrifugation over 1.076 g/mL Percoll (Pharmacia). Erythrocytes were removed by 
isotonicc lysis at , and PMN (> 95% neutrophils) were washed once with a buffer containing 
200 mmol/L Hepes, 132 mmol/L NaCI, 6 mmol/L KCI, 1.2 mmol/L KH2P04, 1 mmol/L MgCI2, 1.5 
mmol/LL EGTA (Merck-Schuchardt), 0.1% w/v gelatin and 5.6 mmol/L glucose, pH 7.4 (Ca2+-
freee Hepes), and adjusted to 1 X 107 cells/mL. EGTA was added to this buffer to bind free Ca2+, 
too prevent granulocyte aggregation during phagocytosis. 

Too assay phagocytosis, we employed a flow cytometric method [15] based on that of 
Martinn and Bahkdi [16]. Phagocytosis was expressed as the percentage of total PMN that were 
fluorescentt green. 

StatisticalStatistical analysis 

Comparisonn of percentages of glycated IgG and results of complement activation were 
donee with the Wilcoxon signed rank test and Student's t-test, respectively. 

RESULTS S 
Usingg the modified Gluco test 100 II method for separation of glycated from non-

glycatedd IgG, in vitro experiments of IgG incubation with glucose solutions at concentrations 
similarr to those used for peritoneal dialysis treatment showed that the percentage of glycated 
IgGG was directly related to the pH and glucose concentrations as well as to the incubation time 
(Figuress 1 and 2). For example, for a 0.2 M glucose solution at pH 9, the percentage of glycated 
IgGG increased from 5% to 16% after 8 h, 40% after 24 h and 70% after 72 h (Figure 1). After 
incubationn times of 8, 24 and 72 h with a 0.2 M glucose solution, the percentage of glycated IgG 
wass 5, 12 and 29 %, respectively at pH 7 and 5, 7 and 15 % at pH 5.5 (Figure 1). Finally, for 
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thee same incubation time (72 h) and pH (5.5), the percentage of glycated IgG was, respectively, 
20,, 9 and 7 % with 0.4, 0.2 and 0.05 M glucose solutions (Figure 2). The analysis of IgG 
subclasss content of both fractions showed no difference between glycated and non-glycated 
IgGG fractions (data not shown). 

Incubatio nn tim e (hours ) 

FigureFigure 1. Percentages of glycated IgG determined in samples of normal commercial IgG after incubation 
withh 0.2M glucose solutions at pH 5.5, 7 and 9, for 8, 24 and 72 h. Glycated IgG was separated from non-
glycatedd IgG by gel chromatography using affinity columns loaded with gel coated m-aminophenylboric acid. 
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FigureFigure 2. Percentages of glycated IgG determined in samples of normal commercial IgG after 
incubationn with 0.05, 0.2 and 0.4 M glucose solutions at pH 5.5 for 16, 72 and 144 h. Glycated IgG was 
separatedd from non-glycated IgG by gel chromatography using affinity columns loaded with gel coated 
withh m-aminophenylboric acid. 

InIn vivo IgG glycation 

Thee percentage of glycated IgG found in sera of 12 CAPD patients was not statistically 

differentt from that found in 5 normal controls (4.56  2.47% vs 4.34  1.36 %) . The values in 
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seraa of diabetic patients (12.94  7.05 %; p<0.001) were higher than those found in normal 

controls.. The percentages of glycated IgG in overnight dwell dialysates of 12 CAPD patients 

dialysedd with 3.86% glucose solutions were significantly higher than those found in the 

correspondingg sera, as shown in Figure 3 (5.38  2.36 % vs 4.56  2.47 % ; P=0.006). 
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FigureFigure 3. Percentages of glycated IgG determined in night dwell dialysates and sera from 12 CAPD patients 
dialysedd with 3.86% glucose solutions. Glycated IgG was separated from non-glycated IgG using affinity 
columnss loaded with gel coated with m-aminophenylboric acid. Percentages of glycated IgG were higher in 
dialysatee (P=0.006). 

GlycatedGlycated IgG functions 

Thee ability of IgG to bind specifically to antigens after glycation was tested using 
commerciall 16 % IgG (CLB, Amsterdam, The Netherlands) with high anti-STAW antibody titers. 
Afterr separation of glycated from non-glycated IgG, identical amounts of both fractions were 
appliedd to ELISA assays using STAW-coated plates. The amounts of IgG binding to the plates 
weree similar for both fractions (data not shown). The ability of glycated and non-glycated IgG to 
activatee the complement cascade was tested with the same ELISA system using 
agammaglobulinemicc sera as complement source. The local C3c deposition was measured and 
thee results are expressed in C3c per IgG. Glycated IgG activated the complement cascade 
moree than the corresponding non-glycated IgG in four different commercial IgG preparations, as 
shownn in Figure 4 (C3c/lgG ratio: 0.96  0.06 vs 0.79  0.08; P=0.027 ). To specify the route of 
complementt activation, the same experiments were performed in presence of MgEGTA. In 
thesee experiments, C3c production in the presence of glycated and of non-glycated IgG was 
completelyy abolished when 10 mmol/L MgEDTA was added to the wells (data not shown). 
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PhagocytosisPhagocytosis assay 
Noo differences were found between the percentages of green fluorescent PMN in the 

phagocytosiss assay using glycated or non-glycated IgG, using trypan blue or not, and using a 
complementt source (agammaglobulinemic sera) or not (data not shown). 
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FigureFigure 4. Complement deposition (measured by ELISA) induced by glycated (100%) and non-glycated 
(0%)) IgG separated from four commercially available normal IgG preparations by affinity gel filtration 
chromotography.. Three samples were tested twice and the fourth was tested three times. Results are 
expressedd in amount of deposited C3c per IgG. C3c deposition was higher for glycated IgG (P=0.027). 

DISCUSSION N 
Dolhoffer-Bliesenerr and Gerbitz [10] reported that IgG glycation may could occur 

duringg in vitro incubation of IgG with glucose solutions. Indeed, they showed increased IgG 
glycationn after incubation of normal purified IgG in glucose-containing solutions at 
concentrationss ranging from 0.014 to O.056 M, for 6 days at pH 9. As those incubation 
conditionss were not comparable with those encountered in peritoneal dialysis, since pH 9 is not 
physiologicall and dwell times are shorter in CAPD, we have repeated those experiments using 
differentt incubation times (8, 24, 72 hours), different pH conditions (5.5, 7, 9), and glucose 
concentrationss similar to those used in commercially available CAPD solutions (0.05, 0.1, 0.2 
M).. We have confirmed a direct relationship between the percentage of glycated IgG, glucose 
concentrationn and incubation time. Also, we have shown that the pH of the incubating solution is 
aa major factor determining the degree of IgG glycation. Indeed, the percentage of glycated IgG 
wass directly related to the pH of the solutions, being the greatest at pH 9. However, according to 
thesee in vitro experiments no increased IgG glycation should be expected in vivo. Indeed, 
significantlyy increased percentages of glycated IgG areobserved only after at least 24 h 
incubations,, whatever the experimental solutions, whereas maximal dwell times in vivo are 
aboutt 11 h. The rapid increase of dialysate pH, which reaches physiological values half an hour 
afterr intra-abdominal infusion, does not explain this discrepancy [17]. This may bbe explained 
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byy the observation of Krediet et al. [18], who demonstrated that the peritoneal interstitium may 
constitutee a third compartment between blood and dialysate, in which equilibrium with blood and 
dialysatee takes place for serum proteins. It may therefore be hypothesized that contact between 
glucosee and IgG takes place in the latter compartment for longer periods than dwell times, 
allowingg IgG giycation before its passage into the peritoneal cavity, and therefore explaining the 
higherr glycated IgG percentages in dialysate than in serum. 

Ass a reduction of the Fc fragment ability to activate complement was described by 
Dolhofer-Bliesenerr and Gerbitz [10] after in vitro giycation of IgG, we were surprised to find that t 
glycatedd IgG separated from normal IgG induced more complement activation than non-
glycatedd IgG. The reasons for this discrepancy are unknown. However, in giycation, glucose 
reactss with free amino groups of proteins to form labile Schiff bases, whith subsequent Amadori 
rearrangementt to stable ketoamines. Formation of Amadori products is well established for a 
numberr of proteins and has been found to be increased in diabetes (for a review see [9]). The 
Amadorii product very slowly undergoes a series of still unknown rearrangement reactions to 
formm yellow-brown, fluorescent and cross-linking substances, called advanced glycosylation end 
(AGE)) products. These products are thought to accumulate on proteins and play an important 
rolee in the development of late diabetic complications (for a review see [19]). In the experiments 
off Dolhofer-Bliesener and Gerbitz [10], the experiment conditions (long incubation time, high 
pH)) led to the formation of AGE products as shown by the formation of non-enzymatic brown 
productss revealed by measurement of absorption at 350 nm and fluorescence at 440 nm upon 
excitationn at 370 nm. Glycated IgG used in our experiments were most probably early 
glycosylationn products. Indeed, immunoreactivity for AGE products is not increased and almost 
non-existantt in IgG fractions purified from normal controls and diabetic patients because of a 
rapidd clearance by mononuclear phagocytes receptors for AGE [20]. It is therefore conceivable 
that,, being chemically different, glycated IgG used in our experiments expresses different 
effectorr properties from those used by the latter authors. The more important complement 
activationn by glycated IgG observed in our experiments is induced by the classical route, as 
shownn by complete inhibition by MgEGTA and may be secondary to the increased capacity of 
glycatedd IgG to aggregate [10]. This hypothesis should be tested by comparing on gel 
chromatographyy colomns the proportions of aggregates found in glycated and non-glycated 
fractionss of our IgG preparations. 

Contraryy to complement activation, IgG mediated phagocytosis was similar when 
performedd with glycated or non-glycated IgG. This observation is also in agreement with the 
hypothesiss that glycated serum IgG contains early glycosylation products instead of AGE since 
AGE-containingg IgG has a reduced ability to promote phagocytosis [16]. 

Inn conclusion, the moderately increased percentage of glycated IgG observed in 
dialysatee of patients treated with CAPD most probably does not affect directly the anti-infection 
mechanismss in the peritoneal cavity, since no decrease in PMN phagocytosis was observed in 
experimentss using in vitro assays comparing the function of glycated and non-glycated IgG. 
However,, the higher complement activation induced by glycated IgG may contribute to the 
increasedd complement activation in dialysate, as compared with sera, reported by several 
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authorss in adults and children treated with CAPD [21,22]. This could indirectly affect PMN 

function,, since C5a can contribute to chemotactic unresponsiveness in CAPD [23] and reduce 

thee dialysate concentration of complement factors necessary for adequate anti-infective 

mechanisms.. The role of glycated IgG in dialysate complement activation should be further 

elucidatedd in experiments using IgG purified from dialysates of CAPD patients. 
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ABSTRAC T T 
Pneumococcall vaccination is recommended in children with chronic renal diseases. 

Protectionn to infections with S. pneumoniae is related to the post-vaccination antibody titers. 
Wee investigated the anti-pneumococcal polysaccharide antibody response in children with 
chronicc renal disease. Ten children treated with peritoneal dialysis (PD) were investigated, 7 
childrenn on hemodialysis (HD), 7 children after renal transplantation and 3 children with 
nephroticc syndrome without renal failure. Blood samples were collected before immunization 
withh 23-valent pneumococcal polysaccharide vaccine and at one and six months thereafter. 
IgG,, I g d and lgG2 antibody titers against pneumococcal capsular serotypes 
3,4,6B,9V,14,19FF and 23F were measured by ELISA. Transplanted children showed a lower 
antibodyy increase after vaccination for serotypes 9V and 23F compared to PD children 
(p<0.05).. A sufficient anti-pneumococcal immune response, defined as an absolute post-
immunizationn level of > 20 U/mL in 5 or more out of seven serotypes, was found in 11 out of 
277 (41%) children. No significant differences were found among the groups. Seven children 
(22 HD, 2 PD, 2 Tx and 1 NS) were non-responders, defined as a post-immunnization level 
beloww 20 U/mL and a less than two-fold increase of the antibody titer in five or more 
serotypes. . 

Non-responderss after pneumococcal vaccination were found in a substantial 
numberr of children with renal disease. After renal transplantation the increase in antibody 
titerr was lower than in PD children for serotypes 9V and 23F. 
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INTRODUCTION N 
Pneumococcall polysaccharide vaccination is usually recommended in children with 

chronicc renal failure (CRF) as in several other chronic illnesses, although the incidence of 
vaccine-preventablee diseases in these children is not really known, [1-3]. This 
recommendationn is based mainly on data from adult patients. A higher risk of pneumococcal 
infectionss has been reported in adult patients with CRF, either on dialysis treatment or after 
aa renal allograft [4-6]. Few studies have been performed on the antibody response after 
pneumococcall vaccination in children [7,8]. The results of these studies were conflicting, 
partlyy because of different assay methods used. Despite the current recommendation of 
pneumococcall vaccination in children with CRF, this vaccine is not uniformly given by all 
pediatricc nephrologists [9]. This is probably, because invasive pneumococcal disease is 
oftenn not considered a significant problem in children with renal disease. However, evidence 
off increasing resistance of Streptococcus pneumoniae to antibiotics has been reported 
[10,11].. This might lead to more severe infections. 

Reducedd serum IgG and subclasses levels have been demonstrated in children 
withh CRF [12]. Low lgG2 levels have been associated with a higher prevalence of reduced 
antibodyy response to polysaccharide antigens [13]. The preponderance of lgG2 antibody 
responsee to pneumococcal capsular polysaccharide antigens is more pronounced in older 
individualss in comparison with children [14]. No information is available on the I g d and lgG2 
antibodyy response to polysaccharide antigens, neither in children nor in adults with CRF. 

Inn the present study we analyzed the IgG, I g d and lgG2 antibody response to the 
23-valentt pneumococcal polysaccharide vaccine in children with renal disease. 

PATIENTSS AND METHODS 
Twenty-sevenn children were analyzed. Ten children were treated with peritoneal 

dialysiss (PD), 7 with hemodialysis (HD), 7 children had undergone a renal transplantation 

(Tx)) and 3 children were in remission from a nephrotic syndrome (NS), and had no renal 

failure.. Patient characteristics are summarized in Table 1. No significant differences in age 

weree found among all groups. The primary renal diseases are given in Table 2. All children 

weree immunized with 23-valent pneumococcal polysaccharide vaccine (Pneumovax®; 

Merck,, Sharp & Dohme, Haarlem, The Netherlands). Blood samples were collected before 

immunizationn and after 1 and 6 months. Serum samples were stored at C until use. 

Anti-pneumococcalAnti-pneumococcal antibody assay 

Serumm IgG, IgGi and lgG2 anti-pneumococcal antibodies to seven pneumococcal 
serotypes,, including strong immunogens (type 3, 4 and 9V), intermediate (type 14 and 19F) 
andd weak antigens (type 6B and 23F), were quantitated by ELISA [13]. The IgGi and lgG2 
antibodyy titers were measured in the one-month post-vaccination serum samples for 
serotypee 9V and 14 whereas total IgG levels were measured in all samples for all serotypes. 
Pre-- and post-immunization samples from children were analyzed simultaneously and in 
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duplicate.. All serum samples were preincubated overnight, with excess of free common cell 

walll polysaccharide (CPS) to remove anti-CPS antibodies [15]. 

TableTable 1. Patient characteristics. 

PDD HD Tx NS 

Numberr 10 7 7 3 

Age(years)) 10.7(3.6-17.6) 11.9(4.4-17.3) 13.7(10.9-17.8) 10.1(8.9-11) 

Durationn of dialysis 3.3(0.1-9.2) 2.0(0.3-9.2) 
(years) ) 

Plasmaa creatinine 110(52-480) 
(umol/L) ) 

Previouss Tx 5 3 

Intervall Tx and 4.1(0.6-8.6) 
vaccinationn (years) 

Medicationn 4 pred/ciclo/azat 2 pred/ciclo 
11 pred/ciclo 1 pred 
22 pred/myco/ciclo 

Resultss are given as medians and ranges. 
PD,, peritoneal dialysis; HD, hemodialysis: Tx, renal transplantation; NS, nephrotic syndrome 
Pred,, prednison; ciclo, ciclosporin; azath, azathioprin; myco, mycophenolate-mofetil. 

AA serum sample from a healthy non-vaccinated adult was included in every ELISA run as a 

control.. Microtiter plates (Greiner Labortechnik, Langertal, Germany) were coated overnight 

withh pneumococcal capsular polysaccharides in saline solution at . Thereafter, plates 

weree washed (PBS/ Tween-20, 0.05% vol/vol) and incubated (2 hr at ) with serial 

dilutionss of sera in PBS, 0.05% Tween-20, and 1% bovine serum albumin (vol/vol). 

Subsequently,, plates were washed and incubated with either alkaline phosphatase labeled 

goatt anti-human IgG (Biosource, Camarillo, CA) or with peroxidase labeled subclass-

specificc murine anti-human IgGi (MH161-1ME) or lgG2 (MM 62-1 ME) monoclonal 

antibodiess (moAb) for 2 hr at C (the latter two from the CLB Sanquin Blood Supply 

Foundation,, Amsterdam, The Netherlands). After washing and incubation with enzyme 

substratee for 10 to 20 min at , absorbance was measured using a Titertek Multiscan 

(Floww Laboratories, Irvine, UK). The antibody concentrations in patient samples were 

calculatedd using a reference serum which contains 2.36 ug IgG/mL anti-type 3, 4.1 ug 

IgG/mLL anti-type 4, 16.9 ug IgG/mL anti-type 6B, 6.9 ug IgG/mL anti-type 9V, 27.8 fig 

IgG/mLL anti-type 14, 13 ug IgG/mL anti-type 19F and 8.1 ug IgG/mL anti-type 23F [16,17]. 

Thiss preparation contains 0.83 ug IgGi/mL and 6.1 ug lgG2/mL anti-type 9V and 2.87 ug 

IgGi/mLL and 21.23 ug lgG2/mL anti-type 14 [18]. The antibody concentrations of samples 
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weree expressed relative to this reference pool (100 U/mL; 100% assigned for each 
serotype). . 

TableTable 2. Primary renal disease, 

PDD HD Tx NS 

Urologiee malformation 

Glomerulopathy y 

Hemolyticc uremic syndrome 

Congentiall disease 

Otherr diseases 

Unknown n 

1 1 

4 4 

1 1 

2 2 

2 2 

0 0 

3 3 

3 3 

0 0 

0 0 

0 0 

1 1 

2 2 

2 2 

0 0 

1 1 

2 2 

0 0 

Glomerulopathy:: 1 child with rapidly progressive glomerulonephritis, 6 children with focal segmental 
glomerulosclerosis,, 2 children with congenital nephrotic syndrome, 3 children with minimal change nephropathy. 
Congenitall disease: 1 child with autosomal polycystic kidney disease, 1 child with tuberous sclerosis, 1 child with 
nephronophtisis,, tumor. Other diseases: 2 children with acute tubular necrosis, 1 child with bilateral Wilms, 1 child with 
interstitiall nephritis. 

DefinitionsDefinitions of response and non-response to pneumococcal vaccine 

Anti-pneumococcall antibody levels are given in U/mL. The relative increase was 
calculatedd as the ratio of the postvaccination titer (after 1 month) and the pre-immunization 
titer.. An adequate response to a given serotype was defined as a ratio of 2 and a 
postimmunizationn titer of 20 U/mL. An anti-pneumococcal antibody titer higher than 20 
U/mLL prior to immunization, was regarded as sufficient. An adequate response to 
pneumococcall vaccination was defined as a sufficient response in 5 or more out of the 7 
serotypess analysed. The response to an individual pneumococcal serotype was considered 
loww or absent when the post-immunization titer remained <20 U/mL (i.e. 20% of the antibody 
concentrationn in the reference hyperimmune plasma pool of healthy adult volunteers, 
immunizedd with pneumococcal vaccine [17]). The child was considered as non-responder to 
pneumococcall vaccination when the post-immunization IgG antibody level was less than 20 
U/mLL and the antibody titer increase was less than two-fold in five or more out of the 7 
serotypess analysed. 

StatisticalStatistical analyses 

Differencess between groups were tested with the Kruskall-Wallis one-way analysis 
off variance. The Fisher's exact test was performed to compare frequencies between groups. 
Two-sidedd P values <0.05 were considered significant. Differences between two time-points 
weree tested with paired Wilcoxon tests. 
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RESULTS S 
Beforee immunization, antibody titers for IgG were sufficient (> 20 U/mL) in 12 (44%) 

childrenn for pneumococcal serotype 3, in 5 (19%) for type 4, in none of the children for type 

6B,, in 10 (37%) for type 9V, in 4 (15%) for type 14, in 5 (19%) for type 19F and in 2 (7%) 

childrenn for type 23F. Only one child had sufficient IgG antibodies in 5 or more out of seven 

serotypes.. No differences were found in the median pre-immunization levels between the 

groups. . 
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Timee after vaccination (months) Timee after vaccination (months) 
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00 1 6 
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M-T50 0 
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t y p e 1 9 F F t y p e 2 3 F F 

Timee after vaccination (months) 

00 1 6 
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FigureFigure 1. The median IgG antibody levels to six pneumococcal serotypes, before vaccination and after 1 
andd 6 months. PD, peritoneal dialysis; HD, hemodialysis; Tx, after renal transplantation; NS, nephrotic 
syndrome. . 
— • — P D ,, — 3— HD, —•—Tx, —o—NS. 
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Thee IgG antibody titers increased after immunization. The differences between pre-
immunizationn and post-immunization titers were statistically significant for all serotypes 
(p<0.05).. The median IgG anti-pneumococcal antibody titers, before and after vaccination, 
aree shown in Figure 1 for each group. The increase in the postvaccination/prevaccination 
ratio,, in all children together, was two or more for all analysed serotypes, with exception of 
typee 6B (Table 3). Significant differences between the groups were found for type 9V and 
typee 23F. Renal transplanted children showed a significantly lower increase of antibodies for 
thesee two serotypes compared to the children on peritoneal dialysis. For the hemodialysis 
childrenn significance was not reached. The absolute post-immunization levels after one 
monthh are shown in Table 4. No significant differences were found among all groups. 

TableTable 3. The ratio of post/pre-vaccination anti-pneumococcal IgG antibody levels. 

Typee PD HD Tx NS 

3 3 

4 4 

6B B 

9V V 

14 4 

19F F 

23F F 

5(1-203 ) ) 

16(1-99 ) ) 

1(1-8 ) ) 

15(1-334 ) ) 

5(1-157 ) ) 

6(1-72 ) ) 

10(2-21 ) ) 

2(1-6 ) ) 

13(1-52 ) ) 

11 (1-36 ) 

26(1-142 ) ) 

10(2-142 ) ) 

66 (2-27 ) 

3(1-14 ) ) 

2(1-5 ) ) 

4(1-22 ) ) 

11 (1-6 ) 

2(1-18) ' ' 

6(1-144 ) ) 

11 (1-8 ) 

3(1-5) ' ' 

33 (2-6 ) 

677 (4-498 ) 

11 d-2 ) 

36(12-175 ) ) 

20(12-37 ) ) 

4(2-11 ) ) 

12(9-30 ) ) 

Resultss are given as medians and ranges. p<0.05 when compared to PD children. 

TableTable 4. IgG antibody response, 4 weeks after pneumococcal vaccination. 

Typee PD HD Tx NS 

3 3 

4 4 

6B B 

9V V 

14 4 

19F F 

23F F 

611 (26-610 ) 

58(9-1086 ) ) 

0. 55 (0-8 ) 

242(21-2996 ) ) 

43(2-1238 ) ) 

25(1-217 ) ) 

15(2-145 ) ) 

1422 (20-366 ) 

69(18-188 ) ) 

00 (0-36 ) 

2833 (2-524 ) 

511 (4-869 ) 

12(7-593 ) ) 

15(1-151 ) ) 

222 (4-280 ) 

28(4-215 ) ) 

11 (0-25 ) 

43(29-1114 ) ) 

211 (2-2587 ) 

52(1-525 ) ) 

18(1-623 ) ) 

411 (16-124 ) 

677 (14-498 ) 

11 (0-2 ) 

3500 (60-540 ) 

744 (39-92 ) 

99 (4-34 ) 

12(9-60 ) ) 

Resultss are given as medians (range) U/mL 

AA sufficient response to Pneumovax was found in 11 out of 27 (41%) children: 2 HD 
childrenn 6 PD children, 2 children with a renal transplant, and 1 child with a nephrotic 
syndrome.. No significant differences were found between the groups. The number of 
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childrenn with low post-vaccination antibody titers are shown in Table 5. Seven children (2 
HD,, 2 PD 2 Tx and 1 NS) showed a post-immunization IgG antibody level of less than 20 
U/mLL and a less than two-fold increase of the antibody titer in five or more out of the seven 
analysedd serotypes. These children were therefore considered as non-responders. The 
prevalencee of non-responders was not significantly different among the groups. The median 
agee of the children who responded normal to Pneumovax was 14.8 {range 3.6-17.6) 
comparedd with 11.0 (4.9-17) in the group who were defined as non-responder. This 
differencee was not significant. 

TableTable 5. Number of children with low post-vaccination antibody titers 

Type e 

PD(n=10) ) 

HDD (n=7) 

Txx (n=7) 

NSS (n=3) 

Totall (n=27) 

3 3 

0 0 

1 1 

3a a 

1 1 

5 5 

4 4 

3 3 

2 2 

3 3 

1 1 

9 9 

6 B B 

10 0 

6 6 

6 6 

3 3 

25 5 

9V V 

0 0 

1 1 

0 0 

0 0 

1 1 

14 4 

3 3 

2 2 

3 3 

0 0 

8 8 

19F F 

4 4 

5 5 

2 2 

2 2 

13 3 

23F F 

6 6 

5 5 

5 5 

2 2 

18 8 

Loww antibody response is defined as post-vaccination (4 weeks after immunization) titer of < 20 U/mL 
aTxx versus PD, P=0.05 

Sixx months after immunization the median IgG antibody titers for all serotypes were 
significantlyy lower compared to one month after vaccination (Figure 1). The median antibody 
titerr of serotype 3 declined with 58% (p=0.001), type 4 with 64% (p=0.002), type 9V with 
7 1 %% (p=0.0005), type 14 with 19% (p=0.04), type 19F with 27% (p=0.03), and type 23F with 
33%% (p=0.005). Eight children (4 PD, 1 HD, 2 Tx, 1 NS) had low antibodies against 5 or 
moree out of 7 serotypes, six months after vaccination. Seven of them were the primary non-
responderss and only one developed low antibody levels. 

Thee median IgGi antibody level, one month after vaccination, to serotype 9 was 63 
(rangee 7-396) U/mL. The lgG2 antibody level to serotype 9V was 15 (1-948) U/mL. The 

IgGii level against serotype 14 was 4 (1-1593) U/mL, the lgG2 level 29 (3-8162) U/mL. No 

significantt differences were found between the groups. Seven children out of 27 (26%) 

showedd a low postvaccination IgGi level (< 20 U/mL) to serotype 9V and 17 (63%) a low 

lgG22 level. Six children (22%) had both, a low IgGi and lgG2 level. To serotype 14, 23 

childrenn (85%) showed a low IgGi response and 13 (48%) a low lgG2 response. Eleven 

childrenn (41%) had low levels of both, IgGi and lgG2 antibodies. No significant differences 

weree found among the groups (Figure 2). 
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FigureFigure 2. The lgG1 and lgG2 antibody response to serotype 9V and 14, 4 weeks after pneumococcal 
vaccination.. The lower limit of normal levels (U/mL). 

TableTable 6. Prevalence of reduced IgG and subclass levels. 

IgG G IgG, , lgG 2 2 lgG 3 3 igG 4 4 

PDD (n=10) 

HDD (n=7) 

Txx (n=7) 

NSS (n=3) 

1 1 

0 0 

0 0 

2 2 

3 3 

1 1 

0 0 

3 3 

5 5 

3 3 

1 1 

2 2 

3 3 

0 0 

0 0 

0 0 

0 0 

1 1 

0 0 

0 0 

Reducedd IgG and subclass levels were defined as <2.5 percentile of normal range [19,20] 

Thee number of children with reduced serum IgG and subclass levels are shown in 
Tablee 6. Reduced levels were defined as under the 2.5 percentile of published normal 
valuess according to age [19,20]. Fourteen children had reduced serum IgG or subclass 
levels.. Four out of seven children, who were considered as non-responders, had reduced 
IgGG or subclass levels (1 child with reduced serum lgG2 and/or lgG4, 1 child with reduced 
serumm IgGi and 1 child with reduced total serum IgG). IgG subclass deficiency was not 
significantlyy associated with low IgGi or lgG2 antibody response against serotype 9V or 14. 

DISCUSSION N 

Thee present study has demonstrated that more than one quarter of the children 
withh chronic renal disease, immunized with the 23-valent unconjugated Pneumococcal 
vaccinee did not reach sufficient IgG antibody titers. The IgGi or lgG2 anti-pneumococcal 
responsee was low in even a higher number of children. No differences were found in the 
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prevalencee of "non-responders" between PD, HD, and renal transplanted children. However, 
thee IgG antibody increase in renal transplanted patients was lower for serotype 9V and 23F. 

Anti-capsularr polysaccharides antibodies are important for the defence against 
encapsulatedd bacteria, such as Streptococcus pneumoniae and Haemophilus influenzae 
typee b [21-25]. Pneumococcal polysaccharide antigens behave as thymus-independent-
typee 2 (TI-2) antigens. Regulatory T-cells are not necessary for this immune response, but 
theyy control the magnitude of antibody titers [26-28]. Furthermore, immunological memory 
formationn does not occur after exposure to TI-2 antigens [29-31]. It is well established that 
thee ability to mount an antibody response to polysaccharides of encapsulated bacteria 
maturess much later than the ability to mount antibody responses to protein antigens [32-35]. 
Thus,, children under the age of two years have poorly developed anti-pneumococcal 
defencee mechanism. The antibody response to pneumococcal polysaccharides is subclass 
restricted:: young children give mainly an IgGi response, whereas older children and adults 
displayy a more lgG2 restricted response [14,36]. IgGi anti-polysaccharide antibodies may be 
lesss protective compared with lgG2 antibodies [36,37]. In the absence of antibodies to 
capsularr polysaccharide, phagocytosis and killing do not occur [38]. For an adequate 
phagocytosiss of pneumococci, binding of the IgG opsonized microorganisms with the Fc-
receptorr (FcyR) of effector cells is necessary. Furthermore, the individual susceptibility to 
pneumococcall infections is determined by a functional polymorphism of the FcyRlla [39,40]. 

Pneumococcall disease is most often seen in children and elderly [41]. Antibody 
deficiencies,, and to a lesser extent complement deficiencies, have been found to predispose 
forr pneumococcal infections [42,43]. Children with chronic renal failure are considered to be 
att high-risk for pneumococcal infections although the exact incidence of pneumococcal 
infectionss in children with chronic renal failure is not documented [44]. In adult patients, data 
onn frequency of pneumococcal infections are available in HD and post renal transplants [4-
6,45].. The overall incidence of S. pneumoniae infections is probably underestimated 
becausee it is a localized infection with negative blood cultures in a high percentage of 
infectedd persons, which is in contrast to infections with Haemophilus influenzae [46]. 

Effectivee prevention of pneumococcal infections can be achieved by immunizations. 
Vaccinationn is recommended for children with chronic renal disease [1-3,9]. Fuchshuber et 
al.al. showed that the immune response to the 23-valent pneumococcal vaccine was sufficient 
inn the majority of children with chronic renal disease, but declined rapidly within 6 months 
[7].. On the other hand, Furth et al. showed that pediatric patients with chronic renal disease 
havee an adequate IgG antibody response to pneumococcal vaccine (serotype 3 and 14 were 
analyzed)) and antibody levels remained stable during one year thereafter [8]. Pneumococcal 
polysaccharidee vaccines are contaminated with variable levels cell-wall-polysaccharides 
(CPS).. Anti-CPS antibodies increase after vaccination but they are not protective against 
pneumococcall infections [47]. In the study of Fuchshuber etal. anti-cell-wall polysaccharide 
antibodiess (anti-CPS) were not removed. This might have given an overestimation of 
protectivee anti-pneumococcal antibody levels. Our results are not in accordance with those 
off Furth and Fuchshuber. We found that only 40% of the children displayed an adequate IgG 
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antibodyy response after vaccination and that 25% of the children were non-responders. The 
reasonn for this discrepancy might be the differences in methods used, in renal disease 
and/orr age and differences in the definition of a sufficient or reduced response. The results 
off the present study are in agreement with those of Gennery et al. who also found lower 
antibodyy responses in children after cardiac transplantation, especially when transplantion 
waswas performed in early childhood [48]. The incidence of non-responders in children with 
recurrentt upper respiratory tract infections, analyzed by the same methods as used in here, 
wass similar to this study [29]. However, these authors found a higher number of non-
responderss in children with respiratory tract infections combined with reduced Ig (IgG, IgGi, 
lgG22 or IgA) levels than with normal Ig levels. In a previous study we have shown that serum 
lgG22 deficiency is frequently seen in children with chronic renal failure [12]. In this study, 
aboutt half of the children displayed low IgG or subclass levels, but the number of non-
responderss was not different between children with normal or low serum IgG or subclass 
levels.. The reason for this difference might be explained by the presence of children with IgA 
deficienciess in the group with upper respiratory tract infections and not in our group. 
Furthermore,, the underlying immunological disturbance in children with recurrent respiratory 
infectionss is probably different to that in children with chronic renal disease. We did not 
documentt the occurrence of recurrent respiratory tract infections in our patients but it was 
nott a major clinical problem. 

Thee IgG subclass response to vaccination in children with renal disease has not 
beenn reported previously. Isolated IgGi, lgG3 or lgG4 deficiency is not associated with an 
anti-capsularr polysaccharide antibody deficiency whereas children with serum lgG2 
deficiencyy show variable anti-pneumococcal antibodies upon vaccination [49-51]. Sanders 
etet al. found low lgG2 antibody levels to 4 or 5 out of five serotypes in 43% of children with 
recurrentt respiratory tract infections and normal serum Ig levels, whereas >90 % (14/15) of 
thee children with serum IgA or lgG2 deficiency failed to mount an adequate lgG2 antibody 
response.. In the present study, we measured the IgGi and lgG2 post-vaccination antibody 
titerss only to serotype 9V and 14. No significant differences were found in both, the IgGi or 
lgG22 response of children with normal or reduced serum IgG or subclass levels. Thus, the 
presencee or absence of low serum Ig levels is not the only factor that is involved in the 
capacityy to mount an adequate antibody response to pneumococcal polysaccharides. It is 
speculativee if T-cell helper function defects might contribute to the reduced antibody 
responsee in our patients. 

Vaccinationn with a protein conjugate vaccine converts the response from a thymus-
independentt to a thymus dependent response and induces B-cell memory. It has been 
shownn that the pneumococcal conjugate vaccine is a good primer for subsequent 
unconjugatedd vaccination [52-54]. Children who were non-responder to the unconjugated 
vaccinee mounted an antibody response after vaccination with the conjugate vaccine [52]. 
Thee conjugate vaccine might therefore be advantageous in children with chronic renal 
disease. . 
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Inn conclusion, a considerable number of children on dialysis and after renal 

transplantationn showed a reduced response to pneumococcal polysaccharide vaccine. 

Transplantedd patients showed the lowest antibody response to serotype 9V and 23F. The 

administrationn of a protein-conjugate pneumococcal vaccine, followed by the unconjugated 

vaccinee might give better protection against pneumococcal infections in patients with chronic 

renall diseases. 

ACKNOWLEDGMEN T T 
Thiss study was supported by the Dutch Kidney foundation (grant C95.1464). 

REFERENCES S 
1.. Fivush BA, Furth SL, Neu AM: Immunizations in children on PD: current guidelines and 

recommendations.. Adv Perit Dial 11:270-273, 1995 

2.. Fivush BA, Neu AM: Immunization guidelines for pediatric renal disease. Semin Nephrol 18:256-
263,, 1998 

3.. Neu AM, Fivush BA: Recommended immunization practices for pediatric renal transplant 
recipients.. Pediatr Transplant 2:263-269, 1998 

4.. Montgomerie JZ, Kalmanson GM, Guze LB: Renal failure and infection. Medicine 47:1-32, 1968 

5.. Keane WF, Shapiro FL, Raij L: Incidence and type of infections occurring in 445 chronic 
hemodialysiss patients. Trans Am Soc Artif Intern Organs 23:41-47, 1977 

6.. Linnemann CC, Jr., First MR: Risk of pneumococcal infections in renal transplant patients. JAMA 
241:2619-2621,, 1979 

7.. Fuchshuber A, Kuhnemund O, Keuth B, Lutticken R, Michalk D, Querfeld, U.: Pneumococcal 
vaccinee in children and young adults with chronic renal disease. Nephrol Dial Transplant. 11:468-
473,, 1996 

8.. Furth SL, Neu AM, Case B, Lederman HM, Steinhoff M, Fivush B: Pneumococcal polysaccharide 
vaccinee in children with chronic renal disease: a prospective study of antibody response and 
duration.. J Pediatr. 128:99-101, 1996 

9.. Furth SL, Neu AM, Sullivan EK, Gensier G, Tejani A, Fivush BA: Immunization practices in 
childrenn with renal disease: a report of the North American Pediatric Renal Transplant 
Cooperativee Study. Pediatr Nephrol 11:443-446, 1997 

10.. Tomasz A: Antibiotic resistance in Streptococcus pneumoniae. Clin Infect Dis 24(Suppl 1):S85-
S88,, 1997 

11.. Schreiber JR, Jacobs MR: Antibiotic-resistant pneumococci. Pediatr Clin North Am 42:519-537, 
1995 5 

12.. Bouts AH, Davin JC, Krediet RT, van der Weel MB, Schroder CH, Monnens, L, Nauta J, Out TA: 
Immunoglobulinss in chronic renal failure of childhood: effects of dialysis modalities. Kidney Int 
58:629-637,, 2000 

13.. Sanders LA, Rijkers GT, Tenbergen-Meekes AM, Voorhorst-Ogink MM, Zegers BJ: 
Immunoglobulinn isotype-specific antibody responses to pneumococcal polysaccharide vaccine in 
patientss with recurrent bacterial respiratory tract infections. Pediatr Res 37:812-819, 1995 

14.. Ferrante A, Beard LJ, Feldman RG: IgG subclass distribution of antibodies to bacterial and viral 
antigens.. Pediatr Infect Dis J 9(Suppl 8):S16-S24, 1990 

100 0 



Anti-pneumococcall antibody response 

15.. Musher DM, Luchi MJ, Watson DA, Hamilton R, Baughn RE: Pneumococcal polysaccharide 
vaccinee in young adults and older bronchitics: determination of IgG responses by ELISA and the 
effectt of adsorption of serum with non-type-specific cell wall polysaccharide. J Infect Dis 161:728-
735,, 1990 

16.. Quataert SA, Kirch CS, Wiedl LJ, Phipps DC, Strohmeyer S, Cimino CO, Skuse J, Madore DV: 
Assignmentt of weight-based antibody units to a human antipneumococcal standard reference 
serum,, lot 89-S. Clin Diagn Lab Immunol 2:590-597, 1995 

17.. Siber GR, Ambrosino DM, Mclver J, Ervin TJ, Schiffman G, Sallan S, Grady GF: Preparation of 
humann hyperimmune globulin to Haemophilus influenzae b, Streptococcus pneumoniae, and 
Neisseriaa meningitidis. Infect Immun 45:248-254, 1984 

18.. Soininen A, Seppala I, Wuorimaa T, Kayhty H: Assignment of immunoglobulin G1 and G2 
concentrationss to pneumococcal capsular polysaccharides 3, 6B, 14, 19F, and 23F in 
pneumococcall reference serum 89-SF. Clin Diagn Lab Immunol 5:561-566, 1998 

19.. Vlug A, Nieuwenhuys EJ, van Eijk RV, Geertzen HG, van Houte AJ: Nephelometric 
measurementss of human IgG subclasses and their reference ranges. Ann Biol Clin 52:561-567 
1994 4 

20.. Zegers BJ, Stoop JW, Reerink-Brongers EE, Sander PC, Aalberse RC, Ballieux RE: Serum 
immunoglobulinss in healthy children and adults. Levels of the five classes, expressed in 
internationall units per millilitre. Clin Chim Acta 65:319-329,1975 

21.. Musher DM, Chapman AJ, Goree A, Jonsson S, Briles D, Baughn RE: Natural and vaccine-
relatedd immunity to Streptococcus pneumoniae. J Infect Dis 154:245-256, 1986 

22.. Musher DM, Groover JE, Reichler MR, Riedo FX, Schwartz B, Watson DA, Baughn RE, Breiman 
RF:: Emergence of antibody to capsular polysaccharides of Streptococcus pneumoniae during 
outbreakss of pneumonia: association with nasopharyngeal colonization. Clin Infect Dis 24:441-
446,, 1997 

23.. Nieminen T, Virolainen A, Kayhty H, Jero J, Karma P, Leinonen M, Eskola J: Antibody-secreting 
cellss and their relation to humoral antibodies in serum and in nasopharyngeal aspirates in children 
withh pneumococcal acute otitis media. J Infect Dis 173:136-141, 1996 

24.. Virolainen A, Vero J, Kayhty H, Karma P, Leinonen M, Eskola J: Nasopharyngeal antibodies to 
pneumococcall capsular polysaccharides in children with acute otitis media. J Infect Dis 172:1115-
1118,, 1995 

25.. Romero-Steiner S, Musher DM, Cetron MS, Pais LB, Groover JE, Fiore, AE, Plikaytis BD, Carlone 
GM:: Reduction in functional antibody activity against Streptococcus pneumoniae in vaccinated 
elderlyy individuals highly correlates with decreased IgG antibody avidity. Clin Infect Dis 29:281-
288,, 1999 

26.. Griffioen AW, Toebes EA, Rijkers GT, Claas FH, Datema G, Zegers BJ: The amplifier role of T 
cellss in the human in vitro B cell response to type 4 pneumococcal polysaccharide. Immunol Lett 
32:265-272,, 1992 

27.. Griffioen AW, Rijkers GT, Toebes EA, Zegers BJ: The human in vitro anti-type 4 pneumococcal 
polysaccharidee antibody response is regulated by suppressor T cells. Scand J Immunol 34:229-
236,, 1991 

28.. Rijkers GT, Dollekamp EG, Zegers BJ: The in vitro B-cell response to pneumococcal 
polysaccharidess in adults and neonates. Scand J Immunol 25:447-452, 1987 

29.. Sanders LA, Rijkers GT, Kuis W, Tenbergen-Meekes AJ, de Graeff-Meede, BR, Hiemstra I, 
Zegerss BJ: Defective antipneumococcal polysaccharide antibody response in children with 
recurrentt respiratory tract infections. J Allergy Clin Immunol 91:110-119, 1993 

101 1 



Chapterr 6 

30.. Kayhty H, Karanko V, Peltola H, Makela PH: Serum antibodies after vaccination with 
Haemophiluss influenzae type b capsular polysaccharide and responses to reimmunization: no 
evidenceevidence of immunologic tolerance or memory. Pediatrics 74:857-865, 1984 

31.. Mosier DE, Subbarao B: Thymus-independent antigens: complexicity of B-lymphocyte activation 
revealed.. Immunol Today 3:217-222, 1982 

32.. Koskela M, Leinonen M, Haiva VM, Timonen M, Makela PH: First and second dose antibody 
responsess to pneumococcal polysaccharide vaccine in infants. Pediatr Infect Dis 5:45-50, 1986 

33.. Borgono JM, McLean AA, Vella PP, Woodhour AF, Canepa I, Davidson WL, Hilleman MR: 
Vaccinationn and revaccination with polyvalent pneumococcal polysaccharide vaccines in adults 
andd infants. Proc Soc Exp Biol Med 157:148-154, 1978 

34.. Lawrence EM, Edwards KM, Schiffman G, Thompson JM, Vaughn WK, Wright, PF.: 
Pneumococcall vaccine in normal children. Primary and secondary vaccination. Am J Dis Child 
137:846-850,, 1983 

35.. Douglas RM, Paton JC, Duncan SJ, Hansman DJ: Antibody response to pneumococcal 
vaccinationn in children younger than five years of age. J Infect Dis 148:131-137, 1983 

36.. Preud'homme JL, Hanson LA: IgG subclass deficiency. Immunodefic Rev 2:129-149,1990 

37.. Freijd A, Hammarstrom L, Persson MA, Smith CI: Plasma anti-pneumococcal antibody activity of 
thee IgG class and subclasses in otitis prone children. Clin Exp Immunol 56:233-238, 1984 

38.. Musher DM: Infections caused by Streptococcus pneumoniae: clinical spectrum, pathogenesis, 
immunity,, and treatment. Clin Infect Dis 14:801-807, 1992 

39.. Sanders LA, van de Winkel JG, Rijkers GT, Voorhorst-Ogink MM, de Haas M, Capel PJ, Zegers 
BJ:: Fc gamma receptor I la (CD32) heterogeneity in patients with recurrent bacterial respiratory 
tractt infections. J Infect Dis 170:854-861, 1994 

40.. Yee AM, Phan HM, Zuniga R, Salmon JE, Musher DM: Association between FcgammaRlla-R131 
allotypee and bacteremic pneumococcal pneumonia. Clin Infect Dis 30:25-28, 2000 

41.. Scott JA, Hall AJ, Dagan R, Dixon JM, Eykyn SJ, Fenoll A, Hortal M, Jette LP, Jorgensen JH, 
Lamothee F, Latorre C, Macfarlane JT, Shlaes, DM, Smart LE, Taunay A: Serogroup-specific 
epidemiologyy of Streptococcus pneumoniae: associations with age, sex, and geography in 7,000 
episodess of invasive disease. Clin Infect Dis 22:973-981, 1996 

42.. Figueroa JE, Densen P: Infectious diseases associated with complement deficiencies. Clin 
Microbioll Rev 4:359-395, 1991 

43.. Winkelstein JA: The role of complement in the host's defense against Streptococcus pneumoniae. 
Revv Infect Dis 3:289-298, 1981 

44.. Steele RW: Current status of vaccines and immune globulins for children with renal disease. 
Pediatrr Nephrol 8:7-10, 1994 

45.. Casciani CU, De Simone C, Bonini S, Gallucci MT, Matteucci G, Valesini G, Meli D, Masala C: 
Immunologicall aspects of chronic uremia. Kidney Int 8(Suppl):S49-S54, 1978 

46.. Mclntyre P: Epidemiology and prevention of pneumococcal infections. Curr Opin Pediatr 9:9-13, 
1997 7 

47.. Musher DM, Watson DA, Baughn RE: Does naturally acquired IgG antibody to cell wall 
polysaccharidee protect human subjects against pneumococcal infection? J Infect Dis 161:736-
740,, 1990 

48.. Gennery AR, Cant AJ, Spickett GP, Walshaw D, Hunter S, Hasan A, Hamilton JR, Dark J: Effect 
off immunosuppression after cardiac transplantation in early childhood on antibody response to 
polysaccharidee antigen. Lancet 351:1778-1781, 1998 

102 2 



Anti-pneumococcall antibody response 

49.. Shackelford PG, Granoff DM: IgG subclass composition of the antibody response of healthy 
adults,, and normal or lgG2-deficient children to immunization with H. influenzae type b 
polysaccharidee vaccine or Hib PS- protein conjugate vaccines. Monogr Allergy 23:269-281,1988 

50.. Hammarstrom L, Carbonara AO, DeMarchi M, Lefranc G, Moller G, Smith, CI, Zegers BJ: 
Subclasss restriction pattern of antigen-specific antibodies in donors with defective expression of 
IgGG or IgA subclass heavy chain constant region genes. Clin Immunol Immunopathol 45:461-470, 
1987 7 

51.. Umetsu DT, Ambrosino DM, Quinti I, Siber GR, Geha RS: Recurrent sinopulmonary infection and 
impairedd antibody response to bacterial capsular polysaccharide antigen in children with selective 
IgG-subclasss deficiency. N Engl J Med 313:1247-1251,1985 

52.. Breukels MA, Rijkers GT, Voorhorst-Ogink MM, Zegers BJ, Sanders LA: Pneumococcal conjugate 
vaccinee primes for polysaccharide-inducible lgG2 antibody response in children with recurrent 
otitiss media acuta. J Infect Dis 179:1152-1156, 1999 

53.. Obaro SK, Huo Z, Banya WA, Henderson DC, Monteil MA, Leach A, Greenwood BM: A 
glycoproteinn pneumococcal conjugate vaccine primes for antibody responses to a pneumococcal 
polysaccharidee vaccine in Gambian children. Pediatr Infect Dis J 16:1135-1140, 1997 

54.. O'Brien KL, Steinhoff MC, Edwards K, Keyserling H, Thorns ML, Madore, D.: Immunologic priming 
off young children by pneumococcal glycoprotein conjugate, but not polysaccharide, vaccines. 
Pediatrr Infect Dis J 15:425-430, 1996 

103 3 





Partt  three 

IgGG AND COMPLEMENT RECEPTORS 





Chapterr  7 

Effect ss  of peritonea l dialysi s treatmen t and peritoniti s 
onn IgG and complemen t recepto r expressio n 

onn phagocyte s in children . 

Antoniaa HM Bouts1,2, Jean-Claude Davin1, Raymond T Krediet3, Cornells H 
Schroder4,, Leo AH Monnens5, Jeroen Nauta6, Jan GJ van de Winkel7,8, 

Theoo A Out2,9. 

11 Emma Children's Hospital,2 Clinical and Laboratory Immunology Unit, 
33 Department of Internal Medicine, Academic Medical Center, Amsterdam. 

4Wilhelminaa Children Hospital, Utrecht.5 Department of Pediatrics, St. Radboud 
Universityy Hospital, Nijmegen and 6 Sophia Children Hospital, Rotterdam, 
77 Immunotherapy Laboratory Dept. of Immunology and 8Medarex Europe, 

Universityy Medical Center Utrecht,8 CLB Sanquin Blood Supply Foundation, 
Amsterdam,, The Netherlands. 

Submitted d 



Chapterr 7 

ABSTRAC T T 

Childrenn treated with peritoneal dialysis are at increased risk of infections. IgG 

receptorss (FcyRI, FcyRII, and FcyRIII) and complement receptors (CR1 and CR3) on 

phagocyticc cells are important for the phagocytic process. We have investigated the FcyR 

andd CR expression on monocytes, macrophages and neutrophils in blood and in peritoneal 

dialysiss effluent <PDE) of 39 children treated with peritoneal dialysis. 

Methods:: White blood cells (WBC) were isolated from EDTA-blood and PDE by 

centrifugationn after cell fixation with paraformaldehyde. WBC and PDE cells were incubated 

withh FITC-conjugated CD16 (FcyRIII), CD32 (FcyRII), CD64 (FcyRI), CD11b (CR3) and 

CD355 (CR1) monoclonal antibodies and analyzed by flow cytometry. 

Results:: Peritoneal cells had lower percentages of FcyR or CR positive cells 

comparedd to blood. On the other hand, the receptor numbers per cell (MFI) were higher on 

peritoneall macrophages and neutrophils compared to blood except for CD16. FcyR and CR 

expressionss in blood and dialysate did not change significantly during the first year of PD 

treatment.. During a peritonitis episode, the MFI of all receptors in blood increased only on 

monocytess with exception of CD32. The percentage FcyR and CR positive macrophages 

andd neutrophils in the PDE increased, whereas MFI did not. 

Conclusion:: Peritoneal cells of PD children showed a lower percentage FcyR and 
CRR positive neutrophils and macrophages combined with an increased MFI, indicating a 
statee of activation. Blood and peritoneal cells are capable of up-regulating the receptor 
expressionn during peritonitis but probably not to a maximum level. 
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INTRODUCTION N 
Monocytes,, macrophages and neutrophils are important for the phagocytosis of 

microorganisms.. The phagocytic function in uremic patients is reduced [1]. Peritonitis is still 

aa major problem in some children treated with peritoneal dialysis [2-4]. This results in a 

higherr morbidity and treatment failure. Receptors for the constant region of IgG (FcyR) and 

forr complement (CR) on phagocytic cells bind to antibody-, or complement-opsonized 

microorganismss and facilitate phagocytosis [5]. Three classes of receptors for IgG exist on 

leukocytes:: FcyRI (CD64), FcyRII (CD32) and FcyRIII (CD16). They differ in their structure, 

bindingg affinity for IgG, cell distribution and downstream signalling [6,7]. CR1 (CD35) and 

CR33 (CD11b) represent CR present on monocytes/macrophages and neutrophils. Activated 

complementt components such as C3b, bind to CR of leukocytes for the mediation of several 

mechanismss such as uptake of particles opsonized by complement or activation of the cell 

[5].. Reduced numbers of FcyR and CR on peritoneal macrophages have been shown in 

adultt CAPD patients with prolonged duration of PD treatment [8]. On the other hand, CAPD 

childrenn showed increases in the percentage FcyR and CR positive peritoneal macrophages 

shortlyy after starting PD treatment [9]. Brauner et al. described a higher expression of 

CD11bb and CD16 on peritoneal macrophages compared with blood monocytes [10]. No 

informationn is available on the comparison of FcyR and CR expression on leukocytes in 

bloodd and dialysate of PD children in a stable situation and during periods of infections. 

Thee aim of the present study was to analyze expression of FcyR and CR on 

monocytess and neutrophils in blood and peritoneal dialysis effluent of stable PD children. 

Fifteenn of them were followed during the first year of PD treatment, and nine were also 

studiedd during the acute phase of a peritonitis episode and during follow-up. 

PATIENTSS AND METHODS 

Bloodd and dialysate samples were obtained for analysis of CR and FcyR 
expressionn on monocytes / macrophages and neutrophils from 39 children treated with PD. 
Demographicc data, primary renal disease and peritonitis incidence are given in Table 1. 
Fifteenn children were followed from before starting PD during the 12 months thereafter (at 
1,2,3,66 and 12 months). Nine children could be analyzed during a peritonitis episode, on the 
dayy of admittance to the hospital (PO), after 14 (P14) and 28 (P28) days and in a stable 
situation,, more than 3 months before or after the peritonitis episode. The peritonitis was 
causedd by a gram-negative microorganism in 4 children and a gram-positive microorganism 
inn 5 children. 

Whitee blood cells (WBC) were isolated from EDTA-blood by centrifugation (500 g, 
100 min, ) after cell fixation with paraformaldehyde 1% (PFA). Erythrocytes were lysed 
withh ammonium chloride (0.155 mol/L) and potassium-EDTA (0.5 mmol/L) and WBC were 
subsequentlyy washed with PBAP (0.14 M Sodium-chloride, 10 mM sodium-phosphate, 
supplementedd with 0.5% wt/vol bovine serum albumin, 0.01% wt/vol sodium azide and 0.5 
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TableTable 1. Patient characteristics 

Patientss 39 

Agee (years) 10.3(1.7-18.3) 

Durationn of dialysis (years) 1.4 (0.1-8.9) 

Peritonitiss incidence (episodes/year) 0.8 (0-7.9) 

Primaryy renal disease (%) 

Urologiee malformation 13 (33.3) 

Glomerulopathyy 10(25.6) 

Hemolyticc uremic syndrome 4(10.3) 

Metabolicc disease 1 (2.6) 

Congenitall disease 6(15.4) 

Otherr diseases 3 (7.7) 

Unknownn 2(5.1) 

Age,, duration of dialysis and peritonitis incidence are given in median (range) values. Primary renal disease is given in 
numberr of patients and percentage (). Urologie malformation: 8 children with urethral valves, 4 reflux nephropathy, 
11 bilateral duplicated kidney. Glomerulopathy: 5 children with focal segmental glomerulosclerosis, 2 congenital 
nephroticc syndrome, 1 rapidly progressive glomerulonephritis, 1 alport syndrome, 1 Henoch Schönlein-purpura 
nephritis.. Congenital disease: 3 children with renal dysplasia, 1 polycystic kidney disease, 1 nephronophtisis, 
11 tuberous sclerosis. Other diseases: 2 children with acute tubular necrosis, 1 bilateral Wilms tumor. 

mmol/LL potassium-EDTA). WBC were again fixated with 4% PFA for 10 minutes followed by 

centrifugationn (500 g, 10 min, . Fc receptors on WBC were blocked with 10% normal 

humann pool serum (NPS). Peritoneal cells from the peritoneal dialysis effluent (PDE) of a 

fourr hour dwell using a 1.36% glucose solution (Dianeal®, Baxter BV, Utrecht, The 

Netherlands)) were isolated by centrifugation (500 g, 10 min, . This was followed by 

fixationn with PFA 4%. After centrifugation (500 g, 10 min, , the Fc receptor of peritoneal 

cellss was blocked with 10% NPS. WBC and peritoneal cells were incubated with saturating 

amountss of FITC- labelled CD11b (CR3) obtained from the CLB Sanquin blood supply 

foundation,, Amsterdam (CLB, clone CLB-mon-gran/1, B2), CD35 (CR1) (Instruchemie, 

clonee E11), CD16 (FcyRIII) (CLB^clone CLB-Fc-gran/1, 5D2), CD32 (FcyRII) (Instruchemie 

Hilversumm B.V., clone AT10), and CD64 (FcyRI) (Medarex, Annandale, clone 32.2) 

monoclonall antibodies (mAb) for 30 minutes on ice in the dark. Isotype-matched control 

antibodiess were used to define cut offs for positively labeled cells. After incubation cells were 

washedd with PBAP and again fixated with PFA 1%. Flowcytometry was performed within 12 

hourss thereafter on a FACScan (Beckton Dickinson, San Jose, CA). Lymphocytes, 

monocytess and neutrophils were distinguished on the basis of their size and granularity by 

usingg a dot plot of forward scatter (FSC) versus side scatter (SSC). To adjust the monocyte, 

orr macrophage populations in, respectively, blood or PDE, PE-conjugated anti-CD14 mAb 

(BD)) was used and for the neutrophils anti-CD16 was used. Peripheral blood mononuclear 

cellss (PBMC) from a buffy coat of a healthy person were included in all FACS analyses to 
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controll for inter-assay variation. A total of 20,000 events were measured for each leukocyte 
sample.. Positively labeled cell fractions were determined by comparison with isotype 
matchedd inert antibodies. The percentage CR- or FcyR-positive cells was calculated. The 
numberr of receptors per cell or receptor density of the receptor positive population is 
expressedd as mean fluorescence intensity or MFI. 

Thee study was approved by the Medical Ethical Review Committee of the AMC and 
writtenn informed consent was obtained from children and/or parents. 

StatisticalStatistical analyses 
Resultss are expressed as median and range. Differences between blood and 

dialysatee were tested with non-parametric matched pair Wilcoxon tests. Longitudinal data 
weree analyzed with Friedman trend analyses and differences between two time points with 
pairedd Wilcoxon tests. Correlations were analyzed with Spearman rank correlation tests. 

RESULTS S 
CrossCross sectional analyses 

Thee percentages of cells that were positive for CR or FcyR are listed in Table 2. 
Moree than 90% of blood monocytes and neutrophils were positive for all receptors with the 
exceptionn of CD16 on monocytes, which was present on 20% of cells. In contrast, 
significantlyy less peritoneal macrophages and neutrophils expressed CR or FcyR, although 
thee range of receptor-positive cells in dialysates was wide. The MFI of CD11b was higher on 
peritoneall macrophages (141) and neutrophils (126) compared to blood monocytes (38) and 
neutrophilss (44). The MFI of CD35 was also higher on peritoneal macrophages (21) and 
neutrophilss (63) compared to blood monocytes (14) and neutrophils (18) (Fig. 1a). This was 
alsoo found for CD32; 106 on macrophages versus 54 on monocytes, and 99 on peritoneal 
neutrophilss versus 47 on blood neutrophils. For CD64, only peritoneal neutrophils showed a 
higherr MFI (47) compared with blood (14) (Fig. 1b). CD16 MFI were lower on peritoneal 
macrophagess (22) compared with blood monocytes (45), and not different for neutrophils 
(1533 versus 136) (Fig. 1b). 

Noo relation could be found between the duration of PD treatment and CR or FcyR 
expressionn levels, except for the CD35 MFI on peritoneal neutrophils (r=0.5, 95% CI: 0.2 -
0.7,, p=0.003). 

LongitudinalLongitudinal analyses 

Inn blood, all children had at least 3 time points for analysis, whereas in dialysate 3 

orr more time points could be analysed in 9 children. During the first year of PD treatment no 

significantt changes were noted in CR or FcyR expression in blood or dialysate (Fig. 2, data 

shownn only for CD35). 
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TableTable 2. Percentage CR and FcyR positive cells. 

MoAb b Cells s Blood d PDE E 

CD11b(CR3) ) 

CD35(CR1) ) 

CD166 (FcyRIII) 

CD322 (FcyRII) 

CD644 (FcyRI) 

Monocytes/macrophages s 

Neutrophils s 

Monocytes/macrophages s 

Neutrophils s 

Monocytes/macrophages s 

Neutrophils s 

Monocytes/macrophages s 

Neutrophils s 

Monocytes/macrophages s 

Neutrophils s 

944 (76-98) 

999 (93-100) 

97(89-100) ) 

99(94-100) ) 

20(12-39) ) 

98(92-100) ) 

96(86-100) ) 

99(93-100) ) 

98(67-100) ) 

988 (91-100) 

866 (43-99) 

755 (2-99) 

50(11-91) ) 

499 (0-88) 

40(1-80) ) 

13(1-85) ) 

911 (42-100) 

511 (1-96) 

922 (53-99) 

511 (1-100) 

Resultss are given in median values and range. moAb: monoclonal antibody PDE: peritoneal dialysis effluent. 
Thee difference between peripheral blood and peritoneal dialysis effluent was statistically significant for all receptors 
(pp < 0.003). 

Peritonitis Peritonitis 

Thee percentage CD16 positive monocytes in blood did not increase during 

peritonitiss (from 19%, range 10-30% to 19%, range 11-39%). All other receptors were 

alreadyy stably present on the majority of cells. The percentage of peritoneal macrophages 

positivee for CR or FcyR increased to 100%, with the exception of CD16 on macrophages 

whichh changed from 6% to 24%. However, this change did not reach significance (p=0.08). 

Thee percentage CR- or FcyR- positive neutrophils in PDE increased to around100%. The 

resultss on MFI are expressed as relative increase / decrease in MFI at the time of peritonitis 

5 0 0 n n 

SS 250-

CD11b b 

p<0.001 1 
1000 0 

500 0 

CD35 5 

p<0.001 1 

CD11b b CD35 5 

200 0 

100 0 

bll pde bl pde 

Monocytes/Macrophage s s 

p<0.0011 p<0.001 
350 0 

175 5 

bll pde bll pde 

Neutrophil s s 

FigureFigure 1a. Expression of CR on blood (bl) and peritoneal (pde) monocytes/macrophages and 
neutrophilss (mean fluorescence intensity or MFI). 
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FigureFigure 1b. Expression of FcyR on blood (bl) and peritoneal (pde) monocytes/macrophages and 
neutrophilss (mean fluorescence intensity or MFI). 

presentationn (P0), relative to the MFI in a stable situation (Table 3). In blood, the MFI of CR 
andd FcyR on monocytes increased, with exception of CD32. The MFI of CR and FcyR on 
neutrophilss in blood did not change significantly. In dialysate, the MFI of CD35 and CD64 on 
macrophagess increased. For CD16 on macrophages statistical significance was just not 
reachedd (p=0.08). The MFI of the other receptors showed no significant change. Peritoneal 
neutrophilss did not show an increase of the CR or FcyR MFI. CD64 MFI on peritoneal 
neutrophilss decreased. 

Too assess whether differences existed in CR and FcyR expression between a gram-

positivee or a gram-negative peritonitis we compared the relative changes of CR and FcyR 

duringg peritonitis in these two groups. No significant differences were found between 

peritonitiss caused by gram-positive or gram-negative microrganisms. The CR and FcyR 

expressionn on phagocytes in blood and dialysate of children with a peritonitis incidence 1 

episodee per year (high peritonitis incidence) was not different from those with < 1 peritonitis 

episodee (low peritonitis incidence) per year. 
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TableTable 3. Relative changes of CR and FcyR density (MFI) on phagocytes during peritonitis. 

Bloo dd PDE 

monocyte s s neutrophil s s macrophage s s Neutrophil s s 

CD11b b 

CD35 5 

CD16 6 

CD32 2 

CD64 4 

1.9(0.7-2.2) ) 

2.22 (0.7-9.3)' 

2.00 (0.7-5.2)' 

1.4(0.6-2.9) ) 

1.6(0.9-10.7)" " 

0.99 (0.6-2.0) 

1.0(0.3-4.4) ) 

1.0(0.7-4.9) ) 

1.0(0.4-1.5) ) 

1.11 (0.1-2.6) 

1.3(0.5-2.1) ) 

3.9(1.0-6.5)" " 

2.00 (0.5-3.2)3 

1.0(0.6-1.7) ) 

1.9(0.5-2.6)' ' 

1.00 (0.4-3.7) 

1.33 (0.6-3.6) 

1.0(0.5-4.7) ) 

0.6(0.2-1.8) ) 

0.4(0.2-1.2)' ' 

Resultss are given in median relative increase/decrease and range. The relative change is calculated by the MFI of 
cellss at peritonitis presentation (P0) divided by the MFI in a stable situation.' p<(105, ' p<0.01,a p=0.08. 

DISCUSSION N 

Macrophagess and neutrophils in the peritoneal dialysis effluent showed a lower 

proportionn FcyR- and CR- positive cells compared to WBC. However, peritoneal cells 

showedd an increased expression density (MFI), reflecting a state of activation. Except for 

CD32,, monocytes and macrophages showed an upregulation of their receptor density during 

aa peritonitis episode; neutrophils in blood and PDE were unable to create a further 

upregulationn of their MFI. 

FcyRII (CD64), FcyRII (CD32) and FcyRIII (CD16) are present on monocytes, 

macrophagess and neutrophils and the expression is linked to their state of activation [6]. 

Onlyy FcyRIII cell surface expression levels diminish after stimulation, because of receptor 

internalizationn and (soluble) shedding of the soluble receptor from the cell surface [11]. 

Whenn FcyR and CR on monocytes or neutrophils are cross-linked by IgG or complement 

opsonizedd particles, several immunological effector functions can be established such as 

phagocytosiss of IgG-coated bacteria, erythrocytes, platelets, leukocytes or tumor cells, 

clearancee of immune complexes, release of inflammatory mediators, and antibody 

dependentt cellular cytotoxicity [6,12]. CR1 primarily promotes the adhesion of particles and 

CR33 mediates the subsequent engulfment [13]. 

Ourr findings of an increased FcyR and CR expression on peritoneal 

macrophagess and neutrophils would suggest that their phagocytic function is better, 

althoughh this might result in an early exhaustion. On the other hand peritoneal cells showed 

alsoo a substantial FcyR- and CR- negative population in contrast to blood. This was 

especiallyy clear for neutrophils. Bacterial killing by FcyR- or CR- receptor negative cells is 
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Duratio nn of PD treatmen t (months ) 

FigureFigure 2. Longitudinal analysis of CD35 (CD1) expression on blood monocytes and peritoneal 
macrophagess during the first year of PD treatment. 

muchh slower [13,14]. It has been reported that peritoneal cells, especially macrophages are 

relativelyy immature cells with signs of activation [15,17]. However, in the present study these 

Fey-- or CR- negative cells are probably not relatively young, immature cells related to the 

highh turnover through frequent bag exchanges, because peritoneal cells are derived from 

thee blood where the majority of the cells is Fey- or CR- positive. Moreover, during peritonitis, 

whenn the turnover of peritoneal cells is even higher, the percentage Fey- or CR positive cells 

showedd an increase. Thus, other factors are likely to be involved, such as the migration 

processs of WBC from the blood circulation into the peritoneal cavity, or the toxicity of the 

dialysatee affecting the expression of FcyR and CR. 

Feww studies have been performed on macrophage FcyR function in patients with 

end-stagee renal disease. Some authors demonstrated an impaired macrophage FcyR 

functionn in HD or PD patients [18,19] whereas Halma et al. showed a normal FcyR function 

[20].. This discrepancy is probably caused by methodological differences in these studies. It 

hass been reported that the peritoneal macrophages, isolated from 3.86% dextrose effluent, 

showedd a lower phagocytic capacity than macrophages obtained from a 1.36% dextrose 

concentrationn [21]. In the present study, a standard dwell with glucose 1.36% was used. The 

relationn between the usual glucose concentration of the child and the FcyR and CR 

expressionn levels was tested in 19 children. No differences were found between the usual 

glucosee concentration and receptor expression levels (unpublished data). 

Carcamoo et al. showed a decrease of FcyR and CR expression on macrophages in 

PDD patients with prolonged duration of PD treatment [8]. A longitudinal analysis on 

neutrophill receptor expression was not performed in that study. In our cross sectional 

analysis,, we found a positive relationship between level of expression and duration of PD 

treatmentt only for CD35 (CR1) on peritoneal neutrophils. This might reflect a state of 

activation.. The reason why for CR3 (CD11b) no positive correlation has been found should 
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bee bound to different physiological responses of these receptors to a certain stimulus, shich 

hass been reported by others [22,23]. However, in longitudinal analyses no alterations of any 

FcyRR or CR expression levels were found during the first year of PD treatment. A minority of 

childrenn displayed an increase or decrease of the CD35 MFI on peritoneal neutrophils during 

thee first year of PD treatment (Figure 2). These children had no peritonitis episode around 

thesee measurements. Maybe a subclinical bacterial contamination in the peritoneal cavity 

resultedd in these alterations. 

Alterationss in FcyR and CR levels on neutrophils in febrile "healthy" individuals 

duringg bacterial and viral infections have been studied by Leino et al. [23]. They found a 

significantt increase in expression of CD64 (FcyRI), CD32 (FcyRII) and CD35 (CR1), but not 

off CD16 (FcyRIII) and CD11b (CR3) in patients with localized and systemic bacterial 

infections.. We found that during a peritonitis episode also changes in FcyR and CR 

expressionn on blood monocytes occurred, but not on neutrophils. The percentage CD16-

positivee monocytes and the CD32 MFI on monocytes did not increase. Maybe the 

differencess between our results and those of Leino et al. can be explained by the fact that 

nott all of our patients had a fever during peritonitis. However, systemic manifestations such 

ass an increased total WBC count were present in 6 out of 9 children in the present study. 

Leinoo et al. showed that C-reactive protein level and leukocyte count was positively 

correlatedd with the level of FcyRII. We did not measure C-reactive protein in our patients. 

Therefore,, we cannot exclude that FcyRII function may be suboptimal in our children. With 

regardd to the monocyte population we expected that, if the CD32 function would have be 

normall in our PD patients, the expression would increase during an infection, as has been 

reportedd by Nakatini et al. [24]. However, this did not occur in our study. The discrepancy 

betweenn our results and the fore mentioned might be caused by the uremic state, the toxicity 

off the dialysate of the PD children or the source of infection. Methodological differences 

suchh as the diversity of monoclonal antibodies which are used, might also influence the 

results. . 

Thee phenotype of peritoneal macrophages in adult PD patients with peritonitis has 

beenn studied cross sectionally by Hart et al. [25]. They showed an increased FcyR and a 

decreasedd CR expression on macrophages. However, the results were compared with 

monocytess from healthy persons and not with monocytes or macrophages from the same 

PDD patients without peritonitis. We performed a follow-up study and found that the CD16, 

CD644 and CD35 but not the CD32 and CD11b MFI on macrophages increased during a 

peritonitiss episode. Neutrophils in the peritoneal dialysis effluent had no increased MFI but 

thee percentage receptor positive neutrophils increased, probably because of high influx from 

thee blood circulation. Some studies demonstrated that gram-negative or gram-positive 

bacteriall infections would result in different FcyR and CR alterations [26,27]. We could not 

establishh a significant difference between gram-positive or gram-negative peritonitis, 

althoughh this may have been attributable to the low number of patients. The children with a 

peritonitiss incidence of 1 episode per year had no different FcyR and CR expression, both 

inn blood and dialysate, from children with an incidence of < 1 episode per year. Holmes et 
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al.al. found a trend towards a higher FcyR and CR expression on peritoneal neutrophils and 

macrophagess in CAPD patients with a history of a high peritonitis incidence compared to a 

loww peritonitis incidence [28]. However, it seems that the increased peritonitis incidence in 

somee patients cannot be explained by differences in FcyR or CR expression only. The 

peritonitiss incidence in pediatric PD patients is higher than in adults [29-31]. We compared 

thee results in children with those performed in adult PD patients, and found no differences in 

FcyRR and CR expression levels between the froups. Because the number of adult PD 

patientss was so low (n=4) we did not include the results in this study. 

Inn conclusion, peritoneal neutrophils and macrophages of PD children showed 

lowerr percentages of FcyR and CR positive cells combined with an increased MFI, indicating 

aa state of activation. During peritonitis, an upregulation of FcyR and CR expression levels 

couldd be demonstrated. However, not all cells and receptors could be upregulated 

maximally.. This was especially found for the neutrophils and for FcyRII (CD32). The high 

turnoverr of cells into the peritoneal cavity, the uremic environment and the toxicity of the 

dialysatee are probably responsible for this. The suboptimal receptor expression might be 

onee of the determinants for the occurrence of infections. 
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ABSTRAC T T 
Phagocytosiss of IgG or complement opsonized bacteria, and the antibody 

productionn by lymphocytes are regulated by cell surface receptors for IgG (FcyRI, FcyRII and 

FcyRIII)) and complement (CR1 and CR3). We measured the effect of uremia and dialysis 

treatmentt modalities on FcyR and CR expression on leukocytes in blood of forty children 

treatedd with peritoneal dialysis <PD), 23 on hemodialysis (HD), 46 not yet dialyzed (CRF) 

andd 33 healthy children (HC). 

Whitee blood cells (WBC) were isolated from EDTA-blood by centrifugation after cell 

fixationn with paraformaldehyde. Subsequently, WBC were labelled with FITC-conjugated 

CD166 (FcyRIII), CD32 (FcyRII), CD64 (FcyRI), CD11b (CR3), and CD35 (CR1) monoclonal 

antibodiess and analyzed by flow cytometry. 

Inn PD, HD, CRF and HC, monocytes and neutrophils were ail positive for FcyR and 

CRR except CD16 on monocytes (20% positive). The median CD32 MFI on lymphocytes, 

monocytes,, and neutrophils was lower in PD (33, 54 and 47), HD (33, 55 and 53) and CRF 

childrenn (35, 52 and 50) compared with HC (156, 77 and 69, P<0.01). On the other hand, 

CD11bb MFI on lymphocytes, monocytes and neutrophils was higher in PD (19, 36 and 43), 

HDD (26, 39 and 42), and CRF children (27, 39 and 44) compared with HC (15, 28 and 25, 

P<0.05).. CD16 and CD64 MFI were not different among the groups and CD35 MFI was only 

lowerr on lymphocytes from PD (30), HD (30) and CRF (31) children compared with HC (47, 

P<0.05). . 

Inn children with chronic renal failure, dialyzed or not, the FcyRII expression on 

lymphocytes,, monocytes and neutrophils was reduced, combined with an increase of the 

CR33 expression. These abnormalities are attributed to the uremic state and might contribute 

too an impaired immune function. 
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INTRODUCTION N 
Fcc and complement receptors are important for the interaction between the 

humorall and cellular immunity. These receptors bind to IgG and complement opsonized 

microorganismss and facilitate the phagocytic process. Fc receptors for IgG, also called 

FcyR,, can be divided in three different types designated FcyRI (CD64), FcyRII (CD32) and 

FcyRIIII (CD16), each with unique binding characteristics for IgG and its subclasses [1,2]. 

FcyRR are present on monocytes, neutrophils, NK cells and lymphocytes. 

Fourr different complement receptors are known, CR1, CR2, CR3 and CR4. 

CR1(CD35),, an opsonic receptor for C3b, is present on neutrophils and monocytes 

mediatingg phagocytosis. CR1 on B lymphocytes, together with CR2, mediates lymphocyte 

activation.. Cleavage of C3b by factors H and I results in an inactive complement protein 

iC3bb which has a low affinity for CR1. However, iC3b still has an important opsonic activity 

byy binding also additionally to CR3 (CD11b) and CR4. CR3 and CR4 augment the activities 

off Fc receptors and CR1 in activating phagocytosis [3-5]. CR1 and CR3 are especially 

importantt for inducing the phagocytosis of complement-coated bacteria. 

Littlee information is available on the FcyR and CR expression or function in blood of 

patientss with chronic renal failure, treated with dialysis or not. Some authors described an 

increasedd CD16 (FcyRIII) positive monocyte population in PD and HD patients when 

comparedd to healthy controls, a phenotype that has been linked to tissue macrophages in 

thee context of the stage of maturation [6,7]. No difference was found by Braun et al. in the 

CD11bb (CR3) expression on monocytes between adult PD patients and healthy controls. 

Conflictingg reports are present on the macrophage FcyR function in adult patients with end 

stagee renal disease [8,9]. Ruiz era/. [9] described an impaired macrophage FcyR function in 

HDD patients, whereas Halma et al. [8] could not confirm this, probably because of 

differencess in the methods they used. No information is available on the expression of 

FcyRIII (CD32) and FcyRI (CD64) on white blood cells of stable PD and HD patients. In 

childrenn on PD, a longitudinal study (3 years) has been performed by Wasik et al. on CD16 

(FcyRIII)) and CD35 (CR1) expression on phagocytic cells. They found a temporary increase 

off the percentage CD16 and CD35 positive neutrophils in blood, during the first 3 months of 

PDD treatment [10]. 

Inn orther to further explore the mechanisms responsible for the immune system 

abnormalitiess during chronic renal failure, and the influence of dialysis treatment on this, the 

FcyRR and CR expression of white blood cells were analyzed in children with chronic renal 

failuree not yet dialyzed, and in children treated with hemodialysis or peritoneal dialysis. 

PATIENTSS AND METHODS 
Bloodd samples were obtained for FcyR and CR expression analysis from 40 

childrenn treated with PD, 23 children on hemodialysis (HD), 46 children with chronic renal 

failuree not yet dialyzed (CRF) and 33 healthy control children (HC). Blood samples were 

drawnn just before starting the hemodialysis session in HD children. The medians (ranges) of 
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age,, glomerular filtration rate (GFR) and duration of dialysis treatment are summarized in 

Tablee 1. In CRF patients, the GFR was estimated by the Schwartz formula [11]. The primary 

renall disease of the patients is listed in Table 2. Thirty-three percent (15/46) had a moderate 

renall insufficiency (25 to 50 ml/min/1.73 m2), 30% (14/46) a severe renal insufficiency (10 to 

255 ml/min/1.73 m2) and 37% (17/46) preterminal renal failure (< 10 ml/min/1.73 m2). 

TableTable 1. Patients characteristics. 

PDD HD CRF HC 

Numberr 40 23 46 33 

Agee (years) 10.1(1.7-18.3) 13(1.7-19.2) 10.3(0.5-19.9) 6.0(0.8-17.5) 

1.4(0.2-8.9)) 2.2(0.4-7.2) 

GFRR (ml/min/1.73 m') 15 (4-50) 

Resultss are given in median (range). PD: peritoneal dialysis, HD: hemodialysis, CRF: chronic renal failure, HC: healthy 
controls.. GFR: glomerular filtration rate. 

TableTable 2. Primary renal disease. 

Durationn of dialysis 
(years) ) 

PDD HD CRF 

Urologiee malformation 13 7 17 

Glomerulopathyy 10 3 10 

Hemolyticc uremic syndrome 4 3 4 

Metabolicc disease 1 2 1 

Congenitall disease 7 4 12 

Otherr diseases 3 1 2 

Unknownn 2 3 0 

Tota ll  40 23 46 

Urologiee malformation: 22 children with urethral valves, 12 reflux nephropathy, 1 bilateral dupplicated kidney, 
11 neurogenic bladder, 1 bladder exstrophy. Glomerulopathy: 12 children with focal segmental glomerusclerosis, 
55 congenital nephrotic syndrome, 2 rapidly progressive glomerulonephritis, 1 alport syndrome, 2 Henoch Schönlein-
purpuraa nephritis, 1 lupus nephritis. Congenital disease: 9 children with renal dysplasia, 6 polycystic kidney disease, 
77 nephronophtisis, 1 tuberous sclerosis. Other diseases: 5 children with acute tubular necrosis, 1 bilateral Wilms tumor. 

Bloodd was sampled by venapuncture in EDTA-tubes. White blood cells (WBC) were isolated 

byy centrifugation (500 g, 10 min, ) after cell fixation with paraformaldehyde 1% (PFA). 

Erythrocytess were lysed with ammonium chloride (0.155 mol/L) and potassium-EDTA (0.5 

mmol/L)) and WBC were subsequently washed with PBAP (phosphate-buffered saline 

solutionn supplemented with 0.5% wt/vol bovine serum albumin, 0.01% wt/vol sodium azide 

andd 0.5 mmol/L potassium-EDTA). WBC were again fixated with 4% PFA for 10 minutes 
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followedd by centrifugation (500 g, 10 min, . The Fc receptor of WBC was blocked with 

10%% normal human pool serum (NPS). WBC were incubated with saturating amounts of 

FITCC labeled CD16 (FcyRIII) obtained from the CLB Sanquin Blood Supply Foundation, 

Amsterdamm (CLB^Ione CLB-Fc-gran/1, 5D2), CD32 (FcyRII) (Instruchemie Hilversum B.V., 

clonee AT10), CD64 (FcyRI) (Medarex, Annandale, clone P3/NS1/1-Ag4-1), CD11b (CR3) 

(CLB,, clone CLB-mon-gran/1, B2), and CD35 (CR1) (Instruchemie, clone E11), monoclonal 

antibodiess (moAb) for 30 minutes on ice in the dark. After incubation the cells were washed 

withh PBAP and again fixated with PFA 1%. Flow cytometry analysis was performed within 12 

hourss thereafter with the FACScan (Beckton Dickinson Immunocytometry Systems, San 

Jose,, California, USA). Lymphocytes, monocytes and neutrophils were distinguished on the 

basiss of their size and granularity by using a dot plot of forward scatter (FSC) versus side 

scatterr (SSC). To adjust the monocyte population, PE-conjugated anti-CD14 moAb was 

usedd and for the neutrophils anti-CD16 was used. Peripheral blood mononuclear cells 

(PBMC)) from a buffy coat of a healthy person were included in every FACS analysis for the 

inter-assayy variations. A total of 20,000 events were measured for each leukocyte sample. 

Thee positively labeled fraction was determined from the comparison with an isotype matched 

controll Ab. The percentage FcyR- and CR- positive cells was calculated. The number of 

receptorss per cell was expressed as mean fluorescence intensity, MFI. 

Thee study was approved by the Medical Ethical Review Committee of the hospital 

andd written informed consent was obtained from children and/or parents. 

StatisticalStatistical analysis 

Thee results are expressed as medians and ranges. Differences between all groups 
weree tested with Kruskall-Wallis one-way analysis of variance. Differences between two 
groupss were tested with the non-parametric unpaired Mann-Whitney test. 

RESULTS S 

Fcy-receptors Fcy-receptors 

CD166 (FcyRIII). Lymphocytes and neutrophils were all positive for CD16, whereas 

onlyy 20% of the monocytes were positive for CD16. The percentage CD16 positive 

monocytess was slightly lower in CRF children (median18, range 3 to 35) compared with HC 

(mediann 22, range 7 to 36, P<O.01). No differences were found between PD, HD and CRF 

children.. The CD16 MFI was not different among the groups (Table 3). 

CD322 (FcyRII). The median percentage CD32 positive lymphocytes was 21 (range 

111 to 34) in HC compared with 15 (range 5 to 32) in PD (P<0.001), 14 (range 7 to 33) in HD 

(P<0.0001)) and 16 (range 5 to 34) in CRF (P=0.001) patients (Figure 1). The CD32 MFI was 

lowerr in PD, HD and CRF children compared with HC (P<0.01, Table 3) 

CD644 (FcyRI). The expression of CD64 on neutrophils was very low and was not 

differentt among the groups (Table 3). Also, the expression on monocytes was not different. 
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TableTable 3. The FcyR and CR expression (MFI) on while blood cells. 

Ly y 

Mo o 

Neu u 

Ly y 

Mo o 

Neu u 

Mo o 

Neu u 

Ly y 

Mo o 

Neu u 

Ly y 

Mo o 

Neu u 

PD D 

36(14-72) ) 

45(19-93)c c 

138(46-345) ) 

33(11-245)"" " 

54(36-141)"" " 

47(30-112) ) 

511 (27-105) 

14(9-58) ) 

19(11-42)" " 

36(16-79)a a 

43(12-217) ) 

300 (6-62)"" 

14(9-113) ) 

177 (8-56) 

HD D 

37(13-56) ) 

588 (8-88) 

1455 (59-268) 

33(15-280)" " 

55(37-160)"' ' 

511 (40-83) 

455 (23-72) 

133 (5-27) 

26(11-82)' ' 

39(16-76)' ' 

42(18-129) ) 

30(19-131)" " 

199 (9-74) 

322 (9-67)b 

CRF F 

35(13-130) ) 

48(13-151) ) 

1511 (43-418) 

35(17-356)'" " 

52(16-251)"' ' 

50(29-108) ) 

43(18-91) ) 

13(7-66) ) 

27(11-57)'" " 

39(15-100)"' ' 

44(15-411) ) 

311 (14-82)"' 

12(8-105) ) 

15(8-64) ) 

HC C 

411 (17-106) 

53(21-109) ) 

167(57-282) ) 

156(21-905) ) 

777 (37-308) 

69(39-162) ) 

500 (14-92) 

13(6-66) ) 

15(11-38) ) 

28(17-61) ) 

255 (15-62) 

47(18-137) ) 

17(9-180) ) 

222 (11-73) 

PD:: peritoneal dialysis, HD hemodialysis, CRF chronic renal failure, HC healthy controls. Ly: lymphocytes, 
Mo:: monocytes, Neu: neutrophils, NK: NK cells. 'p<0.05, " p<0.01, '" p<0.001,a p=0.057 when compared with HC 
bb HD vs CRF: p=0.04,c PD vs HD: p=0.03 

Complement-receptors Complement-receptors 

CD11bb (CR3). The percentage CD11b positive lymphocytes was 20% (range 4 to 
40)) in PD children (P<0.01), 28% (7 to 50) in HD children (NS), 24% (range 7 to 71) in CRF 
patientss (NS) compared with 27% in HC (range 13 to 52). PD children had a lower 
percentagee CD11b positive lymphocytes than HD and CRF children (P<0.01). The MFI of 
CD11bb on lymphocytes was higher in PD (P<0.01), HD (P<0.05) and CRF (p<0.001) 
patientss compared with HC (Table 3). The CD11b expression on monocytes was higher in 
HDD (P<0.05) and CRF (p<0.001) children than HC (Table 3). For the PD group, this was just 
nott significant (p=0.057). The MFI of CD11b on neutrophils was also higher in PD 
(P<0.001),, HD (P<0.05) and CRF (P<0.001) children compared with HC (Table 3). 

CD355 (CR1). The percentage CD35 positive lymphocytes was 20 (range 4 to 36) in 
PDD children (NS), 15 (range 6 to 36) in HD children (P<0.0001), 19 {6 to 41) in CRF patients 
(P<0.05)) compared with 24 (10 to 42) in HC (Figure 2). The MFI of CD35 on lymphocytes 
wass lower in PD (P<0.001), HD (P<0.05) and CRF (P<0.001) children compared with HC 
(Tablee 3). No differences were found in the CD35 MFI on monocytes between the groups. 
Thee MFI of CD35 on neutrophils was only lower in CRF children compared to HC (P<0.01, 
Tablee 3). Furthermore, CRF children had a slightly lower CD35 expression on neutrophils 
comparedd with HD children (P=0.04, Table 3). 

CD16 6 

CD32 2 

CD64 4 

CD11b b 

CD35 5 
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FigureFigure 1. Proportion of FcyRII (CD32) positive 
lymphocytes.. Box-and-Whisker plot; min, max, 
25%% and 75% percentile and median. 
Abbreviationss are: PD, peritoneal dialysis; HD, 
hemodialysis;; CRF, chronic renal failure; HC, 
healthyy controls. *** p<0.001. 

FigureFigure 2. Proportion of CR1 (CD35) positive 
lymphocytes.. Box-and-Whisker plot; min, max, 
25%% and 75% percentile and median. 
Abbreviationss are: PD, peritoneal dialysis; HD, 
hemodialysis;; CRF, chronic renal failure; HC, 
healthyy controls. * p<0.05, *** p<0.001 

DISCUSSION N 
Possiblee differences of FcyR and CR expression on white blood cells between 

childrenn with chronic renal failure, dialyzed or not, and their healthy controls have been 

investigatedd in the present study. Differences were found especially for FcyRII (CD32) and 

CR33 (CD11b). The percentage CD32 positive lymphocytes, monocytes and neutrophils, and 

CD322 MFI was lower in PD, HD and CRF children in comparison to HC. On the other hand 

CD11bb MFI, but not the percentage positive cells, was higher on lymphocytes, monocytes 

andd neutrophils in all patient groups compared with HC. Consequently, these findings are 

relatedd to the presence of chronic renal failure itself. 

Itt is well established that binding of opsonized particles to FcyR and CR enhances 

thee efficiency of the phagocytic process [12]. Children treated with peritoneal dialysis (PD) 

weree found to have a higher peritonitis incidence than adult PD patients [13], but the function 

off FcyR or CR was not analyzed. The exact mechanism behind the increased susceptibility 

too infections in dialysis patients has still not been elucidated. The lower FcyRII expression on 

monocytess and neutrophils, might result in a reduced phagocytic capacity and thus an 

increasedd susceptibility to infections. This assumption is strenghtened by a study from 

Rossmannn et al. who found a positive correlation between macrophage FcyRII expression 

andd FcyR function [14]. 

CR33 is not competent to mediate phagocytosis in resting unactivated phagocytes, 

butt this receptor is activated after the phagocyte is exposed to cytokines and 
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chemoattractantss [15]. Children with leukocyte adhesion deficiency (LAD) have a complete 

orr almost complete absence of this receptor, which leads to uncontrolled tissue infection and 

delayy of wound healing [16]. Zhou et at. have demonstrated a functional and physical 

associationn of FcyRII with CR3 [17]. The increased CR3 expression in our patients might be 

aa reflection of chronic inflammation caused by the state of chronic renal failure. The 

consequencee of the combination of a lower FcyRII and a higher CR3 expression in children 

withh renal failure remains unclear. 

Thee influence of lymphocyte FcyR and CR expression on the regulation of antibody 

productionn in humans is not completely understood. One study from Takai et al. performed 

inn mice reported a negative feed back mechanism between the FcyRII expression and 

antibodyy production [18]. If this were the case in the population of the present study, high 

IgGG levels would have been expected. However, we previously reported the presence of low 

lgG22 levels in the same population of children with chronic renal failure [19]. This may be 

relevant,, because the allotype FcyRlla-H131 of FcyRII, is the only receptor that can bind 

lgG22 [20], Reduced serum lgG2 levels have been reported in children with CRF [19]. 

Reducedd FcyRII expression and low lgG2 serum levels together might thus result in a 

reducedd capacity to kill microorganisms, for example pneumococcal encapsulated bacteria. 

Itt has been demonstrated that treatment with granulocyte-macrophage colony stimulating 

factorr (GM-CSF) in children with solid tumors results in a decline of the FcyRII and FcyR 111 

expressionn on neutrophils combined with an increase of CR3 [21]. However, an increase of 

thee FcyRII expression was found on monocytes. Only one study in adult PD patients 

reportedd increased plasma GM-CSF levels [22]. Thus, it might be that the reduced FcyRII 

combinedd with the increased CR3 expression found in our study could be caused by 

increasedd GM-CSF plasma levels. No information is available on plasma GM-CSF levels in 

childrenn with chronic renal failure. 

Thee expression of FcyR and CR on WBC is regulated by cytokines [1,12,23,24]. 

Manyy studies have been performed on cytokine production in the peritoneal dialysis effluent 

inn relation to peritonitis [25-28] and in blood of HD patients for analysis of the 

biocompatibilityy of the dialyzer membrane [29,30], Interferon-y (IFN-y) is an important 

cytokinee for bacterial killing through macrophages. IFN-y treatment increased the FcyRI 

expressionn on monocytes from newborns and adults, but the FcyRII expression on 

monocytess increased only in newborns, but not in adults [31]. Erbe et al. demonstrated an 

upregulationn of only FcyRI on monocytes and neutrophils in vitro after IFN-y treatment [24]. 

Differencess in cytokine production by lymphocytes and monocytes might play a role in the 

alterationss of FcyR and CR expression on WBC found. In the present study however, data 

onn such relationships are not available. 

Thee expression of the other Fcy-receptors was not different among the groups, 

exceptt a slightly lower FcyRII I- (CD16) positive monocyte population, in CRF children when 

comparedd with HC. This is in contrast to other studies performed in adult PD patients that 

describedd a higher CD16 positive monocyte population. CD16 appears on the cell surface of 
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monocytess during their maturational process. This implicates that monocytes from children 

withh CRF are less mature compared to their healthy controls and possibly also when 

comparedd to adult patients with CRF . For CR1 (CD35) only the lymphocytes of patient 

groupss showed a lower percentage CD35 positive cells combined with a lower MFI than 

theirr HC. This might also influence the antibody production by B-cells. 

InIn summary, children with CRF, dialyzed or not, showed a down-regulation of FcyRII 

(CD32)) on lymphocytes, monocytes and neutrophils, combined with an upregulation of CR3 

(CD11b)) expression levels. It is speculative whether these alterations might result in a 

diminishedd effectiveness of the immune system. 
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ABSTRAC T T 
Objective:: To explore further the mechanisms leading to immune deficiency in 

chronicc renal failure and the role of dialysis treatment in these mechanisms. 

Patients:: We studied 39 children treated with peritoneal dialysis (PD) , 23 children 
treatedd with hemodialysis (HD), 33 children not yet dialyzed [chronic renal failure (CRF)], 
andd 27 healthy children. Peritoneal cells were also obtained from PD children for analysis. 

Methods:: White blood cells (WBCs) were isolated from blood and peritoneal dialysis 
effluentt by centrifugation. The number of CD2+, CD4+ and CD8+ T cells, B cells and of 
naturall killer cells were measured by flow cytometry. 

Results:: The total peripheral blood lymphocyte count was lower in PD children (2.6 
x109/L),, HD children (2.1 x109/L) and CRF children (2.0 x109/L) compared with healthy 
childrenn (3.1 x109/L, p<0.05). The B lymphocyte count was also lower in PD children (0.34 
x109/L),, HD children (0.22 x109/L) and CRF children (0.33 x109/L) children compared with 
healthyy children (0.52 x109/L, p<0.01). Numbers of CD4+ T cells were not different, but 
numberss of CD8+ T cells were lower in PD children (0.56 x109/L), HD children (0.63 x109/L) 
andd CRF children (0.53 x109/L) compared with healthy children (0.77 x109/L, p<0.05). The 
countt of natural killer cells was lower in PD children (0.21 x109/L), HD children (0.17 x109/L) 
andd CRF children (0.18 x109/L) compared with healthy children (0.50 x109/L, p<0.0001). The 
CD4/CD88 ratio of lymphocytes in peritoneal effluent was 0.8 versus 1.9 in peripheral blood 
(p<0.001).. The CD2/CD19 ratio was not different. The cell subsets remained stable during 
thee first year of PD treatment. CD2/CD19 ratio in peritoneal effluent was higher in children 
withh a peritonitis incidence 1 per year. 

Conclusion:: The reduced number of B lymphocytes, CD8+ T cells and natural killer 
cellss found in CRF children, dialyzed or not, may favour the frequent occurrence of 
infections. . 
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INTRODUCTION N 

Inn uremia, the immune system shows signs of activation coexisting with signs of 
deficiency,, such as an increased expression of interleukin-2 (IL-2) receptor on T cells 
combinedd with a decreased T-cell proliferative response to mitogens [1]. Lymphopenia may 
occurr in adult patients on dialysis, but their percentages of B cells and T cells are normal [2-
5].. Furthermore, most studies report a normal ratio of T-helper (CD4) and T-suppressor 
(CD8)) cells [3,6-8]. Results concerning the percentage or number of natural killer (NK) cells 
inn uremic patients conflict [3,6,7]. Compared with the percentages found in peripheral blood 
lymphocytes,, an increased percentage of peritoneal B lymphocytes and a decreased 
percentagee of peritoneal T cells have been reported in adult PD patients [6,9,10]. 

Remarkablyy little is known about the immune system in children with chronic renal 
failure,, on dialysis or not. No data have been published on the incidence of infections in 
thesee patient groups, other than an observation that the peritonitis rate is higher in PD 
childrenn as compared with adults [11]. Infections are a major cause of morbidity and 
mortalityy in patients with chronic renal failure (CRF). The uremic state, the dialysis 
procedure,, and malnutrition all contribute to this situation [11-14]. Hypogammaglobulinemia, 
orr a selective immunoglobulin G (IgG) subclass deficiency, has been demonstrated by 
severall authors in children on PD [15-19]. The mechanism behind this observation is not yet 
understood. . 

Noo studies are available on white blood cell subpopulations in children with chronic 
renall failure before initiation of dialysis treatment. Two cross-sectional studies have been 
publishedd on lymphocytes in children treated with PD [20,21]. Hisano era/. [20] described a 
normall percentage of CD4, CD8 and NK cells in the peripheral blood of children treated with 
continuouss ambulatory peritoneal dialysis (CAPD). Valle etal. [21] reported a CD4/CD8 ratio 
off peritoneal lymphocytes that was similar to the ratio in peripheral blood. 

Thee aim of the present study was to analyze white blood cell subpopulations and 
lymphocytee subsets in children with CRF and to note the influence of dialysis treatment on 
thesee subpopulations and subsets. The study used a cross-sectional design to determine 
thee lymphocyte subsets and the differentiation between white blood cells in children with 
CRFF who either were not yet dialyzed or who were being treated with PD or HD, and in a 
controll group of healthy children. Peritoneal cells from PD children were also analyzed. In 
addition,, a longitudinal study on the time course of white blood cells in blood and peritoneal 
effluentt was performed in 15 children treated with PD, who were followed for one year 
startingg with the commencement of PD. 

PATIENTSS AND METHODS 

Wee studied 39 children treated with PD, 23 with HD and 33 children with CRF not 
yett being dialyzed. The glomerular filtration rate (GFR) in the latter group was estimated by 
thee Schwartz formula [22]: 

GFR== 40 x height/ plasma creatinine 
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wheree height is the patient's height in centimeters and plasma creatinine is expressed in 

micromoless per liter. 

Thee median GFR was 22 mL/min/1.73 m2 (range: 6-50 mL/min/1.73 m2). Among the 

CRFF children 45% (15/33) had moderate renal insufficiency (25-50 mL/min/1.73 m2), 30% 

(10/33)) had severe renal insufficiency (10-25 mL/min/1.73 m2) and 24% (8/33) had pre

terminall renal failure (< 10 ml_/min/1.73 m2). Healthy controls consisted of 27 children 

admittedd for minor surgical procedures such as circumcision and inguinal hernia. Table 1 

givess the median and range for age, duration of PD or HD treatment, and peritonitis 

incidencee for the dialyzed children. Table 1 also shows the primary renal diseases of these 

patients.. We followed 15 children for 12 months starting from before commencement of PD. 

TableTable 1. Patient characteristics (median and range) and primary renal disease. 

PDD HD CRF HC 

Numberr 39 23 33 27 

Agee (years) 9.9(1.7-18.3) 13(1.7-19.2) 8.8(0.5-19.9) 8.3(2.2-17.5) 

Durationn of dialysis 1 4 {Q 2 . 8 g } 22 (QA_? 2 ) 

(years) ) 
Peritonitiss incidence 

(episodess per year) 
GFR R 

(ml/min/1.73m2) ) 

0.88 (0-3.8) 

222 (6-50) 

Primaryy renal disease 

Urologiee malformation 11 7 13 

Glomerulopathyy 12 3 7 

HUSS 4 3 3 

Metabolicc disease 1 2 0 

Congenitall disease 6 4 8 

Otherr diseases 3 1 2 

Unknownn 2 3 0 

PD:: peritoneal dialysis, HD: hemodialysis, CRF: chronic renal failure, HC: healthy controls. GFR: glomerular filtration 
rate.. Urologie malformation: 19 children with urethral valves, 9 reflux nephropathy, 1 neurogenic bladder, 1 bladder 
exstrophy,, 1 bilateral duplicated kidney. Glomerulopathy: 13 children with focal segmental glomerulosclerosis, 4 
congenitall nephrotic syndrome, 2 rapidly progressive glomerulonephritis, 1 Alport syndrome, 1 Henoch-Schönlein-
purpuraa nephritis and 1 lupus nephritis. Metabolic disease: 2 child with cystinosis and 1 oxalosis. Congenital disease: 8 
childrenn with renal dysplasia, 5 nephronophtisis, 4 polycystic kidney disease, 1 tuberous sclerosis. Other diseases: 5 
childrenn with acute tubular necrosis, 1 bilateral Wilms tumor. 

AA peripheral white blood cell count and differentiation was performed in all patients 
onn a H3-Technicon Counter (Technicon Instruments, Tarrytown, NY). White blood cells 
(WBC)) were isolated from EDTA-blood by centrifugation (500 g, 10 min) after cell fixation 
withh paraformaldehyde 1% (PFA). Erythrocytes were lysed with ammonium chloride (0.155 
mol/L)) and potassium-EDTA (0.5 mmol/L) and WBC were subsequently washed with PBAP 
(phosphate-bufferedd saline solution supplemented with 0.5% wt/vol bovine serum albumin, 
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0.01%% wt/vol sodium azide and 0.5 mmol/L potassium-EDTA). Peritoneal cells from the 
peritoneall dialysis effluent of a 4 hour dwell using 1.36% glucose solution (Dianeal®, Baxter 
BV,, Utrecht, The Netherlands) were isolated by centrifugation (500 g, 10 min). This was 
followedd by fixation with 4% PFA. Cytospins were prepared for total cell count and 
differentiation.. WBC and peritoneal cells were incubated with saturating amounts of FITC or 
PEE labeled CD2, CD4, CD8, CD19 and NK monoclonal antibodies (Beckton Dickinson (BD) 
Immunocytometryy Systems, San Jose, California, USA) for 30 minutes on ice in the dark. 
Afterr incubation the cells were washed with PBAP and again fixated with PFA 1%. Flow 
cytometryy analysis was performed within 12 hours thereafter with the FACScan (BD). 
Lymphopeniaa or subset deficiency was defined as a value <5th percentile of normal values 
accordingg to age obtained from Coomans-Bitter et al. [23]. Absolute counts of lymphocyte 
subsetss were calculated by the percentage subset - positive lymphocytes obtained from the 
floww cytometry multiplied by the absolute lymphocyte count. 

Thee study was approved by the Medical Ethical Review Committee of the hospital 
andd written informed consent was obtained from children and/or parents. 

StatisticalStatistical analysis 

Thee results are expressed as medians (range). Differences between the groups 
weree tested with Kruskall-Wallis one-way analysis of variance. In case of significance, the 
Mann-Whitney-UU test was performed. Longitudinal data were analyzed with a Friedman 
trendd analysis and differences between two time points with the paired Wilcoxon test. The 
Fisherr exact test was performed to compare frequencies between groups. Two sided p-
valuess < 0.05 were considered significant. 

TableTable 2. Absolute counts of white blood cells. 

Number r 

Leukocytes s 

Lymphocytes s 

Monocytes s 

Neutrophils s 

Eosinophils s 

Basophils Basophils 

PD D 

39 9 

6.99 (3.4-22.2) 

2.6aa (1.2-8.2) 

0.37bb (0.14-0.96) 

3.5(0.7-13.7) ) 

0.36(0.03-9.1) ) 

0.03aa (0-0.16) 

HD D 

23 3 

7.3(3.7-18.2) ) 

2.1bb (0.6-5.7) 

0.50(0.14-1.10) ) 

3.8(1.8-14.1) ) 

0.277 (0-1.2) 

0.01cc (0-0.10) 

CRF F 

33 3 

6.4(3.5-14.7) ) 

2.0CC (0.9-6.9) 

0.36bb (0.08-1.25) 

2.8(1.2-9.4) ) 

0.28(0.08-1.7) ) 

0.03bb (0-0.23) 

HC C 

27 7 

7.7(4.0-18.0) ) 

3.11 (1.4-6.5) 

0.53(0.20-1.10) ) 

3.3(0.9-13.8) ) 

0.35(0.06-1.9) ) 

0.06(0-0.13) ) 

Absolutee count expressed as x 109/L ap <0.05, bp< 0.01, cp<0.001 when compared with HC. 

RESULTS S 

Cross-sectionalCross-sectional analysis in peripheral blood 

Thee medians (ranges) of white blood cells are listed in Table 2. Peripheral blood 
lymphocytess and subset numbers are listed in Table 3. The analysis of peritoneal cells in 
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peritoneall dialysis effluent is given in Table 4. No significant differences for age (p=0.07) and 
leukocytee counts (p=0.22) were found among the groups. Lymphopenia was found in only 
onee PD child, one HD and 2 CRF children and one healthy child. The numbers of total 
lymphocytess in PD (p=0.02), HD (p=0.002) and CRF (p=0.0005) children were lower as 
comparedd with HC. The number of neutrophils was not different among the groups. 
Monocytee count was lower in PD <p=0.007) and CRF (p=0.02) children compared to HC 
whereass no significant difference was found between the PD, HD and CRF groups. The 
numberr of basophils was higher in HC (p<0.01) compared to PD, HD and CRF children. 

TableTable 3. Median (range) of absolute numbers of lymphocytes and subsets in peripheral white blood 
cells. . 

Number r 

Lymphocytes s 

CD2 2 

CD4 4 

CD8 8 

NK K 

CD19 9 

CD4/CD8 8 

PD D 

39 9 

2.6aa (0.14-8.2) 

1.9aa (0.93-3.62) 

1.22(0.56-2.97) ) 

0.6CC (0.23-1.14) 

0.21cc (0.05-0.78) 

0.34bb (0.03-1.63) 

1.9  (0.91-5.9) 

HD D 

23 3 

2.1bb (0.6-5.7) 

1.69aa (0.36-3.36) 

0.911 (0.18-1.82) 

0.63aa (0.1-1.91) 

0.17c(0.05-0.77) ) 

0.22cc "(0.04-1.82) 

1.5aa "(0.54-3.39) 

CRF F 

33 3 

2.0C'(0.9-6.9) ) 

1.57bb (0.66-4.36) 

0.88"" (0.33-2.66) 

0.53cc (0.24-1.62) 

0.18CC (0.01-1.21) 

0.33  (0.06-1.48) 

1.6bb (0.6-2.61) 

HC C 

27 7 

3.11 (1.4-6.5) 

2.32(1.08-5.09) ) 

1.011 (0.51-2.09) 

0.77(0.34-2.15) ) 

0.5(0.12-1.37) ) 

0.52(0.25-1.79) ) 

1.3(0.66-2.39) ) 

PD,, peritoneal dialysis; HD, hemodialysis; CRF, chronic renal failure; HC, healthy controls. Absolute numbers 
expressedd as x 109/L a p<0.05, b p<0.01, c p<0.001 when compared with HC. "PD vs CRF: p=0.02, "PD vs CRF: 
p=0.03,, "*PD vs HD p=0.04, PD vs HD p=0.02. 

AA deficiency of B-cells (CD19+ lymphocytes) was observed in 4 PD, 3 HD and 5 
CRFF children compared to no HC child (ns) (Figure 1). The median B- lymphocyte counts 
weree lower in PD (p=0.004), HD (p<0.0001) and CRF (p=0.0007) children than in HC. HD 
childrenn had lower B-lymphocytes counts than PD children (p=0.04). A CD4+ T- cell 
deficiencyy was observed in 0 PD, 1 HD and 1 CRF child compared to no HC child (ns). The 
mediann count of CD4+ T-cells was lower in CRF compared to PD children. A CD8+ T-cell 
deficiencyy was observed in 2 PD, 1 HD and 1 CRF child compared to 0 HC child (ns). The 
mediann CD8+ T cell count was lower in PD (p=0.0008), HD (p=0.02) and CRF (p=0.0003) 
childrenn compared to HC. The CD4/CD8 ratio was higher in PD (p=0.0002) HD (p=0.05) and 
CRFF (p=0.004) children compared to HC (Table 3). An NK cell deficiency was found in 6 PD 
(p=0.03),, 2 HD (ns) and 5 CRF (ns) children compared to no HC child (Figure 2). 
Furthermore,, we found lower numbers of NK cells in the PD, HD and CRF group compared 
too HC children (p<0.0001). 
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TableTable 4. Peritoneal cells in dialysis effluent (Median and range). 

Totall cell number 

Neutrophils s 

Eosinophils s 

Macrophages s 

Lymphocytes s 

Mesotheliall cells 

CD4/CD8 8 

CD2/CD19 9 

Percentag e e 

5.8(0-19) ) 

4(0-68) ) 

65(17-92) ) 

13(5-42) ) 

6(0.9-19.7) ) 

0.8(0.13-5.6) ) 

4.99 (0.6-29) 

Absolut ee numbe r per exchang e 

6.0x1055 (0 .6-68 x10b) 

0.3x1055 (0.03- 8.8 x105) 

0.21x1055 (0.0-23 x105) 

3.7x105(0.17-45x105) ) 

1.00 x105 (0.52- 8.4 x105) 

0.24x1055 (0.03- 2.8 x105) 

StudyStudy in PD children 

Thee number of peritoneal cells in the dialysis effluent from 31 PD patients was 6 x 
10ss per exchange (range 0.6 - 68 x 105). The median peritoneal cell population consisted of 
6%% neutrophils, 4% eosinophils, 65% macrophages, 13% lymphocytes and 6% mesothelial 
cellss (Table 4). The peritoneal CD4/CD8 ratio was 0.8 compared to 1.9 in peripheral blood 
(p<0.001).. The CD2/CD19 ratio of peritoneal lymphocytes was 4.6 compared to 4.7 in 
peripherall blood (ns) (Figure 3). 

Figuree 3. The CD2/CD19 and CD4/CD8 ratio of peripheral blood lymphocytes (PBL) in PD children 
comparedd to peritoneal lymphocytes (PL). 

Peritonitis:: No differences were found in the white blood cell differentiation and 
lymphocytee subsets of children with a peritonitis incidence of one or more episode(s) per 
yearr compared to less than one. In the peritoneal dialysis effluent the lymphocyte 
CD2/CD199 ratio was higher in the group with a higher peritonitis incidence (Figure 4). The 
CD4/CD88 ratio was not different between the two groups. 

138 8 



WBCC in CRF children 

7.5-, , 

0.0--

_l l 

tt sn-00 0 
O O 
ü ü 
^ ^ 
QQ „ „ 
üü 2.5-

" " 

A A 

A A A 

A A 

A A A 

0. . 
O) ) 
T " " 

Q Q 
O O 
e* * 
Q Q 
O O 

PIPI < 1 PII 1 

p=0.04 4 

30 0 

20 0 

10 0 

PII < 1 PII 1 

FigureFigure 4. The CD4/CD8 and CD2/CD19 ratio of peritoneal lymphocytes (PL) in children with a high 
peritonitiss incidence (PI 1 episode per year) and a low peritonitis incidence (PI < 1 episode per year). 

Longitudinal:: No alteration of the peripheral blood lymphocyte number was found 
duringg the first year of PD treatment. This was also found for the various subsets (Figure 5, 
onlyy CD2/CD19 and CD4/CD8 ratios shown). The contribution of lymphocytes to the 
peritoneall cell population in the dialysis effluent showed no significant change during the first 
yearr of dialysis treatment, although a trend of a slight increase with the duration of PD 
treatmentt was observed (data not shown). The CD2/CD19 and CD4/CD8 ratios of peritoneal 
lymphocytess did not change significantly during the first year of PD treatment (Figure 5). 
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DISCUSSION N 
Peripherall blood lymphocyte counts were lower in children with chronic renal 

failure,, treated with dialysis or not, than in healthy children, although an absolute 
lymphopeniaa did not occur more frequently than in the control group. Low numbers were 
especiallyy found for CD8+ T-cells, NK cells and B-lymphocytes. Also the monocyte number 
wass lower in the patient groups with exception of HD children. 

Thee definition of lymphopenia in the literature is not always the same. Some define 
aa count of less than 1.5 x 109/L as lymphopenia [24] and others when a significantly lower 
levell is present, compared to healthy controls [3,9,20,25,26], The 5th percentile, used as 
lowerr limit, in healthy children older than 5 years is 1 x 109/L [23]. No excess of lymphopenia 
wass found in our population of children with CRF, dialyzed or not. However, non-dialyzed 
childrenn with CRF had the lowest total lymphocyte counts. Hisano et al. compared CAPD 
childrenn with HC and found equal numbers of lymphocytes in the two groups [20]. We did 
nott find a significant difference in lymphocyte count between the HD and PD children. Other 
studiess on this in children are not available, but our results are in accordance with those in 
adultt patients [12,17,27]. 

Thee B-cell count was lower in PD, HD and CRF children whereas no significant 
differencess were found in the prevalence of B-cell deficiencies among all groups. 
Furthermoree HD children had a lower B-cell count than PD children. In adult CAPD patients 
mostlyy normal B-cell numbers have been found [7,9,28,29]. However the results were 
expressedd as proportions of the total lymphocyte count in stead of absolute numbers. One 
studyy in HD patients demonstrated a reduction of the percentage B-lymphocytes [3]. Braun 
ett al. described a decrease of the proportion B-lymphocytes during the hemodialysis session 
thatt normalized thereafter [30]. This suggests that the alterations caused by the 
hemodialysiss procedure do not persist in the interdialytic interval. The HD children in our 
studyy demonstrated a reduced proportion of B-cells already before the hemodialysis session 
hadd started. We do not know whether the reduction of peripheral blood B-cells in our 
patientss resulted in decreased Ig production. Previous results from our group have 
demonstratedd that the median serum IgGi level was lowest in PD and CRF children [19] 
whereass in the present study the lowest B-lymphocyte count was found in HD children. In 
healthyy children the number of B-lymphocytes decreases with advancing age whereas the 
serumm Ig levels increase. No difference exists between the spontaneous IgG secretion by 
lymphocytess from children or adults [31]. Consequently no positive relationship is likely 
betweenn total B-cell number and serum Ig level nor Ig production in a physiological steady 
state.. It is not known, whether B-cell subsets in children with CRF, reflecting their maturity, 
mightt give more information about the capacity of Ig production. 

Thee total number of T-cells was lower in HD and CRF patients whereas for PD 
childrenn this was not significant (p=0.1). CRF children had the lowest count. An absolute T-
celll deficiency did not occur more frequently in uremic children. The T-helper (CD4+) cell 
countss in PD, HD and CRF children were not different compared to HC whereas the 
cytotoxicc T-cell counts (CD8+) were reduced. This resulted in a higher CD4/CD8 ratio in 
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uremicc children which is different from the results obtained by Hisano et al. who described a 
normall CD4/CD8 ratio in CAPD children [20]. A normal ratio has been described in the 
majorityy of studies performed in adult PD and HD patients [3,4,8,25,26,32,33]. Some 
showedd a decreased ratio [34-36], Only Collart et al. found an increased CD4/CD8 ratio in 
adultt PD and HD patients which is in accordance with our results in children [37]. T-helper 
cellss are necessary for the cell-mediated immune response and for B-cells to differentiate 
intoo antibody producing cells. Cytotoxic T-cells are important in the host defense against 
virall infections. This might implicate that children with chronic renal failure would be more 
susceptiblee for such infections. A high susceptibility to influenza virus or a more severe 
clinicall course has been reported in adult uremic patients [32,38,39]. PD children had a 
higherr CD4 count than CRF children. It is speculative whether the PD procedure itself would 
bee responsible for this. 

Wee also found reduced counts of NK cells in PD, HD and CRF children compared 
too their healthy controls. The prevalence of a NK deficiency in the PD group (20%) was 
significantlyy higher compared to HC. This was not found for the HD and CRF groups. NK 
cellss are important in the immune response against viral infections and possibly against 
malignanciess [40]. Furthermore NK cells can kill antibody-coated bacteria [40]. An increased 
incidencee of malignancies in adult PD or HD patients before renal transplantation has been 
describedd [41,42]. In children this has only been demonstrated after renal transplantation 
[43].. For all these lymphocyte subsets it is not clear whether a lower but not deficient count 
resultss in a clinical defective immune response. The children with a deficiency of one or 
moree lymphocyte subsets did not have a higher peritonitis incidence. However, the number 
off PD children with a lymphocyte subset deficiency in our study was low. 

Thee total peritoneal cell count in the dialysis effluent from 31 PD children was lower 
comparedd to that reported by Betjes et al. in adult patients, probably because of the longer 
dwelll time used in the latter study [44]. The mean total cell count of normal human peritoneal 
cellss is 2.5 x 106 [45]. It consists mostly of lymphocytes (mean 50%) and to a lesser degree 
off macrophages (mean 32%) than we found in PD children [45]. The lower number of 
monocytess in PD children might be explained by a higher migration to the peritoneal cavity. 
Itt is speculative whether the uremic state influences the maturation and release of cells from 
thee bone marrow reflecting the lower monocytes counts in CRF children. The CD4/CD8 ratio 
off peritoneal lymphocytes was lower compared to that in peripheral blood lymphocytes. This 
iss in agreement with results from others obtained in adult patients [29,45-48]. On the 
contraryy Valle et al. showed a similar CD4/CD8 ratio of peritoneal and blood lymphocytes in 
CAPDD children [21]. The CD4/CD8 ratio of peritoneal lymphocytes in adult CAPD patients 
wass higher compared to that in healthy controls undergoing laparoscopy suggesting an 
activatedd peritoneal T-cell population in CAPD patients [45,46]. The CD2/CD19 ratio (T/B-
cells)) in PDE was not different from blood. This is in contrast to the situation in adults where 
aa decrease of peritoneal T cells combined with an increase of peritoneal B-cells has been 
describedd [7,9,48]. 
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Childrenn with a peritonitis incidence of one or more episodes per year had a higher 
peritoneall T/B lymphocyte ratio whereas no significant differences were found in WBC 
differentiationn and the separate lymphocyte subsets both in blood and the PDE. Most 
authorss did not find a relationship between peritonitis and lymphocyte subsets [9,49]. 
However,, Giacchino et al. described a reduced peritoneal lgA+ B-lymphocytes number in 
patientss with a high peritonitis incidence [29]. 

Duringg the first year of PD treatment we did not find a significant change of 
absolutee numbers of peripheral blood and peritoneal lymphocytes and subsets. However, 
thee percentage of peritoneal lymphocytes tended to increase probably 
becausee of a decrease in the total cell number. This is in agreement with findings of others 
[6,9,46,50].. Alternatively, significant changes could possibly not be established because of 
thee relative low number of longitudinal patients. 

Wee conclude that a reduced number of total lymphocytes, B-cells, cytotoxic T-cells, 
NKK cells and monocytes in children with chronic renal failure before and after starting 
dialysiss treatment is present. An absolute lymphocyte deficiency was observed in only a few 
patients.. The PD children had a higher CD4+ T-cell count and HD children a lower CD19+ B-
celll count for which the dialysis procedure might be responsible. Although we could not find 
aa direct relationship between peritonitis incidence and lower lymphocyte subsets the 
disturbancess in the balance of immune cells may contribute to the increased susceptibility to 
virall or bacterial infections and malignancies in these children. 
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ABSTRAC T T 
Reducedd serum IgG and subclass levels have been demonstrated in children with 

chronicc renal failure. To study possible causes of this reduction, we analyzed B-cell subset 
composition,, T-helper cell frequencies and immunoglobulin (Ig) production capacity in vitro 
inn children with chronic renal failure, with or without dialysis treatment. 

Eightt children treated with peritoneal dialysis (PD), 8 on hemodialysis (HD), 9 
childrenn not yet dialyzed <CRF) and 9 healthy children (HC) were studied. B-cell subsets 
weree characterized by determining CD27, IgM, IgD and CD5 expression within the CD19+ 

population.. Intracellular expression of IFN-y, IL-2 and IL-4 in PMA/lonomycin-stimulated 
peripherall blood mononuclear cells (PBMC) was used to evaluate T-helper frequencies. The 
capacityy of B-cells to secrete Ig in vitro was determined by measuring IgGi, lgG2 and IgM in 
culturee supernatants of anti-CD2/CD28 moAb- or SAC/IL-2- stimulated PBMC. 

Memoryy B-cell numbers (identified as CD19+ IgM" IgD" or CD19+CD27+ 

lymphocytes)) were lower in HD compared to HC <p<0.05). CD19+ CD27+ B-cells were also 
significantlyy reduced in the PD population. Compared with HC, CD5+ (naive) B-cells were 
reducedd in HD-treated patients but not for PD nor CRF children. No significant differences in 
CD4++ T-helper cell subsets were found between the groups. However, CRF children had a 
higherr percentage IFN-y producing CD8+ T-cell lymphocytes compared to HC (p=0.02). 
Finally,, I g d , lgG2 and IgM production in vitro was similar in the four groups. 

InIn conclusion, significantly lower numbers of memory type B-cells were found in HD 
andd PD children compared to healthy controls. This reduction may contribute to the low Ig 
levelss found in these children. 
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INTRODUCTION N 
Reducedd serum IgG and subclass levels have been described in children treated 

withh peritoneal dialysis [1-4]. Peritoneal loss, reduced synthesis or increased catabolism, are 
possiblee explanations for this. In previous studies we have demonstrated that peritoneal loss 
iss not the only explanation since reduced serum IgG and subclasses levels were already 
presentt before the dialysis treatment had started [5]. Most IgG is produced by specialized B-
cellss or plasma cells that have undergone class switching in the germinal center in reponse 
too T-cell dependent antigens. During this response, B-cells become activated by specific 
antigens,, but depend on T-helper cells derived signals to differentiate into plasma cells and 
memoryy cells [6]. It is not clear whether the lower Ig levels in uremic patients are caused by 
intrinsicintrinsic B-cell defects, disturbed helper T-cell activity, or a combination of both. B-cells 
expresss several surface molecules such as IgM, IgD, IgG, CD27, and CD5 that allow 
separationn of naive (lgD+ or CD5+) and memory (IgD" or CD27+) type B-cells [7-11]. 
However,, no information is available on B-cell differentiation in adult and pediatric patients 
withh chronic renal failure, either or not treated with dialysis. 

Thee T-helper cells derived cytokines, interferon-y (IFN-y), interleukin-2 (IL-2) and 
interleukin-44 (IL-4) are involved in B-cell maturation, Ig secretion and IgG subclass switching 
[12;13].. T-helper type 1 cells (Th1) produce mainly IFN-y and IL-2. IL-4 is particularly 
producedd by T-helper type 2 (Th2) cells [14]. The Th1/Th2 balance is crucial for an effective 
immunee system and disturbances in the Th1/Th2 balance have been associated with 
diseasess [14]. CD8+ (cytotoxic) T-cells also produce IFN-y, IL-2 and IL-4 [14]. Data on 
cytokinee production in uremia are controversial [15,16]. Most studies on cytokines in HD 
patientss have focussed on the effect of hemodialysis modalities and of the type of hemofilter 
onn cytokine production and Th1/Th2 balance [17,18]. In PD patients, cytokine production 
hass been studied mainly in peritoneal dialysis effluent in relation to peritonitis episodes, the 
toxicityy of the dialysis solution and peritoneal permeability [19-21]. 

Too further explore possible causes of low IgG levels in uremic children, we measured B-
lymphocytee immunoglobulin producing capacity in vitro, the maturational state of B-cells and 
thee T-cell IFN-y, II-2 and IL-4 production in children with chronic renal failure. 

PATIENTSS AND METHODS 

Eightt children treated with peritoneal dialysis (PD), 8 children on chronic 
hemodialysiss (HD) and 9 children with chronic renal failure, not yet dialyzed (CRF) were 
analyzed.. The control group consisted of 9 healthy children (HC). The median (range) age, 
durationn of PD or HD treatment and glomerular filtration rate (GFR) are listed in Table 1. The 
GFRR in CRF patients was estimated by the Schwartz formula [22]. The primary renal 
diseasee of the patients is listed in Table 2. Four PD children were studied at 4 moments: 
beforee starting PD, and after 1,2 and 12 months of dialysis treatment (longitudinal data). 
Longitudinall samples were analyzed simultaneously. The study was approved by the 
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Medicall Ethical Review Committee of the hospital and written informed consent was 

obtainedd from the children and/or parents. 

TableTable 1. Patient characteristics. 

PDD HD CRF HC 

Numberr 8 8 9 9 

Agee 11.9(4.5-15.3) 9.0(1.7-16.7) 8.8(4.9-18.4) 8.3(5.4-16.3) 

(years) ) 

Durationn of dialysis 4.6 (1.3-7.2) 1.6 (0.3-4.2) 

(years) ) 

GFRR 14(6-49) 

(ml/min/1.73m2) ) 

GFR:: glomerular filtration rate 

TableTable 2. Primary renal disease. 

PDD HD CRF 

Urologiee malformation 1 2 5 

Glomerulopathyy 3 0 3 

Hemolyticc uremic syndrome 1 2 1 

Metabolicc disease 0 1 0 

Congenitall disease 1 2 0 

Otherr diseases 1 1 0 

Unknownn 1 0 0 

Urologiee Malformation: 6 children with urethral valves, 1 reflux nephropathy, 1 neurogenic bladder. Glomerulopathy: 
33 children with focal segmental glomerulosclerosis, 1 rapidly progressive glomerulonephritis, 1 Alport syndrome, 1 
Henochh Schönlein-purpura nephritis. Metabolic disease: 1 child with oxalosis. Congenital disease: 2 children with 
nephronophtisis,, 1 polycystic kidney disease. Other diseases: 2 children with acute tubular necrosis. 

CellCell isolation 

Peripherall blood mononuclear cells (PBMC) were isolated from heparin blood by 

Ficoll-lsopaquee density centrifugation. PBMC were frozen in 20% DMSO containing medium 

(75%% wt/vol Earles's balanced salt solution, Tris buffered, 25% wt/vol fetal clone serum and 

penicillin/streptomycin)) and stored in liquid nitrogen until use. 
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B-cellB-cell phenotype assay 

PBMCC were washed with PBAP (phosphate-buffered saline solution supplemented 
withh 0.5% wt/vol bovine serum albumin, 0.01% wt/vol sodium azide and 0.5 mmol/L 
potassium-EDTA)) and centrifugated (500 g, 10 min). Subsequently, cells were incubated 
withh saturating amounts of CD2- FITC (Beckton Dickinson (BD) Immunocytometry Systems, 
Sann Jose, California), CD19-Percp (BD), CD5-FITC (BD), CD27-FITC (Sanquin blood 
supplyy foundation, CLB, Amsterdam), IgM-FITC (Pharmingen, BD) and IgD-PE 
(Pharmingen,, BD) labelled monoclonal antibodies (moAb) for 30 minutes on ice in the dark. 
Afterr incubation the cells were again washed with PBAP and centrifugated (500 g, 10 min). 
Floww cytometry analysis was performed directly thereafter with the FACS-Calibur (BD). The 
lymphocytee population was gated on the basis of forward-sideward scatter. B-lymphocytes 
weree distinguished with anti-CD19 moAb. The percentage subset-positive or -negative B-
lymphocytess were measured. A peripheral white blood cell count and differentiation was 
performedd in all patients on a H3-Technicon counter (Technicon Instruments, Tarrytown, 
NY).. The absolute count was calculated by the percentage subset-positive or -negative B-
cellss obtained from the flow cytometry multiplied by the absolute B-cell count. The absolute 
B-celll count was calculated by the percentage CD19+ B-cells multiplied by the absolute 
lymphocytess number. 

T-cellT-cell function assay 

Thiss assay was performed with the BDIS Fastlmmune™ Cytokine System (BD) and 

iss based on the detection of intracellular cytokines in activated lymphocytes [23;24]. PBMC 

weree stimulated with PMA (Phorbol 12-Myristate 13 Acetate, final concentration 20 

ng/ml_),lonomycinn (final concentrationl^ig/mL) and BFA (Brefeldin-A, final concentration 10 

|ig/ml_)) (all from Sigma, St. Louis, MO). Cells were incubated for 4 hours at 37 , 7% CO2. 

Thiss was followed by cell-surface staining with CD3-FITC, CD4-APC, CD8-Percp, leucogate 

andd isotype-matched negative control moAb for 30 min on ice in the dark. Prior to the 

intracellularr cytokine staining procedure cells were permeabilized with FACS Permeabilising 

Solutionn (BD) for 10 minutes in the dark. Thereafter, saturating amounts of PE-conjugated 

anti-IFN-y,, anti-IL-2 and anti-IL-4 moAb were added and incubated for 30 min at room 

temperature.. Cells were fixed with Cellfix (BD). Flow cytometry analysis was performed on a 

FACS-Caliburr (BD). The percentage cytokine producing lymphocytes and cytokine 

producingg CD4+ or CD8+ T-cells were measured. 

InIn vitro Ig production assay 

Cellss were resuspended in Iscove's modified Dulbecco's medium (IMDM) 

containingg 10% fetal calf serum (FCS), 0.1% p2-mercapto-ethanol, human transferrin 20 

|ig/mLL and penicillin/streptomycin. Thereafter, PBMC were cultured (20.000 PBMC/well), 

unstimulatedd or stimulated under two different conditions: a combination of CD2-triple (CD2 

triple,, ascites; CLB-T11.1/1, final dilution 1:125, CLB-T11.2/1, final dilution 1: 125 and 

HIK27,, final concentration 5 |ig/mL) and CD28 (ascites, final dilution 1:1000) or a 
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combinationn of SAC (Staphyloccal Aureus Cowan, final dilution 1:10000) and IL-2 (50 U/ml) 

forr 8 days. Culture supernatant was collected and stored at -20 C until use. I g d , lgG2 and 

IgMM content in supernatant were measured by ELISA [25]. 

StatisticalStatistical analysis 

Thee results are expressed as medians (range). Differences between the groups 
weree tested with Kruskall-Wallis one-way analysis of variance. In case of significance, the 
Mann-Whitney-UU test was performed to analyze differences between two groups. 
Longitudinall data were analyzed with a Friedman trend analysis and differences between 
twoo time points with the paired Wilcoxon test. Two sided p-values < 0.05 were considered 
significant. . 

RESULT S S 

BB cell subset distribution 

Thee medians (ranges) of the lymphocytes numbers and subsets are listed in Table 
3,, and the relative B-cell subset composition is depicted in Figure 1. The total lymphocyte 
countt was lower in HD (P=0.015) and CRF (P=0.008) children compared with HC. The 
absolutee CD19+ B-lymphocyte number was reduced only in HD children (P=0.04). The 
percentagee IgM" IgD" B-cells was not significantly different among all groups. However, 
theree was a trend towards lower percentages IgM" IgD" B-cells in PD, HD and CRF children 
comparedd to HC (Figure 1). The percentage (p=0.002) and the absolute number of CD27+ 

B-cellss (p=0.016) were lower in PD children compared with HC. This was also found in HD 
childrenn (P=0.027 and P=0.02) compared with HC. The absolute number of memory 
IgM"" IgD" B-cells was reduced only in HD children (P=0.046). No significant differences 
weree found for children with CRF when compared to HC. CD5+ B-cells both, percentage and 
absolutee number were lower in HD (P=0.046 and P=0.004) children compared with HC 
(Figuree 1 and Table 3). 

Noo significant changes of B-cell subsets occurred in the longitudinal analysis, during 
thee first year of PD treatment (Figure 2, data shown only for IgM" IgD" B-cells). 

TT helper cell functions 

Noo differences were found in the proportion IFN-y, IL-2 and IL-4 producing total 

lymphocytess numbers (data not shown). However, in the CD4+ T-cell population, HD 

childrenn showed a significant lower percentage IL-2 producing cells compared with CRF 

childrenn (Figure 3, P=0.027). CRF children had more IFN-y producing cells in the CD8+ T-cell 

populationn compared with HC (Figure 3, P=0.015). Furthermore, HD children had a lower 

proportionn IFN-y producing CD8+ T-cells compared with CRF children (Figure 3, P=0.028). 

Noo differences were found in the T-cell IL-4 production between the groups (Figure 3). 
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TableTable 3. Phenotypic characteristics of CD19* B-lymphocytes. 

PDD HD CRF HC 

Lymphocytes s 

CD19+ + 

IgMlgD" " 

CD27+ + 

CD5+ + 

2.88 (2.2-3.2) 

0.68(0.13-0.97) ) 

0.08(0.04-0.11) ) 

0.07'(0.03-0.13) ) 

0.211 (0.02-0.52) 

1.9(0.6-3.5)) 2.0" (0.9-3.0) 2.8(2.1-4.2) 

0.22""  (0.07-1.33) 0.73(0.07-2.09) 0.56(0.35-0.96) 

0.05**  (0.004-0.15) 0.04 (0.004-0.25) 0.09 (0.06-0.14) 

0.04**  (0.01-0.15) 0.09 (0.02-0.29) 0.13 (0.06-0.28) 

0.03""  (0.01-0.16) 0.11(0.02-0.88) 0.18(0.06-0.45) 

Resultss are given in median (range) absolute number (x10 /Lj. PD, peritoneal dialysis; HD, hemodialysis: CRF, chronic 
renall failure, not yet dialyzed; HC, healthy controls. P<0.05, "P<0.01 

TableTable 4. In vitro Ig production. 

igGi i 

igG2 2 

igM M 

Unstim m 

CD2/CD28 8 

SAC/II L-2 

SAC/IL-2 2 

Unstim m 

CD2/CD28 8 

SAC/IL-2 2 

PD D 

3.8(1-17) ) 

30(19-110) ) 

0.2(0.001-5.1) ) 

<11 (<1-92) 

1.5(1-30) ) 

1.4(0.2-15.0) ) 

8.6(1-74) ) 

HD D 

2.7(1-9) ) 

266 (1-55) 

0.22 (0.03-0.6) 

<11 (<1-30) 

<11 (<1-9) 

1.7(0.03-4.5) ) 

3(1-5) ) 

CRF F 

5.66 (3-39) 

74(1-602) ) 

0.11 (0.02-1.1) 

7(<1-50) ) 

<11 (<1-12) 

1.3(0.07-12.6) ) 

2.11 (1-38) 

HC C 

3.7(1-13) ) 

32(1-263) ) 

0.2(0.001-1.7) ) 

<11 (<1-30) 

<11 (<1-7) 

1.77 (0.06-5.4) 

1.4(1-14) ) 

Resultss are given in median (range). IgG^unstim and with anti-CD2/CD28 in ng/mL. IgG, with SAC/IL-2 in ^ig/mL 
IgMM unstim in ng/mL. IgM CD2/CD28 and SAC/IL-2 stimulation in ug/mL. Unstim; unstimulated. 

Inn the longitudinal analysis, during the first year of PD treatment no significant 

changess of cytokine production were present (Figure 4, data shown for IFN-yin CD8+ T-cells 

andd IL-2 in CD4+ T-cells). 

inin vitro Ig production 

Noo significant differences were found in the in vitro IgGi, lgG2 or IgM production 
amongg all groups (Table 4). However, the range of Ig production was very wide. lgG2 
productionn could only be detected in the cell cultures stimulated with SAC and IL-2. 

Inn the longitudinal analysis, during the first year of PD treatment no alterations were 
foundd in the Ig production (Figure 5, data shown for IgGi). 
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FigureFigure 1. The percentage of subsets of B-cells. PD, peritoneal dialysis; HD, hemodialysis; CRF, chronic 

renalrenal failure; HC, healthy controls. 
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FigureFigure 2. Longitudinal follow-up of the percentage lglvngD~ B-lymphocytes during the first year of 

peritoneall dialysis (PD) treatment. 

154 4 



Memoryy B cells in CRF 

DISCUSSION N 
Thee present study has shown that dialysis treated children had lower numbers of 

IgM"/IgD"" and CD27+ B-lymphocytes, qualified as memory B-cells. Compared to healthy 
controls,, the lowest numbers were found in HD children. However, the in vitro Ig production 
off PBMC was not different among all groups. Differences in T-helper cell cytokine secretion 
cannott explain the lower memory cell count since cytokine production was not significantly 
differentt between HD, PD and healthy children. 

"Immunologicall memory" is important for a strong antibacterial and antiviral 
defence.. B-cells differentiate from lymphoid stem cells into mature B-cells in the bone 
marrow,, and through contact with antigen in secundary lymphoid tissues, they form germinal 
centerss and undergo differentiation into memory cells or plasma cells [26]. IgM is expressed 
onn immature B-cells. Both, IgM and IgD expression occur on mature B-cells. In the germinal 
centers,, B-cells undergo somatic hypermutation, isotype switching and affinity maturation. 
IgMM and IgD expression is lost whereas IgG, IgA or IgE appear on the surface of plasma 
cellss and memory B cells [27]. T-cells present in the germinal centers play an important role 
inn this B-cell differentiation process by cross-linking of the CD40 molecule on the B-cell 
surfacee and CD40-ligand (CD40L) from T-cells [28,29]. Indeed, patients with hyper IgM 
syndrome,, who have a mutation of CD40L, fail to produce IgG and IgA [30,31]. 
Bothh CD5 and CD27 were originally described as T-cell surface markers. In humans, CD5+ 

B-cellss or naive B-cells are the first B-cells appearing in lymphoid tissues during early 
developmentt and are present at very high frequency in the blood of newborns, diminishing 
throughh childhood and adulthood [32]. Furthermore, CD5 is expressed on the majority of 
peritoneall B-lymphocytes [33]. CD5+ B-cells secrete predominantly IgM [32]. Most CD5+ B-
cellss are found among lgM+lgD+ B-lymphocytes [34]. The hypothesis that PD children might 
havee lower CD5+ B-cell count in blood because of peritoneal loss was not confirmed by our 
study.. Similar results were found by Donze et al. in adult CAPD patients [33]. Only HD 
childrenn had lower percentage and absolute number of CD5+ B-cells compared to HC. 

CD277 is a marker for memory cells and is expressed on only a small proportion of 
B-cells,, in contrast to T-cells [35,36]. The percentage CD27+ B-cells increases with age 
[8,9].. Low IgG production found in patients with X-linked hyper-IgM syndrome result from 
reducedd numbers of lgD"CD27+ memory B-cells [37]. Data on memory B-cells are not yet 
availablee in uremic children and adults. Although the percentage IgM" IgD" memory B-cells 
waswas not significantly lower in PD, HD and CRF children compared to HC, the lower absolute 
countss were present in PD and HD children. For the CRF group, significance was just not 
reached.. A low IgM" IgD" count could be the result of a low total lymphocyte number in our 
patients.. However, the total lymphocyte count was not reduced in PD children. For CD27, 
bothh percentage and absolute number of positive B-cells were reduced, but again in CRF 
childrenn the significance was not reached. Thus, dialysis patients have lower number of 
memoryy B-cells which might already be present before starting dialysis treatment. Possible 
explanationss for this are a general suppression, sub-optimal T-helper activity or disturbances 
inn B-cell migration process caused by uremia. Irrespective of the mechanism of memory B-
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celll reduction, the consequence might be a lower capacity to mount a secondary immune 
response.. Memory B-cells produce IgG earlier after exposure to antigen and have higher-
affinityy antigen receptors compared to unprimed B-cells. Further studies are needed to 
analyzee the relation between B-cell subset differences in uremic patients and the lower IgG 
andd subclasses levels as has been reported previously [5]. 
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FigureFigure 3. The proportion of cytokine (IFNy, IL-2 and IL-4) producing T-helper (CD4+) and T-suppressor 
(CD8+)) lymphocytes. PD, peritoneal dialysis; HD, hemodialysis; CRF, chronic renal failure; HC, healthy 
controls.. *P<0.05. 

Inn contrast to other studies [38,39], we found that PBMC, unstimulated and after 
stimulationn with anti-CD2/CD28 moAb or SAC/IL2 produced equal amounts of IgGi, lgG2 
andd IgM in vitro compared to HC. The discrepancy between the studies can be explained by 
differencess in methods such as stimulation conditions and patient number. Furthermore, the 
rangee of Ig levels was very wide and significant differences can only be found when a large 
numberr of patients is considered. In addition, since CD27+B-cells are responsible for Ig 
productionn in vitro, it would be interesting to compare CD27+ B -cell numbers with Ig 
secretionn in a larger number of patients. It should be noted however, that in the in vitro B-cell 
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differentiationn assay interact with different cell types, cytokines and membrane receptors. 
Therefore,, although dependent on the input of CD27+ B-cells, Ig secretion may not 
necessarilyy correlate with the subset in a quantitave way. 

Duratio nn of PD treatmen t (months ) 
FigureFigure 4. Longitudinal follow-up of the T-cell cytokine production in peritoneal dialysis (PD) children 
duringg the first year of dialysis treatment. 
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FigureFigure 5. The in vitro IgGi production by lymphocytes from children during the first year of peritoneal 
dialysiss (PD) treatment 

Interferon-yy is a cytokine released predominantly by CD4+ T cells of the Th1 type, 

CD8++ T cells and natural killer (NK) cells. This cytokine is involved in B-cell differentiation, Ig 

andd subclass production and IgG subclass switch [12,13,40]. Furthermore I FN-y promotes 

thee activity of antigen presenting cells, and maintains and enhances the functional properties 

off phagocytes. IFN-y treatment in patients with chronic granulomatous disease decreases 

thee frequencies of serious infections [41]. Lower amount of IFN-y released by peritoneal 

lymphocytess from PD patients with high peritonitis incidence in comparison with patients 
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withh low peritonitis incidence and healthy persons has been reported by Lamperi et a/.[42]. 

Thee bacterial killing of peritoneal macrophages improved after treatment with IFN-y. Lu era/, 

demonstratedd that IFN-y levels in peritoneal dialysis effluent of PD patients with peritonitis 

couldd only be detected during Staphyloccus aureus or Staphyloccus epidermidis peritonitis. 

Serumm levels were below the detection limit [43]. The toxicity of peritoneal dialysis solutions 

onn immunological function of peritoneal cells, might reduce the production of cytokines by 

peritoneall lymphocytes during PD. We found no significant differences in IFN-y production 

byy peripheral blood T-lymphocytes in CRF, PD and HD children but we did not measure the 

cytokinee production of peritoneal lymphocytes. We could not confirm the Th1/Th2 

imbalance,, previously reported in patients treated with dialysis [17]. Differences in 

methodology,, age of the patients and low patient number are possible explanations for this 

discrepancy. . 

Inn conclusion, children with chronic renal failure, especially those treated with 

dialysis,, have lower numbers of memory B-cells. This reduction may contribute to the low Ig 

levelss found in these children. 
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GENERALL DISCUSSION 

Chronicc renal failure and its treatment disrupt many aspects of children's normal 
life.. Therefore, optimal treatment, and prevention of the complications caused by the 
diseasee or the treatment procedures, without impairment of the psychosocial development, 
needss to be pursued. Infections are major complications of chronic renal failure leading to 
significantt morbidity and mortality. The use of peritoneal dialysis, which is the most popular 
dialysiss technique in the Netherlands, is limited by progressive loss of the peritoneal 
permeabilityy and by peritonitis episodes. In this thesis, several functional and immunological 
studiess in children with chronic renal failure, either dialyzed or not, have been described, 
thatt might give a better understanding of the infectious susceptibility in these children. 

CharacteristicsCharacteristics of peritoneal transport and membrane function. 

Thee first published study on transperitoneal solute transport in children treated with 
peritoneall dialysis <PD) is that of Gruskin etal. in 1982 [1]. Since then, several studies have 
beenn described on this subject in PD children, in relation to age or peritonitis incidence, and 
inn comparison with adult PD patients [2-7]. However, the results of these studies were 
conflicting.. The belief that peritoneal transport is higher in children, is likely to be caused by 
differencess in standardization of the test method. The assessment of peritoneal transport in 
PDD children has mostly been done by the peritoneal equilibration test (PET), in which 
dialysatee over plasma ratios (D/P) for urea and creatinine, or dialysate over dialysate ratios 
(D/D)) for glucose are used. A modification and extension of this test, the standard peritoneal 
permeabilityy analysis (SPA), has been described by our group in adult patients [8]. In this 
test,, peritoneal transport of low molecular weight solutes is analyzed by mass transfer area 
coefficientss (MTAC). Fluid transport is determined using intraperitoneal^ administered 
dextran,, and peritoneal clearances of various serum proteins are calculated from which the 
restrictionn coefficient can be derived. 

Thee results of the SPA in children were not essentially different from those obtained 
inn adult patients. The MTAC and D/P ratios of low molecular weight solutes are dependent 
onn the vascular surface area of the peritoneum [9]. Since the vascular surface area is closer 
relatedd to the body surface area (BSA) than to body weight [10], the instilled test volume 
shouldd be calculated in milliliters per square meter (ml_/m2) instead of mL per kilogram 
(mL/kg).. The PET in children was mostly performed with a test volume in mL/kg. When this 
volumee is expressed per m2, especially in small children, a more rapid equilibration occurs 
resultingg in higher D/P ratios. Therefore, it is likely that when the instilled volume is 
calculatedd according to BSA, children will not have enhanced peritoneal transport capacity 
comparedd to adults, as has been described previously [11-13]. It has been demonstrated in 
adultt patients that the MTAC are less influenced by the instilled test volumes than D/P ratios 
[14].. Exceptionally low intraperitoneal volumes may result in low MTAC values because the 
peritoneall membrane surface area might not been used completely [15]. The results of the 
comparisonn between the two methods, MTAC and D/P ratios, in children were similar to 
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thosee of adults. In both groups, a good correlation was found between MTAC and D/P, but 
thee D/P ratios overestimated the MTAC values in the lower ranges and underestimated them 
inn the higher ranges. 

Thee peritoneal clearances of (^-microglobulin, albumin, IgG and 0:2- macroglobulin 
weree not significantly influenced by age in our study. Quan and Baum found an inverse 
correlationn between BSA and peritoneal protein loss expressed in mg/m2 per day [16]. 
Thesee authors suggested that the greater amount of protein loss may result from both, a 
higherr permeability and a greater peritoneal surface area in children. The protein clearances 
wee measured reflect the functional state of the peritoneum. These results cannot be 
extrapolatedd to 24-hour loss of proteins, because it is dependent on the dwell time and the 
numberr of bag exchanges. The protein clearance is higher during the first hour of the dwell 
timee [17]. This is probably caused by a vasodilational effect of the dialysis solution and 
resultss in an increase of the vascular peritoneal surface. We cannot conclude that a higher 
peritoneall permeability in children exists, because the restriction coefficients were not 
differentt between children and adults. However, measurement of the protein content in a 24-
hourr collection of dialysate of our patients will definitely resolve this question. 
Long-termm PD treatment might result in a decrease of peritoneal membrane function. In our 
cross-sectionall study, the MTAC and D/P ratios of the low molecular weight solutes showed 
noo change with time on PD treatment. Again, a more extensive longitudinal follow-up will 
clarifyy individual changes according to duration of PD treatment. With regard to the 
macromolecules,, an increase of the restriction coefficient was found, indicating an increased 
sizee selectivity or a reduced peritoneal permeability for higher molecular weight solutes. 
Thesee results are in agreement with those found in adult PD patients [18], but have not been 
reportedd in children previously. 

Inn this thesis, the peritoneal mesothelial cell mass has been analyzed by the 
dialysatee cancer antigen 125 (dCA125) concentrations. It has been demonstrated in adult 
PDD patients that CA125 is a good marker of mesothelial cell mass [19]. The dCA125 
concentrationss in children were not different compared to adults. dCA125 levels in children 
treatedd with PD decline with the duration of dialysis treatment, similar to that found in adult 
PDD patients. 

Itt has been reported that children treated with PD have a higher peritonitis 
incidencee than adults [20,21]. No major differences were found in the function of the 
peritoneall membrane between children and adults when transport and tissue markers are 
studied.. Consequently, these factors cannot explain why children have more peritonitis 
episodess than adults. Other factors, such as immunological disturbances are also involved 
inn the susceptibility to infections. 

CharacteristicsCharacteristics of the immune system. 

Inn this thesis, various parts of the immune system have been investigated to 
analyzee the effects of uremia and dialysis treatment modalities on the host defense and its 
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relationn with the susceptibility to infections. The analysis of immunoglobulins was the main 
subjectt of the immunological part of this thesis. A deficiency of one or more IgG subclasses 
wass present in forty percent of children with chronic renal failure, before the dialysis 
treatmentt had started. lgG2 was the major subclass affected. These findings were in 
agreementt with those of Kemper et al. [22], but in contrast to those of Schroder et al. who 
foundd normal Ig levels before the dialysis treatment had started which decreased after 
startingg PD [23]. Nevertheless, we found that PD children had indeed the lowest serum Ig 
levels,, probably caused by peritoneal loss. Children with an IgGi deficiency had a higher 
mediann peritoneal IgG clearance compared to children with a selective lgG2 deficiency, This 
cannott be explained by the differences in IgG subclass clearances, since the IgGi, lgG2 and 
lgG44 peritoneal clearances are similar, whereas the lgG3 clearance is lower, probably 
becausee of its higher molecular weight. The IgG subclass deficiency might be caused by a 
specificc reduction of Ig synthesis, due to an impairment of the B cell function, to a decreased 
helpp of T cells or both. lgG2 and lgG4 synthesis require more T cell help than that of IgGi 
andd lgG3 [24,25]. lgG2 deficiency is also a common finding in diseases with a T cell defect 
suchh as Di-George syndrome and AIDS [24]. In adult PD patients, renal insufficiency has 
beenn associated with both B and T cell dysfunction [26-29]. It is not known if, and how the 
nutritionall status plays a role in the occurrence of IgG or subclass deficiencies. The role of 
serumm IgG deficiency in the pathogenesis of peritonitis during PD is questionable. Studies in 
adultss could not establish a relationship between the peritonitis incidence and IgG or 
subclasss deficiency [30]. On the contrary, Kuizon et al. found a relationship between the two 
inn children [31]. This could not be confirmed by our study. However, the patients with a high 
numberr of peritonitis episodes were all found in the group with an Ig deficiency. 

Also,, no relationship between the dialysate IgG concentration and peritonitis 
incidencee was found. But, it might be that the function of IgG in dialysate is altered, caused 
byy non-enzymatic glycation of IgG in the presence of glucose. This glycated IgG modifies 
thee function of IgG [32]. We found a positive correlation between the percentage of glycated 
IgG,, glucose concentration, pH and incubation time under experimental conditions. 
Significantlyy increased percentages glycated IgG were found only after an incubation time of 
244 hours. This does not reflect the normal, in vivo situation, where maximal dwell times are 
aboutt 11 hours. It has been demonstrated that the peritoneal interstitium may constitute a 
thirdd compartment between blood and dialysate, in which equilibrium with blood and 
dialysatee takes place for serum proteins [33]. Therefore, we suggest that IgG glycation takes 
placee in the peritoneal interstitium for periods longer than normal dwell times. Phagocytosis 
wass not decreased in the presence of glycated IgG. But, glycated IgG did induce 
complementt activation, which might influence the anti-infective and inflammatory 
mechanismss leading to peritoneal sclerosis. 

Thee presence of low serum Ig levels does not necessarily imply that the specific 
antibodyy response to antigens is also reduced. Therefore, the antibody response after 
pneumococcall polysaccharide vaccination has been studied. We found that the anti-
pneumococcall polysaccharide IgG and subclass antibody response was reduced in a 
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substantiall number of children with chronic renal disease. These children are considered to 

bee at increased risk for pneumococcal infections. Non-responders were equally present in 

childrenn with or without low IgG or subclass levels. This is in contrast to a study performed in 

childrenn with recurrent upper respiratory tract infections with or without reduced Ig levels 

[34].. No significant differences were found between children after renal transplantation or on 

dialysiss treatment, except for the lower antibody titer increase for serotypes 9 and 23 in 

childrenn after transplantation compared to PD children. 

IgGG (FcyR) and complement (CR) receptors are essential for the binding of 

antibody-- or complement opsonized microorganisms to phagocytic cells and the subsequent 

ingestion.. This is the first study that compared FcyR and CR in blood and dialysate in stable 

PDD children and during periods of infections. We found that a lower proportion of 

macrophagess and neutrophils in diaiysate expressed FcyR and CR, combined with an 

increasedd receptor density (MFI) when compared to the cells in peripheral blood. It has been 

reportedd that peritoneal cells, especially macrophages are relatively immature cells with 

signss of activation [35-37]. However, it is our opinion that the FcyR- and CR- negative 

populationn does not reflect young immature cells related to the high turnover through 

frequentt bag exchanges, because peritoneal cells are derived from the blood where the 

majorityy of the cells is FcyR- and CR- positive. Thus, other factors are likely to be involved, 

suchh as the migration process of cells from the blood circulation into the peritoneal cavity, or 

thee toxicity of the dialysate affecting the expression of FcyR and CR. During a peritonitis 

episodee the MFI of FcyR and CR increased on blood monocytes except for CD32 (FcyRII). 

Thee MFI of FcyR and CR on neutrophils in blood did not increase. We were not able to 

comparee these results with studies in non-uremic children with infections. Therefore, a 

comparisonn was made with a study performed by Leino et at. [38]. These authors found a 

significantt increase in the expression of CD64 (FcyRI), CD32 (FcyRII) and CD35 (CR1), but 

nott of CD16 (FcyRIII), and CD11b (CR3) in "healthy" individuals during localized bacterial 

infections.. The differences between the two studies might be partially explained by the fact 

thatt not all of our patients had fever during peritonitis. It is speculative whether the FcyR and 

CRR function, especially on neutrophils and for CD32, is diminished in PD children. In 

dialysate,, the percentage receptor positive cells increased whereas the MFI increased only 

onn macrophages (CD16, CD64 and CD35). The FcyR and CR expression on phagocytes in 

bloodd and dialysate of children with a peritonitis incidence above 1 episode per year was not 

differentt from those with less than 1 peritonitis episode per year. 

Thee comparison of FcyR and CR expression on white blood cells between children 

withh chronic renal failure, either treated with dialysis (PD or HD) or not (CRF) and healthy 

childrenn showed that the expression of CD32 was reduced in children with renal failure, 

whereass the CD35 expression was increased. We suggest that these alterations might be 

thee result of increased plasma levels of granulocyte-macrophage-colony stimulating factor 

(GM-CSF),, since similar alterations were found in children with solid tumors who have been 

treatedd with GM-CSF [39]. 
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Loww serum levels of Ig might be caused by reduced numbers of total B 

lymphocytes,, of Ig producing plasma cells (or memory cells), or by disturbances in either T 

helperr cell numbers or T cell function. We found that the total number of B lymphocytes in 

thee blood was lower in uremic children compared to healthy children. Furthermore, the 

numberr of memory type B cells, defined as IgM/lgD double negative or CD27 positive B 

cells,, was also lower in our patients. This might contribute to the lower Ig levels and the 

reducedd specific antibody response found in children with chronic renal failure. Whether this 

iss the result of a T-helper cell defect is not clear. The number of CD4 positive T helper cells 

wass not different, but the CD4/CD8 ratio was increased because of lower CD8 positive T-cell 

numbers.. We were not able to demonstrate a disturbed TH1/TH2 balance in these children. 

Inn conclusion, several abnormalities of the immune system have been found in 

childrenn with chronic renal failure. However, the exact mechanism leading to infections in 

childrenn with chronic renal failure remains difficult to establish. This is because the defense 

againstt infections is a multifactorial process that could only be studied in a heterogeneous 

groupp of patients. 
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SUMMARY Y 
Inn this thesis several studies are described that might lead to a better understanding 

off the mechanisms favouring the occurrence of infections in children with chronic renal 
failure.. In chapter 1, a theoretical background is given of the subjects that were investigated 
andd described. This is followed by a cross-sectional analysis of the peritoneal transport 
characteristicss in children treated with peritoneal dialysis (PD), in chapter 2. The study has 
beenn done with the standard peritoneal permeability analysis (SPA), in which the transport 
off low and high molecular weight solutes and of fluid were calculated. A comparison was 
madee with results of the most commonly used peritoneal equilibration test (PET) in children, 
andd with the SPA in adult PD patients. The results of the SPA in children were not 
essentiallyy different from those obtained in adult PD patients when corrected for body 
surfacee area. The dialysate over plasma ratios (D/P) in children overestimated the mass 
transferr area coefficient (MTAC) values in the lower ranges and underestimated them in the 
higherr ranges. Thus, MTAC is a better method to evaluate peritoneal transport in children, 
sincee the MTAC is independent from exchange volumes and the dialysate glucose 
concentration.. The restriction coefficient for macromolecules increased with duration of PD 
treatmentt indicating an increased size selectivity or a reduced peritoneal permeability for 
higherr molecular weight solutes. It is unlikely that a higher peritoneal permeability to 
macromolecules,, such as immunoglobulins, is present in children compared to adults. 

Peritoneall mesothelial cells are important for the local host defense and membrane 
integrity.. CA125, is a good marker for the mesothelial cell mass. In chapter 3, the CA125 
levelss in peritoneal dialysis effluent (dCA125) of children treated with PD have been 
analyzed.. No influence of age on dCA125 was found. Levels of dCA125 declined with the 
durationn of PD treatment, reflecting a reduction of the mesothelial cell mass. No relation was 
foundd between the dCA125 levels and transport parameters of low molecular weight solutes, 
orr the peritonitis incidence in stable PD patients. 

Inn chapter 4, the effects of dialysis modalities on immunoglobulins in children with 
chronicc renal failure have been studied, both in a cross-sectional and a longitudinal analysis. 
AA deficiency of one or more IgG subclasses was present in forty percent of children with 
chronicc renal failure, already before dialysis treatment had been started. HD treatment did 
nott result in normalization of low Ig and subclass levels. The deficiencies were especially 
markedd in children treated with PD, most likely caused by loss of these proteins in peritoneal 
dialysiss effluent. Children with an IgGi deficiency had a higher peritoneal IgG clearance 
comparedd with children with a selective lgG2 deficiency. During a follow-up period of one 
yearr on PD treatment, no significant changes of serum Ig concentrations were found. Also 
thee peritoneal Ig clearances showed no change in this period. This implies that the 
peritoneall loss of these proteins is compensated by their synthesis creating a steady state in 
thee absence of peritonitis. During a peritonitis episode IgG levels in peritoneal dialysis 
effluentt increase, but this did not result in significantly lower serum IgG levels. Serum IgM 
wass even higher in the acute phase of peritonitis than after recovery, probably reflecting an 
increasee in the synthesis rate of immunoglobulins. IgG subclass deficiency was not 
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associatedd with more frequent peritonitis episodes. However, a high peritonitis incidence 
wass related to reduced IgG subclass levels. 

IgGG in peritoneal dialysis effluent may have an important role in the protective 
mechanismss against peritonitis in patients treated with PD. Incubation of IgG with high 
concentrationss of glucose leads to irreversible non-enzymatic glycation end products or 
earlyy glycosylation end products which might influence the anti-infectious properties of Ig. 
Thiss has been studied and described in chapter 5. A direct relationship between the 
percentagee of glycated IgG, glucose concentration and incubation time has been found in 
vitro.. Furthermore, the percentage of glycated IgG was directly related to the pH of the 
dialysisdialysis solution. Functional studies showed that glycated IgG did not suppress phagocytosis 
byy polymorphonuclear leukocytes but that glycated IgG could induce complement activation. 
Thee latter might result in a reduction of complement factors available in dialysate for 
adequatee anti-infective mechanisms. 

Becausee IgG or subclass deficiencies occur frequently in children with chronic renal 
failure,, these children might be more susceptible to infections with polysaccharide 
encapsulatedd bacteria such as Streptococcus Pneumoniae. In chapter 6, the antibody 
responsee to six serotypes of the unconjugated pneumococcal polysaccharide vaccine 
(Pneumovax)) in children treated with dialysis or after renal transplantation have been 
investigated.. A considerable number of these children showed a reduced IgG and subclass 
antibodyy response to vaccination. Transplanted patients showed the lowest IgG antibody 
responsee to serotype 9V and 23F. The number of non-responders was not different between 
childrenn with normal or low serum IgG or subclass levels. No significant differences were 
foundd in the IgGi or lgG2 response of children with normal or reduced serum IgG or subclass 
levels.. When vaccination is performed, the administration of a pneumococcal conjugate 
vaccine,, followed by Pneumovax might give better protection. 

Thee receptors for IgG (FcyR) and complement (CR) on leukocytes serve as a bridge 

betweenn the humoral and cellular immunity. Binding of IgG or complement opsonized 

particless to these receptors lead to phagocytosis of microorganism. Expression levels of 

thesee receptors have been studied in children with chronic renal failure, treated with dialysis 

orr not. In chapter 7, the FcyR and CR on neutrophils and monocytes/macrophages, both in 

peripherall blood and peritoneal dialysis effluent of PD children have been investigated in a 

stablee situation and during a peritonitis episode. In stable PD children, peritoneal cells 

showedd a lower percentage FcyR and CR positive neutrophils and macrophages combined 

withh an increased mean fluorescence intensity (MFI). 

Duringg peritonitis, an upregulation of FcyR and CR expression on blood monocytes, 

butt not on neutrophils, could be demonstrated, with exception of the FcyRII (CD32). In 

dialysate,, the percentage FcyR and CR positive neutrophils and macrophages increased. 

Withh regard to the MFI, only CR1 (CD35) and FcyRI (CD64) expression on macrophages 

increased.. In chapter 8, the effects of uremia and dialysis modalities on the FcyR and CR 

expressionn on leukocytes in blood have been studied and compared to the results in healthy 

children.. In children with chronic renal failure, either with or without dialysis treatment, lower 
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expressionn levels of the FcyRII on lymphocytes, monocytes and neutrophils were found, 
combinedd with increased levels of CR3 (CD11b) expression. 

Inn chapter 9, peripheral and peritoneal white blood cells of uremic and healthy 
childrenn have been characterized by a white blood cell differentiation and lymphocyte subset 
analysis.. No significant differences in total leukocyte, lymphocyte and neutrophil count were 
foundd among the groups. Lymphopenia was found in only a few children. The monocyte 
countt was lower in children with chronic renal failure without dialysis treatment and in PD 
childrenn compared to healthy controls. A deficiency of B cells occurred in about 10% of 
uremicc children. The median B lymphocyte count was also lower in uremic patients 
comparedd to healthy controls. HD children showed the lowest B lymphocyte count. A 
deficiencyy of T cells was barely present in the patients, but the ratio between T-helper (CD4) 
andd T-suppressor (CD8) lymphocytes was increased. The T-helper cell count was higher in 
PDD children than the children who were not yet treated with dialysis. A deficiency of natural 
killerr cells was present in 14% of uremic children. Also the median numbers of natural killer 
cellss were lower in these children compared to healthy children. No direct relationship could 
bee found between these abnormalities and the occurrence of peritonitis, but it might 
contributee to the increased susceptibility to viral or bacterial infections and malignancies in 
thesee children. 

Both,, lower numbers of B lymphocytes and lower levels of immunoglobulins have 
beenn demonstrated in children with chronic renal failure in the studied reported in the 
previouss chapters. To assess whether the B cell differentiation in these children is disturbed, 
ann analysis has been performed on the maturational stage of these B cells which could 
resultt in a lower Ig producing capacity (chapter 10). Furthermore, the balance between T-
helper-11 cells (TH1) and T-helper-2 cells (TH2), and the in vitro production of 
immunoglobulinss by lymphocytes were analyzed. The number of memory B cells, classified 
ass either CD27 positive cells or IgMlgD" double negative cells, was lower in children with 
chronicc renal failure compared to healthy controls. The CD5 positive, naive B cells, were 
presentt especially in the peritoneal cavity. However, the PD treatment did not lead to altered 
CD55 positive B lymphocyte numbers in peripheral blood. The lower number of memory B 
cellss could not be explained by differences in the TH1/TH2 balance. In vitro studies could not 
demonstratee a lower Ig producing capacity by lymphocytes from uremic children. 

Itt can be concluded that most immunological and host defense abnormalities found 
inn the present studies were caused by uremia itself and not by dialysis treatment. The major 
abnormalitiess that we found were: low serum IgG subclass levels, low numbers of B cells 
andd memory type B cells, reduced pneumococcal antibody response, reduced FcyRII 
(CD32)) expression on lymphocytes, monocytes and neutrophils, a disbalance of T-helper/T-
supressorr ratio (CD4/CD8) and low numbers of natural killer cells. 
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Inn dit proefschrift worden een aantal studies beschreven die een beter inzicht 
kunnenn geven in de mechanismen die het ontstaan van infecties bij kinderen met een 
chronischee nierinsufficiëntie bevorderen. Hoofdstuk 1 geeft een theoretische achtergrond 
omtrentt de studies die werden verricht. Hoofdstuk 2 beschrijft de resultaten van de transport 
karakteristiekenn van de peritoneale membraan bij kinderen die behandeld worden met 
peritoneaall dialyse (PD). Deze studie werd verricht met de Standaard peritoneaal 
permeabiliteitss analyse, oftewel SPA, waarin het transport van kleine en grote deeltjes en 
waterr door de peritoneale membraan werden gemeten. Een vergelijking werd gemaakt met 
dee resultaten van de meest gebruikte test, de peritoneaal equilibratie test (PET) bij kinderen 
enn met de SPA bij volwassen PD patiënten. In de PET wordt het peritoneale transport 
weergegevenn als de ratio van de concentratie van het deeltje in het dialysaat en het plasma 
(D/P),, na een 4 uur verblijftijd van dialyse vloeistof in de buik. Het transport van water 
oftewell ultrafiltratie (UF) wordt berekend als het verschil tussen de toegediende hoeveelheid 
dialysevloeistoff in de buik (het dweil volume) en de uitgelopen hoeveelheid na een verblijftijd 
vann 4 uur. In de SPA daarentegen wordt het peritoneale transport van kleine en grote 
moleculenn berekend met behulp van een formule, de mass transfer area coëfficiënt (MTAC). 
Dezee formule geeft de theoretische waarde van het transport weer op tijdstip 0 van de 
verblijftijdd van de dialysevloeistof in de buikholte. Het transport van water wordt in de SPA 
berekendd met behulp van intraperitoneale toediening van dextran 70. De resultaten van SPA 
bijj kinderen waren niet essentieel verschillend van volwassen patiënten als de metingen 
werdenn gecorrigeerd voor het lichaamsoppervlakte. De D/P bij kinderen gaf een 
overschattingg van de MTAC in de lagere range en een onderschatting in de hogere range. 
Ditt werd ook bij volwassen PD patiënten gevonden. De MTAC blijkt een betere methode te 
zijnn om het peritoneale transport te meten omdat de MTAC onafhankelijk is van het dweil 
volumee en de glucose concentratie van de dialyse vloeistof. De weerstand die de 
peritonealee membraan uitoefent op het transport van deeltjes wordt weergegeven als de 
restrictiee coëfficiënt (RC). De RC voor macromoleculen nam toe met de duur van de PD 
behandeling.. Dit betekent dat de peritoneale membraan minder doorlaatbaar wordt voor 
grotee deeltjes zoals eiwitten. Het is onwaarschijnlijk dat bij kinderen een hogere peritoneale 
permeabiliteitt voor macromoleculen bestaat, zoals immunoglobulinen, dan bij volwassen 
patiënten. . 

Mesotheell cellen in de peritoneaal holte zijn belangrijk voor de lokale afweer en de 
integriteitt van de peritoneale membraan. Cancer antigen 125 (CA125) is een goede marker 
voorr de mesotheel cel massa. In hoofdstuk 3 zijn de CA125 concentraties in de peritoneale 
vloeistoff (dCA125) gemeten bij PD kinderen. Er werd geen invloed van de leeftijd op de 
dCA1255 concentraties gevonden. Wel trad er een daling op van de dCA125 waarden met de 
duurr van de dialyse behandeling, hetgeen een afname van de mesotheel massa 
weerspiegelt.. Dit werd ook bij volwassen PD patiënten gevonden. Er werd geen relatie 
gevondenn tussen dCA125 concentraties en transport parameters van kleine deeltjes, of de 
peritonitiss incidentje bij stabiele PD patiënten. 
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Inn hoofdstuk 4 werd het effect van verschillende dialyse behandelingen op de 
concentratiess van immunoglobulinen (Ig) in het serum van kinderen met een chronische 
nierinsufficiëntiee (CRF) gemeten in een cross-sectionele en longitudinale analyse. Een 
deficiëntiee van één of meer IgG subklassen werd gevonden bij 40% van de kinderen met 
CRF,, vóór het starten van de dialyse behandeling. Hemodialyse behandeling resulteerde 
niett in normalisatie van de lage serum IgG en subklassen concentraties. De deficiënties 
warenn het meest uitgesproken aanwezig bij PD kinderen, waarschijnlijk als gevolg van 
verliess via de peritoneale vloeistof. Kinderen met een IgGi deficiëntie hadden een hogere 
peritonealee IgG klaring ten opzichte van kinderen met een selectieve lgG2 deficiëntie. 
Gedurendee een follow-up periode van een jaar PD behandeling werden geen significante 
veranderingenn gevonden in de serum Ig concentraties. Ook de peritoneale Ig klaringen 
veranderdee niet significant tijdens het eerste jaar van de PD behandeling. Dit betekent dat 
verliess van deze eiwitten via de peritoneale vloeistof wordt gecompenseerd door een hogere 
synthese,, waardoor een evenwicht ontstaat in een stabiele situatie zonder peritonitis. 
Tijdenss een peritonitis episode nam de IgG concentratie in de dialyse vloeistof toe maar dit 
leiddee niet tot een significante daling van de serum IgG waarden. Serum IgM was zelfs 
hogerr in de acute fase van een peritonitis, waarschijnlijk als gevolg van een toegenomen 
synthesee tijdens peritonitis. IgG subklasse deficiënties werden niet vaker geassocieerd met 
meerr peritonitis episoden. Echter, een hoge peritonitis incidentie was wel gerelateerd aan 
verlaagdee serum IgG subklassen. 

IgGG in dialysaat heeft waarschijnlijk een belangrijke rol in de bescherming tegen 
peritonitiss bij patiënten die met PD worden behandeld. Incubatie van IgG met hoge 
concentratiess glucose leidt tot irreversibele non-enzymatische glycatie eindproducten of 
vroegee glycosylate eindproducten (AGEs) die de anti-infectieuze werking van Ig kunnen 
beïnvloeden.. Dit werd bestudeerd en beschreven in hoofdstuk 5. In vitro werd een directe 
relatiee tussen het percentage geglyceerd IgG en de glucose concentratie of de incubatie tijd 
gevonden.. Daarnaast was het percentage geglyceerd IgG direct gerelateerd aan de pH van 
dee dialyse vloeistof. Functionele studies toonden aan dat geglyceerd IgG complement 
activatiee gaf. Dit kan resulteren in een verminderd beschikbaar zijn van complement 
factorenn noodzakelijk voor een adequate anti-infectieuze werking. 

Omdatt IgG of subklassen deficiënties, met name lgG2 vaker werd waargenomen bij 
kinderenn met CRF, zouden deze kinderen vatbaarder kunnen zijn voor infecties met 
polysaccharidenn gekapselde bacteriën zoals Streptococcus pneumoniae. In hoofdstuk 6 
werdd de antistof respons tegen 6 serotypen van het ongeconjugeerde pneumococcen vaccin 
(Pneumovax)) gemeten na vaccinatie bij kinderen met dialyse behandeling of na een 
niertransplantatie.. Een aanzienlijk aantal van deze kinderen vertoonde een verminderde IgG 
enn subklasse respons na vaccinatie. Kinderen met een niertransplantatie vertoonden de 
laagstee IgG antisof titer stijging tegen serotype 9V en 23F. Het aantal non-responders was 
niett verschillend tussen de kinderen met of zonder verlaagde serum IgG of subklasse 
waarden.. Er werd geen significant verschil gevonden in de IgGi of lgG2 respons bij de 
kinderenn met een normale of verlaagde serum IgG of subklasse concentratie. Als men zou 
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overgaann tot vaccinatie bij alle kinderen met een nierinsufficiëntie, zou toediening van een 
conjugaatt vaccin eerst, gevolgd door Pneumovax, overwogen kunnen worden om zo tot een 
beteree bescherming te komen. 

Dee receptoren voor IgG (FcyR) en complement (CR) op leukocyten functioneren als 

eenn brug tussen de humorale en cellulaire immuniteit. Binding van IgG of complement 

geopsoniseerdee deeltjes aan deze receptoren leiden tot fagocytose van bacteriën. In 

hoofdstukk 7 en 8 werd de expressie van deze receptoren op leukocyten geanalyseerd bij 

kinderenn met CRF, met of zonder dialyse. In hoofdstuk 7 werd de FcyR en CR expressie op 

neutrofielenn en monocyten/macrofagen in bloed en dialysaat vergeleken bij PD kinderen in 

eenn stabiele situatie en tijdens peritonitis. Cellen in het dialysaat vertoonden een lager 

percentagee FcyR en CR positieve neutrofielen en macrofagen gecombineerd met een 

hogeree receptor dichtheid per cel (mean fluorescence intensity of MFI) dan in het bloed. 

Tijdenss een peritonitis episode nam de FcyR en CR expressie op monocyten toe met 

uitzonderingg van de FcyRII. Neutrofielen daarentegen vertoonden geen significante receptor 

expressiee stijging tijdens peritonitis. Tijdens peritonitis nam het percentage FcyR en CR 

positievee neutrofielen en macrofagen in het dialysaat toe. Met betrekking tot de MFI werd 

alleenn een stijging gevonden voor CR1 (CD35) en FcyRI (CD64) op macrofagen. In 

hoofdstukk 8 werd het effect van uremie en dialyse behandelingen op de FcyR en CR 

expressiee op leukocyten geanalyseerd en vergeleken met gezonde kinderen. Kinderen met 

CRF,, met of zonder dialyse behandeling vertoonden een lagere expressie van FcyRII op 

lymfocyten,, monocyten en neutrofielen, gecombineerd met een hogere expressie van CR3 

(CD11b). . 

Inn hoofdstuk 9 werd een analyse verricht van de differentiatie van leukocyten en 

lymfocytenn subsets in bloed en dialysaat van kinderen met CRF, PD of HD behandeling en 

vergelekenn met gezonde kinderen. Er werd geen significant verschil gevonden in het totale 

leukocyten,, lymfocyten en neutrofielen aantal tussen de groepen. Een lymfopenie werd 

slechtss bij enkele patiënten waargenomen. Het monocyten aantal was lager bij kinderen met 

CRFF zonder dialyse behandeling en bij PD kinderen vergeleken met gezonde kinderen. Een 

deficiëntiee van B-cellen werd gevonden bij 10% van de kinderen. Het absolute B-cel aantal 

wass lager bij uremische patiënten dan bij gezonde kinderen. HD kinderen hadden het 

laagstee aantal. Een deficiëntie van T-cellen werd nauwelijks gevonden bij de patiënten, 

maarr de ratio tussen T-helper (CD4) en T-suppressor (CD8) lymfocyten was toegenomen. 

Dee CD4 populatie in de PD groep was hoger dan vóór het starten van de dialyse procedure. 

Eenn deficiëntie van natural killer cellen werd gevonden bij 14% van de uremische kinderen. 

Err kon geen direct verband worden aangetoond tussen deze afwijkingen en de peritonitis 

incidentje,, maar een eventuele bijdrage in de toegenomen vatbaarheid voor virale of 

bacteriëlee infecties en maligniteiten is waarschijnlijk. 

Zowell lage B-cel aantallen als lage serum Ig concentraties bij kinderen met CRF 

werdenn aangetoond in de voorgaande hoofdstukken. Om na te gaan of er een stoornis is in 

dee B-cel differentiatie bij deze kinderen werd een analyse verricht naar de rijpingsstadia van 

dee B-cellen die van invloed zijn op de Ig produktie capaciteit. Daarnaast is de balans tussen 
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T-helper11 en T-helper2 cellen en de in vitro Ig productie door lymfocyten geanalyseerd. Het 
aantall memory cellen, gedefinieerd als CD27 positieve cellen of IgM/lgD dubbel negatieve 
cellenn was lager bij kinderen met nierinsufficiëntie dan gezonde kinderen. De CD5 positieve, 
naïevee B-cellen, zijn met name aanwezig in de peritoneale holte. PD behandeling leidde niet 
tott een verandering van de CD5 positieve B-lymfocyten in het bloed. Het lagere aantal 
memoryy B-cellen kon niet verklaard worden door een verstoring in de Th1/Th2 balans. In 
vitroo studies toonden geen significante verschillen aan in de Ig productie door lymfocyten 
tussenn gezonde en uremische patiënten. 

Samenvattendd kunnen wij concluderen dat de immunologsiche afwijkingen 
gevondenn in deze studies met name veroorzaakt werden door de nierinsufficiëntie en niet 
doorr de dialyse behandeling. De belangrijkste afwijkingen die in het bloed werden gevonden 
zijn:: lage serum IgG subklasse concentraties, lage aantallen B-cellen en memory B-cellen, 
verminderdee antistof respons na pneumococcen vaccinatie, lagere expressie van FCYRII 
(CD32)) op lymfocyten, monocyten en neutrofielen, een disbalans van de CD4/CD8 T-
lymfocytenn ratio en lage aantallen NK cellen. 
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Err zijn veel aandoeningen die reeds op de kinderleeftijd kunnen leiden tot een 
verminderdee nierfunctie (nierinsufficiëntie), waardoor het lichaam onvoldoende in staat is 
afvalstoffenn uit te scheiden. Dit is schadelijk voor het lichaam en kan leiden tot o.a. 
botontkalking,, te kleine lengte, aderverkalking en hersenbeschadiging. Bij een zeer sterk 
verminderdee nierfunctie is dan ook nierfunctie vervangende therapie noodzakelijk. De beste 
behandelingg is een succesvolle niertransplantatie maar hiervoor moet soms lang gewacht 
worden.. Er bestaan twee vormen van nierfunctie vervangende therapie, via het buikvlies of 
directt via de bloedbaan. Buikspoeling of peritoneale dialyse is een nierfunctie vervangende 
behandelingg waarbij een glucose bevattende dialyse vloeistof via een verblijfscatheter in de 
buikholtee wordt ingebracht, handmatig of met behulp van een machine. Afvalstoffen in het 
bloedd en overtollig water kunnen dan via het buikvlies naar de dialysevloeistof diffunderen. 
Doorr telkens de dialysevloeistof met afvalstoffen te vervangen door schone vloeistof kan het 
bloedd gezuiverd worden en overtollig water aan het lichaam worden onttrokken. Zuivering 
vann het bloed direct via de bloedbaan heet hemodialyse. Hierbij wordt het bloed van de 
patiëntt via een verblijfscatheter in een bloedvat of een zogenaamde shunt naar een 
machinee geleid met een filterr of kunstnier die het bloed zuivert, waarna het gezuiverde bloed 
weerr terug naar de patiënt wordt gepompt. Dit gebeurt bij kinderen tot nog toe altijd in het 
ziekenhuis,, minimaal 3 maal per week gedurende ongeveer 3 uur. De prikken die 
noodzakelijkk zijn voor toegang tot de bloedbaan bij hemodialyse zijn echter een nadeel voor 
kinderen.. Het voordeel van peritoneale dialyse bij kinderen is dat het thuis of op school 
gedaann kan worden en er is veel meer vrijheid in het dieet en de vochtinname. Echter 
buikvliesontstekingg is een vervelende complicatie van peritoneale dialyse behandeling. 
Behandelingg van buikvliesontsteking en het voorkomen ervan zijn belangrijke elementen in 
dee zorg voor deze kinderen. Het is gebleken dat kinderen vaker buikvliesontsteking hebben 
dann volwassenen. Frequent buikvliesontsteking leidt tot vermindering van de functie en 
kwaliteitt van het buikvlies. Het is niet duidelijk waarom kinderen vaker buikvliesontsteking 
krijgenn dan volwassenen. In de buikholte zijn cellen aanwezig zoals mesotheel cellen en 
wittee bloedcellen die belangrijk zijn voor de lokale afweer tegen bacteriën. Het kan zijn dat er 
tee weinig van dit soort cellen zijn of dat deze cellen niet optimaal functioneren door toxiciteit 
vann de dialysevloeistof of door de gevolgen van de nierinsufficiëntie. Daarnaast spelen 
antistoffenn of immunoglobuhnen zoals IgG, aanwezig in de bloedbaan en in de buikholte, 
eenn belangrijke rol in de bestrijding van infecties. 

Inn het eerste deel van dit proefschrift hebben we de functie van het buikvlies van 
kinderenn die behandeld worden met peritoneale dialyse bestudeerd door te meten hoe goed 
hett buikvlies afvalstoffen kan klaren maar ook hoeveel belangrijke eiwitten zoals antistoffen 
verlorenn gaan. Daarnaast hebben we onderzocht of deze kinderen minder mesotheel cellen 
hebbenn dan volwassen dialyse patiënten. Het blijkt, dat als de resultaten gecorrigeerd 
wordenn voor het lichaamsoppervlakte, er geen verschillen zijn tussen volwassenen en 
kinderen. . 
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Hett tweede deel van dit proefschrift gaat over antistoffen oftewel immunoglobulinen 
(mett name IgG). Allereerst hebben we bestudeerd wat de gevolgen zijn van een 
verminderdee nierfunctie op de concentraties van antistoffen in het bloed, vóór en na het 
startenn van de verschillende vormen van dialyse behandelingen bij kinderen. Uit deze studie 
bleekk dat lagere concentraties van antistoffen in het bloed niet alleen ontstond door de 
peritonealee dialyse behandeling maar dat deze verlaging reeds aanwezig was voordat de 
dialysee behandeling werd gestart. Blijkbaar veroorzaakt de nierinsufficiëntie een remming op 
dee synthese van Ig danwei is er een verhoogde afbraak. 

Vervolgenss hebben we gekeken wat er gebeurt met IgG in glucose bevattende 
dialysevloeistof.. We weten dat IgG een belangrijke anti-bacteriële afweer functie heeft in de 
buikholte.. Langdurig contact van IgG met glucose kan leiden tot verandering van het eiwit 
molecuul.. Dit heet IgG glycatie. De functie van geglyceerd IgG is veranderd en hierdoor kan 
dee lokale afweer verminderd zijn waardoor er makkelijker buikvliesontsteking ontstaat. 

Inentingenn of vaccinaties zijn bedoeld om te voorkomen dat we een infectie krijgen. 
Dezee bescherming is mogelijk omdat we na inenten antistoffen maken. Wij zagen dat 
kinderenn met een verminderde nierfunctie een lagere antistof respons geven na inenting met 
eenn bepaald vaccin (het pneumococcen vaccin). Hierdoor zijn ze waarschijnlijk minder 
beschermdd tegen deze bacterie dan kinderen zonder verminderde nierfunctie. 

Eenn belangrijke functie van IgG is dat dit eiwit zich kan hechten aan een bacterie 
diee het lichaam is binnen gekomen en zich vervolgens hecht aan een witte bloedcel 
(opsonisatie)) waardoor de bacterie opgegeten kan worden (fagocytose). Dit hechten aan 
eenn witte bloedcel gaat via IgG receptoren, ook wel Fcy-receptoren genoemd. Een ander 
belangrijkk eiwit in de afweer is complement. Dit bindt ook aan de bacterie en vervolgens aan 
eenn witte bloedcel via complement receptoren. Er bestaan verschillende typen receptoren, 
elkk met een bepaalde eigenschap en functie. In het derde deel van dit proefschrift hebben 
wee gekeken naar de expressie van deze IgG en complement receptoren op diverse witte 
bloedcellenn bij kinderen met verminderde nierfunctie, met of zonder dialyse, in het bloed, en 
ookk in de dialyse vloeistof van kinderen die met peritoneale dialyse worden behandeld. De 
expressiee van deze receptoren is anders bij kinderen met verminderde nierfunctie dan bij 
gezondee kinderen. We denken dat ook dit een invloed heeft op de vatbaarheid voor 
infecties. . 

Inn het laatste deel werd de verdeling of differentiatie van witte bloedcellen in het 
bloedd van kinderen met een verminderde nierfunctie bestudeerd. Het aantal witte 
bloedcellenn dat zorg draagt voor de fagocytose, te weten granulocyten en monocyten, zijn 
niett verminderd bij kinderen met verminderde nierfunctie met of zonder dialyse. Maar het 
aantall lymfocyten waaronder zich de cellen bevinden die IgG produceren (B-lymfocyten) 
warenn wel verlaagd ten opzichte van gezonde kinderen. Voordat B-lymfocyten IgG kunnen 
makenn moeten ze eerst door een aantal rijpingsstadia. Dit wordt gestuurd doordat deze 
cellenn in contact komen met stukjes van lichaamsvreemde eiwitten (bacteriën en virussen) 
waaraann ze blootgesteld worden. Hierdoor is een mens in staat om zijn afweer op te 
bouwenn en geheugen te creëren voor de betreffende verwekker waardoor we bij een 
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tweedee infectie niet meer ziek hoeven te worden maar snel antistoffen maken zodat de 
bacteriee geen kans heeft om zich te verspreiden. Volwassenen hebben meer "geheugen 
cellen"" dan jonge kinderen. Daarom hebben jonge kinderen meer infecties. Wij zagen dat de 
kinderenn met verminderde nierfunctie minder "geheugen cellen" hadden dan gezonde 
kinderenn hetgeen kan betekenen dat ze vatbaarder zijn voor infecties. Het lijkt dus zo te zijn 
datt door de verminderde nierfunctie de rijping van cellen belemmerd wordt. 

Concluderend,, worden de afwijkingen in het afweer systeem bij kinderen met 
verminderdee nierfunctie met name veroorzaakt door de verminderde nierfunctie zelf en niet 
doorr de dialyse behandeling. 
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Tott slot wil ik in vogelvlucht terugkijken op ruim 5 jaar promotie onderzoek en 
iedereenn bedanken die, direct of indirect, een bijdrage heeft geleverd aan de totstandkoming 
vann dit proefschrift. In augustus 1995 heeft Jean-Claude Davin de belangrijkste bijdrage 
geleverdd aan de start van dit project door mij over te halen fellow Kindernefrologie te 
worden.. Het was niet gemakkelijk om, na het zwangerschapsverlof, mezelf voor 200% te 
gevenn in zowel het opstarten van het onderzoek alsook het fellowship Kindernefrologie, en 
daarnaastt ook nog een goede moeder en partner te blijven. De eerste tijd op het SKIL was 
behoorlijkk wennen. De verschillen tussen werken als onderzoeker op een laboratorium of als 
artss op een afdeling zijn zeer groot. Het laboratoriumwerk was goed voor mijn ervaring maar 
ikk ben nu blij dat ik nooit meer een ELISA, celkweek of FACS hoef te doen. Het waren 
goedee tijden maar ook slechte tijden. Iedereen op het SKIL die mij geholpen heeft met van 
alless en nog wat wil ik graag bedanken. Mirjam van Weel, mijn vaste analiste in de eerste 
driee jaar heeft veel laboratoriumwerk verricht op zeer secure wijze en veel autoritten 
gemaaktt naar de diverse dialyse centra om bloed en dialysaat van kinderen op te halen. 
Karlaa Peters en Barbara Dierdorp hebben mij, na het vertrek van Mirjam, gelukkig geholpen 
omm zoveel mogelijk te kunnen afronden. Verder Monique, Frederique, Marianne, Richard en 
Frankk ook bedankt voor alles. Ik voelde me op het lab een vreemde eend in de bijt, in die zin 
datt ik geen full-time AIO was en daarnaast de enige van de Kindergeneeskunde die om de 
haverklapp weer naar boven werd geroepen om kliniek te doen. Toch vond ik het erg gezellig 
mett Jesse, Ming, Christa, Rob en Rene. Theo Out, co-promotor en mijn begeleider op het 
lab,, bijna elke week zaten we op je kamer naar de resultaten te kijken, tot in detail. Voor 
mijnn gevoel soms te lang waardoor mijn geduld op de proef werd gesteld. Jouw "detaillisme" 
kwamm ook duidelijk naar voren bij het corrigeren van de artikelen. Je vasthoudendheid heeft 
inn ieder geval zijn vruchten afgeworpen. René van Lier, mijn tweede begeleider op het lab, 
jee hebt mij tijdens het laatste deel van het project gelukkig in die richting weten te sturen wat 
haalbaarr was binnen de tijdslimiet, door af te zien van ingewikkelde en tijdrovende 
lymfocytenkwekenn met donor B en T cellen enz enz, en te switchen naar meer eenvoudig 
uitvoerbareuitvoerbare experimenten zoals het typeren van de B cellen. 

Allee kinderen die bloed en/of dialysaat hebben afgestaan voor het onderzoek wil ik 
bedanken. . 

Rayy Krediet, mijn promotor, u was degene die mij kon stimuleren om de vele 
resultatenn die we inmiddels hadden verzameld systematisch op te schrijven. Ik hoor U nog 
zeggen,, ze moet gaan schrijven! Uw manier van corrigeren en begeleiden hierin was voor 
mijj erg leerzaam en prettig. U maakte altijd tijd voor me vrij. Ik hoop dat we in de toekomst 
nogg kunnen blijven samenwerken. 

Jean-Claudee Davin, mijn co-promotor, we hebben al die jaren samen op een 
piepkleinn kamertje vertoefd, een aantal jaren zonder licht, een aantal met licht. Ondanks je 
problemenn met de Nederlandse taal, die trouwens aardig zijn verbeterd in de loop der jaren, 
kondenn wij goed met elkaar communiceren. Je hebt me altijd het vertrouwen gegeven dat 
hett zou lukken en ik hoop dat je tevreden bent met het resultaat. 
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Jaapp en Sjoerd, jullie hebben mij veel geleerd over de klinische nefrologie, 
beduidendd minder over wetenschappelijk onderzoek. Mijn gedram over gelijke verdeling van 
onderzoekk en kliniek, met name in de tweede helft van het project, was voor jullie, maar ook 
voorr mij niet gemakkelijk. Ik kijk dan ook terug op turbulente, leerzame maar ook gezellige 
fellow-jarenn tesamen met Joost, Marieke en Floor. 

Dee verpleging van de CAPD en hemodialyse hebben alle jaren fantastisch 
geholpenn met de praktische kant van het onderzoek. Jullie waren onmisbaar voor onze 
bijzonderee groep kindernefrologen. 

Dee leden van de promotiecommissie wil ik bedanken voor het kritisch doorlezen 
vann het manuscript. Brad Warady, I appreciate your willingness to attend this day and I hope 
wee can work together in the near future. Hugo Heymans, niet zozeer betrokken bij de directe 
begeleidingg van mijn onderzoek maar op de achtergrond was u altijd aanwezig, met name in 
dee voortgang en begeleiding van onze nefrologie groep. Leo Monnens, gastopponent, U 
bentt voor mij hét voorbeeld van een gedreven wetenschapper maar daarnaast een integer 
menss met een warm hart. 

Dee nefrologen en verpleegkundigen van de kinderdialyse centra in Nijmegen, 
Rotterdamm en Utrecht wil ik bedanken voor de prettige samenwerking. De Immunologie 
groepp uit het WKZ in Utrecht, bedankt voor de praktische ondersteuning en de stimulerende 
discussiess over de Fc-receptoren. 

Arnold,, bedankt voor je hulp m.b.t. de literatuur en Gert-Jan voor de computer 
ondersteuning.. Katinka, je bent een fijne secretaresse. 

Familie,, vrienden en collegae, iedereen bedankt voor de belangstelling en hulp, 
maarr ook op z'n tijd de kritiek die ik blijkbaar nodig had. Iedereen uit Leiden, fijn dat jullie mij 
dee ruimte hebben gegeven dit proefschrift te kunnen afronden. Machteld, we kwamen met 
elkaarr in contact doordat jij konijnen met kinderen vergeleek. Je hebt veel voor me gedaan. 

Heleen,, we begonnen samen als assistent op de oncologie afdeling, nu ben je mijn 
paranimf,, maar de afgelopen jaren was je vooral een hele goede vriendin. Je steun was heel 
belangrijkk voor me. Huib, we begonnen samen als student in Maastricht bijna 20 jaar 
geleden,, jij 10 jaar ouder dan ik, nu ben je mijn paranimf, omdat je al die tijd een bijzondere 
vriendd van me bent gebleven. 

Papaa en mama, niet meer piep maar gelukkig wel gezond, ik vind het heel erg fijn 
datt jullie dit moment hebben kunnen meemaken. Jullie hebben altijd voor mij klaar gestaan. 

Curd,, jij hebt waarschijnlijk het meeste te lijden gehad onder mijn mentale en 
fysiekee doorzettingsvermogen in mijn werk. Het spijt me. Succes is maar geluk, maar 
gelukkigg zijn is waar het uiteindelijk om draait. We gaan momenteel door een diep dal maar 
ikk hoop dat er in ieder geval een moment komt dat we mekaar kunnen vergeven. 

Meess en Hidde, lieve schatjes van me, waarschijnlijk kunnen jullie je later weinig 
herinnerenn van deze tijd, maar ik zal het nooit vergeten hoe belangrijk jullie bijdrage is 
geweest. . 
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Stellingenn behorende bij het proefschrift 

Functiona ll  and Immunologica l studie s in childre n wit h chroni c renal  failure : 
thee effect s of uremi a and dialysi s treatmen t 

«« * 

1.. Kindere n hebben geen verhoog d peritoneaa l transpor t van c tee l ^  vergeleke n met volwasse n 
patiënte n n 

2.. Verlaagd e serum concentratie s van IgQ en subklasse n bij kindere n met een chronisch e 
nierineufficienti ee ontstaa n reeds vóór het starte n van peritoneaa l dialys e behandelin g 

3.. kjG subktass e deficiënti e leid t niet per definiti e tot een rwger e peritoniti s incidenti e maar een hoge 
peritoniti ss  incidentj e is wel gerelateer d aan verlaagd e serum IgQ subktass e concentratie s 

4.. Kindere n met een chronisch e nierinsufficienrJ e hebben een verlaagd e expressi e van FcyRIl (CD32) 
opp leukocyte n in het bloed 

5.. De Fc r en complement-recepto r positiev e celle n in het dialysaa t hebben een hoger e recepto r 
densltei tt  dan in het bloed van kindere n die met peritoneaa l dialys e worde n behandel d 

6.. Kindere n die met dialys e worde n behandel d hebben een lager aarrta t memor y B ryrnfocyte n in het 
bloed .. Dit kan mogelij k de lager e seru m Ig concentratie s bij deze patiënte n verklaren . 

7.. De combinati e van een heterogen e groep dialys e kindere n en een comple x anti-bacteriee l 
afweermechanim ee bemoeilijk t het vinde n van de oorzaak voor een hoge peritoniti s incidentj e bij 
sommig ee kindere n 

8.. Pneumococce n vaccinatie s bij kindere n met een chronisch e njerinsuffiöëriti e word t weliswaa r 
geadviseer dd maar de incidentj e van pneumococce n infectie s bij deze kindere n is niet goed beken d 

9.. Zórge n hebben is de keerzijd e van zorg geven (Mariann e Frederiksson ) 

10.. Het begri p "tolerant e godsdienst "  is een contradicti o in termini s (NRC, 14 jul i 2001) 

11.. Een Amsterdamme r die zichzel f de schul d geeft is geen echte (Vri j Nederland , 19 mei 2001) 

12.. Kindere n discriminere n niet . Dat moeten ze leren (Vri j Nederland , 17 februar i 2001) 

13.. Alle s wat je beslis t moet weten heb je op de kleuterschoo l geleer d (Flober t Fukjhum ) 

14.. Je leven is niet wat er is gebeurd , maar wat je je herinner t en hoe je het je herinner t (Gabrie l 
Garci éé Mépquez) 

Tonn yy Bouts , Amsterda m 4 oktobe r 2001 
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