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General introduction

1Recently, many clinical studies have been performed to investigate the possible bene!cial 
e$ects of adding immunoregulatory substances to the nutrition of infants. In particular, 
the addition of nucleotides, prebiotics, or probiotics to the infant formula may create a 
so-called bi!dogenic e$ect on the microbiota of the gastrointestinal tract, which may 
reduce the number of latent invasive bacteria (1-3). It has been suggested that this may 
reduce the risk of infections and may also have a long-term bene!cial e$ect on im-
mune function (4). It has even been postulated that this type of ‘‘immunonutrition’’ will 
modulate the onset of infections and allergy in later life (4, 5). However, as this thesis 
demonstrates, it is considerably more complex to investigate the e$ects of immunonutri-
tion in preterm infants. Investigations into the e$ects of speci!c nutritional components 
on the intestinal microbiota of very small preterm infants are complex because e$ects on 
the gastrointestinal tract caused by intrauterine growth retardation (IUGR), hypoxia a&er 
birth, the timing of the onset of enteral feeding of the immature gastro intestinal tract, 
and the e$ects of infections caused by the invasive neonatal intensive care unit (NICU) 
treatment of these infants create a wide scatter of insults. Before one can study the pos-
sible bene!cial e$ects of a certain intestinal microbiota, all other factors in%uencing the 
intestinal microbiota over a prolonged time period should be considered and investigated 
thoroughly.

ORIGIN OF INFECTIONS BEFORE BIRTH

Infections in preterm infants may originate in utero (6). In particular, intraamniotic bac-
terial infections in relation to premature rupture of membranes may cause preterm birth 

FACTORS INFLUENCING THE ONSET OF INFECTIONS IN PRETERM INFANTS

ORIGIN OF INFECTIONS BEFORE BIRTH
 Intra-uterine (prenatal) onset of infections
 Poor development of splanchnic organs of the newborn due to IUGR
 Immature gastro-intestinal tract

ORIGIN OF INFECTIONS BECAUSE OF NICU ENVIRONMENT
 Invasive NICU care including mechanical ventilation
 (Mis)use of intravenous antibiotics at the NICU
 Total parenteral nutrition (TPN) using indwelling lines

ORIGIN OF INFECTIONS RELATED TO THE GASTRO"INTESTINAL TRACT
 Early/late onset of enteral feeding?
 Amount of nutrition (minimal enteral nutrition)
 Relation to the origin of necrotizing enterocolitis
 Postnatal malnutrition particularly in infants < 26 weeks

EFFECTS ON INFECTIONS BY SPECIFIC FOOD COMPONENTS
E!ects of amino acids, of nucleotides, probiotics, prebiotics

Multicausal origins of infections in preterm infants
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followed by a severe threat of immediate postnatal sepsis and/or meningitis. Another 
cause of infections of which the origin can be found in severe IUGR, may be traced to 
intrauterine infections. In the Western world, this is o&en caused by severe preeclampsia, 
leading to a poor perfusion via the placenta and resulting in a relative sparing of the 
brain but a very poor development of the splanchnic organs including the gastrointestinal 
tract. "e underdeveloped gastrointestinal tract, o&en su$ering from relative hypoxia, 
is very sensitive to poor motility, leading to stasis in the lumen and rapid overgrowth of 
(potentially) pathogenic bacteria (7). "is may lead to the typical disease seen in high-
risk preterm infants: necrotizing enterocolitis (NEC) (7). "at these risk factors causing 
infections in preterm infants o&en originate before birth should always be considered in 
investigating the e$ects of pre- and/or probiotics added to the nutrition of these infants. 
"e hostile environment in the lumen of the gastrointestinal tract of preterm infants may 
be caused by pathogenic factors before birth, and the growth of pathogenic bacteria dur-
ing the early postnatal period may be enhanced by relative hypoxia from poor ventilation.

ORIGIN OF INFECTIONS RELATED TO THE NICU ENVIRONMENT

Recently, we reviewed the literature on the development of the intestinal microbiota 
of preterm infants and the factors in%uencing its environment (8). Most studies show 
that the intestinal bacterial colonisation with bene!cial bacteria is delayed in preterm 
infants (8). "e number of potentially pathogenic bacteria is high. "e widespread use 
of antibiotics at the NICU has a negative e$ect on the development of the intestinal mi-
crobiota. Many preterm infants receive prophylactic antibiotics at birth. Over the period 
1998–2000, a surveillance study on nosocomial infections was performed at our NICU 
(9, 10). During 50% of the admission time, at least 1 antibiotic was administered to the 
preterm infants (9). "e risk of sepsis was negatively related to birth weight: <1000 g birth 
weight, 31% risk of sepsis; 1000–1500 g birth weight, 28% risk of sepsis; and 1550–2500 g 
birth weight, 4% risk of sepsis. Apart from low birth weight, another high risk factor for 
sepsis in preterm infants is the use of total parenteral nutrition mixtures (9, 10).

ORIGIN OF INFECTIONS RELATED TO THE GASTROINTESTINAL TRACT

Severe infections in preterm infants o&en originate from the gastrointestinal (GI) tract 
because of the developmental immaturity of the gastrointestinal tract. O&en the gastro-
intestinal tract wall is not yet fully mature, and the ultimately tight junctions between 
the mucosal cell layers are still open, permitting bacteria from the intestinal lumen to 
penetrate into the interstitium or vascular system causing sepsis (11). "e process of 
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1intestinal maturation is in%uenced not only by the gestational age but also by the e$ect of 
administrating enteral feeding late or early by so-called gavage feeding using an indwelling 
plastic probe. Over the last 10–15 year, the concept of minimal enteral trophic feeding has 
been introduced into clinical practice: the early start of enteral feeding in small quantities 
(maximal 12–24 mL/kg/d) in ventilated preterm infants during the period of parenteral 
feeding to enhance the gut function and with the intention to enable full enteral feeding 
sooner a&er birth (12). Preferably breast milk is given by nasal drip into the stomach to 
enhance mucosal development because mucosal growth factors in human milk facilitate 
mucosal growth (13). Pulsed minimal enteral feeding with breast milk may stimulate 
gastric emptying and may cause less re%ux than bolus feeding. "ere may also be several 
nonmucosal e$ects of minimal enteral feeding such as stimulation of the motor activity 
of the muscular layer of the gastrointestinal tract and enhancement of the postprandial 
response: lowering of the vascular resistance of the intestinal wall and increased oxygen 
consumption (14). Breast milk consumption may also result in the release of endocrine 
and metabolic factors such as gastrin, enteroglucagon, motilin, neurotensin, gastroinhib-
iting peptide, and pancreatic polypeptide (15). Enhancement of Lactobacillus and Bi!dus 
%ora by breast milk, known to diminish the risk of overgrowth of (potentially) pathogenic 
bacteria has already been discussed above. All these factors may lower the risk of NEC, 
a clinical entity in preterm infants leading to extremely high morbidity and/or mortality 
(7, 16, 17). It remains very di'cult, however, to collect su'cient clinical evidence for the 
validity of the concept of minimal enteral feeding (18). Most relevant clinical studies have 
been reviewed in a Cochrane meta-analysis (12,16). We concluded that minimal enteral 
feeding diminishes the number of days to reach full enteral feeding without increasing 
the risk of NEC. A study by Mihatsch et al. (19) showed that, even in IUGR preterm 
infants, the !rst postnatal day that full enteral feeding can be administered is reached 
earlier by increasing the amount of nutrition by 16 mL/kg/d up to 160–176 mL/kg/d until 
enteral nutrition is reached. Following this protocol, no increase in the incidence of NEC 
was observed, and the infants le& the NICU sooner. In contrast, Berseth et al. (20) in 
2003 claimed that increasing the amount of enteral nutrition with 20 mL/kg/d in preterm 
infants could be responsible for the fact that the team observed more cases of NEC.

EFFECTS ON INFECTIONS BY COMPONENTS OF THE NUTRITION: EFFECTS OF 
PREBIOTICS

"ere is increasing evidence that prebiotics play an important role in the development 
of the intestinal microbiota and the immune system, and may help to decrease the risk 
of infectious diseases. Especially preterm infants, who are at increased risk for serious 
infections, may bene!t from supplementation of prebiotics.



Chapter 1

12

Already 30 years ago, Japanese researchers showed that speci!c non-digestible oli-
gosaccharides were selectively fermented by bi!dobacteria and had the capacity, upon 
feeding, in stimulating their growth in the intestinal microbiota. "ese observations were 
con!rmed and further expanded by Gibson & Roberfroid who introduced the “prebiotic 
concept” 15 years ago. Most recently, prebiotics are de!ned as: ‘!e selective stimulation of 
growth and/or activity(ies) of one or a limited number of microbial genus(era)/species in the 
intestinal microbiota that confer(s) health bene"ts to the host.’ To be classi!ed as a prebiotic 
the food supplement: 1. Should resist gastric acidity, hydrolysis by mammalian enzymes 
and gastrointestinal absorption; 2. Is fermented by the intestinal microbiota; 3. Is recog-
nized by the immune system as helpful species. "is tolerance stimulates selectively the 
growth and/or activity of intestinal bacteria associated with health and wellbeing (20).

#NON"$ HUMAN MILK OLIGOSACCHARIDES

One type of prebiotics are human milk oligosaccharides. Over 200 human milk oligosac-
charides have been identi!ed with signi!cant variability between individuals over time 
(21). Breast milk feeding is highly promoted on our NICU. Nevertheless, feeding the 
preterm infant with human milk is not always possible and moreover does mother’s 
milk meet the requirements of a preterm infant? Non-human milk oligosaccharides are 
developed to mimic the function of human milk oligosaccharides. Non-human milk 
neutral oligosaccharides are small chain galacto-oligosaccharides and long chain fructo-
oligosaccharides. Addition of prebiotics, consisting of neutral oligosaccharides, to infant 
formula has been found to show potential advantageous e$ects in term and preterm 
infants (22, 23). Besides neutral oligosaccharides, breast milk also contains acidic oligo-
saccharides (24). In the past, research has mainly focussed on neutral oligosaccharides 
such as small-chain galacto-oligosaccharides and long-chain fructo-oligosaccharides 
(scGOS/lcFOS). Supplementation of scGOS/lcFOS in term and preterm infants results 
in: 1. Stimulation of a bi!dogenic intestinal %ora (3, 25); 2. Reduction of pathogens in the 
intestine (26); 3. Production of bene!cial fermentation metabolites such as short chain 
fatty acids (SCFA) (23); 4. Decrease of stool pH (26); 5. Improved intestinal physiology 
(stool characteristics, motility) (27); 6. Less infections and atopy (28, 29).

In breast milk, 80% of the oligosaccharides are neutral (as in scGOS/lcFOS), and 20% 
are acidic. Acidic oligosaccharides (pAOS) can be derived from carrots with their ac-
tive component pectin. Pectin is a common structural component of all higher plants. 
Cooking of pectin containing vegetables induces the cleavage of the long-chain pectin 
polymers into acidic oligosaccharides. For already nearly 100 years, carrots are known to 
have health promoting e$ects. In 1908, carrot soup was used as treatment of diarrhoea 
(30). In 1997, Guggenbichler identi!ed the anti-adhesive e$ect of acidic oligosaccharides 
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1(31). "e combination of acidic and neutral oligosaccharides may have several advanta-
geous e$ects (23, 32-34): 1. Stimulation of a bi!dogenic intestinal %ora; 2. Preventing 
adhesion of pathogens to epithelial tissues; 3. Stimulation of the immune system and 
the immune response to vaccinations. As a result of these e$ects, we hypothesise that 
preterm infants receiving a combination of lcGOS/scFOS with pAOS may have: 1. Less 
infections; 2. Better immune response to vaccinations; 3. Less atopy later in life; 4. Less 
feeding intolerance.

Most studies with prebiotics only focus on the colonisation of the intestinal microbiota. 
"e in%uence on the immune system is not yet fully understood. However, studying the 
immune modulatory e$ects is complex because of the multicausal risk of infections in 
preterm infants. "e combination of neutral oligosaccharides with acidic oligosaccharides 
may have an increased bene!cial e$ect on the immune system of preterm infants due to 
the speci!c conditions in the luminal part of the developing intestinal wall. Increased 
insight in the e$ects of prebiotics on the developing immune system may help to identify 
possible therapies to decrease (infectious) morbidity and mortality in preterm infants.
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2

"e primary aim of this thesis is to determine the e$ect of enteral supplementation of a 
prebiotic mixture consisting of neutral and acidic oligosaccharides on serious infectious 
morbidity.

Secondary aims are to determine the e$ect of acidic and neutral oligosaccharides on 
feeding tolerance and short-term outcome. In addition, an attempt is made to elucidate 
the possible pathophysiologic e$ects of the prebiotic mixture on postnatal adaptation of 
the gastrointestinal tract and postnatal modulation of the immune response.

OUTLINE OF THESIS

In chapter 3, we describe a double-blind randomised controlled trial that is designed to 
determine the e$ect of enteral supplementation of neutral and acidic oligosaccharides 
on serious infectious morbidity in preterm infants. Furthermore, feeding tolerance and 
short-term outcome are evaluated.

As part of the previously described trial, we have performed several studies to elucidate 
the role of neutral and acidic oligosaccharides on postnatal adaptation of the gastrointes-
tinal tract and postnatal modulation of the immune response.

In chapter 4, we focus on the e$ect of enteral supplementation of neutral and acidic 
oligosaccharides on the postnatal adaptation of the gastrointestinal tract. First, we pres-
ent a review of the literature on the development of the intestinal microbiota in preterm 
infants. Second, we present two studies on the e$ect of enteral supplementation of neutral 
and acidic oligosaccharides on the development of the intestinal microbiota and intesti-
nal microenvironment, stool viscosity, and stool frequency. "ird, we describe the e$ect 
of enteral supplementation of neutral and acidic oligosaccharides on markers of intestinal 
in%ammation, as measured by faecal calprotectin and faecal IL-8.

In chapter 5, we present a study that investigates the e$ect of neutral and acidic oligo-
saccharides on gut barrier function, as re%ected by intestinal permeability.

In chapter 6, we focus on the e$ect of enteral supplementation of neutral and acidic 
oligosaccharides on the postnatal modulation of the immune response. First, we present 
the e$ect of enteral supplementation of neutral and acidic oligosaccharides on cytokine 
levels.

Second, we present a review of the literature on the transplacental transport of Diphthe-
ria, Tetanus, acelullar Pertussis and Haemophilus in%uenzae type b and Pneumococcus. 
"ird, we present a study on the transplacental transport of Diphtheria, Tetanus, acelullar 
Pertussis and Haemophilus in%uenzae type b and Pneumococcus IgG antibodies. Fourth, 
we describe the e$ect of enteral supplementation of neutral and acidic oligosaccharides 
on the immune response to vaccinations to Diphtheria, Tetanus, acelullar Pertussis and 
Haemophilus in%uenzae type b and Pneumococcus.
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In chapter 7 we describe the transplacental transport of Immunoglubulin free Light 
Chains, which may be used as new markers for allergic diseases.

In chapter 8, we present the long-term outcome of enteral supplementation of neutral 
and acidic oligosaccharides on infectious and allergic diseases and neurological outcome 
in the !rst year of life.

䊺

䊺



CHAPTER 3
Neutral and acidic oligosaccharides in preterm infants: 
a!randomised, double blind, placebo-controlled trial

E.A.M. Westerbeek, J.P. van den Berg, H.N. Lafeber, W.P.F. Fetter, G. Boehm, J.W.R. 
Twisk, R.M. van Elburg

The American Journal of Clinical Nutrition 2010; 91:679-8



ABSTRACT

Background. Serious infectious morbidity is high in preterm infants. Enteral supplemen-
tation of prebiotics may reduce the incidence of serious infections, especially infections 
related to the gastrointestinal tract. Objective. "e objective was to determine the e$ect 
of enteral supplementation of a prebiotic mixture consisting of neutral oligosaccharides 
(scGOS/lcFOS) and acidic oligosaccharides (pAOS) on serious infectious morbidity in 
preterm infants. Design. In a randomised controlled trial, preterm infants (gestational age 
<32 wk and/or birth weight <1500 g) received enteral supplementation of 80% scGOS/
lcFOS and 20% pAOS (1.5g/kg/d) or placebo (maltodextrin) between days 3 and 30 of 
life. Serious infectious morbidity was de!ned as a culture positive for sepsis, meningitis, 
pyelonephritis, or pneumonia. "e analysis was performed by intention-to-treat and 
per-protocol, de!ned as )50% supplementation dose during the study period. Results. 
In total, 113 preterm infants were included. Baseline and nutritional characteristics 
were not di$erent between groups. In the intention-to-treat analysis, the incidence of 
)1 serious infection, )1 serious endogenous infection, or )2 serious infectious episodes 
was not signi!cantly di$erent in the scGOS/lcFOS/pAOS-supplemented and placebo 
groups. In the per-protocol analysis, there was a trend toward a lower incidence of )1 
serious endogenous infection and )2 serious infectious episodes in the scGOS/lcFOS/
pAOS-supplemented group compared with the placebo group (p=0.09 and p=0.07, 
respectively). Conclusions. Enteral supplementation of scGOS/lcFOS/pAOS does not 
signi!cantly reduce the risk of serious infectious morbidity in preterm infants. However, 
there was a trend toward a lower incidence of serious infectious morbidity, especially for 
infections with endogenous bacteria. "is !nding suggests a possible bene!cial e$ect that 
should be evaluated in a larger study.
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INTRODUCTION

Preterm infants admitted to the neonatal intensive care unit (NICU) have a high risk of 
serious infections. Although serious infections are o&en due to blood stream infections 
caused by coagulase-negative staphylococci (CoNS), many infections are also caused 
by endogenous bacteria, which o&en originate from the gastro-intestinal tract (1). In a 
recent review of the literature, we found that the number of bi!dobacteria and Lacto-
bacillus is lower in the gastro-intestinal tract of preterm infants than in term infants, 
whereas the number of potentially pathogenic bacteria is higher. Furthermore, antibiotic 
administration a&er birth causes a signi!cant delay in the intestinal bacterial colonisation 
(2). Intestinal microbiota have the potential to in%uence the maturation of the infant’s 
immune system (3,4). Breast milk oligosaccharides have immuno-modulatory, anti-
adhesive and anti-microbial e$ects (5). "e antiadhesive and antimicrobial e$ect is due 
to a direct e$ect of acidic human milk oligosaccharides, which act as receptor analogs 
to the ligands of pathogens preventing adhesion of pathogens to the epithelial surface 
(5). "e immunomodulatory e$ect is thought to be related to the bi!dogenic e$ect of 
breast milk on the microbiota of the infant’s gut (6). "is bi!dogenic e$ect of breast milk 
is attributable to the large amount of oligosaccharides in breast milk. Non-human milk 
oligosaccharides such as small-chain galacto-oligosaccharides (scGOS) and long-chain 
fructo-oligosaccharides (lcFOS) are used to substitute these functions (7). In previous 
studies in preterm and term infants, supplementation with neutral oligosaccharides 
stimulated a bi!dogenic intestinal %ora with a decrease of pathogens (3,4,6). In addi-
tion, neutral oligosaccharides increased small chain fatty acids (SCFA) production and 
decreased pH in human studies (5). In an in vitro model, SCFA stimulated the mucin-2 
synthesis and improved intestinal integrity (8). Furthermore, SCFA may decrease the 
growth of pathogens and has a regulatory role in intestinal motility (5).

In term infants, supplementation of neutral oligosaccharides to infant formula reduced 
the incidence of infections and atopy (9-13). Of the oligosaccharides in breast milk, ap-
proximately 80% are neutral and up to 20% are acidic. Non-human milk acidic oligosac-
charides (pAOS) can be derived from pectin. pAOS are able to act as receptors-analogs 
and are known to inhibit the adhesion of pathogens on the epithelial surface.(5) pAOS 
may also directly e$ect the immune cells via interaction of selectins, dendritic cell speci!c 
C-type lectin, integrins and other target receptors as Toll-like receptors (5). "e combina-
tion of scGOS/lcFOS with pAOS may increase the growth of a bi!dogenic %ora, decrease 
the growth of pathogens in the intestine, have a positive e$ect on the mucus layer of the 
gastrointestinal tact, and may stimulate the maturation of the immune system (14-16). 
As a result of these e$ects, we hypothesise that preterm infants receiving a combination 
of scGOS/lcFOS with pAOS may have a reduced incidence of serious infections. "e 
primary aim of this randomised, double-blind, placebo-controlled trial was to determine 
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the e$ect of enteral supplementation of a prebiotic mixture consisting of neutral and 
acidic oligosaccharides on serious infectious morbidity in preterm infants. In addition, 
we determined the e$ect on feeding tolerance and short-term outcome in preterm infants.

SUBJECTS AND METHODS

Subjects
Infants with a gestational age (GA) <32 wk and/or birth weight <1500 g, admitted to 
the level III NICU of the VU University Medical Center, Amsterdam, were eligible for 
participation in the study. Exclusion criteria were as follows: infants with a gestational age 
>34 wk, major congenital or chromosomal anomalies, death within 48 h a&er birth and 
transfer to another hospital within 48 h a&er birth. "e medical ethical review board of 
our hospital approved the study protocol. Written informed consent was obtained from 
all parents.

Randomisation, blinding and treatment
A&er assignment to 1 of 3 birth weight groups (*799 g, 800-1199 g, and )1200 g), the in-
fants were randomly allocated to treatment within 48 h a&er birth to receive either enteral 
80% scGOS/lcFOS and 20% pAOS or placebo powder (maltodextrin). An independent 
researcher used a computer-generated randomisation table (provided by Danone Re-
search, Friedrichsdorf, Germany) to assign infants to treatment with the prebiotic mixture 
or placebo. Investigators, parents, medical and nursing sta$ were unaware of treatment 
allocation. "e randomisation code was broken a&er data analysis was performed. "e 
prebiotic mixture and the placebo powder (maltodextrin) were prepared and packed 
sterile (Danone Research, Friedrichsdorf, Germany). "e 2 powders were indistinguish-
able by appearance, color, and smell. During the study period, the prebiotic mixture and 
placebo powder were monitored for stability and microbiological contamination.

Supplementation with the prebiotic mixture or placebo was administered in increasing 
doses between days 3 and 30 of life to a maximum of 1.5 g/kg/d to breast milk or preterm 
formula. Two members of the nursing sta$ added the daily supplementation to breast 
milk or to preterm formula (Nenatal Start; Danone Research, Friedrichsdorf, Germany) 
according to the parents’ choice. Per 100 mL, the preterm formula provided 80 kcal, 2.4 
g protein (casein-whey protein ratio 40:60), 4.4 g fat and 7.8 g carbohydrate. "e preterm 
formula did not contain oligosaccharides. When infants were transferred to another 
hospital before the end of the study, the protocol was continued under supervision of the 
principal investigator (EAMW).
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Nutritional support
Protocol guidelines for the introduction of parenteral and enteral nutrition followed cur-
rent practices at our NICU. Nutritional support was administered as previously described 
(17), except for minimal enteral feeding (de!ned as 12-24 mL/kg/d) which was advanced 
either from day 2 or from day 4 in those with a birth weight <10th percentile, GA <26 
wk, Apgar score <6 at 5 min, umbilical artery pH <7.10, or base de!cit >10 mmol/L. 
For each infant in the study, a feeding schedule was proposed based on birth weight and 

Figure 3.1. Trial pro"le
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the guidelines as mentioned above. However, the medical sta$ of our NICU had !nal 
responsibility for the administration of parenteral nutrition and advancement of enteral 
nutrition.

A&er discharge, all infants received breast milk or preterm formula (Nenatal Start with-
out oligosaccharides) and a post-discharge formula (Nenatal 1 without oligosaccharides) 
until the corrected age of 6 mo.

Study outcomes
"e primary outcome of the study was the e$ect of the prebiotic mixture supplementa-
tion to the enteral nutrition on serious infectious morbidity (1,17) during admission in 
the NICU and during the 80-d follow-up. A new serious infectious episode was de!ned 
as a new positive culture a&er adequate antibiotic treatment of the previous infectious 
episode with clinical recovery. More than one positive culture with the same bacteria 
from di$erent sites at the same time was registered as one serious infectious episode. 
In addition, an analysis was performed of serious infectious morbidity caused by 
CoNS, most commonly related to (the combination of) indwelling lines and parenteral 
nutrition and by non-CoNS (=endogenous) infections, usually from micro-organisms 
from the gastrointestinal tract. "e occurrence of serious infections was independently 
determined by 2 investigators (EAMW and RMvE), who were unaware of treatment al-
location. Secondary outcomes (during admission and the 80-d follow-up) were feeding 
tolerance, such as time to full enteral feeding, de!ned as a feeding volume >120 mL/kg/d, 
age when parenteral feeding was discontinued, days of minimal enteral feeding, de!ned 
as 12-24 mL/kg/d, days of no enteral feeding, and the occurrence of Bell stage II and 
III necrotizing enterocolitis (18) and growth (19). Other secondary outcomes were need 
for mechanical ventilation, presence of periventricular-intraventricular hemorrhage 
(20), patent ductus arteriosus treated with ibuprofen, indomethacin and/or surgical liga-
tion, bronchopulmonary dysplasia (BPD) (21), retinopathy of prematurity (22), age at 
discharge from NICU, age at discharge from the hospital, and death.

Statistical analysis
On the basis of he di$erences in incidences !n infectious morbidity (76% and 50%, 
respectively) in a previous study (17), a 2-tailed a = 0.05, a b = 0.20, and a sample size of 
2 x [2 x 7.85 x 0.63 (0.37)]/(0.26)2 = 2 x 54 infants were calculated. Normally distributed 
and nonparametric data were presented as means ± SDs and median (range), respectively. 
Logistic regression analysis was performed to determine whether enteral supplementa-
tion of the prebiotic mixture in%uenced the incidence of serious infections and more 
than one infectious episode. Multinominal logistic regression analysis was performed 
to determine whether enteral supplementation of the prebiotic mixture in%uenced the 
incidence of serious endogenous infections. In a second analysis, adjustments were 
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made for possible confounding factors: gestational age, birth weight, Apgar score <6 at 
5 min, and exclusive breastfeeding during the study period (de!ned as the !rst 30 d of 
life.) Secondary outcomes were analysed by Student’s t test, Mann-Whitney U test, and 
chi-square test or Fisher’s exact test for continuous normally distributed, nonparametric 
continuous, and dichotomous data, respectively. All statistical analyses were performed 
on an intention-to-treat basis. To determine the e$ect of su'cient dosage and time of 
exposure to supplementation, a per-protocol analysis was performed, excluding infants 
who received a mean supplementation dose <50% of the maximum supplementation 
dose (1.5 g/kg/d) during the study period and infants not completing the study period (30 
d of life). For all statistical analyses, a 2-tailed p value <0.05 was considered signi!cant. 
SPSS 15.0 (SPSS Inc, Chicago, IL) was used for the data analysis.

RESULTS

Between May 2007 and November 2008, 113 preterm infants entered the study. "e trial 
pro!le is shown in Figure 3.1. Baseline patient and nutritional characteristics were not 
di$erent between the 2 groups (Table 3.1).

In the prebiotic mixture group, 23 of 55 (42%) infants had )1 serious infection com-
pared with 31 of 58 (54%) in the placebo group [odds ratio (OR): 0.63; 95% CI: 0.30, 1.32; 
p=0.22]. In the prebiotic mixture group, 9 of 55 (16%) infants had )1 serious endogenous 
(= non-CoNS) infection compared with 17 of 58 (29%) in the placebo group (OR: 0.45; 
95% CI: 0.17, 1.16; p=0.10). In the prebiotic mixture group, 6 of 55 (11%) infants had 
)2 serious infectious episodes compared with 12 of 58 (21%) in the placebo group (OR: 
0.47; 95% CI: 0.16,1.40; p=0.16) (Table 3.2). In an additional analysis, adjustment for 
gestational age, birth weight, Apgar score <6 at 5 min, and exclusive breastfeeding during 
the 30 d study period did not change the results of the crude analysis (Table 3.2).

"e relation of the !rst endogenous infection with postnatal age is shown in a Kaplan 
Meier curve (Figure 3.2). "e !rst serious infection occurred at a median postnatal age 
of 8 d in both groups. "e !rst endogenous infection occurred at a median postnatal 
age of 16 d in both groups. In both groups, the most frequently cultured endogenous 
microorganism was Staphylococcus aureus (Table 3.3).

None of the secondary outcomes were signi!cantly di$erent between the prebiotic 
mixture group and the placebo group except for mild BPD: 1 of 52 (2%) and 10 of 52 
(19%) respectively (OR: 0.08; 95% CI: 0.01-0.67); p=0.004 (Table 3.4).

Infants excluded from the per-protocol analysis received a mean supplementation dose 
during the 30-d study period of 0.48 ± 0.31 g/kg/d. In the per-protocol analysis (n=94), 
26 of 43 (61%) subjects in the prebiotic mixture group and 30 of 51 (59%) subjects in 
the placebo group were exclusively breastfed during the 30-d study period. "ere was 
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Table 3.1. Baseline and nutritional characteristics

Prebiotic mixture (n=55) Placebo (n=58)

Baseline characteristics

Maternal age (y) 32.1± 4.6 31.1± 6.4

Maternal race, % Caucasian 43/55 (78%) 40/58 (69%)

Obstetric diagnosis

 Chorioamnionitis 11/55 (20%) 13/58 (22%)

 PE,E or HELLP 16/55 (31%) 18/58 (31%)

 Placental insu#ciency 4/55 (7%) 3/58 (5%)

Antenatal antibiotics 11/55 (20%) 16/58 (28%)

Antenatal corticosteroids 30/55 (56%) 32/58 (56%)

Multiple birth 9/55 (16%) 13/58 (22%)

Vaginal delivery 31/55 (56%) 32/58 (55%)

Gestational age (wks) 29.9 ± 1.9 29.3 ± 2.1

Birth weight (kg) 1.32 ± 0.4 1.23 ± 0.3

Birth weight <10th percentile 12/55 (22%) 8/58 (14%)

Sex, % male 31/55 (56%) 36/58 (62%)

Apgar at 5 min <6 9/55 (16%) 5/58 (9%)

pH umbilical artery <7.10 2/55 (4%) 0/58 (0%)

Surfactant medication 22/55 (40%) 26/58 (45%)

PIVH

 None 45/55 (82%) 46/58 (80%)

 Grades I or II 8/55 (15%) 10/58 (17%)

 Grades III or IV 2/55 (4%) 2/58 (3%)

Antibiotics postpartum 41/55 (75%) 44/58 (76%)

Nutritional characteristics

Age at start of study supplementation (d) 2.1 (1.54-5.25) 2.1 (1.54-3.25)

Time to full supplementation dose (d) 11 (4-28) 11 (5-27)

Mean supplementation dose during study period (g/kg/d) 1.30 (0.10-1.60) 1.27 (0.17-1.79)

Age at advancement of enteral nutrition (d) 2.8 (0.58-27.50) 2.5 (0.33-18.04)

Exclusive breast milk during 30 day study period 38/55 (69%) 33/58 (57%)

PE=preeclampsia; E=eclampsia; HELLP=syndrome of hemolysis, elevated liver enzymes and low platelets; 
PIVH=periventricular-intraventricular hemorrhage. Values are mean±SD, medians (ranges) or number 
(%) Student’s t test, Mann-Whitney U test and chi-square test or Fisher’s exact test are used to analyse 
continuous normally distributed, nonparametric continuous data, respectively
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Table 3.2. Serious infectious morbidity in preterm infants1

Crude analysis Adjusted analysis4

Prebiotic mixture Placebo OR (95% CI) p OR (95% CI) p

Intention to treat (N=113) n=55 n=58

$1 serious infection2 23/55 (42%) 31/58 (54%) 0.63 (0.30,1.32) 0.22 0.65 (0.26,1.62) 0.35

$1 serious endogenous infection3 9/55 (16%) 17/58 (29%) 0.45 (0.17,1.16) 0.10 0.43 (0.13,1.42) 0.17

$2 serious infectious episodes2 6/55 (11%) 12/58 (21%) 0.47 (0.16,1.40) 0.16 0.25 (0.06,1.11) 0.07

Per protocol (N=94) n=43 n=51

$1 serious infection2 13/43 (30%) 25/51 (49%) 0.45 (0.19,1.10) 0.06 0.52 (0.19,1.38) 0.19

$1 serious endogenous infection3 5/43 (12%) 14/51(28%) 0.31 (0.10,0.98) 0.045 0.29 (0.07,1.22) 0.09

$2 serious infectious episodes2 2/43 (5%) 10/51 (20%) 0.20 (0.04,0.97) 0.03 0.16 (0.02,1.20) 0.07

1Sepsis, meningitis pyelonephritis, pneumonia as diagnosed by a combination of clinical signs and a 
culture positive for micro-organisms. OR=odds ratio. 2Logistic regression analysis. 3Multinominal logistic 
regression analysis. 4Adjusted for gestational age, birth weight, Apgar score at 5min <6, administration of 
exclusive breastfeeding during 30 day study period

Table 3.3. Micro-organisms cultured in preterm infants

Prebiotic mixture Placebo

Sepsis n=28 n=39

Coagulase-negative staphyloccoci 20/28 (71%) 27/39 (69%)

Staphyloccocus aureus 4/28 (14%) 2/39 (5%)

Eschericia coli 1/28 (4%) 2/39 (5%)

Serratia marcescens 2/28 (7%) 2/39 (5%)

Klebsiella pneumonia 0/28 (0%) 2/39 (5%)

Enterococcus Faecium 2/28 (7%) 0/39 (0%)

Enterobacter 0/28 (0%) 1/39 (3%)

Candida albicans 0/28 (0%) 2/39 (5%)

Pyelonephritis n=2 n=5

Staphyloccocus aureus1 0/2 (0%) 1 (20%

Eschercria coli 0/0 (0%) 1 (20%)

Enterococcus Faecium 1/2 (50%) 1 (20%)

Enterobacter2 0/0 (0%) 1 (20%)

Candida albicans 1/2 (50%) 1 (20%)

Pneumonia n=0 n=3

Staphyloccocus aureus 0/0 (0%) 1 (33%)

Serratia marcescens 0/0 (0%) 1 (33%)

Ureaplasma Urealyticum 0/0 (0%) 2 (66%)

1Concurrent sepsis and meningitis at the same time, only listed once.
2Concurrent sepsis at the same time, only listed once.
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a trend toward a lower incidence of )1 serious infection in the prebiotic mixture group 
(13 of 43; 30%) than in the placebo group (25 of 51; 49%) (OR: 0.45; 95% CI: 0.19-1.10; 
p=0.06). "e incidence of )1 serious endogenous infection was lower in the prebiotic 
mixture group (5 of 43; 12%) than in the placebo group (14 of 51; 28%) (OR: 0.31; 95% 
CI: 0.10-0.98; p=0.045). "e incidence of )2 serious infections episodes was lower in the 
prebiotic mixture group (2 of 43; 5%) than in the placebo group (10 of 51; 20%) (OR: 
0.20; 95% CI: 0.04-0.97; p=0.03) (Table 3.2). In an additional analysis, adjustment for 
gestational age, birth weight, Apgar score <6 at 5 min, and exclusive breastfeeding during 

Table 3.4. Secondary outcomes in preterm infants

Prebiotic mixture (n=55) Placebo (n=58) P

Feeding tolerance

 Time to full enteral feeding 10 (4-48) 11 (7-50) 0.47

 Age at "nishing parenteral nutrition (d) 10 (3-45) 10 (4-34) 0.89

 Feeding withheld (d during study period) 0 (0-17) 0 (0-15) 0.52

 Necrotizing enterocolitis 10/55 (18%) 6/58 (10%) 0.23

Growth

 Weight SD score at birth %0.36 (1.72) %0.36 (1.33) 1

 Weight SD score at day 30 %1.22 (1.36) %1.42 (0.93) 0.36

 Weight SD score at discharge %1.19 (1.24) %1.34 (0.92) 0.50

General outcome

 PDA 4/55 (7%) 10/58 (17%) 0.11

 Duration of ventilator support 1 (0-38) 1 (0-79) 0.91

 Supplemetal oxygen at PMA 36 wk

 21% oxygen (Mild BPD) 1/52 (2%) 10/52 (19%) 0.004

 <30% oxygen (Moderate BPD) 1/52 (2%) 0/52 (0%) 0.32

 >30% oxygen (Severe BPD) 4/52 (8%) 3/52 (6%) 0.70

 Retinopathy grade III or IV 4/51 (8%) 3/50 (6%) 1.00

Death 4/54 (7%) 8/58 (14%) 0.26

 Death within study period 2/55 (4%) 3/58 (5%)

 Death after study period 2/55 (4%) 5/58 (9%)

Age at discharge from NICU

 Infants who survived (d) 15 (1-90) 17 (3-87) 0.97

 Infants who died (d) 36 (26-104) 24 (3-167) 0.46

Age at discharge from hospital (d) 52 (30-111) 54 (30-181) 0.69

PDA=patent ductus arteriosus treated with ibuprofen, indomethacin or ligation, PMA=postmenstrual age; 
NICU=neonatal intensive care unit. Values are mean±SD, medians (ranges) or number (%). Student’s t test, 
Mann-Whitney U test, chi-square test or Fisher’s exact test.
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the 30-d study period decreased the OR and increased the p value to 0.05 for endogenous 
infections (OR: 0.29; 95% CI: 0.07-1.22; p=0.09) and )2 infectious episodes (OR: 0.16; 
95% CI: 0.02-1.20; p=0.07) (Table 3.2). "e incidence of mild BPD (21) was lower in the 
prebiotic mixture group (0 of 43; 0%) than in the placebo group (9 of 39; 23%) (p=0.003).

DISCUSSION

To our knowledge, this was the !rst study to describe the e$ects of enteral supplementa-
tion of a prebiotic mixture of neutral and acidic oligosaccharides on serious infectious 
morbidity and short-term outcomes in preterm infants. Although there was a clear trend, 
enteral supplementation with the prebiotic mixture did not signi!cantly reduce the risk 
of serious infections in preterm infants. Interestingly we observed that, as one of the 
secondary outcomes, the incidence of mild BPD was lower in the enteral the prebiotic 
mixture group.

Preterm infants face many challenges and performing an intervention study in this 
high risk group is a challenge. Because of their increased risk of infectious morbidity with 
paralytic ileus and necrotizing enterocolitis, increasing enteral feeding is o&en di'cult. 
Prebiotics increase the intestinal growth of Bi"dobacteria and Lactobacillus and reduce 
the amount of potentially pathogenic bacteria (23). However, due to feeding problems 
and excessive antibiotic use in very low birth weight preterm infants, su'cient amounts 
of study supplements could not always be administered to accomplish a bene!cial e$ect 
on the intestinal %ora. Besides an improved balance between healthpromoting bacteria 
and potentially pathogenic bacteria, other factors such as improved intestinal integrity 
re%ected by intestinal permeability, improved intestinal motility, the interaction between 
the intestinal microbiota and the gut and inhibition of adhesion of pathogens to the epi-
thelial surface may be involved in the susceptibility to endogenous infections in preterm 
infants.

"e incidence of endogenous infections and )2 serious infections episodes was lower 
in infants who received a mean supplementation dose of 50% of the maximum supple-
mentation dose of 1.5 g/kg/d during the study period (per-protocol analysis). "is is in 
line with the results of the study by Moro et al. (24), who showed a dose dependent 
e$ect of scGOS/lcFOS (0.8 g/dL compared with 0.4 g/dL during a 28 d study period) on 
the growth of Bi"dobacteria and Lactobacillus in the intestine. In our study, the median 
time to full supplementation was 11 d, the time to the !rst serious endogenous infection 
was 16 d, and time to the second serious infectious episode was 27 d. "is suggests that 
enteral supplementation of the prebiotic mixture to preterm infants may reduce the risk 
of serious infectious morbidity, especially endogenous infections, if supplementation is 
given at a dose of 50% of the maximum of 1.5 g/kg/d and is given for 14 d.
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"is e$ect is in line with the ability of pAOS to act as receptors-analogs, resulting in 
inhibition of the adhesion of pathogens on the epithelial surface in the gastrointestinal 
tract (6). However, our study was not designed to determine the optimal supplementa-
tion dose and number of days required to reduce serious infections.

We observed that the incidence of mild BPD, as de!ned by Jobe et al. (21), was lower in 
the enteral the prebiotic mixture group than in the placebo group, also a&er adjustment 
for chorioamnionitis, gestational age, birth weight, and serious infectious morbidity. 
Although the development of BPD is multifactorial, in%ammation is considered as an 
important factor associated with BPD (25–27). We hypothesise that enteral supplemen-
tation with the prebiotic mixture may in%uence the immune system and the systemic 
in%ammatory response in the respiratory tract, improving the balance between proin-
%ammatory and in%ammatory cytokines. Previous studies have shown that neutral and 
acidic human milk oligosaccharides can be absorbed and cross the border membrane of 
the intestine, which suggests that human milk oligosaccharides may act systemically and 
that their e$ect is not restricted to the intestine (28). However, because serious infectious 
morbidity was the primary aim of our study, future studies including a larger number of 
preterm infants are needed to con!rm the e$ect of the prebiotic mixture on BPD.

In our study, the incidence of necrotizing enterocolitis was not di$erent between groups. 
Approximately 50% of the infants who developed necrotizing enterocolitis did not reach 
a mean supplementation dose of )50% during the study period or died before the end 
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Figure 3.2. Kaplan-Meier curve for the "rst developed endogenous infection in the "rst 80 days of life
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of the study period. "erefore, we cannot draw conclusions about the e$ect of enyeral 
supplementation with the prebiotic mixture on the incidence of necrotizing enterocolitis.

Some limitations of the study need to be addressed. First, the analysis of CoNS- and 
non-CoNS (=endogenous) infections was a posthoc analysis based on the assumption 
that CoNS infections are most commonly related to (the combination of) indwelling 
lines and parenteral feeding and not to the microbiota of the gastrointestinal tract. As 
a consequence, the sample size was not su'cient to detect signi!cant di$erences in the 
intention-to-treat analysis. Second, randomisation was primarily based on birth weight, 
whereas gestational age was also an inclusion-criterion. As a consequence, there was a 
nonsigni!cant di$erence in gestational age between both groups in favor of the prebiotic 
mixture group. However, adjustment for gestational age and other potential confounders 
de!ned in our study protocol did not change the results of our primary outcome. "ird, 
study supplementation started 48 a&er birth, because parents were allowed 48 h to give 
informed consent. Fourth, an optimal supplementation dose of 1.5g/kg/d was reached at 
a median postnatal age of 11 d because of restriction of the maximal osmolarity of the 
enteral feeding, consistent with a maximum oligosaccharides supplementation of 1 g/60 
mL feeding. Last, breast milk itself contains neutral and acidic oligosaccharides, and the 
e$ect of supplementation on infectious morbidity may be less pronounced in preterm 
infants who were exclusively breastfed. However, in an additional analysis, to determine 
the in%uence of type of feeding on infectious morbidity, we did not !nd that exclusive 
breastfeeding during the study period reduced the incidence of serious infections. Be-
cause breast milk is strongly promoted in our NICU, most infants received breast milk 
(>60%), and relatively few were exclusively formula fed (20%).

Serious infections morbidity is the most common cause of death during the neonatal 
period and is a major risk of neurological impairment. "e potential improvement in 
short- and long- term outcomes with supplementation of health-promoting nutrients is 
very attractive. Human milk contains, besides oligosaccharides, other bene!cial nutrients 
such as glycoproteins. Recently, Mazoni et al. (29) found that supplementation of bovine 
lactoferrin with or without the probiotic strain Lactobacillus rhamnosus GG reduced the 
risk of late- onset sepsis in very- low- birth- weight infants.

In a recent review of the potential roles and clinical utility of prebiotics in newborns, 
Sherman et al. (30) concluded that when taken in su'cient amounts, prebiotics so&en 
stools, increase stool frequency, and increase the ratio of bi!dobacteria to total faecal 
bacteria. Furthermore, Sherman et al concluded hat the addition of a prebiotic mixture 
to formula is considered safe. However, additional research is needed to determine the 
relevance of reported outcome measures for decreasing disease and promoting health.

In summary, we found that enteral supplementation of a prebiotic mixture consisting 
of neutral and acidic oligosachharides does not signi!cantly reduce the risk of serious 
infectious morbidity in preterm infants. However, there was a trend toward a lower inci-
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dence of serious infectious morbidity, especially for infections with endogenous bacteria. 
"is !nding suggests a possible bene!cial e$ect that should be evaluated in a larger study. 
Because serious infectious morbidity during the neonatal period is associated with neu-
rodevelopmental impairment (31,32), decreasing the risk of serious infectious morbidity 
by nutritional supplementation such as with prebiotics, should be investigated further.
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ABSTRACT

"e aim of this study is to review the normal development of the intestinal microbiota 
of preterm infants and the factors in%uencing its development. Preterm infants have an 
increased intestinal permeability, which may lead to bacterial translocation to systemic 
organs and tissues. In combination with immaturity of the immune system the risk of 
systemic infections might be increased. Especially potentially pathogenic bacteria are 
able to translocate. "e intestinal microbiota of breast-fed term infants, dominated by 
bi!dobacteria and lactobacilli, is thought to suppress the growth of potentially patho-
genic bacteria. Attempts have been made to stimulate the presence of bi!dobacteria 
and lactobacilli by means of changes in the diet and ingredients such as prebiotics and 
probiotics. A&er selection, six studies investigating the intestinal bacterial colonisation 
of preterm infants were included. In general, these studies show that the intestinal bacte-
rial colonisation with bene!cial bacteria is delayed in preterm infants. "e number of 
potentially pathogenic bacteria is high. Antibiotic treatment in%uences the intestinal 
colonisation. Many preterm infants receive prophylactic antibiotic treatment at birth. As 
antibiotic treatment delays the normal intestinal colonisation, caution should be given to 
treatment with broad spectrum antibiotics in preterm infants at birth and every attempt 
has to be made to restrict the period of treatment.
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INTRODUCTION

"e gastrointestinal tract is one of the largest organs of the body serving as an important 
barrier between ingested elements from the external environment and the internal milieu 
of the body. In children and adults, the intestine is able to discriminate between patho-
genic micro-organisms and the commensal intestinal microbiota (1). Moreover, it is able 
to select the bene!cial nutrients from the ingested food. In preterm infants, these func-
tions are not completed yet (2,3). "e development of the intestinal microbiota starts at 
birth and is in%uenced by various factors such as gestational age, mode of delivery, local 
environment, type of feeding, and antibiotic treatment (4-8). In breast-fed term infants, 
bi!dobacteria become the predominant bacteria in the intestinal microbiota, whereas in 
formula-fed term infants the intestinal microbiota becomes more diverse with apart from 
bi!dobacteria, also clostridia, enterobacteria, Bacteroides spp. and streptococci (9-11). 
"erapies have focused on the development of a bi!dogenic intestinal microbiota, e.g. 
with prebiotics and probiotics. Although recent studies with prebiotics and probiotics 
show promising results, more studies are needed to determine the role of prebiotics and 
probiotics in preterm infants (12-16).

Bacteria in the lumen of the intestine can be grouped according to their degree of 
pathogenicity (17). "ree groups of bacteria can be recognized: 1. Bene!cial; 2. Poten-
tially pathogenic and 3. Pathogenic bacteria. Bene!cial e$ects are inhibition of growth of 
pathogenic bacteria, production of vitamins, degrading and fermentation of food ingre-
dients, stimulation of feeding tolerance and stimulation of immune functions. Pathogenic 
e$ects of bacteria include feeding intolerance, in%ammation, infections and especially 
in preterm infants necrotizing enterocolitis. Potentially pathogenic bacteria belong to 
the normal microbiota of the intestine, but may become pathogenic if present in high 
numbers: enterobacteria, enterococci, Escherichia coli, Bacteroides spp. and streptococci. 
Pathogenic bacteria, such as staphylococci, clostridia, Proteus spp. and Klebsiella spp. may 
become pathogenic, even if present in low numbers (2,17).

Due to the immaturity of the gastrointestinal tract, bacteria may translocate to systemic 
organs and tissues and, in combination with immaturity of the immune system, increase 
the risk for systemic infections (18). Especially (potentially) pathogenic bacteria have 
the potential to translocate (19). An intestinal microbiota of anaerobic bacteria such as 
bi!dobacteria and lactobacilli favors protection, because it may suppress the growth of 
pathogenic bacteria (20, 21).

Few studies have determined the developmental aspects of the intestinal bacterial 
colonisation of preterm infants. As preterm infants o&en require intensive care treatment 
with an increased risk of serious infections, insight in the development of the intestinal 
bacterial colonisation of preterm infants is important. In addition, various factors that 
may in%uence the intestinal bacterial colonisation of these infants need to be studied. It 
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is not known whether prematurity itself in%uences the intestinal bacterial colonisation, 
but preterm infants o&en need intensive care treatment in their !rst days of life. It is 
likely that this in%uences the intestinal bacterial colonisation. Preterm infants o&en need 
respiratory support and due to the immaturity of the gut parenteral nutrition is o&en 
required. Furthermore, preterm infants are susceptible for infections and o&en need 
antibiotic treatment.

Insight in the development of the intestinal bacterial colonisation in preterm infants 
and the factors involved might help to establish conditions that prevent a potentially 
pathogenic development of the microbiota and may stimulate the presence of a micro-
biota comparable to that seen in healthy term infants. "e aim of this study is to review 
the literature on the normal development of the intestinal microbiota of preterm infants 
and the factors in%uencing its development.

METHODS OF LITERATURE REVIEW

A literature search was performed by a PubMed search from January 1970 till December 
2005 using the following keywords and limits:

(Intestines[MeSH] OR intestin* OR gut OR gastrointestin* OR enteric) and (%ora OR 
microbiolog* OR microbiology[MeSH] OR microbiota OR bacteria OR bacterial OR 
enterobacteria* OR colonisation OR colonisation OR microbes OR microbial) and (neo-
nat* OR infant*) AND (premature OR preterm OR pre-term OR low birth weight OR 
low weight OR small for gestational age) and (english[la] OR german[la] OR dutch[la]) 
NOT (Probiotics[MeSH] OR Oligosaccharides[MeSH] OR prebiotic*[ti] OR necrotising 
enterocolitis OR necrotic enteric colitis OR ‘‘Enterocolitis, Necrotising’’[MeSH]).

Forward citation tracking was performed with the retrieved publications via the Web 
of Science. Related articles in PubMed and in the Web of Science were reviewed as well as 
references described in these publications.
Inclusion criteria:
– preterm/very low birth weight (VLBW) infants;
– intestinal colonisation from birth.
Exclusion criteria:
– necrotizing enterocolitis;
– prebiotics/probiotics.
"e publications were analysed for:
1. Methods used for collecting and analyzing the faecal samples;
2. Investigation of intestinal colonisation over time and collection of faecal samples at 

least once a week with exact description of the day of collection;
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3. Availability of data on the number (or percentage) of infants colonized with the tested 
bacteria;

4. Possible confounding factors, such as gestational age, mode of delivery, type of feed-
ing, initiation of feeding, antibiotic treatment, length of stay at a neonatal intensive 
care unit.

RESULTS

Results of the literature search
With the initial search, 11 relevant publications were found (4,6-8,22-28). "e selected 
studies were published between 1979 and 2003. Five studies were excluded from this 
review because of:
1. Unclear description of sampling (8,22);
2. Heterogeneity of the study population (6,7);
3. Lack of data on the number of infants colonized with the tested bacteria (27).

Characteristics of included studies
Of the six selected studies, !ve studies used culturing techniques on selective media to 
determine the colonisation pattern. One study used culturing techniques on selective 
media and gas–liquid chromatography. Mean gestational age of the infants varied from 
26 weeks (24) to 33 weeks (28). Mean birth weight of the infants varied from 814 (24) to 
1920g (23) (Table 4.1). In the included studies faecal samples were collected at di$erent 
postnatal ages. For comparison, four groups were de!ned according to postnatal age at 
sampling (Table 4.2):
1. within 48 hours a&er birth;
2. day 5–9 (week 1);
3. day 10–16 (week 2);
4. from day 20 () week 3).

INTESTINAL BACTERIAL COLONISATION OF PRETERM INFANTS

Bene%cial bacteria
Bi"dobacteria. In !ve studies bi!dobacteria were determined in the faeces (4,24-26,28). 
In two of three studies, bi!dobacteria were not detected directly a&er birth (21,23). In 
these two studies, bi!dobacteria increased over time. In two studies, bi!dobacteria were 
rarely found during the whole study period (4,24). In only one study, high numbers of 
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bi!dobacteria were found even directly a&er birth (25). In conclusion, low numbers of 
bi!dobacteria are found in the faeces of preterm infants.

Lactobacilli. In !ve studies, lactobacilli were determined in the faeces (4,23-26). In 
none of the studies, lactobacilli were found at birth. In the study of Sakata et al. (26) 
growth of lactobacilli increased a&er 2 weeks. In the other studies, growth of lactobacilli 
remained low (4,23,25). In conclusion, low numbers of lactobacilli were found in the 
faeces of preterm infants.

In summary, low numbers of bene!cial bacteria are found in the intestinal microbiota 
in preterm infants.

Potentially pathogenic bacteria
Enterobacteria and E.!coli. In !ve studies, enterobacteria were determined (4,23-26). In 
four studies analyzing E.#coli (4,23-25), E.#coli was found in high numbers. In two studies, 
enterobacteria were sparsely found (24,25). In one study, growth of enterobacteria was 
rarely found during the whole study period (23). "e study of Sakata et al. (26) analysed 
enterobacteria, without further culturing of E.#coli. Enterobacteria were found in high 

Table 4.1. Included studies

Author / year n Gestational age 
(wk)

Birth
weight (g)

Methods Purpose

Blakey et 
al.(23) / 1982

28 30
(25–36)

1125
(560–1500)

Feces culture "rst 3 
weeks

Identify micro-organisms colonizing 
the gut of preterm infants admitted to 
a special care nursery

Stark and Lee 
(28)/ 1982

26 33
(30–35)1

1920
(1440–2300)1

Feces culture "rst 4 
weeks

De"ne the early bacterial colonisation 
of the large bowel of preterm infants 
fed expressed breast milk and compare 
it to the colonisation of term infants 
who have been breast or formula fed

Rotimi et 
al.(25) / 1984

23 29
(24–36)

1728
(750–2400)

Feces culture "rst 
6 days

Investigate the development of 
bacterial colonisation of preterm 
infants admitted to the special baby 
care unit and whose mothers received 
antenatal care

Sakata et al. 
(26) / 1985

13 30
(26–35)

1077
(810–1350)

Feces culture "rst 7 
weeks

Investigate the development of the 
intestinal &ora in VLBW infants in 
comparison with term infants

Hall et al.(4) / 
1990

98 32
(25–33)

1140
(620–2510)

Feces culture 
& gas liquid 

chromatography day 
10 & 30

Determine whether a characteristic 
pattern of colonisation with lactobacilli 
and bi"dobacteria can be identi"ed in 
term and in preterm infants

Gewolb et al. 
(24) / 1999

29 26 782 Feces culture day 10, 
20 & 30

Serially characterize the aerobic and 
anaerobic stool microbiota in a cohort 
of preterm infants <1000 g at birth

Gestational age and birth weight are means or 1median (ranges).
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numbers in all infants during the whole study period. In conclusion, high numbers of 
enterobacteria and E.#coli are found in the faeces of preterm infants.
Bacteroides. In !ve studies Bacteroides spp. were determined (23-26, 28). In three stud-
ies, Bacteroides spp. were found in high numbers (23, 25, 28). In one study Bacteroides 
growth increased during the study period (26). In one study, Bacteroides spp. were rarely 
found during the whole study period (24). In conclusion, high numbers of Bacteroides 
spp. are found in the faeces of preterm infants.
Enterococci and streptococci. In four studies, enterococci were determined (23-26). In 
two studies, streptococci were found in high numbers during the whole study period 
(25, 26). In one study enterococci growth increased during the study period (24). In one 
study, enterococci were not found (23). In conclusion, high numbers of enterococci are 
found in the faeces of preterm infants.

In summary, high numbers of potentially pathogenic bacteria are found in the intesti-
nal microbiota of preterm infants.

Pathogenic bacteria
Clostridia. In !ve studies, clostridia were determined (23-26, 28). In two studies clos-
tridia were sparsely found (23, 24). In two studies low numbers of clostridia were found 
at the start of the study, but the prevalence increased over time (26, 28). In the study of 
Rotimi et al. (25) clostridia were only found within 48 hours a&er birth. In conclusion, 
colonisation with clostridia varies is in the faeces of preterm infants.
Staphylococci. In four studies, staphylococci were determined (23-26). In two studies, 
staphylococci were sparsely found (23,24). In the two other studies, high numbers of 
staphylococci were found during the whole study period (25, 26). In conclusion, high 
numbers of staphylococci are found in the faeces of preterm infants.
Pseudomonas. In four studies, Pseudomonas spp. were determined (23-26). In all stud-
ies, Pseudomonas spp. were sparsely found. In one study, Pseudomonas growth slightly 
increased over time (26). In conclusion, low numbers of Pseudomonas spp. are found in 
the faeces of preterm infants.
Klebsiella. In two studies, Klebsiella spp. were determined (23,25). In both studies, 
Klebsiella growth increased over time during the study. In conclusion, high numbers of 
Klebsiella spp. are found in the faeces in preterm infants.

In summary, high numbers of pathogenic bacteria are found in the intestinal micro-
biota of preterm infants.
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CONDITIONS THAT MODIFY THE INTESTINAL BACTERIAL COLONISATION

Preterm versus term infants
"ree studies determined intestinal bacterial microbiota in preterm and term infants 
(4,26,28). In the study of Sakata et al. (26) enterobacteria and streptococci were dominant 
at day 1 in both groups. At day 4, bi!dobacteria became dominant in the term group, 
whereas bi!dobacteria became dominant at day 20 in the preterm group. "e dominance 
of bi!dobacteria was weaker in the preterm group (ratio bi!dobacteria to enterobacteria 
remained 10:1 at 7 weeks of life) than in the term group (ratio 1000:1 at day 7) (26). 
In preterm infants, Stark and Lee (28) found that colonisation with bi!dobacteria was 
signi!cantly delayed during the !rst week of life.

Hall et al. (4) found a signi!cantly lower prevalence of coliforms (p<0.01) and lactoba-
cilli (p<0.005) in the preterm group at 10 days. At 30 days, there was a signi!cantly lower 
prevalence of lactobacilli in preterm infants (p<0.01).

Breast-fed versus formula-fed infants
One study compared the intestinal microbiota of breast-fed and formula-fed preterm 
infants (24). In the study of Gewolb et al. (24) breast-fed infants showed a more diverse 
intestinal microbiota than formula-fed infants with lower numbers of pathogenic micro-
organisms.

Antibiotic versus no antibiotic treatment
"ree studies determined the in%uence of antibiotic treatment on the intestinal bacterial 
colonisation (4,23,24). In the study of Gewolb et al. (24) all infants received at least 2 
days of antibiotic treatment during the !rst month of life. "ey found an inverse cor-
relation between the number of days of antibiotic treatment in the !rst month of life and 
the number of bacterial species (r=0.491; p=0.007) and the total number of organisms 
(r=0.482; p=0.008) in the faecal samples at day 30. Only in one infant lactobacilli and 
bi!dobacteria were found. Blakey et al. (23) found that in infants receiving antibiotics 
a&er birth lactobacilli were never isolated in the !rst 20 days of life. Before 12 days of 
age, the prevalence of clostridia was reduced in infants receiving antibiotic treatment. At 
10 days of age, Hall et al. (4) found that infants treated with parenteral antibiotics had a 
signi!cantly reduced colonisation with lactobacilli (p<0.01).

In summary, colonisation with bacteria, especially bene!cial bacteria such as lactoba-
cilli, is delayed in infants receiving antibiotic treatment a&er birth.
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Vaginal delivery versus cesarean section
One study determined the in%uence of mode of delivery of birth. Rotimi et al. (25) found 
that colonisation with Bacteroides spp. and clostridia is delayed in infants delivered by 
cesarean section.

Table 4.2. Intestinal bacterial colonisation in preterm infants at di!erent postnatal ages

<2d 1wk 2wk >3wk <2d 1wk 2wk >3wk <2d 1wk 2wk >3wk

Bene%cial

Bi"dobacteria    Lactobacilli

Blakey – – – – 7 8 14 25

Stark 0 55 – 63 – – – –

Rotimi 86 96 – – 13 14 – –

Sakata 0 43 100 100 0 0 14 80

Hall – – 17 11 – – 14 19

Gewolb – – 4 4 – – 4 4

Potentially pathogenic

Enterobacteria/E.coli    Enterococci  Bacteroides

Blakey 13 44 46 60 7 8 25 20 57 44 79 35

Stark – – – – – – – – 40 64 – 38

Rotimi 78 100 – – $57 $91 – – $17 $78 – –

Sakata 100 100 100 100 100 100 100 100 14 14 29 43

Hall – – 62 95 – – – – – – – –

Gewolb – – 14 43 – – $28 $57 – – 10 10

Pathogenic

Clostridia    Staphylococci   Pseudomonas

Blakey $10 $20 $18 $35 $17 $20 $18 $35 0 12 11 0

Stark 20 56 – 25 – – – – – – – –

Rotimi $44 $50 – – $48 $77 – – 4 9 – –

Sakata 0 0 29 57 43 71 86 100 0 29 14 39

Hall – – – – – – – – – – – –

Gewolb – – – – – – $59 $57 – – 4 7

Data are expressed as percentage of the number of preterm infants with a positive culture.



Chapter 4A.1

48

Molecular techniques
"e studies discussed in this review used conventional cultivating techniques to deter-
mine the intestinal microbiota. In recent years, molecular techniques were developed 
for directly detecting di$erent groups of bacteria in faecal samples without further 
cultivation (29,30). However, only few studies used molecular techniques to study the 
intestinal microbiota in preterm infants (27). Schwiertz et al. (27) used PCR-denaturing 
gradient gel electrophoresis to study the intestinal microbiota of preterm infants. "ey 
found an increase in similarity of bacterial communities in hospitalized preterm infants 
as compared to breast-fed term infants.

DISCUSSION

Our review shows that in preterm infants colonisation of bi!dobacteria and lactobacilli 
is delayed, whereas colonisation with potentially pathogenic bacteria (especially E.#coli) 
is increased. "e type of feeding did not in%uence the intestinal bacterial colonisation in 
preterm infants, although the longer time to full enteral feeding may have in%uenced this 
!nding (26). Early introduction of enteral nutrition is thought to stimulate the intestine 
of preterm infants. "is might maximize the immune function of the intestine, reduce the 
risk of infections and improve the outcome of preterm infants. Prebiotics and probiotics 
may to stimulate the presence of a bi!dogenic microbiota and thus may have a positive 
e$ect on health (12-16).

"e intestinal microbiota is di'cult to study. Only a limited number of bacteria may 
be detected using conventional cultivation techniques. Several studies have shown that 
%uorescent in situ hybridization (FISH) analyses provide quantitative data on the relative 
amount of the di$erent bacterial groups, while cultivating techniques are insu'ciently 
selective and unsuitable for quantitative analysis (9,29,30).

In this review, emphasis is on studies using conventional cultivation techniques and 
possibly intestinal colonisation may di$er from that in studies using molecular techniques. 
Cultivation techniques have a high sensitivity for E.#coli, so the included studies may !nd 
relatively high numbers of E.#coli. In this review, data are expressed as the number of 
infants colonized with the speci!c bacteria. "is is not a sensitive method because every 
infant will be colonized with at least one bacterium of every type of bacteria. Quantitative 
data would be more reliable, but unfortunately most studies in this review did not provide 
these data.

"e intestinal microbiota has been implicated in the pathogenesis of necrotizing en-
terocolitis, which is an important cause of morbidity and mortality in preterm infants. In 
this review, studies of patients with necrotizing enterocolitis were excluded, because the 
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pathogenesis is multifactorial and speci!c unrecognised bacteria that are not normally 
found in the intestine might be involved (31-33).

It is concluded that the intestinal bacterial colonisation with bene!cial bacteria is 
delayed in preterm infants, while the number of potentially pathogenic bacteria is high. 
"is review shows that antibiotic treatment may delay the normal intestinal bacterial 
colonisation. Caution should be given to treatment with broad spectrum antibiotics in 
preterm infants and every attempt should be made to restrict the period of antibiotic 
treatment to a minimum.
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ABSTRACT

We aimed to determine the e$ects of enteral supplementation of a prebiotic mixture 
of neutral and acidic oligosaccharides (scGOS/lcFOS/pAOS) on faecal microbiota and 
microenvironment in preterm infants. Furthermore, we determined the in%uence of 
perinatal factors on the development of the faecal microbiota. In a RCT, preterm infants 
with gestational age <32weeks and/or birth weight <1500g received enteral supplementa-
tion of scGOS/lcFOS/pAOS or placebo (maltodextrin) between days 3-30 of life. Faecal 
microbiota, as measured with FISH, and microenvironment (SCFAs, pH, sIgA) were 
measured at 4 time points: before start of the study, at day 7, 14 and 30 of life. In total, 
113 preterm infants were included. Enteral supplementation of the prebiotic mixture 
increased total bacteria count at day 14 (Exp 3.92; 95%CI 1.18-13.04, p=0.03), but not 
at day 30 (Exp 1.73; 95%CI 0.60-5.03, p=0.31). "ere was trend toward increased Bi-
!dobacteria counts. "ere was a delayed intestinal colonisation of all bacteria. Enteral 
supplementation of the prebiotic mixture decreased faecal pH (Exp 0.71; 95% CI 0.54-
0.93, p=0.01) and there was a trend toward increased acetic acid compared to the placebo 
group (Exp 1.09; 95% CI 0.99-1.20, p=0.10). "ere was no e$ect on sIgA (Exp 1.94; 95% 
CI 0.28-13.27, p=0.50). Antibiotics decreased total bacteria count (Exp 0.13; 95%CI 0.08-
0.22, p<0.001). In conclusion, enteral supplementation of a prebiotic mixture of neutral 
and acidic oligosaccharides increases the postnatal intestinal colonisation. However, the 
extensive use of broad-spectrum antibiotics in preterm infants decreased the growth of 
all intestinal microbiota, thereby delaying the normal microbiota development.
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INTRODUCTION

"e intestinal microbiota plays a pivotal role in the susceptibility of preterm infants for 
serious infections (1). In preterm infants, intestinal colonisation is delayed compared 
with term infants (2). "e use of broad-spectrum antibiotics on the neonatal intensive 
care unit further delay the intestinal colonisation (2). "e intestinal microbiota commu-
nicates extensively with the intestinal immune system leading to metabolic and immuno-
logic reactions by the epithelial cells and the underlying lymphoid cells; this is called the 
bacterial-epithelial ‘cross talk’ (3). To improve outcome of preterm infants, modulating 
the intestinal microbiota with oligosaccharides early in life may be an important target. 
Over 200 human milk oligosaccharides have been identi!ed with signi!cant variability 
between individuals over time (4). Human milk oligosaccharides pass unabsorbed and 
undigested through the small intestine into the colon, where they are fermented by resi-
dent bacteria to yield the main end products: short-chain fatty acids (SCFA) and lactic 
acid(5). "e intestinal microbiota creates a speci!c microenvironment with a lower pH, 
which supports the colonisation of fermentative bacteria (e.g. lactobacilli and bi!dobac-
teria) and is less favorable for enterobacteriaceae and other potential pathogenic species 
(6, 7) Speci!c dietary milk oligosaccharides such as short-chain galacto-oligosaccharides 
(scGOS) and long-chain fructo-oligosaccharides (lcFOS) are used to substitute the func-
tions of human milk oligosaccharides to stimulate a speci!c microbiota composition and 
activity (5). In previous preterm studies, supplementation of neutral oligosaccharides 
increased growth of bi!dobacteria and lactobacilli and decreased growth of pathogens 
in the intestine (6).

Of human milk oligosaccharides, approximately 80% are neutral and 20% are acidic (5). 
Speci!c acidic oligosaccharides can be derived from pectin (pAOS). pAOS are able to act 
as receptors-analogs and inhibit the adhesion of pathogens on the epithelial surface (5). 
Recently, we found that enteral supplementation of a prebiotic mixture of speci!c neutral 
oligosaccharides (scGOS/lcFOS, 9:1) and acidic oligosaccharides (pAOS), if given in 
su'cient amounts, decreased the incidence of serious infections, especially endogenous 
infections (8). We hypothesise that the previously found lower endogenous infection rate 
in preterm infants receiving a prebiotic mixture with neutral and acidic oligosaccharides, 
may originate from an improved microenvironment of the gastro-intestinal tract with in-
creased numbers of bi!dobacteria and lower numbers of potentially pathogenic bacteria. 
"erefore, the aims of our study were to measure the e$ect of enteral supplementation of 
this type of prebiotic mixture on faecal microbiota and microenvironment, re%ected by 
SCFA, lactate acid, pH and secretory IgA (sIgA). In addition, we determined the in%u-
ence of perinatal factors on the development of faecal microbiota in preterm infants.
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METHODS

Subjects
Infants with gestational age (GA) <32 weeks and/or birth weight (BW) <1500 g, admitted 
to the level III NICU of the VU University Medical Center, Amsterdam, were eligible for 
participation in the study. Exclusion criteria were: infants with GA >34 weeks, major con-
genital or chromosomal anomalies, death <48 hours a&er birth and transfer to another 
hospital <48 hours a&er birth. "e medical ethical review board of our hospital approved 
the study protocol. Written informed consent was obtained from all parents.

Randomisation, blinding and treatment
"e infants were randomly allocated <48hours a&er birth to receive either enteral 80% 
scGOS/lcFOS (9:1) and 20% pAOS or placebo powder (maltodextrin) as previously de-
scribed(8). Randomisation code was broken a&er data analysis was performed. Prebiotic 
mixture and placebo powder (maltodextrin) were prepared and packed under nitrogen 
environment in sachets (Danone Research, Friedrichsdorf, Germany). During the study 
period, prebiotics and placebo powder were monitored for stability and microbiological 
contamination. Supplementation of the prebiotic mixture or placebo was administered in 
increasing doses between days 3 and 30 of life to 1.5g/kg/day to breast milk or preterm 
formula (without oligosaccharides). When infants were transferred to another hospital 
before the end of the study, the protocol was continued under supervision of the principal 
investigator (EW).

Enumeration of faecal microbiota by Fluorescent In Situ Hybridisation (FISH)
Faecal sample preparation and FISH analysis were performed as previously described (9) 
with minor modi!cations. All used 7 probes, normally representing the major groups of 
micro-organisms in term infants, were commercially synthesized and 5’-labelled with 
Cy3 (Biolegio B.V., Nijmegen, the Netherlands) (Table 4.3). For total cell counts, slides 
were counterstained with 4’,6-diamidino-2-phenylindole (DAPI). Slides were counted by 
automated Olympus AX70 epi%uorescence microscope. Percentage of labelled bacteria 
per sample was determined by counting all cells and all labelled bacteria in the same !eld 
with a DAPI !lter set (SP100) and CY3 !lter set (41007) respectively (Chroma Technol-
ogy Corp., Brattleboro, VT, USA).

pH Measurements
Faecal samples were collected in sterile tubes and stored at ,20°C until analysis. Prior 
to analysis, faecal samples were thawed in ice water and pH was measured directly as 
previously described (10).
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Short-chain fatty acid (SCFA) and lactate analysis
Lactate and the SCFA acetic, proprionic, n-butyric, isobutyric and n-valeric acids were 
measured as previously described (10).

Measurement of sIgA response by ELISA.
sIgA was measured by speci!c ELISA assays as previously described (11).

Nutritional support
Parenteral and enteral nutrition was introduced at our NICU according to clinical evi-
dence based guidelines (8).

Statistical analysis
Sample size was based on sample size calculation for the primary outcome of the trial. 
Normally distributed and nonparametric data are presented as means (±SD) and me-
dians (ranges) respectively. Patient and nutritional characteristics were compared with 
Student’s t test, Mann-Whitney U test, chi-square test, or Fisher’s exact test as appropriate. 
Generalized estimating equations (GEE) were used to compare changes in faecal micro-
biota and microenvironment over time between the groups. In additional GEE-analyses, 
adjustments were made for chorioamnionitis, GA, BW, mode of delivery, Apgar score at 
5min <6, exclusively breast milk feeding, stay at a NICU or general hospital ward, serious 
endogenous infection, postnatal antibiotic treatment (<48 hours preceding the sample) 
and necrotizing enterocolitis (NEC).

"e e$ect of perinatal factors on the development of the intestinal microbiota was 
analysed by GEE. A natural logarithm transformation was performed in not normally 
distributed variables. All statistical analyses were performed on an intention to treat ba-

Table 4.3. Sequences of the probes used

Probe Sequence from 5’ to 3’ end Speci%city Remarks

Bac303 CCAATGTGGGGGACCTT Most Bacteroidaceae and Prevotellaceae,
some Porphyromonadaceae

Bif164-
mod

CATCCGGYATTACCACCC Bi"dobacterium spp. modi"ed from Bif164

Chis150 TTATGCGGTATTAATCTYCCTTT Clostridium histolyticum group Applied together with Clit135

Clit135 GTTATCCGTGTGTACAGG Clostridium lituseburense group Applied together with Chis150

Ec1531 CACCGTAGTGCCTCGTCATCA Subset enterobacteriaceae
(E. coli, Shigella, Salmonella, Klebsiella)

Erec482 GCTTCTTAGTCARGTACCG Eubacterium rectale-Clostridium coccoides group

Lab158 GGTATTAGCAYCTGTTTCCA Lactobacillus - Enterococcus group
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sis. A two-tailed p value <0.05 was considered signi!cant. SPSS 17.0 (SPSS Inc, Chicago, 
IL, USA) was used for data analysis.

RESULTS

Between May 2007 and November 2008, 113 preterm infants entered the study. Baseline 
patient and nutritional characteristics were not di$erent in the prebiotic mixture (n=55) 
and placebo group (n=58) (8). Faecal samples were collected at 43.8±26.5 h (t=0) a&er 
birth, at postnatal day 7.4±0.9 (t=1), 14.1±0.8 (t=2) and 30.0±0.7 (t=3). "e percentage 
of missing faecal samples was not di$erent in both groups: on average, at t=0; 18%, at 
t=1; 16%, at t=2; 13%, and at t=3; 12%. Main reasons for missing samples were death or 
exclusion before end of the study period, no faecal sample available or too small sample 
size of faecal sample.

Faecal microbiota
"e faecal colonisation increased at t=3 in both groups (Exp 35.41; 95% CI 15.82-79.24, 
p<0.001) (Figure 4A.1). Enteral supplementation of the prebiotic mixture enhanced the 
increase of postnatal faecal colonisation from t=0 to t=2 (Exp 3.92; 95% CI 1.18-13.04, 
p=0.03), but not to t=3 (Exp 1.73; 95% CI 0.60-5.03, p=0.31) compared with the placebo 
group (Figure 4.1). Adjustment for potentially confounding factors (see methods) did 
not change the result of the primary analysis. "erefore, we only report the results of the 
primary analysis.
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Figure 4.1. E!ect of the prebiotic mixture on intestinal microbiota in preterm infants
Total percentage characterised bacteria in the prebiotic mixture group and placebo group. Bars indicate 
median values and error bars interquartile range. Generalized estimating equations were used to assess 
di!erences between the prebiotic mixture and placebo group at baseline and  for changes over time 
(compared with baseline values).  At day 14,  p=0.03.
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Enteral supplementation of the prebiotic mixture did not a$ect intestinal colonisation 
of speci!c bacterial groups (Table 4.4). "ere was a trend toward increased Bi!dobacteria 
counts a&er enteral supplementation with the prebiotic mixture. As results of speci!c 
bacterial groups in both groups were not di$erent, data of both groups were combined to 
analyse the role of perinatal factors on the development of the faecal microbiota (Table 
4.5). Antibiotics delayed faecal colonisation, especially at day 30 (Table 4.6).

Faecal microenvironment

Faecal pH
Faecal pH decreased from t=0 to t=3 in both groups. (Exp 0.62; 95% CI 0.51-0.76, 
p=0.001). Enteral supplementation of the prebiotic mixture enhanced the decrease of 
faecal pH from t=0 to t=3 compared with the placebo group (Exp 0.71; 95% CI 0.54-0.93, 
p=0.01) (Table 4.4).

Table 4.5. Factors in&uencing total faecal bacteria count

Total bacteria count p

Gestational age (wk) 1.08 (0.92-1.27) 0.36

Birth weight <10th percentile 0.37 (0.20-0.67) 0.001

Caesarean section 0.54 (0.31-0.95) 0.03

Stay at a general hospital 18.54 (10.23-33.61) p<0.001

Exclusive breast milk feeding 10.22 (6.79-25.77) p<0.001

Antibiotic treatment1 0.13 (0.08-0.22) p<0.001

Serious endogenous infection 0.42 (0.21-0.85) 0.02

Data indicate the e!ect of a factor on total faecal bacteria count (generalized estimating equations) The 
e!ect can be interpreted as follow: in case of infants born with caesarean section, total bacteria count 
is 0.54 (95% con"dence interval) times as high as infants born by vaginal delivery. 1)48h preceding the 
sample

Table 4.6. E!ect of broad-spectrum antibiotics on faecal microbiota

Sample day Infants receiving antibiotics1 Total bacteria count P

Day 1 85/113 (75%) 0.87 (0.46-1.67) 0.68

Day 7 35/105 (33%) 0.56 (0.16-2.02) 0.38

Day 14 41/104 (39%) 0.25 (.07-0.91) 0.04

Day 30 16/101 (16%) 0.10 (0.02-0.42) 0.002

Data indicate the e!ect of antibiotics on total faecal bacteria count (generalized estimating equations) 
The e!ect can be interpreted as follow: at day 7, total bacteria count is 0.56 (95% con"dence interval) 
times as high as infants without antibiotic treatment. 1)48h before sampling



61

Postnatal adaptation of the gastrointestinal tract

4

Faecal sIgA
Faecal sIgA increased from t=0 to t=3 in both groups (Exp 31.36; 95% CI 9.15-107.53, 
p<0.001). "ere was no e$ect of enteral supplementation of the prebiotic mixture on 
faecal sIgA (Exp 1.94; 95% CI 0.28-13.27, p=0.50) (Table 4.4).

Faecal SCFA and lactate
Both D-lactate and L-lactate increased from t=0 to t=3 (Exp 2.30; 95% CI 1.35-3.92, 
p=0.002; and Exp 2.27; 95% CI 1.32-3.90, p=0.003, respectively). Enteral supplementa-
tion of the prebiotic mixture had no e$ect on D-lactate (Exp 1.50; 95% CI 0.70-3.22, 
p=0.30) and L-lactate (Exp 1.55; 95%CI 0.70-3.46, p=0.28). Total SCFA increased from 
t=0 tot t=3 (Exp 2.62; 95% CI 1.95-3.53 p<0.001). Acetic acid was the major SCFA in both 
groups at all time points. "ere was a trend towards increased acetic acid a&er enteral 
supplementation of the prebiotic mixture from t=0 to t=3 compared with the placebo 
group (Exp 1.09; 95 % CI 0.99-1.20, p=0.10) (Table 4.4).

DISCUSSION

In our study, a prebiotic mixture consisting of neutral and acidic oligosaccharides in-
creased the postnatal intestinal colonisation, as measured with FISH, until day 14 and 
decreased faecal pH. "ere was a trend toward increased Bi!dobacteria counts and 
increased acetic acid, and no e$ect on faecal sIgA.

"e development of the intestinal microbiota was characterized by large interindividual 
di$erences both in terms of composition and counts. In general, initial total bacteria 
count was low, and increased over time, in line with previous studies using molecular 
techniques in preterm infants (12-16). However with FISH analysis, we measured only 7 
species of most common bacteria. Novel molecular techniques, such as IS-Pro will enable 
to detect almost all types of intestinal bacteria (17).

Host-, treatment- and nutrition-related factors play a role in the development of the 
intestinal microbiota. In our study, broad-spectrum antibiotics decreased total bacteria 
count of all speci!c bacteria groups, especially at day 30. "is is in line with previous 
studies in preterm and term infants (2,16,18). We speculate that use of broad-spectrum 
antibiotics in preterm infants decreases growth of all intestinal bacteria counteracting 
the bene!cial e$ect of prebiotics on the growth of (health promoting) bacteria. "e fact 
that broad-spectrum antibiotics decreased bacterial growth especially at day 30 may 
explain why the increased intestinal colonisation in the prebiotic mixture group did not 
persist till day 30. We hypothesise that the negative e$ect of antibiotics on intestinal mi-
crobiota is larger when the total bacterial count is higher. Antibiotics may also negatively 
interact with the bacterial-epithelial ‘crosstalk’, and subsequently negatively in%uence 
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the immune system leading to increased risk of NEC or death(19), and development of 
asthma (20).

Furthermore, delivery by caesarean section, birth weight and stay at a NICU decreased 
postnatal total bacterial count in our study. In term infants, delivery by caesarean section 
is associated with less diverse faecal microbiota, with delayed colonisation with bi!do-
bacteria and bacteroides, and increased numbers of Clostridium di$cile compared with 
vaginally delivery (21). In preterm infants, the e$ect of mode of delivery is less clear 
(15,16). We speculate that this is related to low total bacteria count directly a&er preterm 
birth amongst others due to high maternal antibiotic use. Furthermore, use of broad-
spectrum antibiotics directly postpartum may counteract the bene!cial e$ect of vaginal 
delivery. Mode of delivery and its e$ect on early intestinal colonisation may decrease 
atopic diseases later in life (22). Follow-up of our cohort of preterm infants is important 
to determine the development of atopic diseases.

Increased level of total bacteria count of infants staying at a general hospital ward may 
re%ect the clinical condition of the infants, but also that stay at di$erent hospital wards 
in%uences the diversity of the intestinal microbiota (12).

In term infants, combined supplementation of neutral and acidic oligosaccharides, but 
not of acidic oligosaccharides alone, increased levels of faecal bi!dobacteria and lacto-
bacilli (23). Due to delayed intestinal colonisation and immaturity of the host immune 
defence system and increased intestinal permeability, potentially pathogenic bacteria 
may translocate from the intestinal lumen and cause systemic infections (24). "erefore, 
we hypothesise that especially the combination of neutral and acidic oligosaccharides 
may prevent bacterial translocation of potentially pathogenic bacteria that may cause 
systemic infections.

In our study, stool pH decreased a&er enteral supplementation of the prebiotic mixture. 
Although the prebiotic mixture did not increase total SCFA levels and concentration of 
lactate acid, there was a trend toward increased concentration of acetic acid. Acetic acid 
produced by bi!dobacteria improves intestinal defense mediated by epithelial cells and 
thereby protects the host against lethal infection (25). Breast fed infants have a SCFA 
pattern dominated by acetic acid, mainly produced by acid-producing bacteria such as 
bi!dobacteria (26). Butyric acid is mainly produced by anaerobes, e.g. clostridia and bac-
teroides, and may be harmful, contributing to the pathogenesis of NEC (27). In term for-
mula fed infants, enteral supplementation of neutral oligosaccharides produced a faecal 
SCFA pattern similar to breastfed infants (28). Decreased stool pH and increased acetic 
acid suggest an improved intestinal microenvironment with may favor the ‘bi!dogenic’ 
e$ect of prebiotic supplementation. Furthermore, we found a trend toward increased 
levels of Bi!dobacteria at day 30 a&er enteral supplementation of the prebiotic mixture. 
"ese !ndings may, at least partly, contribute to the previously found lower infection rate 
a&er enteral supplementation of the prebiotic mixture (8).
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sIgA plays a key role in the gastrointestinal defence mechanism against dietary and 
microbial agents and is in%uenced by the intestinal microbiota (29). High faecal sIgA is 
associated with decreased IgE-associated allergic diseases and in preterm and term in-
fants, faecal sIgA is higher in breastfed than in formula fed infants (30). In term formula 
fed infants, supplementation of neutral oligosaccharides may increase faecal sIgA (11,29). 
However, we found no e$ect of the prebiotic mixture on faecal sIgA. We hypothesise that 
the absence of this e$ect may be due to immaturity of the mucosal surface of preterm 
infants, suppression of mucosal sIgA production by sIgA of breast milk, and/or a too low 
total intestinal bacteria count to induce production of sIgA.

Some remarks may be formulated with regard to the methodology of our study. First, 
sample size calculation was based on the primary outcome of the main trial. "erefore, 
sample size may have been insu'cient to detect signi!cant di$erences in intestinal 
microbiota. Second, breast milk itself contains neutral and acidic oligosaccharides. 
"erefore, the e$ect of enteral supplemented prebiotic mixture may be less pronounced 
in preterm infants with exclusively human milk (60%) than with exclusively formula 
(20%) feeding. However, in additional analysis, adjustment for type of feeding did not 
change the results of the primary analysis on intestinal microbiota. "ird, as 75% of our 
infants received direct postnatal broad-spectrum antibiotics, enteral supplementation of 
prebiotics during 28 days may be too short to have a signi!cant e$ect. Furthermore, as 
optimal supplementation dose of 1.5g/kg/d was reached at 11 days, and median age at 
!rst endogenous infection was 16 days (8), supplementation of prebiotics should prefer-
ably be started directly a&er birth.

In conclusion, enteral supplementation with a prebiotic mixture consisting of neutral 
and acidic oligosaccharides in preterm infants during 28 days increases the intestinal 
colonisation, with a trend toward increased growth of bi!dobacteria. However, use of 
broad-spectrum antibiotics in preterm infants decreased growth of all intestinal micro-
biota and may negatively in%uence the normal microbiota development and interfere the 
bacterial-epithelial ‘cross talk’ necessary for normal gut development.
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ABSTRACT

Aim. To determine the e$ect of neutral oligosaccharides (scGOS/lcFOS) in combination 
with acidic oligosaccharides (pAOS) on stool viscosity, stool frequency and stool pH in 
preterm infants. Methods. In this explorative RCT, preterm infants with gestational age 
<32weeks and/or birth weight <1500g received enteral supplementation with scGOS/
lcFOS/pAOS or placebo (maltodextrin) between days 3 to 30 of life. Stool samples were 
collected at day 30 a&er birth. Results. In total 113 infants were included. Baseline and 
nutritional characteristics were not di$erent between both groups. Stool viscosity at day 
30 was lower in the prebiotics group (16.8N (3.9-67.8) compared with the placebo group 
(26.3N (1.3-148.0) (p=0.03; 95% CI ,0.80-,0.03). "ere was a trend towards higher stool 
frequency in the prebiotics group (3.1±0.8) compared with the placebo group (2.8±0.7) 
(p=0.15; 95% CI ,0.08-0.52). Stool pH at day 30 was lower in the in the prebiotics-group 
(5.9±0.6) compared with the placebo group (6.2±0.3) (p=0.009; 95% CI 0.08-0.53). Con-
clusions. Enteral supplementation of a prebiotic mixture consisting of neutral and acidic 
oligosaccharides decreases stool viscosity and stool pH with a trend toward increased 
stool frequency in preterm infants. "e inclusion of pAOS in a formula containing a 
mixture of scGOS/lcFOS do not add speci!c advantages to the formula in terms of stool 
viscosity, frequency, pH as well as feeding tolerance.
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INTRODUCTION

Preterm infants have an immature gastrointestinal tract and increasing enteral feeding 
volumes is o&en restricted. However, enteral nutrition is essential for maturation of 
the gastrointestinal tract (1). Furthermore, adequate nutrition is necessary for optimal 
growth and neurodevelopment (2,3). Breast milk is o&en not available in preterm in-
fants. Formula feeding is commonly associated with hard stools, delayed gastrointestinal 
transport, and constipation (4). As these problems considerably hamper the tolerance 
of enteral feeding, (nutritional) interventions to attain reduction of stool viscosity and 
acceleration of gastrointestinal transport are warranted (4).

Preterm infants fed with mother’s milk have lower stool consistency and higher stool 
frequency than formula fed infants (5). "ese e$ects can partially be attributed to the large 
amount of prebiotic oligosaccharides in human milk. Over 200 human milk oligosaccha-
rides have been identi!ed with signi!cant variability between individuals over time.(6) 
Non-human milk oligosaccharides, such as neutral small-chain galacto-oligosaccharides 
(scGOS) and long-chain fructo-oligosaccharides (lcFOS) have been developed to mimic 
the prebiotic function of human milk oligosaccharides (7).

Recent studies on supplementation of neutral oligosaccharides show reduction of stool 
viscosity, increase of stool frequency and acceleration of gastrointestinal transport in 
preterm infants (4,5,8,9). "is was accompanied with reduced gastric emptying and total 
gastrointestinal transit time (10). Human milk contains neutral (approximately 80%) and 
acidic (up to 20%) oligosaccharides. More recently, non-human pectin derived acidic 
oligosaccharides (pAOS) have been developed as support against intestinal infections. 
Non-human milk acidic oligosaccharides derived from pectin (pAOS) are able to interact 
with the epithelial surface and are known to inhibit the adhesion of pathogens on the 
epithelial surface (11,12). Since pAOS interact directly with the epithelial surface it might 
be in%uencing the e$ect of the neutral oligosaccharides. In the initial study we found that 
there was a trend, if given in su'cient amounts, toward a lower incidence of endogenous 
infections a&er enteral supplementation of a prebiotic mixture consisting of neutral and 
acidic oligosaccharides (13). One of the mechanisms underlying this bene!cial e$ect of 
prebiotics may be the e$ect on stool viscosity, stool frequency, and stool pH. For the neu-
tral mixture of scGOS/lcFOS (Ratio: 9:1) it has been demonstrated that they stimulate the 
growth of a ‘bi!dogenic’ %ora, resulting in increased small chain fatty acids (SCFA) and 
decreased pH (12). SCFA a$ect gastrointestinal motility (12,14,15), which may increase 
stool frequency. "e neutral prebiotics might also contribute to the osmotic pressure of 
the faecal mass, resulting in the increase of the faecal water content and faecal bulking 
(4,14). Since the mechanism of action of acidic pAOS might be di$erent from neutral 
prebiotics it was the aim of the study to measure the e$ect of a combination of neutral 
and pAOS on stool viscosity, frequency and faecal pH. We hypothesise that adding the 
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pAOS to the scGOS/lcFOS mixture in an amount similar to the quantity of acidic human 
milk oligosaccharides will not negatively in%uence the physiological e$ects of the neutral 
prebiotic mixture.

"erefore, the aims of this trial were to determine the e$ects of enteral supplementation 
of a prebiotic mixture consisting of neutral and acidic oligosaccharides on stool viscosity, 
stool frequency, and stool pH in preterm infants. Furthermore, to determine the e$ect of 
stool viscosity on feeding tolerance and stool frequency.

MATERIALS AND METHODS

Subjects
Infants with a gestational age (GA) <32 weeks and/or birth weight (BW) <1500 g, admit-
ted to the level III NICU of the VU University Medical Center, Amsterdam, were eligible 
for participation in the study. Exclusion criteria were infants with a GA )33 weeks, major 
congenital or chromosomal anomalies, death within 48 hours a&er birth and transfer 
to another hospital within 48 hours a&er birth. "e medical ethical review board of our 
hospital approved the study protocol. Written informed consent was obtained from all 
parents.

Randomisation, blinding and treatment
To have the same birth weight distribution in both groups, the infants were strati!ed in 
three BW groups (*799 g, 800-1199 g, )1200 g) and randomly allocated within 48 hours 
a&er birth to receive either enteral 80% scGOS/lcFOS (9:1) and 20% pAOS or placebo 
(maltodextrin). An independent researcher used a computer-generated randomisation 
table (provided by Danone Research, Friedrichsdorf, Germany) to assign infants to 
treatment with prebiotics or placebo. Investigators, parents, medical and nursing sta$ 
were blinded. "e randomisation code was broken a&er data analysis was performed. 
Prebiotics and the placebo powder (maltodextrin) were prepared and packed sterile un-
der nitrogen environment in sachets. (Danone Research, Friedrichsdorf, Germany). "e 
two powders were indistinguishable by appearance, colour, and smell. During the study 
period, prebiotics and placebo powder were monitored for stability and microbiological 
contamination.

"e supplementation of prebiotics or placebo was administered in increasing doses 
between days 3 and 30 of life to a maximum of 1.5 g/kg/day to breast milk or preterm 
formula in the intervention group. Infants received breast milk or preterm formula ac-
cording to the parents’ choice. Two members of the nursing sta$ added the daily supple-
ment to breast milk or to preterm formula (Nenatal Start®). Per 100 mL, the preterm 
formula provided 80 kcal, 2.4 g protein (casein-whey protein ratio 40:60), 4.4 g fat and 
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7.8 g carbohydrate. "e preterm formula did not contain oligosaccharides. When infants 
were transferred to another hospital before the end of the study, the protocol was contin-
ued under supervision of the principal investigator (EW).

Analysis of stool viscosity
Stool samples were collected in sterile syringes at day 30 of life and stored at ,20°C until 
analysis and thawed just before measuring. Stool viscosity was determined by the use 
of high-pressure capillary rheometry (viscosimetry) as recently described by Mihatsch 
et al.(4). Viscometry measures the mean force (extrusion force) needed to press stool at 
constant %ow (0.19 ml/s) out of the extrusion cell, (low resistance medical 10 ml syringes 
(inner diameter of 15.5 mm)) through an 83 mm steel capillary (inner diameter 1.05 
mm). "e mean of the measured force itself was taken as a measure of viscosity. Measure-

Table 4.7. Baseline and nutritional characteristics

Prebiotic mixture (n=55) Placebo (n=58)

Baseline characteristics

Chorioamnionitis 11/55 (20%) 13/58 (22%)

PE,E or HELLP 16/55 (31%) 18/58 (31%)

Placental insu#ciency 4/55 (7%) 3/58 (5%)

Antenatal antibiotics 11/55 (20%) 16/58 (28%)

Antenatal corticosteroids 30/55 (56%) 32/58 (56%)

Multiple birth 9/55 (16%) 13/58 (22%)

Vaginal delivery 31/55 (56%) 32/58 (55%)

Gestational age (wks) 29.9 ± 1.9 29.3 ± 2.1

Birth weight (kg) 1.3 ± 0.4 1.2 ± 0.3

Birth weight <10th percentile 12/55 (22%) 8/58 (14%)

Sex, male 31/55 (56%) 36/58 (62%)

Apgar at 5 min <6 9 /55 (16%) 5/58 (9%)

Antibiotics at birth 41/55 (75%) 44/58 (76%)

Nutritional characteristics

Age at start of study supplementation (d) 2.1 (1.5-5.3) 2.1 (1.5-3.3)

Time to full supplementation dose (d) 11 (4-28) 11 (5-27)

Mean supplementation dose during study period (g/kg/d) 1.30 (0.1-1.6) 1.27 (0.2-1.8)

Age at advancement of enteral nutrition (d) 2.8 (0.6-27.5) 2.5 (0.3-18.0

Exclusive breast milk 1 38/55 (69%) 33/58 (57%)

Mixed breast milk and formula feeding1 12/55 (21%) 11/58 (20%)

PE, preeclampsia; E, eclampsia; HELLP, syndrome of hemolysis, elevated liver enzymes and low platelets; 
PIVH, periventricular-intraventricular hemorrhage. 1During 30 day study period. Values are expressed as 
mean±SD or median (range) or number (%)



Chapter 4A.3

72

ments were performed using a TA-XT2i/25 Texture Analyser (Stable Micro Systems, Sur-
rey GU7 1Yl, England): load cell TA/CEL25, force range ,25 to 250 N, force resolution 
0.01 N, speed range 0.01-10 mm/s, and speed accuracy 0.01%. Calibration was performed 
using a standardized 5 kg calibration weight. An independent investigator, unaware of 
treatment allocation, did the assessment of stool viscosity.

pH Measurements
Stool samples were collected in sterile tubes at day 30 of life and stored at ,20°C un-
til analysis and thawed just before measuring. "e pH was measured directly using a 
Handylab pH meter (Schott Glas, Mainz, Germany) equipped with an Inlab 423 pH 
electrode (Mettler-Toledo, Columbo).

Feeding tolerance and stool frequency
To determine feeding tolerance, the following patient and nutritional characteristics were 
determined: time to full enteral feeding, de!ned as >120 mL/kg/day, age of !nishing 
parenteral nutrition, total days of minimal enteral feeding, de!ned as 12-24 mL/kg/day, 
necrotizing enterocolitis (16) and growth (17). Infants suspected for a serious infection 
received antibiotic treatment. If cultures were negative antibiotics were discontinued. 
Stool frequency was determined as the number of daily stools during a study period of 
30 days. If >50% of the data during the study period were not available, infants were not 
included in the analysis of stool frequency.

Nutritional support
Protocol guidelines for the introduction of parenteral and enteral nutrition followed 
current practice at our NICU. Nutritional support was administered as previously de-
scribed (13,18). For each infant in the study, a feeding schedule was proposed based on 
BW and the guidelines as previously described (13,18). However, the medical sta$ of our 
NICU and the responsible doctors in the regional hospitals had !nal responsibility for 
the administration of parenteral nutrition and advancement of enteral nutrition. A&er 
discharge, all infants received breast milk or preterm formula (Nenatal Start® without 
oligosaccharides) and a post-discharge formula (Nenatal 1® without oligosaccharides) 
until the corrected age of 6 months.

Statistical analysis
"e sample size of 113 infants was based on the sample size calculation for the primary 
outcome of the main trial (serious infectious morbidity) (13,18). Normally distributed 
and nonparametric data are presented as means ± standard deviations and medians 
(ranges) respectively. Patient and nutritional characteristics were analysed with Stu-
dent’s t test, chi-square test, or Fisher’s exact test for continuous normally distributed 
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and dichotomous data, respectively. If parameters had a skewed distribution, a natural 
logarithmic transformation was performed before analysis. "e e$ect of prebiotics on 
stool viscosity, stool frequency, and stool pH compared with the placebo group were 
analysed with Student’s t test. In an additional linear regression analysis on the e$ect of 
prebiotics on stool viscosity, stool frequency and stool pH, a correction was made for 
type of feeding. Linear regression analysis was performed to determine the in%uence of 
stool viscosity on time to full enteral feeding, age of !nishing parenteral nutrition, total 
days of minimal enteral feeding, growth and stool frequency. Logistic regression analysis 
was performed to determine the in%uence of stool viscosity on necrotizing enterocolitis. 
Multiple linear regression analysis was performed to determine host- and treatment re-
lated factors (gestational age, birth weight, mode of delivery, Apgar score <6 at 5min and 
chorioamnionitis) in%uencing stool viscosity, stool pH and stool frequency. All statistical 
analyses were performed on an intention to treat basis. A two tailed p value of <0.05 was 
considered signi!cant. We used SPSS 17.0 (SPSS Inc, Chicago, IL, USA) for data analysis.

Table 4.8. In&uence of stool viscosity on feeding tolerance and stool frequency

Regression Coe&cient p

Time to full enteral feeding (d) 0.005 (%0.005-0.005) 0.97

Age at "nishing parenteral feeding (d) 0.06 (%0.004-0.006) 0.67

Total days of minimal enteral feeding (d) %0.40 (%0.009-0.006) 0.75

Necrotizing enterocolitis1 0.99 (0.94-1.03) 0.52

Growth 0.06 (%0.01-0.01) 0.67

Stool frequency %0.10 (%0.10-0.005) 0.45

Values are expressed as Beta or 1Odds ratio (95% con"dence interval). Data were analysed with linear or 
1logistic regression analysis.

RESULTS

Between May 2007 and November 2008, 113 of 208 eligible preterm infants entered the 
study. Reasons for not participating in the study were no informed consent (n=45), partici-
pation in another trial (n=7), transfer to a regional hospital within 48 hours (n=12), death 
within 48 hours (n=5) and severe congenital malformations (n=12). A&er randomisation, 
one infant in the placebo group was excluded, because of strong suspicion of a syndrome. 
Baseline patient and nutritional characteristics were not di$erent in prebiotics (n=55) 
and placebo group (n=58) (Table 4.7). Stool samples for analysis for stool viscosity and 
stool pH were collected from the same diaper at a mean age of 29.8±1.9 days. Of these 113 
infants, 66 stool samples; 31 in the prebiotics group and 35 stool samples in the placebo 
group were available for analysis of stool viscosity. Missing stool samples were mainly due 
to stool samples lacking enough biomass (n=39). Stool viscosity at day 30 was lower in the 
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prebiotics group (16.8N (3.9-67.8) compared with the placebo group (26.3N (1.3-148.0) 
(p=0.03; 95% con!dence interval (CI) ,0.80-,0.03) (Figure 4.2).

Stool frequency was determined from 47 infants in the prebiotics group and 52 infants 
in the placebo group. Missing data was mainly due <50% of the data available for analysis. 
(n=14) "ere was a trend toward higher stool frequency in the prebiotics group (3.1±0.8) 
compared with the placebo group (2.8±0.7) (p=0.15; 95% CI ,0.08-0.52) (Figure 4.3).

For analysis of stool pH, 51 stool samples in the prebiotics group and 51 stool samples 
in the placebo group were available. Missing stool samples were mainly due to death 
or exclusion before day 30 of life (n=8). Stool pH at day 30 was lower in the prebiotics 
group (5.9±0.6) compared with the placebo group (6.2 ± 0.3) (p=0.009; 95% CI 0.08-0.53) 
(Figure 4.4). Correction for type of feeding did not in%uence the results of the primary 
analysis on stool viscosity, stool frequency, or stool pH. "e incidence of necrotizing 
enterocolitis was not di$erent between the prebiotics and placebo group, 10/55 (18%) 
and 6/58 (10%) respectively.
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Figure 4.4. Stool pH at day 30.
Data were analysed by Student’s t test. If parameters had a skewed distribution, a natural logarithmic 
transformation was performed before analysis. Viscosity: p=0.03 between prebiotic mixture group (n=31) 
and placebo group (n=35). Stool frequency: p = 0.15 between prebiotic mixture group (n = 47) and 
placebo group (n = 52). Stool pH: p = 0.009 between prebiotic mixture group (n = 51) and placebo group 
(n = 51). The boxplot shows the median (central horizontal line), the 10th centile (lower box border) and 90th 
centile (upper box border). The upper and lower horizontal line refer to the 95th and 5th centile respectively.
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Stool viscosity did not in%uence feeding tolerance (Table 4.8). In a multiple regres-
sion analysis, low gestational age increased stool viscosity (Beta 0.36 95% CI (0.04-0.24) 
(p=0.008) and was not related to stool frequency and stool pH. Other perinatal factors 
(birth weight, mode of delivery, Apgar score < 6 at 5min and chorioamnionitis) had no 
in%uence on stool viscosity, stool frequency, and stool pH.

DISCUSSION

In this study, we found that enteral supplementation of a prebiotic mixture consisting 
of neutral and acidic oligosaccharides decreases stool viscosity as measured by high-
pressure capillary rheometry. "is is in line with a previous study with only neutral 
oligosaccharides in preterm infants (4) and in previous studies in term infants on visual 
assessment of stool viscosity (5,19,20). Non-digestible prebiotic oligosaccharides have 
been referred to as soluble dietary !bres and are known to increase stool volume. SCFA 
produced by colonic fermentation of prebiotic oligosaccharides are thought to increase 
stool water content and subsequently reduction of stool viscosity (14). Human volunteers 
showed an excess of wet stool mass of approximately 1.5 g per g of fructo-oligosaccharides 
consumed (21,22). It is unknown whether intestinal microbiota (i.e. higher bi!dobacteria 
and lactobacillus) additionally a$ects stool viscosity. An extensive review on the e$ect 
of prebiotics in infants and adults found that prebiotic supplementation increases the 
faecal concentration of bi!dobacteria which concomitantly improves stool quality (23). 
Decreased stool viscosity in preterm infants can lead to shorter duration for luminal 
nutrients remaining in the intestine which may prevent the in%ammation cascade, and 
reduce the risk of developing necrotizing enterocolitis (24). "e same mechanism may 
apply to the increased risk to (endogenous) infections in preterm infants. We previously 
found that enteral supplementation of prebiotics, if given in su'cient amounts, decreases 
the risk of serious endogenous infections in preterm infants (13). However, in an ad-
ditional analysis in the present study we did not !nd an (direct) e$ect of stool viscosity 
on the incidence of serious (endogenous) infections.

Bacterial fermentation of non-digestible carbohydrates and proteins in the colon results 
in the production of SCFA and lactate and decrease of the luminal pH (12). In this study, 
we found a decrease in stool pH at day 30 a&er enteral supplementation of a prebiotic 
mixture consisting of neutral and acidic oligosaccharides. One of the mechanisms of the 
decreased stool pH may be a ‘bi!dogenic’ e$ect on the intestinal microbiota resulting 
in production of SCFA. "e production of SCFA in combination with a lower pH may 
decrease the growth of other groups of bacteria, including potentially pathogenic micro-
organisms (12,25). Moreover, pAOS are able to act as receptor-analogs and are known to 
inhibit the adhesion of pathogens on the epithelial surface (12).
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"ere was a trend toward increased stool frequency a&er enteral supplementation of 
prebiotics. "is is in line with previous studies with neutral oligosaccharides in preterm 
and term infants (4,8,19,20,26,27). Mihatsch et al. found beside increased stool viscosity, 
accelerated gastrointestinal transitime as measured with carmine red (4). "is e$ect may 
be mediated by SCFA (15).

Improving feeding tolerance is important to reach optimal growth and neurodevel-
opmental outcome. In a recent study, Ehrenkranz et al. found that as the rate of weight 
gain increased from 12.0 to 21.2 g/kg per day neurodevelopmental outcome signi!cantly 
improved (28). In the previous study, we found no di$erence in feeding tolerance (eg. 
time to full enteral feeding, total days of parenteral feeding and total day of minimal 
enteral feeding) (13), and in the present study we found no e$ect of the increased stool 
viscosity on feeding tolerance. However in a recent study, Modi et al found an improved 
enteral tolerance in preterm infants less than 29 weeks a&er supplementation with neutral 
oligosaccharides. "ey concluded that prebiotic supplementation appears safe and may 
bene!t enteral tolerance in the most immature infants (29). We hypothesise that beside 
an increased stool viscosity and pH, other mechanisms may play a role in the e$ect of 
prebiotics on feeding tolerance.

Some remarks may be formulated with regard to the methodology of our study. 
First, the sample size calculated was based on the primary outcome of the main trial. 
"erefore, the sample size may have been insu'cient to detect a signi!cant di$erence 
in stool frequency and to detect an e$ect of stool viscosity on feeding tolerance. Second, 
breast milk itself contains neutral and acidic oligosaccharides. "erefore, the e$ect of 
enteral supplementation of prebiotics may be less pronounced in preterm infants who 
exclusively received breast milk. However, in an additional analysis, we did not !nd an 
e$ect of type of feeding on stool viscosity, stool frequency, or stool pH. As breast milk is 
strongly promoted at our NICU, most infants received breast milk (>60%), and relatively 
few received exclusively formula feeding (20%).

In conclusion, enteral supplementation of a prebiotic mixture consisting of neutral 
(scGOS/lcFOS) and acidic oligosaccharides (pAOS) decreases stool viscosity and stool 
pH with a trend toward increased stool frequency in preterm infants. "e inclusion of 
pAOS in a formula containing a mixture of scGOS/lcFOS do not add speci!c advantages 
to the formula in terms of stool viscosity, frequency, pH as well as feeding tolerance.
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ABSTRACT

"e gastrointestinal in%ammatory response may play a role in the susceptibility of pre-
term infants for infections. We previously reported a trend towards lower endogenous 
infection morbidity a&er enteral supplementation of neutral and acidic oligosaccharides. 
We hypothesise that enteral supplementation of prebiotics may decrease infectious mor-
bidity by reducing intestinal in%ammation. "erefore, we aimed to determine the e$ect of 
enteral supplementation of prebiotics on intestinal in%ammation, as measured by faecal 
IL-8 (f-IL-8) and calprotectin (f-calprotectin), in preterm infants. In a randomised con-
trolled trial, infants with a gestational age <32 weeks and/or birth weight <1500g received 
enteral supplementation of prebiotics or placebo (maltodextrin) between days 3-30 of life. 
F-IL-8 and f-calprotectin was assessed at baseline, day 7, 14, and 30 of life. In total, 113 
infants were included. Baseline patient and nutritional characteristics were not di$erent 
in the prebiotic mixture (n=55) and the placebo group (n=58). Enteral supplementation 
of prebiotics had no e$ect on f-IL-8 and f-calprotectin. F-IL-8 and f-calprotectin were 
strongly correlated at all time points (p<0.001). In conclusion, enteral supplementation 
of prebiotic mixture of neutral and acidic oligosaccahrides does not a$ect f-IL-8 and 
f-calprotectin levels in preterm infants.
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INTRODUCTION

Immaturity of the immune system and the gastrointestinal tract may play a pivotal role 
in the susceptibility of preterm infants for infections. "e maturation of the immune 
system is in%uenced by bacterial antigens of the intestinal microbiota (1). "is interaction 
leads to metabolic and immunologic reactions by the epithelial cells and the underlying 
lymphoid cells, and is called the bacterial-epithelial ‘cross talk’ (2). "e bacterial- epi-
thelial ‘cross talk’ between the intestinal microbiota and immune system may cause an 
in%ammatory response, which may further increase the susceptibility of preterm infants 
for serious infections and necrotizing enterocolitis (NEC) (3).

Invasive measurement of the in%ammatory response of the gastrointestinal tract is dif-
!cult in preterm infants. However, noninvasive markers measuring in%ammation of the 
gastrointestinal tract have been investigated. Interleukin 8 (IL-8) is a pro-in%ammatory 
cytokine produced by myelomonocytic cells that attracts and activates neutrophils and 
monocytes (4). In children with in%ammatory bowel disease, IL-8 from organ-cultured 
lamina propria biopsies is related to in%ammatory activity (5). Furthermore, in an in vitro 
study, Nanthakumar et al. (6) showed an enhanced IL-8 response of immature human en-
terocytes compared with mature enterocytes of older children. IL-8 precedes calprotectin 
in the in%ammatory cascade. Calprotectin, released from neutrophils and monocytes, 
has several biological functions including fungicidal, antibacterial and anti-proliferative 
e$ects (7,8). Both IL-8 and calprotectin can be measured in the faeces. Faecal calprotec-
tin (f-calprotectin) is increased in preterm infants compared with term infants and is 
increased during intestinal in%ammation, especially in infants with NEC (9-13).

Feeding with breast milk a$ects the intestinal colonisation, bacterial-epithelial ‘cross 
talk’ and as a consequence the intestinal in%ammatory response, partially through the 
action of its oligosaccharides (14,15). Over 200 human milk oligosaccharides have been 
identi!ed with signi!cant variability between individuals over time (16). Until now, 
controversial results have been reported on the e$ect of type of feeding on the level of 
f-calprotectin in preterm (17) and term infants (13,18-20).

In a previous study, we found that a prebiotic mixture of neutral (scGOS/lcFOS) and 
acidic (pAOS) oligosaccharides did not signi!cantly decrease serious infectious morbid-
ity in preterm infants. However, if the prebiotic mixture was given in su'cient amounts 
(per-protocol analysis), there was a non-signi!cant decrease of serious endogenous 
infections in preterm infants (21). We hypothesise that prebiotics may prevent adherence 
of bacteria to the intestinal mucosa, thereby reducing the in%ammatory response. "is re-
duction in the in%ammatory response, re%ected by faecal IL-8 (f-IL-8) and f-calprotectin, 
may play a role in the previously found lower endogenous infection morbidity in preterm 
infants. "e aims of this study were to determine the e$ect of enteral supplementation of 
a prebiotic mixture of neutral and acidic oligosaccharides, on f-IL-8 and f-calprotectin 
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in preterm infants, and to determine host- and treatment-related factors associated with 
f-IL-8 and f-calprotectin in these preterm infants.

METHODS

Subjects
Infants with gestational age (GA) <32 weeks and/or birth weight (BW) <1500 g, admitted 
to the NICU of the VU University Medical Center, Amsterdam, were eligible for par-
ticipation in the study. Exclusion criteria were: infants with a gestational age >34 weeks, 
major congenital or chromosomal anomalies, imminent death and transfer to another 
hospital within 48 hours a&er birth. "e study protocol was approved by the medical 
ethical review board of the VU University Medical Center, Amsterdam, "e Netherlands. 
Written informed consent was obtained from all parents.

Randomisation, blinding and treatment
A&er assignment to 1 of 3 birth weight groups (*799 g, 800-1,199 g, )1200 g), the infants 
were randomly allocated to treatment within 48 h a&er birth to receive either enteral 
prebiotics, 72% scGOS, 8% lcFOS and 20% pAOS, or placebo powder (maltodextrin). 
An independent researcher used a computer-generated randomisation table (provided by 
Danone Research, Friedrichsdorf, Germany) to assign infants to treatment with prebiot-
ics or placebo. Investigators, parents, medical and nursing sta$ were unaware of treat-
ment allocation. "e randomisation code was broken a&er data analysis was performed. 
"e prebiotics and the placebo powder (maltodextrin) were prepared and packed sterile 
under N2 environment in sachets (Danone Research, Friedrichsdorf, Germany). "e 
2 powders were indistinguishable by appearance, colour, and smell. During the study 
period, prebiotics and placebo powder were monitored for stability and microbiological 
contamination. Supplementation with prebiotics or placebo was administered in increas-
ing doses between days 3 and 30 of life to a maximum of 1.5 g/Kg.d to breast milk or 
preterm formula. Two members of the nursing sta$ added the daily supplementation 
to breast milk or to preterm formula (Nenatal Start; Danone Research, Friedrichsdorf, 
Germany) according to the parents’ choice. Per 100 mL, the preterm formula provided 80 
kcal, 2.4 g protein (casein-whey protein ratio 40:60), 4.4 g fat and 7.8 g carbohydrate. "e 
preterm formula did not contain oligosaccharides.

Analysis of faecal calprotectin and faecal IL-8
For measurement of f-IL-8 and f-calprotectin, faecal samples were taken from the diaper 
with a sterile plastic spoon within 48 h a&er birth (t=0), postnatal day 7 (t=1), 14 (t=2) 
and 30 (t=3). Samples were stored in a sterile screw cap tube at 2-8 ̊ C for a maximum of 7 
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days. Samples were extracted and diluted 1:50 with incubation bu$er (in accordance with 
the manufacturer’s instructions). "e homogenate was micro centrifuged for 5 minutes 
at 10,000 x g and the supernatant was stored at minus 20˚C until analysis. IL-8 levels were 
measured by random-access chemiluminescence immunoassay using the Immulite 4000 
4PL (Siemens Medical Solutions Diagnostics, Breda, "e Netherlands). "e random-
access chemiluminescence immunoassay for measuring f-IL-8 has an intra-assay varia-
tion of 3% and an interassay variation of 13.6%. IL-8 levels are expressed as pg/mL faeces.

Calprotectin levels were measured by enzyme-liked immunosorbent assay (ELISA) 
using the Calprotectin-MPR8/14 kit (Buhlmann, Basel, Switzerland). Calprotectin levels 
are expressed in -g/g faeces. "e ELISA for measuring f-calprotectin has an intra-assay 
variation of 4.7% and an interassay variation of 4.1%.

Clinical and nutritional characteristics of the infants were assessed, including exclusive 
breast milk feeding, achievement of full enteral feeding (>120 mL/kg/d), presence of a 
serious endogenous infection de!ned as sepsis, meningitis, pyelonephritis, pneumonia or 
arthritis by a combination of clinical signs and a positive culture with bacteria other than 
Coagulase Negative Staphylococci, (21,22) and NEC (23).

Nutritional support
Protocol guidelines for the introduction of parenteral and enteral nutrition followed cur-
rent practice at our NICU. Nutritional support was administered as previously described 
(21,22). For each infant in the study, a feeding schedule was proposed based on birth 
weight and our guidelines. However, the ultimate responsibility for the administration of 
parenteral nutrition and advancement of enteral nutrition rested with the medical sta$ of 
our NICU or the responsible doctors in the regional hospitals. A&er discharge, all infants 
received breast milk or preterm formula (Nenatal Start® without oligosaccharides) and a 
post-discharge formula (Nenatal 1® without oligosaccharides) until the corrected age of 
6 months.

Statistical analysis
"e sample size of 113 infants was based on the sample size calculation for the primary 
outcome of the main trial (serious infectious morbidity) (24). Normally distributed and 
nonparametric data are presented as means ± standard deviations and medians (ranges). 
Patient and nutritional characteristics were compared between groups with Student’s t 
test, Mann-Whitney U test, chi-square test, or Fisher’s exact test for continuous normally 
distributed, nonparametric continuous, and dichotomous data, respectively. In the pri-
mary analysis, generalised estimating equations (GEE) were used to compare changes in 
f-IL-8 and f-calprotectin over time between the groups. "is method takes into account 
the dependency of the observations within a patient and the fact that samples may not be 
available at each time point (25). In the crude GEE-analysis, the !rst follow-up measure-
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ment was adjusted for the baseline value. For the remaining follow-up measurements 
no adjustment was made (26). In additional GEE-analyses, adjustments were made for 
chorioamnionitis, gestational age, birth weight, mode of delivery, Apgar score at 5min <6, 
exclusively breast milk fed, stay at a NICU or a general hospital ward, serious endogenous 
infection, postnatal antibiotic treatment (within 48 hours preceding the sample) and NEC. 
GEE-analyses were also used to analyse the e$ect of perinatal factors on the development 
of f-IL-8 and f-calprotectin over time. A Pearson correlation analysis was performed to 
analyse the correlation between f-IL-8 and f-calprotectin. When the outcome variable 
was not normally distributed, a natural logarithm transformation was performed. All 
statistical analyses were performed on an intention to treat basis. A two tailed p value of 
<0.05 was considered signi!cant and SPSS 17.0 (SPSS Inc, Chicago, IL, USA) was used 
for data analysis.
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Figure 4.5. E!ect of prebiotic mixture on f-IL-8 and f-calprotectin in preterm infants
Bars indicate box plots with median and range. Generalized estimating equations were used to assess 
di!erences between the prebiotic mixture and placebo group at baseline and  for changes over time 
(compared with baseline values). There were no signi"cant di!erences between the prebiotic mixture and 
placebo group.
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RESULTS

Between May 2007 and November 2008, 113 of 208 eligible preterm infants entered 
the study. Reasons for not participating in the study were no informed consent (n=45), 
participation in another trial (n=7), transfer to a regional hospital within 48 hours 
(n=12), death within 48 hours (n=5) and severe congenital malformations (n=12). A&er 
randomisation, 1 infant in the placebo group was excluded, because of strong suspicion 
of a syndrome. Baseline patient and nutritional characteristics were not di$erent in the 
prebiotic mixture group (n=55) and placebo group (n=58). Faecal samples for calpro-
tectin and IL-8 were collected at 43.1±26.6 h (t=0) a&er birth, at postnatal day 7.5±1.0 
(t=1), 14.2 ± 0.9 (t=2) and 30.0±0.7 (t=3). In total, 9% of the faecal samples were missing; 
mainly due to death, exclusion before the end of the study period or no faecal sample 
available at that time point. F-IL-8 and f-calprotectin were correlated at all timepoints 
(r.=0.07, p<0.001). Analysis by generalized estimating equations showed no e$ect of 
enteral supplementation of prebiotics on f-IL-8 and f-calprotectin (Figure 4.5). In ad-
ditional analyses, we found that adjustment for chorioamnionitis, gestational age, birth 
weight, mode of delivery, Apgar score at 5min <6, exclusively breast milk fed, stay at a 
NICU or a general hospital ward, serious endogenous infection and postnatal antibiotic 
treatment, and NEC did not change the primary results of the study (data not shown). 
As the results in the prebiotics group and the placebo group were not di$erent, data of 
both groups were combined to analyse factors that may a$ect f-IL-8 and f-calprotectin. 

Table 4.9. Factors in&uencing f-IL-8 and f-calprotectin

f-IL-8 f-calprotectin

Choroamnionitis 1.36 (0.77-2.43) 1.06 (0.79-1.42)

Antenatal coriticosteroids 0.86 (0.53-1.40) 0.90 (0.70-1.17)

Gestational age (wk) 0.72 (0.65-0.81)*** 1.05 (0.99-1.12)

Birth weight (kg) 0.23 (0.12-0.42)*** 1.00 (0.64-1.52)

Vaginal delivery 1.25 (0.78-2.01) 0.92 (0.71-1.21)

Apgar score at 5min <6 0.52 (0.23-1.18) 0.87 (0.60-1.26)

Exclusive breast milk feeding 1.59 (0.99-2.54)* 1.47 (1.10-1.98)*

Necrotizing enterocolitis 10.88 (2.32-51.00)** 5.17 (1.76-15.16)**

Serious endogenous infection1 3.23 (1.70-2.56)*** 1.03 (0.72-1.47)

Data indicate the e!ect of a factor on f-IL-8 and f-calprotectin (generalized estimated equations)
The e!ect can be interpreted as follow: in case of chorioamnionitis, f-IL-8 is 1.36
(95% con"dence interval) times as high as without chorioamnionitis.
1Sepsis, meningitis, pyelonephritis, pneumonia or arthritis as diagnosed by a combination of clinical signs 
and a positive culture with bacteria other than Coagulase Negative Staphylococci
*p<0.05, **p<0.01, ***p<0.001
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In total, 16 infants developed NEC, at a mean postnatal age of 28.8 (±16.0) days. Infants 
who developed NEC had signi!cantly increased levels of both f-IL-8 and f-Calprotectin 
compared with infants without NEC. Exclusive breast milk feeding during the study 
period coincides with an increase in f-IL-8 and f-calprotectin levels. Lower gestational 
age and lower birth weight increased f-IL-8 levels. Endogenous infections increased only 
f-IL-8 levels (Table 4.9).

DISCUSSION

In this study, enteral supplementation of the prebiotic mixture of neuyral and acidic 
oligisaccharides between days 3 and 30 of life does not a$ect the postnatal developmental 
pattern of f-IL-8 and f-calprotectin. "erefore, the positive e$ect of enteral supplementa-
tion of the prebiotic mixture on serious infectious morbidity is not directly associated 
with f-IL-8 and f-calprotectin. In healthy term infants, Campeotto et al. (13) did not !nd 
an e$ect of prebiotics on f-calprotectin either.

During the study period, we found higher levels of f-calprotectin in preterm infants 
compared with the levels found in healthy children and adults (27). "is is in line with 
other studies (10,11,13). Jaarsma et al. (28) found an increased systemic in%ammatory 
response in preterm infants directly a&er birth and we hypothesise that the developing 
gastrointestinal tract is involved in this process. Furthermore, increased levels of f-IL-8 
and f-calprotectin re%ect the increase of neutrophils and monocytes in the intestinal 
lumen, and could partly be explained by increased intestinal permeability in preterm 
infants (29).

Increased levels of f-IL-8 and f-calprotectin may also re%ect the developing immune 
system. Acidic oligosaccharides may directly a$ect the immune cells via interaction of 
selectins, dendritic cell speci!c C-type lectin, integrins and other target receptors as 
Toll-like receptors (15). "erefore, we hypothesise that increased levels of f-IL-8 and 
f-calprotectin in the !rst period of life may be a re%ection of a physiological maturation 
of the immune system and may not necessarily be harmful. Breast milk feeding may 
stimulate this maturation process of the immune system. We found increased levels of 
f-IL-8 and f-calprotectin in preterm infants who were fed exclusively on breast milk. For 
f-calprotectin, our results are in line with a recent study done by Savino et al. (19) who 
found higher levels of calprotectin in breastfed term infants compared with formula fed 
term infants. "e intestinal microbiota may play a role in this process (2). In infants with 
colic’s, Rhoads et al. found altered intestinal microbiota and increased calprotectin levels 
(30). "e intestinal microbiota may stimulate transepithelial migration of granulocytes 
through chemotactic agents (31). Antibiotics delay the intestinal colonisation in preterm 
infants (32). We hypothesise that delayed intestinal bacterial colonisation, especially with 
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‘health promoting’ bacteria, such as Bi!dobacteria and (excessive) use of broad spectrum 
antibiotics contribute to sustained higher levels of f-IL-8 and f-calprotectin in preterm 
infants. In the immature gastrointestinal tract of these preterm infants, f-calprotectin 
may protect against in%ammation through its antimicrobial and antifungal e$ects (8). 
Furthermore, both f-IL-8 and f-calprotectin may participate in the regulation of the in-
testinal bacterial colonisation of the immature gut and may inhibit potential pathogenic 
bacterial growth.

Factors in%uencing f-IL-8 and f-calprotectin are not yet fully understood. In this pres-
ent study, levels of f-IL-8 were higher in infants with an endogenous infection than in 
infants without infection. Both f-IL-8 and f-calprotectin levels were higher in infants with 
NEC compared with either infants without NEC or infants with an endogenous infection. 
However, the levels of f-IL-8 and f-calprotectin were more increased in preterm infants 
with NEC than in infants with an endogenous infection. "erefore, we hypothesise that 
f-IL-8 and f-calprotectin may be used as non-invasive clinical markers for screening and 
follow-up of serious neonatal gastrointestinal disease. "is hypothesis is supported by the 
!ndings of Yang et al. (17), who reported that f-calprotectin in VLBW infants was higher 
(>350 µg/g) during major gastrointestinal manifestations (e.g. blood in stools, bowel 
perforation, distended abdomen with hypotension and upper gastrointestinal contrast 
study) compared with minor infection or stress (e.g. urinary tract infection, feeding 
intolerance and post patent ductus arteriosus ligation). Larger studies of these markers 
are necessary to con!rm clinical utility. "e e$ect of gestational age, birth weight, and 
exclusive breast milk feeding on f-IL-8 and the e$ect of exclusive breast milk feeding on 
f-calprotectin may limit the usefulness of these markers of intestinal in%ammation in this 
population. Nevertheless, serial measurements of f-IL-8 and f-calprotectin may be useful 
as a marker of the development of NEC. However, careful interpretation of the levels of 
f-IL-8 and f-calprotectin in the context of the clinical setting is warranted.

Some remarks may be formulated with regard to the methodology of our study. Firstly, 
this is the !rst study measuring IL-8 in the faeces of preterm infants and no comparison 
can be made with the literature. We found a correlation between f-IL-8 and f-calprotectin 
and, therefore, assumed that f-IL-8 may be a reliable marker for measuring intestinal 
in%ammation. However, more studies are needed to determine the exact role of f-IL-8 in 
relation to intestinal in%ammation. Secondly, the faeces were collected from the diaper 
instead of direct collection, which may have increased the concentrations of f-calprotectin 
and f-IL-8 by absorption of water by the diaper. Olafsdottir et al. (33) showed that col-
lection of faeces from diapers increase f-calprotectin concentrations with 30% compared 
with directly collected faeces. Although this e$ect may also apply to the present study, all 
faecal samples have been collected in the same way and this will not in%uence the results 
of our study. "irdly, breast milk itself contains neutral and acidic oligosaccharides. 
"erefore, the e$ect of enteral supplementation of prebiotics may be less pronounced 
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in preterm infants who received breast milk exclusively. However, adjusting the analysis 
for type of feeding did not change the results of the crude analysis. As breast milk is 
strongly promoted at our NICU, most infants received breast milk (>60%), and relatively 
few received exclusive formula feeding (20%). Fourthly, while this particular formulation 
of prebiotic oligosaccharides did not a$ect the levels of f-IL-8 and f-calprotectin, this 
does not preclude the possibility that other formulation may do so.

To conclude, we found that enteral supplementation of a prebiotic mixture consisting 
of neutral and acidic oligosaccharides does not a$ect f-IL-8 and f-calprotectin levels in 
preterm infants. In a previous study, we found that if the prebiotic mixture was given in 
su'cient amounts (per-protocol analysis), there was a trend towards a lower incidence 
of serious endogenous infections in preterm infants. "is decrease of serious endogenous 
infections is not directly related to a lower intestinal in%ammatory response as measured 
by f-IL-8 and f-calprotectin. However, the intestinal in%ammatory response may still play 
a role in the susceptibility to (endogenous) infections. Furthermore, other factors, such 
as increased intestinal colonisation with a ‘bi!dogenic’ microbiota, may play a role in the 
bene!cial e$ect of neutral and acidic oligosaccharides in preterm infants.
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ABSTRACT

Preterm infants have an impaired gut barrier function. We aimed to determine the e$ects 
of enteral supplementation of a prebiotic mixture consisting of neutral oligosaccharides 
(short chain galacto-oligosaccharides (scGOS)/ long chain fructo-oligosaccharides 
(lcFOS)) and acidic oligosaccharides (pAOS) on intestinal permeability of preterm infants 
as measured by the sugar absorption test (SAT) in the !rst week of life. Furthermore, we 
determined host- and treatment-related factors associated with intestinal permeability. 
In a randomised controlled trial, preterm infants with a gestational age <32 weeks and/
or birth weight <1500 g received enteral supplementation of scGOS/lcFOS/pAOS or 
placebo (maltodextrin) between days 3-30 of life. Intestinal permeability, re%ected by the 
urinary lactulose/mannitol (L/M) ratio a&er oral ingestion of lactulose and mannitol, was 
assessed at 3 time points: before start of the study (t=0), at day 4 (t=1) and day 7 (t=2) of 
life. Data were analysed by generalised estimating equations. In total, 113 infants were 
included. Baseline patient and nutritional characteristics were not di$erent between the 
prebiotic mixture (n=55) and the placebo group (n=58). "e prebiotic mixture had no 
e$ect on the L/M ratio between t=0 and t=2. In both groups the L/M ratio decreased 
from t=0 to t=2 (P<0·001). Low birth weight increased the L/M ratio (p=0.002). Exclusive 
breast milk feeding during the !rst week of life decreased the L/M ratio (p<0.001). In 
conclusion, enteral supplementation of a prebiotic mixture of neuytal and acidic does not 
enhance the postnatal decrease in intestinal permeability in preterm infants in the !rst 
week of life.
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BACKGROUND

Directly a&er birth, preterm infants have impaired gut barrier function, re%ected by an in-
creased intestinal permeability (1,2). Due to this increased intestinal permeability, delayed 
intestinal colonisation and immaturity of the host immune defense system, potentially 
pathogenic bacteria may translocate from the intestinal lumen and cause systemic infec-
tions (3-5). Early enteral feeding is associated with decreased intestinal permeability (6). In 
a recent study, intestinal permeability was decreased in preterm infants who received breast 
milk feeding versus preterm infants who received formula feeding (7). "ese bene!cial 
e$ects of breast milk may be attributed to the ‘bi!dogenic’ e$ect of human milk. Increasing 
the number of ‘bi!dogenic’ bacteria may improve gut barrier function and prevent systemic 
infections from translocation of gut bacteria (8,9). Non-human milk oligosaccharides such 
as small chain galacto-oligosaccharides (scGOS) and long-chain fructo-oligosaccharides 
(lcFOS) have been developed (10). Non-human milk acidic oligosaccharides (pAOS) 
can be derived from pectin. In studies with non-human milk oligosaccharides, enteral 
supplementation of neutral oligosaccharides stimulates the growth of Bi!dobacteria and 
Lactobacilli, resulting in increased short chain fatty acid (SCFA) production (10). In an 
in vitro model, SCFA were able to stimulate mucin-2 production and improve gut barrier 
function (11). In an experimental animal study, a diet containing a prebiotic mixture of 
inulin and oligofructose had a trophic e$ect on colonic mucosal architecture (12). In addi-
tion, translocation of Salmonella typhimurium a&er oral inoculation was partly decreased 
by the prebiotic diet (13), suggesting a bene!cial e$ect on gut barrier function.

In a recent study, we found that enteral supplementation of a prebiotic mixture con-
sisting of neutral oligosaccharides (scGOS/lcFOS) and acidic oligosaccharides (pAOS), 
if given in su'cient amounts, decreased the incidence of serious infections, especially 
endogenous infections (14). We hypothesised that the previously found lower endog-
enous infection rate in preterm infants receiving a prebiotic mixture of neutral and acidic 
oligosaccharides may originate from an improved gut barrier function.

Until now, studies into the e$ect of prebiotics on intestinal permeability in adults and 
newborn infants showed controversial results (9,15-19). In preterm infants, intestinal 
permeability was found to decrease spontaneously in the !rst week of life (1,2,19,20). 
We hypothesise that enteral supplementation of a prebiotic mixture consisting of neutral 
oligosaccharides (scGOS/lcFOS) and acidic oligosaccharides (pAOS) may improve gut 
barrier function, especially in the !rst week of life, as re%ected by decreased intestinal 
permeability. "erefore, the aim of our study was to determine the e$ect of enteral 
supplementation of scGOS/lcFOS/pAOS on intestinal permeability as measured with 
the sugar absorption test in the !rst week of life in preterm infants. Furthermore, we 
determined host- and treatment-related factors associated with intestinal permeability in 
these preterm infants.
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EXPERIMENTAL METHODS

Subjects
Infants with a gestational age (GA) <32 weeks and/or birth weight (BW) <1500 g admit-
ted to the level III neonatal intensive care unit (NICU) of the VU University Medical 
Center, Amsterdam, were eligible for participation in the study. Exclusion criteria were: 
small for gestational age infants with a gestational age >34 weeks, major congenital or 
chromosomal anomalies, death <48 hours a&er birth and transfer to another hospital <48 
hours a&er birth. "is study was conducted according to the guidelines laid down in the 
Declaration of Helsinki and all procedures involving human patients were approved by 
the medical ethical review board of our hospital. Written informed consent was obtained 
from all parents.

Randomisation, blinding and treatment
A&er assignment to 1 of 3 BW groups (*799 g, 800-1199 g, )1200 g), infants were ran-
domly allocated <48 h a&er birth to receive either enteral supplementation of a prebiotic 
mixture of 80% scGOS/lcFOS and 20% pAOS or a placebo mixture of maltodextrin. An 
independent researcher used a computer-generated randomisation table (provided by 
Danone Research, Friedrichsdorf, Germany) to assign infants to treatment with scGOS/
lcFOS/pAOS or placebo. Investigators, parents, medical and nursing sta$ were unaware 
of treatment allocation. "e randomisation code was broken a&er complete data analysis 
was performed.

"e prebiotic mixture and the placebo (maltodextrin) were prepared and packed sterile 
(Danone Research, Friedrichsdorf Germany). "e two powders were indistinguishable by 
appearance, colour and smell. During the study period, scGOS/lcFOS/pAOS and placebo 
were monitored for stability and possible microbiological contamination.

"e supplementation of the prebiotic mixture or placebo was administered in increas-
ing doses between days 3 and 30 of life to a maximum of 1.5 g/kg/day to breast milk 
or preterm formula (Nenatal Start®). Due to osmolarity reasons, each infant had an 
individual feeding scheme, depending on birth weight and daily amount of feeding. If 
an infant received *100 mL/kg/day enteral feeding, 1 g scGOS/lcFOS/pAOS or placebo 
was added per 60 mL enteral feeding. If an infant received >100 mL/kg/day, 1 g prebiotic 
mixture or placebo was added per 100 mL enteral feeding. Two members of the nursing 
sta$ added the daily supplementation to breast milk or to preterm formula according to 
the parents’ choice. Per 100 mL, the preterm formula provided 350 KJ (80 kcal), 2.4 g 
protein (casein-whey protein ratio 40:60), 4.4 g fat and 7.8 g carbohydrate. "e preterm 
formula did not contain oligosaccharides. When infants were transferred to another 
hospital before the end of the study, the protocol was continued under supervision of the 
principal investigator (EW).
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Nutritional support
Protocol guidelines for the introduction of parenteral and enteral nutrition followed 
current practice at our NICU. Nutritional support was administered as previously 
described (21), except for minimal enteral feeding which was de!ned as 12-24 mL/kg/
day. Enteral nutrition was advanced either from day 2 or from day 4 in case of a BW 
<10th percentile, GA <26 wk, Apgar score <6 at 5 min, umbilical artery pH <7.10, or 
base de!cit >10 mmol/L. For each infant in the study, a feeding schedule was proposed 
based on BW and the guidelines as mentioned above. A&er discharge, all infants received 
breast milk or preterm formula (Nenatal Start® without oligosaccharides) until term, and 
a post-discharge formula (Nenatal 1® without oligosaccharides) until the corrected age 
of 6 months. "e medical sta$ of our NICU and the responsible paediatricians in the 
regional hospitals had !nal responsibility for the administration of parenteral nutrition 
and advancement of enteral nutrition.

Intestinal permeability
Intestinal permeability was measured by sugar absorption test (SAT), as previously de-
scribed (2), at 3 time points: before the start of the study (t=0), at 4 (t=1), and 7 days (t=2) 
a&er birth. In the SAT, urine was collected for 6 hours a&er instillation of 2 mL/kg of the 
test solution (100mg mannitol and 250 lactulose/5 mL sterile water) by nasogastric tube. 
A&er collection, 0.1 mL chlorohexidine digluconate 20% was added to the urine as a pre-
servative and samples were stored at ,20°C until analysis. Lactulose and mannitol were 
measured by gas chromatography and the lactulose/mannitol (L/M) ratio was calculated.

Nutrition and clinical characteristics of the infants at the time of SAT were assessed, 
including administration of type of feeding in the week preceding the SAT, parenteral 
nutrition, achievement of full enteral feeding and presence of serious infection(s). A seri-
ous infection was de!ned as sepsis, meningitis, pyelonephritis, pneumonia, or arthritis as 
diagnosed by a combination of clinical signs and a positive culture (22) within 48 hours 
preceding the SAT.

Statistical analysis
"e sample size of 113 infants was based on the sample size calculation for the primary 
outcome of the main trial (serious infectious morbidity). Normally distributed and non-
parametric data are presented as mean (± standard deviations) and medians (ranges), 
respectively. Perinatal and nutritional characteristics were analysed by Students’ t-test, 
Mann-Whitney U test, chi-square test, or Fisher’s exact test for continuous normally 
distributed, nonparametric continuous, and dichotomous data, respectively.

As the parameters of intestinal permeability had a skewed distribution, a natural loga-
rithmic transformation was performed before analysis. In the primary analysis, general-
ized estimating equations (GEE) for longitudinal analysis were used to compare changes 
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in lactulose, mannitol and L/M ratio over time between the groups (23). "is method 
takes into account the dependency of the observations within a patient and the fact that 
samples may not be available at each time point. Furthermore, the e$ect of host and 
treatment related factors (chorioamnionitis, administration of antenatal corticosteroids, 
mode of delivery, gestational age, birth weight, Apgar score at 5 min, administration of 
antibiotics post partum, serious infectious morbidity, necrotizing enterocolitis (24), time 
to full enteral feeding (>120mL/kg/day), age at !nishing parenteral nutrition and type of 
feeding during the !rst week of life on intestinal permeability was determined by GEE 
analysis. All statistical analysis were performed on an intention-to-treat basis. For all 
statistic analyses, a two-sided p value <0.05 was considered signi!cant. SPSS 15.0 (SPSS 
Inc., Chicago, IL, USA) was used for data analysis.

RESULTS

Between May 2007 and November 2008, 113 of 208 eligible preterm infants entered 
the study. Reasons for not participating in the study were no informed consent (n=45), 
participation in another trial (n=7), transfer to a regional hospital within 48 hours 
(n=12), death within 48 hours (n=5) and severe congenital malformations (n=12). A&er 
randomisation, 1 infant in the placebo group was excluded, because of strong suspicion 
of a syndrome. Baseline patient and nutritional characteristics were not di$erent in the 
prebiotic mixture (n=55) and placebo group (n=58) (Table 5.1). SAT was performed at 
36±15 h a&er birth (t=0), at postnatal day 4.5±0.7 (t=1) and 7.1±0.5 (t=2). At t=0, 10/113 
(8.9%) and 17/113 (15.0%), at t=1, 20/113 (17.7%) and 11/ 113 (9.7%) and at t=2, 15/113 
(13.3%) and 15/113 (13.3%) of the SAT data were missing in the prebiotic mixture and 
placebo group respectively. Missing SAT data could mainly be attributed to insu'cient 
urine collections. In both groups, the L/M ratio showed a decrease from t=0 (0.21 (0.03-
2.16) versus 0.34 (0.06-1.86)) in the prebiotic mixture group and placebo group respec-
tively, to t=2 (0.06 (0.00-0.68) versus 0.09 (0.00-2.68)) respectively (E$ect 0.34 (95% CI 
0.22-0.51; p<0.001) (Figure 5.1A). Analysis by generalized estimating equations showed 
no e$ect of enteral supplementation of the prebiotic mixture on the decrease in L/M ratio. 
Lactulose and mannitol concentrations were not di$erent in the prebiotic mixture and 
placebo group (Figure 5.1B and 5.1C).

As there were no signi!cant di$erences between the prebiotic mixture and placebo 
group, both groups were analysed together to determine the in%uence of di$erent host 
and treatment related factors on intestinal permeability (Table 5.2). Increased birth weight 
was related to decreased intestinal permeability (E$ect 0.54 (95% CI 0.36-0.81; p=0.002)). 
Both exclusively breast milk feeding and mixed breast milk/ formula feeding in the !rst 
week of life decreased the L/M ratio compared with exclusively formula feeding. (E$ect 
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0.49 (95% CI 0.34-0.73; p<0.001 and 0.53 (95% CI 0.30-0.93; p<0.05 respectively). At 
t=2, 22/113 (20%) of the infants had a serious infection. SAT was performed in 16/22 
(73%) of the infants with a serious infection. "e median L/M ratio was not di$erent 
in infants with a serious infection and infants without a serious infection. In total, 16 
infants developed necrotizing enterocolitis. "e median age at which infants developed 
necrotizing enterocolitis was 21 days (6-60 days). "e median L/M ratio was not di$erent 
in infants who later developed necrotising enterocolitis compared to infants who did not 
develop necrotizing enterocolitis (Table 5.2).

Table 5.1. Baseline and nutritional characteristics

Prebiotic mixture (n=55) Placebo (n=58)

Baseline characteristics

Chorioamnionitis 11/55 (20%) 13/58 (22%)

PE,E or HELLP 16/55 (31%) 18/58 (31%)

Placental insu#ciency 4/55 (7%) 3/58 (5%)

Antenatal antibiotics 11/55 (20%) 16/58 (28%)

Antenatal corticosteroids 30/55 (56%) 32/58 (56%)

Multiple birth 9/55 (16%) 13/58 (22%)

Vaginal delivery 31/55 (56%) 32/58 (55%)

Gestational age (wks) 29.9 ± 1.9 29.3 ± 2.1

Birth weight (kg) 1.3 ± 0.4 1.2 ± 0.3

Birth weight <10th percentile 12/55 (22%) 8/58 (14%)

Sex, male 31/55 (56%) 36/58 (62%)

Apgar at 5 min <6 9 /55 (16%) 5/58 (9%)

Antibiotics at birth 41/55 (75%) 44/58 (76%)

Nutritional characteristics

Age at start of study supplementation (d) 2.1 (1.5-5.3) 2.1 (1.5-3.3)

Time to full supplementation dose (d) 11 (4-28) 11 (5-27)

Mean supplementation dose during study period (g/kg/d) 1.30 (0.1-1.6) 1.27 (0.2-1.8)

Age at advancement of enteral nutrition (d) 2.8 (0.6-27.5) 2.5 (0.3-18.0

Exclusive breast milk 1 38/55 (69%) 33/58 (57%)

Mixed breast milk and formula feeding1 12/55 (21%) 11/58 (20%)

PE, preeclampsia; E, eclampsia; HELLP, syndrome of hemolysis, elevated liver enzymes and low platelets;
PIVH, periventricular-intraventricular hemorrhage. 1During 30 day study period. Values are expressed as 
mean±SD or median (range) or number (%)
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DISCUSSION

In preterm infants, we found that enteral supplementation of a prebiotic mixture consist-
ing of neutral oligosaccharides and acidic oligosaccharides does not decrease intestinal 
permeability in the !rst week of life, as measured by the sugar absorption test. Our results 
are in line with a study in healthy newborns (18). Also, in adult burn patients, prebiotic 
supplementation did not decrease intestinal permeability (15).

"e lack of e$ect of prebiotics on intestinal permeability may be explained by high 
doses of antibiotics used in patients, including preterm infants, admitted at an intensive 
care unit, which interferes with the growth of bi!dobacteria and lactobacilli (15). In 2 
recent studies in preterm infants, we found that antibiotics severely delayed the intestinal 
colonisation (25,26). Delayed intestinal colonisation decreases the production of SCFA 
which in turn impairs gut barrier function (10,11). In the current study, 75% of all infants 
received antibiotics immediately a&er birth. Furthermore, the prebiotic supplementation 
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Figure 5.1. Results of sugar absorption tests
A. Urinary lactulose/ mannitol ratio
B. Urinary lactulose concentrations
C. Urinary mannitol concentrations
Generalized estimating equations were used to assess di!erences between the prebiotic mixture and 
placebo group at baseline and  for changes over time (compared with baseline values). There were no 
signi"cant di!erences between the prebiotic mixture and placebo group.
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dose in our study may have been insu'cient to reach a (maximal) e$ect on intestinal 
permeability. In the literature, little data are available about the optimal type, combina-
tion and amount of prebiotic supplementation (27). Olguin et al. (15) used one type of 
prebiotics (oligofructose) and Colomé et al. (18) did not state which type and amount 
of prebiotics were given. Furthermore, probiotics and, especially the combination of 
pre- and probiotics could be used, because a synergistic or additional e$ect may exist 
(27). Stratiki et al. (19) found that administration of a probiotic (Bi"dobacter lactis) 
supplemented formula decreased intestinal permeability of preterm infants at day 30. In 
adult trauma patients, synbiotic but not prebiotic (fermentable !bers) supplementation 
decreased intestinal permeability (16).

"e timing of the prebiotic supplementation may also explain the varying e$ects on 
intestinal permeability. "e mean age of infants in the study of Colomé was 74.4±30.3 
days which could explain the lack of e$ect on intestinal permeability of the prebiotic 
supplementation, as previous studies show that intestinal permeability decreases rapidly 
in the !rst week of life. (1, 2) Stratiki et al. (19) found that probiotics decreased intestinal 
permeability at day 30 of life, but not at day 7. "is !nding suggests that supplementation 
of prebiotics, probiotics or synbiotics may a$ect intestinal permeability if given for a suf-
!cient number of days.

Table 5.2. Factors in&uencing intestinal permeability (L/M ratio) in preterm infants

E!ect (95 % CI)

Chorioamnionitis 0.93 (0.65-1.32)

Antenatal corticosteroids 1.01 (0.75-1.37)

Vaginal delivery 0.96 (0.72-1.31)

Gestational age (wks) 0.95 (0.88-1.02)

Birth weight (kg) 0.54 (0.36-0.81)**

Apgar at 5 min <6 0.91 (0.59-1.40)

Antibiotics postpartum 1.02 (0.46-1.39)

Infection‡ <48h before sample day 7 0.87 (0.53-1.42)

Necrotizing enterocolitis 1.22 (0.76-1.97)

Time to full enteral feeding 1.01 (0.98-1.03)

Age at "nishing parenteral nutrition 1.00 (0.98-1.04)

Exclusive breast milk in the "rst week of life2 0.49 (0.34-0.73)***

Mixed breast milk and formula feeding in the "rst week of life2 0.53 (0.30-0.93)*

Data indicate the e!ect of a factor on the L/M ratio at all time points (generalised estimating equations). 
The e!ect can be interpreted as follow: in case of chorioamnionitis, the L/M ratio is 0.93
(95 % con"dence interval) times as high as without chorioamnionitis.
‡Sepsis, menigitis, pyelonephritis, pneumonia or arthritis as diagnosed by a combination of clinical signs 
and a positive culture <48 hours preceding SAT. 2Compared with exclusive formula feeding. The factor 
sigini"canlty in&uenced intestinal permeability: *p<0.05, **p<0.01, ***p<0.001
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Postnatal factors may play an important role in the rapid adaptation of the small intes-
tine to the extra uterine circumstances (20). In this study, we found that both exclusively 
breast milk feeding and mixed breast milk/ formula feeding during the !rst week of life 
decreased intestinal permeability at day 7. "is is in line with a recent study done by 
Taylor et al. (7) who found a decreased intestinal permeability in preterm breast-fed 
infants during the !rst 30 days of life. A decreased intestinal permeability a&er breast 
milk feeding was also found in term infants (6,28). "is positive e$ect of breast milk 
feeding may be attributed to the ‘bi!dogenic’ e$ect of breast milk and supports the hy-
pothesis that the intestinal microbiota plays an important role in gut barrier function. 
"e intestinal microbiota communicates with the underlying epithelium which may 
lead to metabolic and immunologic reactions by the epithelial cells and its underlying 
lymphoid cells. "is process is called bacterial-epithelial ‘cross talk’ (29,30). Preterm 
infants have an inadequate maturation of the host immune defense system and due to an 
inappropriate bacterial-epithelial ‘crosstalk’ (30), they have an increased risk to develop 
serious infections. However, the previously found decreased incidence of endogenous 
infections (14) could not be explained by improved gut barrier function, as re%ected by 
intestinal permeability.

Beside a high risk for serious infectious morbidity, preterm infants are at high risk 
for developing necrotizing enterocolitis. "e pathogenesis of necrotizing enterocolitis is 
not completely understood, but it has been proposed that impaired gut barrier func-
tion plays a crucial role (31). In a rat gavage model, Zani et al. (32) found that rats with 
experimentally induced necrotizing enterocolitis have increased intestinal permeability 
and develop systemic symptoms such as cardiac damage and renal failure. "is suggests 
bacterial translocation and transfer of endotoxin and other in%ammatory mediators 
causing multi-organ failure (32). In our study, we did not !nd an increased intestinal 
permeability in infants who developed necrotizing enterocolitis. However in most cases, 
the SAT was performed before the infants developed necrotizing enterocolitis.

Some remarks may be formulated with regard to the methodology of our study. First, 
we only measured intestinal permeability in the !rst week of life. Study supplementation 
started at a median postnatal age of 2 days. At postnatal day 7, 86/113 (76%) of the infants 
had not yet reached a supplementation dose of 1.5g/kg/day. "e mean supplementation 
dose during the !rst week of life was 0.73±0.43 g/kg/day. "erefore, infants may not have 
received a su'cient dose of the prebiotic mixture supplementation to reach a signi!cant 
e$ect at postnatal day 4 or 7. However, in an additional analysis we did not !nd a relation 
between supplementation dose during the !rst week of life and intestinal permeability. 
Furthermore, in a previous study, in the !rst week of life a signi!cant decrease of the 
intestinal permeability was found, and during the next 3 weeks the intestinal permeability 
remained stable (21). "erefore, we hypothesised that the maximum e$ect of prebiotic 
supplementation on intestinal permeability would be in the !rst week of life. In our study, 
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intestinal permeability decreased in both groups from day 1 to day 7. "is is in line with 
previous studies (1,2,19,20). Second, breast milk itself contains neutral and acidic oli-
gosaccharides and, as shown in this study, breast milk feeding has a positive e$ect on 
intestinal permeability. "erefore, the e$ect of enteral supplementation of the prebiotic 
mixture may be less pronounced in preterm infants who exclusively received breast milk. 
As breast milk is strongly promoted at our NICU, most infants received breast milk feed-
ing (>60%), and relatively few received exclusively formula feeding (20%).

"ere were no serious adverse events reported a&er prebiotic supplementation in 2 re-
cent reviews on prebiotic supplementation, including preterm infants (33, 34). However, 
Barrat et al. (35) found an increased bacterial translocation in the intestine of immature 
rats (‘pup in the cup model’) fed a milk formula containing GOS and inulin, without 
an e$ect on intestinal permeability. However, intestinal permeability was measured in 
vitro with Ussing chambers (35). "e mechanisms underlying this increased bacterial 
translocation are unclear and should be investigated further. Bacterial translocation may 
originate from a combination of increased intestinal permeability, delayed intestinal 
colonisation and immaturity of the host immune defense (3,5). It has been speculated 
that the increased bacterial translocation may not necessarily be harmful, but may be 
involved in the postnatal maturation of the immune system (36,37). Urao et al. (36) and 
Gebbers et al. (37) speculate that bacterial translocation may be instrumental for toler-
ance induction against the endogenous microbiota and for the stimulation and normal 
development of the GALT.

In conclusion, this study in preterm infants shows that enteral supplementation of a 
prebiotic mixture consisting of neutral and acidic oligosaccharides does not enhance 
the decrease in intestinal permeability in the !rst week of life, as measured by the sugar 
absorption test. Breast milk feeding during the !rst week of life decreased the L/M ratio. 
"e lower endogenous infection rate in preterm infants receiving the prebiotic mixture as 
observed previously, cannot be explained by improved gut barrier function, as re%ected 
by intestinal permeability in the !rst week of life. A bene!cial e$ect of the prebiotic may 
involve other aspects of gut barrier function; for example, modulation of the intestinal 
microbiota and the intestinal in%ammatory response.
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ABSTRACT

Preterm infants have an immature immune system that makes them susceptible to infec-
tions. We hypothesise that a prebiotic mixture consisting of neutral and acidic oligosac-
charides (scGOS/lcFOS/pAOS) may positively a$ect the immune system. Aim was to 
determine the e$ect of this prebiotic mixture on cytokine levels and to determine the ef-
fect of perinatal factors on cytokine levels in preterm infants. In a randomised controlled 
trial, preterm infants (GA <32 weeks and/or birth weight <1500 g) received prebiotic 
mixture or placebo (maltodextrin) between days 3 and 30 of life. Cytokine levels (IL-1-
beta, IL-2, IL-4, IL-6, IL-8, IL-10, IL-17, IFN-gamma, TNF-alpha) were analysed at 3 time 
points: before start of the study, at day 7 and day 14. In total, 55 preterm infants in the 
prebiotic mixture and 58 in the placebo group were included. Enteral supplementation 
of the prebiotic mixture did not in%uence cytokine levels at day 7 or 14. Serious infection 
before sampling increased all cytokines levels. In conclusion, enteral supplementation of 
a prebiotic mixture of neutral and acidic oligosaccharides does not in%uence cytokine 
levels in preterm infants. "e previous found lower (endogenous) infection rate a&er 
enteral supplementation with the prebiotic mixture could not be explained by enhanced 
levels of "1 cytokines. Any bene!cial e$ect of the prebiotic mixture may involve other 
aspects of postnatal modulation of the immune system or postnatal adaptation of the 
gastrointestinal tract.
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INTRODUCTION

Preterm infants have an immature immune system which makes them susceptible to 
infections (1). "e intestinal microbiota plays an important role in the maturation of the 
infants immune system (2-4). "is interaction leads to metabolic/immunologic reactions 
by the epithelial cells and the underlying lymphoid cells: the bacterial-epithelial ‘cross talk’ 
(5). Preterm infants have an inadequate maturation of the host immune defence due to an 
inappropriate bacterial-epithelial ‘crosstalk’ (5-7). Furthermore, the intestinal colonisa-
tion is delayed in preterm infants (8). Many factors in%uence intestinal colonisation such 
as mode of delivery, use of antibiotics and breastfeeding. In term infants, breastfeeding 
decreases the incidence of infections and atopy (9-13). One of the factors in breastmilk 
thought to be responsible for this e$ect is human milk oligosaccharides (HMOS) (14-16). 
HMOS interact with the local immune system of the gastro-intestinal tract (15,17). Also, 
HMOS are thought to stimulate the T-helper (")1 immune responses and attenuate 
a proallergic "2-type immune response (2,3). Furthermore, this immunomodulatory 
e$ect of HMOS is thought to be related to development of a bi!dogenic intestinal micro-
biota (14). Neutral and acidic HMOS can be absorbed and cross the border membrane of 
the intestine, suggesting that HMOS may also act systemically and that their e$ect is not 
restricted to the intestine (17, 18). Non-human milk oligosaccharides such as small-chain 
galacto-oligosaccharides (scGOS) and long-chain fructo-oligosaccharides (lcFOS) are 
used to substitute (the functions of) HMOS (16). In breastmilk, approximately 80% of the 
oligosaccharides are neutral and up to 20% are acidic. Non-human milk acidic oligosac-
charides (pAOS) can be derived from pectin. pAOS are able to act as receptors-analogs 
and are known to inhibit the adhesion of pathogens on the epithelial surface (17). pAOS 
may also directly e$ect the immune cells via interaction of selectins, dendritic cell speci!c 
C-type lectin, integrins and other target receptors as Toll-like receptors (17). In vitro, hu-
man milk derived and plant derived oligosaccharides stimulate the cytokine production 
of cord blood T-cells: the acidic oligosaccharides increased the percentage of IFN-gamma 
producing CD4+ and CD8+ T cells (19). In mice fed with isomalto-oligosaccharides, the 
"1 response was up regulated (20). We recently found that, if given in su'cient amounts, 
the combination of neutral oligosaccharides and acidic oligosaccharides decreases the 
incidence of infections in preterm infants (21). We hypothesise that enteral supplementa-
tion of a prebiotic mixture of neutral and acidic oligosaccharides may positively a$ect the 
immune system. As part of our randomised controlled trial, the aim of this study was to 
determine the e$ect of enteral supplementation of neutral and acidic oligosaccharides on 
the immune system as measured by serum cytokine levels in preterm infants. "e second 
aim was to determine the e$ect of perinatal factors on cytokine levels in the serum of 
preterm infants.
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METHODS

Subjects
Infants with gestational age (GA) <32 weeks and/or birth weight (BW) <1500 g, admitted 
to the level III NICU of the VU University Medical Center, Amsterdam, were eligible for 
participation in the study. Exclusion criteria were: infants with GA >34 weeks, major con-
genital or chromosomal anomalies, death <48 hours a&er birth and transfer to another 
hospital <48 hours a&er birth. "e medical ethical review board of our hospital approved 
the study protocol. Written informed consent was obtained from all parents.

Randomisation, blinding and treatment
"e infants were randomly allocated to treatment <48hours a&er birth to receive either 
enteral 80% scGOS/lcFOS and 20% pAOS or placebo powder (maltodextrin) as previ-
ously described. "e randomisation code was broken a&er data analysis was performed. 
Prebiotic mixture and placebo powder (maltodextrin) were prepared and packed under 
nitrogen environment in sachets (Danone Research, Friedrichsdorf, Germany). During 
the study period, prebiotics and placebo powder were monitored for stability and micro-
biological contamination.

Supplementation of the prebiotic mixture or placebo was administered in increasing 
doses between days 3 and 30 of life to 1.5g/kg/day to breast milk or preterm formula. Per 
100 mL, the preterm formula provided 80 kcal, 2.4 g protein (casein-whey protein ratio 
40:60), 4.4g fat and 7.8g carbohydrate. "e preterm formula did not contain oligosac-
charides. When infants were transferred to another hospital before the end of the study, 
the protocol was continued under supervision of the principal investigator (EW).

Nutritional support
Nutritional support was administered as previously described (17,21). For each infant in 
the study, a feeding schedule was proposed based on BW and the guidelines as mentioned 
previously (17,21). "e medical sta$ of our NICU and the responsible paediatricians in 
the regional hospitals had !nal responsibility for the administration of parenteral nutri-
tion and advancement of enteral nutrition.

Cytokine analysis
Blood samples were collected before the start of the intervention (t=0), at postnatal day 
7 (t=1) and 14 (t=2). Collected blood was allowed to clot at room temperature for 1 hour 
and centrifuged at 3000 rpm for 10 minutes. Serum was collected and stored at ,80°C 
until analysis. Serum samples were analysed for levels of IL-1beta, IL-2, IL-4, IL-6, IL-8, 
IL-10, IL-17, IFN-gamma and TNF-alpha. Cytokine levels were measured using a %uo-
rescent bead-based multiplex immuno assay (MIA) (Luminex xMAP technology) at the 
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National Institute for Public Health and the Environment, Bilthoven, the Netherlands. 
Analysis was performed with a Bio-Plex 200 (Bio-rad laboratories, Hercules, CA, USA). 
Cytokine assay kits were purchased from Bio-rad (Hercules, CA, USA). Cytokine mea-
surements were performed according to the instructions of the manufacturer with slight 
modi!cations. Samples were diluted with human serum diluent in a 1:1 ratio (normal 
1:3). "e standard curve was calibrated on a high Photo-Multiplier Tubes (PMT) setting. 
Paired samples from a single subject were always analysed on the same plate. Cytokine 
levels below the lower limit of quantitation were assigned as half the mean lower limit of 
quantitation of all plates. Levels above the upper limit were assigned as the mean upper 
limit of all plates.

Statistical analysis
"e sample size of 113 infants was based on the sample size calculation for the pri-
mary outcome of the main trial (serious infectious morbidity). Normally distributed 
and nonparametric data are presented as means ± SD and medians (ranges) respectively. 
Patient and nutritional characteristics were compared between groups with t test, Mann-
Whitney U test, chi-square test, or Fisher’s exact test for continuous normally distributed, 
nonparametric continuous, and dichotomous data, respectively. In the primary analysis, 
generalised estimating equations (GEE) were used to compare changes in cytokine levels 
over time between the groups. "is method takes into account the dependency of the 
observations within a patient and the fact that samples may not be available at each time. 
Furthermore, the e$ect of host and treatment related factors (prenatal corticosteroids, 
chorioamnionitis, gender, GA, serious infection <48 hour before blood sample, antibiot-
ics <48 hour before blood sample, type of blood sample, type of feeding, GA and mild 
bronchopulmonary dysplasia (BPD) (22)) on cytokine levels was determined by GEE 
analysis. All statistical analysis was performed on an intention-to-treat basis. For all 
statistic analyses, a two-tailed p value <0.05 was considered signi!cant. SPSS 17.0 (SPSS 
Inc., Chicago, IL, USA) was used for data analysis.

RESULTS

Between May 2007 and November 2008, 113 of 208 eligible preterm infants entered 
the study. Reasons for not participating in the study were no informed consent (n=45), 
participation in another trial (n=7), transfer to a regional hospital within 48 hours 
(n=12), death within 48 hours (n=5) and severe congenital malformations (n=12). A&er 
randomisation, 1 infant in the placebo group was excluded, because of strong suspicion 
of a syndrome. Baseline patient and nutritional characteristics were not di$erent in the 
prebiotic mixture (n=55) and placebo group (n=58). (Table 6.1) Nutritional and clinical 
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characteristics at the time of cytokine measurements are presented in Table 6.2. At t=2, 
there was trend toward less infections in infants in the prebiotic mixture group compared 
with the placebo group (p=0.06).

Blood samples were taken at 14.4 ± 20.7 hours (t=0), 7.1 ± 0.8 days (t=1), and 14.5 ± 
1.6 days (t=2). In total, 6% of the blood samples were missing due to death or exclusion 
of the infant before day 14. In the crude GEE analysis, enteral supplementation of the 
prebiotic mixture did not change the cytokine levels. "ere was a trend toward lower 
levels of IL-1-beta (p=0.05; 95% CI 0.15-1.01) in the prebiotic mixture group compared 
with the placebo group (Figure 6.1). Adjustment for serious infection nor adjustment 
for other possible confounders (chorioamnionitis, administration of prenatal corticoste-
roids, mode of delivery, GA, gender, type of feeding, administration of antibiotics, serious 
infection, mild BPD) changed the results of the primary analysis. Data of both groups 

Table 6.1. Baseline and nutritional characteristics

Prebiotic mixture (n=55) Placebo (n=58)

Baseline characteristics

Chorioamnionitis 11/55 (20%) 13/58 (22%)

PE,E or HELLP 16/55 (31%) 18/58 (31%)

Placental insu#ciency 4/55 (7%) 3/58 (5%)

Antenatal antibiotics 11/55 (20%) 16/58 (28%)

Antenatal corticosteroids 30/55 (56%) 32/58 (56%)

Multiple birth 9/55 (16%) 13/58 (22%)

Vaginal delivery 31/55 (56%) 32/58 (55%)

Gestational age (wks) 29.9 ± 1.9 29.3 ± 2.1

Birth weight (kg) 1.3 ± 0.4 1.2 ± 0.3

Birth weight <10th percentile 12/55 (22%) 8/58 (14%)

Sex, male 31/55 (56%) 36/58 (62%)

Apgar at 5 min <6 9 /55 (16%) 5/58 (9%)

Antibiotics at birth 41/55 (75%) 44/58 (76%)

Nutritional characteristics

Age at start of study supplementation (d) 2.1 (1.5-5.3) 2.1 (1.5-3.3)

Time to full supplementation dose (d) 11 (4-28) 11 (5-27)

Mean supplementation dose during study period (g/kg/d) 1.30 (0.1-1.6) 1.27 (0.2-1.8)

Age at advancement of enteral nutrition (d) 2.8 (0.6-27.5) 2.5 (0.3-18.0

Exclusive breast milk 1 38/55 (69%) 33/58 (57%)

Mixed breast milk and formula feeding1 12/55 (21%) 11/58 (20%)

PE, preeclampsia; E, eclampsia; HELLP, syndrome of hemolysis, elevated liver enzymes and low platelets; 
PIVH, periventricular-intraventricular hemorrhage. 1During 30 day study period. Values are expressed as 
mean±SD or median (range) or number (%)
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were taken together to analyse the role of perinatal factors that may in%uence cytokine 
levels (Table 6.3). Serious infection before sampling increased all cytokines levels (IL-8, 
p=0.01; IL-1-beta, p=0.003; IL-2, IL-4, IL-6, IL-10, IL-17, IFN-gamma and TNF-alpha 
p<0.001). In the prebiotic mixture group there was a trend toward less serious infec-
tions compared with the placebo group, therefore we adjusted for serious infections to 

Table 6.2. Nutritional and clinical characteristics1

Prebiotic mixture group (n=55) Placebo group (n=58) p

Day 1 (t=0)

Blood samples taken at (hours) 15.35 ± 19.79 13.54 ± 21.27 0.48

Missing samples 1/55 (2%) 2/58 (3%) 1.00

Infection ) 48 h for sample 0/54 (0%) 0/56 (0%) -

Antibiotics ) 48 h for sample 40/54 (74%) 44/56 (79%) 0.58

Bloodtype - venous
 - capillair
 - arterial
 - umbilical cord
 - missing

3/54 (6%)
4/54 (7%)
11/54 (20%)
36/54 (67%)
0/54 (0%)

3/56 (5%)
6/56 (11%)
17/56 (30%)
29/56 (52%)
1/56 (2%)

1.00
0.74
0.23
0.11
1.00

Day 7 (t=1)

Blood samples taken at (days) 6.98 ± 0.63 7.19 ± 0.89 0.11

Missing samples 3/55 (5%) 3/58 (5%) 1.00

Infection ) 48 h for sample 10/52 (19%) 13/55 (24%) 0.58

Antibiotics ) 48 h for sample 17/52 (33%) 24/55 (44%) 0.25

Exclusive breast milk feeding 32/52 (62%) 34/55 (62%) 0.74

Bloodtype - venous
 - capillair
 - arterial
 - mixed
 - missing

2/52 (4%)
26/52 (50%)
21/52 (40%)
1/52 (2%)
2/52 (4%)

0/55 (0%)
32/55 (58)
22/55 (40%)
0/55 (0%)
1/55 (2%)

0.23
0.40
0.97
0.49
0.61

Day 14 (t=2)

Blood samples taken at (days) 14.54 ± 2.03 14.44 ± 1.21 0.47

Missing samples 6/55 (11%) 5/58 (9%) 0.68

Infection ) 48 h for sample 1/49 (2%) 6/53 (12%) 0.06

Antibiotics ) 48 h for sample 21/49 (43%) 22/53 (42%) 0.89

Exclusive breast milk feeding 32/49 (66%) 37/53 (70%) 0.40

Bloodtype - venous
 - capillair
 - arterial
 - missing

0/49 (0%)
43/49 (88%)
4/49 (8%)
2/49 (4%)

1/53 (2%)
42/53 (79%)
9/53 (17%)
8/53 (15%)

1.00
0.25
0.18
0.61

Student’s t test, Mann-Whitney U test and chi-square test or Fisher’s exact test are used to analyse 
continuous normally distributed, nonparametric continuous data, respectively. Data are expressed as 
mean±SD or median (ranges) or numbers (%)
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analyse the change of cytokine levels over time. In general, cytokine levels did not change 
signi!cantly between t=0 and t=2, except for IL-10 which increased signi!cantly from 
t=0 to t=2 (p=0.003), also a&er adjustment for serious neonatal infections.

DISCUSSION

"is study shows that enteral supplementation of a prebiotic mixture consisting of neu-
tral and acidic oligosaccharides between days 3 and 30 of life does not change cytokine 
levels in preterm infants. Early exposure to microbes will induce "1 responses that shi& 
presumed neonatal default "2 immune responses towards a balanced "1/"2 cytokine 
pro!le. Preterm birth may lead to an immunological cascade resulting in an unbalanced 
"1/"2 cytokine pro!le with increased susceptibility for infections and development 
of allergic diseases later in life. Especially the !rst months of life may represent a critical 
window in the maturation of the immune system.
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Figure 6.1. Cytokine levels in infants supplemented with prebiotic mixture and placebo group. Bars 
indicate median values and error bars indicate 75th percentile. Generalized estimating equations were 
used to assess di!erences between the prebiotic mixture and placebo group at baseline and  for changes 
over time (compared with baseline values). There were no signi"cant di!erences between the prebiotic 
mixture and placebo group.
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Pro-in%ammatory cytokines are primarily responsible for cell-mediated resistance 
to infections. However, overproduction of pro-in%ammatory cytokines can be harmful 
and may lead to shock, multi-organ failure and death (23-25). Furthermore in preterm 
infants, high levels of pro-in%ammatory cytokines in cord blood are related to white mat-
ter damage (26-30), chronic lung disease (31,32), and development of allergy (33). "e 
immune system is a very complex system and each cytokine can act in di$erent ways, 
in%uenced by other cytokines, chemokines and growth factors (32). In our study, the 
bene!cial e$ect of enteral supplementation of the prebiotic mixture on the incidence of 
serious endogenous infections was not related to changes in cytokine levels. Roller et al. 
(34) found that prebiotics (oligofructose-enriched inuline) increased the IL-10 produc-
tion of Peyer’s Patches in rats and IL-10 and IFN-gamma were correlated. "is suggests 
that prebiotics may simultaneously activate di$erent " cell populations and/or dendritic 
cells (17). However, comparison of all studies is hampered by di$erences in study popula-
tion and methods to determine cytokine responses. Furthermore, the development of 
the immune response is regulated by among others the regulatory T-cells. It has been 
hypothesised that each type of immune response either "1 type of immune response or 
"2 develops its own regulatory population and a balanced immune response can be con-
trolled by distinct regulatory T-cell populations. In presence of prebiotic oligosaccharides 
(scGOS/lcFOS/pAOS), the immune response in a vaccination model is shi&ed towards 
a more pronounced "2 type of responsiveness. As regulatory T-cells play a prominent 
role herein, it has been hypothesised that the speci!c oligosaccharides strengthen the "2 
suppression, favouring the development of "1 immune response (35).

In general, there were major interindividual di$erences in cytokine levels and studies 
on cytokine levels of preterm infants show con%icting results. (36-38) Furthermore, host-
, treatment and nutrition related factors may play a role in the development of the im-
mune system and may in%uence cytokine levels. In this study intervention by caesarean 
section resulted in higher IL-1beta levels, a lower GA showed higher IL-6, IFN-gamma 
and TNF-alpha levels and a clinical condition like chorioamnionitis showed higher levels 
of IL-2, IL-6 and TNF-alpha and in infants that were exclusively breast fed higher IL-
17 levels were observed. IL-6 levels were high at all time points. "is is in line with a 
recent review of Lyon et al. (39) that concluded that IL-6 levels are increased in preterm 
infants, and with the studies of Levy et al. (40) and Vitoratos et al. (41) that concluded 
that pro-in%ammatory cytokines are increased in preterm infants in comparison with 
pro-in%ammatory cytokine levels in term infants.

One critical aspect of the study design needs to be addressed. We only measured 
cytokine levels in the !rst 2 weeks of life. An optimal supplementation dose of 1.5g/kg/
day was reached at a median postnatal age of 11 days due to restriction of the maximal 
osmolarity of the enteral feeding. "erefore, infants may not have received a su'cient 
dose of prebiotics supplementation to reach the maximal e$ect at postnatal day 7 or 14.
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In conclusion, this study shows that enteral supplementation of a prebiotic mixture 
consisting of neutral and acidic oligosaccharides between days 3 and 30 of life does not 
change cytokine levels in preterm infants. "e previous found lower (endogenous) infec-
tion rate a&er enteral supplementation with the prebiotic mixture could not be explained 
by enhanced levels of "1 cytokines. Any bene!cial e$ect of the prebiotic mixture may 
involve other aspects of postnatal modulation of the immune system or postnatal ad-
aptation of the gastrointestinal tract. Moreover, as major interindividual di$erence in 
cytokine levels existed, future studies on the e$ect of prebiotics on the immune system 
should also focus on other markers of the immune system, for example regulatory T cells.
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ABSTRACT

Newborn infants, especially preterm infants, have an immature immune system, which 
is not capable to actively protect against vaccine-preventable infections. "erefore, the 
newborn is dependent of transplacental transport of Immunoglobulin G (IgG), an active, 
FcRn receptor mediated process. Fetal IgG rises from approximately 10% of the maternal 
concentration at 17-22 weeks of gestation to 50% at 28-32 weeks of gestation. If transpla-
cental acquired IgG is lower in preterm than term infants, preterm infants are especially 
at risk for these vaccine preventable diseases.

Aim of this study was to review the transplacental transfer of IgG against vaccine-
preventable diseases (measles, rubella, varicella-zoster, mumps, Haemophilus in%uenza 
type B, diphtheria, tetanus, pertussis and polio) to (pre)term infants and to identify fac-
tors that in%uence the transplacental transfer of these antigens.

A&er selection, 18 studies on transplacental transport to preterm infants were included. 
In general, these studies showed for all antibodies lower antibody concentrations in pre-
term infants compared with term infants. Maternal and infants antibody concentrations 
showed a strong correlation in 7 of the included studies. Infants antibody concentration 
was not associated with parity, maternal age, height or weight. Infants of vaccinated 
mothers had lower anti-measles antibody titers than infants of natural immunized moth-
ers. IgG titers of preterm infants decrease earlier in life below protective antibody titers 
than term infants. Combined with their immature immune system, this puts preterm 
infants at increased risk for vaccine-preventable diseases.
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INTRODUCTION

Newborn infants, especially preterm infants, have an immature immune system, which 
is not capable to actively protect against vaccine-preventable infections like diphtheria, 
tetanus, pertussis, measles, mumps, rubella, Haemophilus in%uenzae type B and Neis-
seria meningitidis C (1-3). Maternal Immunoglobulin G (IgG) is transported over the 
placenta (transplacental transport) by an active, FcRn receptor mediated process during 
pregnancy and protects (pre)term infants against the di$erent infections during the !rst 
months of life (4).

In 1967, Hobbs et al found an exponential relationship between total IgG and gesta-
tional age (GA) in preterm infants (5). In the !rst trimester, very little IgG is transported 
to the fetus (6,7). In the second trimester, the fetal IgG rises from approximately 10% of 
the maternal concentration at 17-22 weeks of gestation to 50% at 28-32 weeks of gestation 
as determined by chordocentesis (4,8). In the third trimester, the increase of fetal IgG 
concentration between 29 and 41 weeks of gestation is two times as high as between 17 
and 28 weeks of gestation (7). "e concentrations of the IgG subclasses in the fetus are 
not equally distributed (9), because IgG1 and IgG4 are transported more e'ciently than 
IgG3, and IgG2 is transported the least e'ciently (10). "is is caused by di$erent a'nity 
for FcY receptors (11). "erefore, transplacental transport of antibodies of vaccine com-
ponents di$ers between the elicited types of IgG antibodies, as polysaccharides vaccines 
(like MenC and Hib) elicit mainly IgG2 antibodies (12,13), whereas protein vaccines (like 
diphteria, tetanus, pertussis) elicit more IgG1 and IgG3 antibodies (14,15). In general, 
higher IgG levels at birth are thought to be associated with better and longer protection 
and until the !rst vaccinations are administered, transplacental transported maternal IgG 
is the main humoral protectin against vaccine-preventable diseases for infants, adjusted 
with herd immunity in vaccination areas. We hypothesize that preterm infants have lower 
amounts of transplacental acquired IgG than term infants,which poses them especially 
at risk for these vaccine preventable diseases. Beside GA, other factors, such as birth 
weight (BW), age of the mother or parity may in%uence transplancental transport of 
IgG. Increased insight in the factors involved in transplacental transport of IgG may help 
to identify infants at risk for vaccine preventable infections and to develop strategies to 
decrease these risks in (pre)term infants.

"erefore, the aim of this study was to review the literature on transplacental transfer 
of IgG, against measles, rubella, varicella-zoster, mumps, Haemophilus in%uenza type B, 
diphtheria, pertussis and tetanus especially in preterm infants and to identify factors that 
in%uence the transplacental transfer of these antigens.
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METHODS

A literature search was performed in Pubmed including articles published until February 
2010.

Key words and limits were: ((“gamma-Globulins”[Mesh] OR “Immunoglobulin 
G”[Mesh]) AND (“Infant, Premature”[Mesh])) OR ((“Antibody Formation”[Mesh]) AND 
(“Infant, Premature”[Mesh])) OR (((“Maternal-Fetal Exchange”[Mesh]) OR (“Immunity, 
Maternally-Acquired”[Mesh])) AND (“Infant, Premature”[Mesh])) OR ((“Antibodies, 
Viral”[Mesh]) AND (“Infant, Premature”[Mesh])). Related articles in PubMed were also 
reviewed, as well as references described in these publications.

Inclusion criteria: preterm/very low birth weight
"e publications were analyzed for:

1. Method used for analysing the samples.
2. Possible confounding factors, such as GA, BW, type of delivery and maternal age.
With the search, 18 relevant publications were found.

Characteristics of included studies
Of the 18 selected studies, 10 studies speci!cally describe infants with a GA of less than 32 
weeks (16-25). Eleven studies used (in house or commercial) Enzyme-Linked Immuno 
Sorbent Assay (ELISA) (17,18,21-23,26-31), 2 studies used Hemaglutination Inhibition 
(HI) and neutralization tests (NT) (19,32), 1 study used a solid phase %uorescent im-
munoassay, called FIAX (16), 1 study used an enzyme-linked %uorescent immunoassay 
(VIDAS) (24), 1 study used immuno%uorescent antibody to membrane antigen assay 
(IFAMA) (20), 1 study used microneutralization (33), and 1 study used a multiplex im-
munoassay (MIA) (25).

Direct comparison among the studies with di$erent methods was not possible, except 
for the studies using International Standards. However within a study, we could compare 
preterm and term infants and their mothers.

RESULTS

Measles (n=8)
Measles antibody titers or percentages of protective measles antibody titers were lower in 
preterm compared with term infants or compared to their mothers (Table 6.4). (16-18, 22, 
23, 30-32) Preterm infants of vaccinated mothers had lower measles antibody concentra-
tions than preterm infants of naturally infected mothers, since mothers who have su$ered 
from measles have higher antibody concentrations (32). In all studies which analyzed 
the transplacental transport ratio, the transplacental ratios in preterm infants were lower 
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Table 6.4. GMC/GMTs and percentages (%) of infants and mothers with a protective antibody level at 
birth.

Preterm
<32 wks

Mothers Preterm
<37 wk

Mothers Term Mothers

Assay Units GMC/T % GMC/T % GMC/T % GMC/T % GMC/T % GMC/T %

Measles

Leineweber(18) ELISA IU/ml 1270 96 96 4383 95 96

Özbek(22) ELISA OD 2.05 100 2.51 100 2.16 100 2.50 100 2.39 100 2.38 100

Rau (23) ELISA OD 1.11 1.22 92 2.35 100

Gunes(17) ELISA IU/ml 76 295 88 302 100 288

Wesumperuma (31) ELISA IU/ml 2.18 83 100 5.68 91

Okoko (30) ELISA IU/ml 1.12‡ 3.42

Glick (16) FIAX FSU 23.5 55 42.2 86

Linder (32) HI titer 7.0 50 7.5 14.6 81 11.7

Rubella

Doroudchi (26) ELISA IU/ml 70.8 87.5

Leineweber(18) ELISA IU/ml 47* 90 78 86 123 98 78 86

Linder (19) HI titer 64.6 96 82.5 78.8 100 82.5 87.3 97 100.6 95

Glick (16) FIAX FSU 17.2 52 31.8 83

Varicella

Linder (20) IFAMA titer 2.5* 25* 10.4 100 10.5 95 12.6 95 12.6 95 10.4 93

Leineweber(18) ELISA mIU/ml 307* 96* 798 98 1060 98 798 98

Wesumperuma (31) ELISA AU/ml 0.96 89 2.50 91

Okoko (30) ELISA AU/ml 2.13 5.34

Hib

Okoko (29) ELISA µg/ml 1.1 2.3

Van den Berg (25) MIA µg/ml 0.15 46 0.67 84 0.28 70 0.37 76

Nagao (28) ELISA 0.73 0.79 0.82 0.82

Wesumperuma (31) ELISA µg/ml 83 - 95

Difteria

Van den Berg (25) MIA IU/ml 0.06 97 0.11 99 0.09 95 0.08 95

Okoko (30) ELISA IU/ml 1.10 2.76

Wesumperuma (31) ELISA IU/ml 1.24 11 2.81 100

Tetanus

Van den Berg (25) MIA IU/ml 0.70 0.82 1.23 0.61

Okoko (30) ELISA IU/ml 1.23 3.42

Wesumperuma (31) ELISA IU/ml 3.62 100 4.67 100
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than in term infants. However, the amount of transplacental transport in preterm infants 
di$ered between the 3 studies (Table 6.5) (22,31,32). In the study of Linder et al. (32) very 
preterm infants < 30 weeks had lower titers in the neutralization test than preterm infants 
>30 weeks. Similar results were found in the study of Gunes et al.(17), in which infants 
<32 weeks had lower measles antibody titers than infants > 33 weeks. In the study of 
Leineweber et al. (18) the infant-maternal ratio reached 1 at 32 to 36 weeks. In follow-up 
studies (18, 22,23), the majority of preterm infants had no protective measles antibody 
titers at 6 months of age.

Rubella (n=4)
Rubella antibody titers were lower in preterm infants than in term infants in all 4 included 
studies (16,18,19,26) (Table 6.4). In the studies of Leineweber et al and Linder et al, more 
than 90% of the preterm infants had a protective rubella antibody titer (18,19). However 
in the study of Glick et al. (16), only half of the preterm infants had protective rubella 
antibody titers at birth and all infants had signi!cant lower antibody titers than their 
mothers. In the study of Linder et al. (19) very preterm infants <30 weeks had a lower 
percentage of protective antibodies compared with older (pre)term infants. In follow-up 
studies, none of the preterm infants with a GA < 32 weeks, had positive Rubella antibody 
titers at 6 months of age (18) and in the study of Glick (16) at 3 months of age.

Table 6.4. (continued)

Preterm
<32 wks

Mothers Preterm
<37 wk

Mothers Term Mothers

Assay Units GMC/T % GMC/T % GMC/T % GMC/T % GMC/T % GMC/T %

Mumps

Leineweber (18) ELISA PEI/ml 5.3 63 6.5 62 10.3 73 6.5 62

Glick (16) FIAX FSU 18.7 45 79.2 97 - -

Ptx

Heininger (27) ELISA EU/ml 13 11 17 11

Van den Berg (25) MIA EU/ml 5.4 7.3 6.2 5.2

Nomura (21) ELISA EU/ml 3.4# 3.8# 5.4 7.2 7.4 5.0

FHA

Heininger (27) ELISA EU/ml 14 17 33 17

Van den Berg (25) MIA EU/ml 9.8 15.1 14.1 10.2

Nomura (21) ELISA EU/ml 14.2# 13.7# 17.1 15.9 11.3 7.5

ELISA: Enzyme-Linked Immuno Sorbent Assay, FIAX: solid phase &uorescent immunoassay, HI: 
Hemaglutination
Inhibition MIA: Multiplex Immuno Assay, VIDAS: enzyme-linked &uorescent immunoassay *<28 wks 
#<30 wks ‡<2500g
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Varicella-zoster (n=5)
Protective antibody rates were around 90% for all infants (18,20,24,30,31), except for the 
25% of protective antibody titers in preterm infants with GA <28 weeks in the study of 
Linder et al. (20). Despite the high protective antibody rates, all studies found lower geo-
metric mean titers (GMT) in preterm infants than in term infants (18,20,24,30,31). "e 
infant-maternal ratio reached 1 at 32–36 weeks of gestation (14,16). Very preterm infants 
<28 weeks in the study of Linder et al. (20) had lower antibody titers than both preterm 
>28 weeks and term infants. No positive anti-varicella-zoster antibody titers were found 
at 2 (1-3) months of age in preterm infants with a GA <28 weeks, and at 6 months of age 
in preterm infants with a GA of 29-35 weeks (16,20).

Table 6.5. Transplacental transport ratios

Preterm <32 wks Preterm <37 wks Term

Measles

Linder (32) 0.89 1.44

Wesumperuma (31) 1.51 2.03

Okoko (30) 0.62 1.01

Varicella

Linder (20) 0.4* 0.92 1.14

Wesumperuma (31) 0.96 1.52

Okoko(30) 0.75 1.36

Hib

Van den Berg (25) 0.26 0.74

Wesumperuma (31) 0.58 0.98

Okoko (29) 0.4 1.14

Difteria

Van den Berg (25) 0.53 1.18

Wesumperuma (31) 1.03 2.39

Okoko(30) 0.72 1.43

Tetanus

Van den Berg (25) 0.86 1.89

Wesumperuma (31) 1.13 1.33

Okoko (30) 0.86 1.79

Transplacental transport ratios are de"ned as the ratio between infant to maternal serum samples.
* GA<28 wks
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Mumps (n=2)
Mumps antibody titers were lower in preterm infants compared with term infants and 
maternal antibody levels (16,18). Less infants had protective antibody titers in the study 
of Glick et al.(16) compared with the study of Wesumperuma et al. (31) , although more 
mothers had protective antibody titers in the study of Glick et al. "is can be explained 
by the lower GA of the infants in the study of Glick et al. (16) In the study of Glick et al. 
(16), also no positive antibody levels were found in preterm infants at 3 months of age.

Hib (n=4)
Infant-maternal ratios were lower in preterm infants compared with term infants (25, 
28, 29,31) (Table 6.4). "e infant-maternal ratios were higher in both preterm and term 
infants in the study of Wesumperuma et al. (31) than in term infants in the study of 
Okoko et al. (29). Okoko et al (29) found higher GMTs for Hib in both preterm and term 
infants compared with the study of Nagao et al (28).

Diphtheria (n=3)
GMTs and transport ratios were lower for preterm infants (25,30,31), compared with 
term infants.

Tetanus (n=3)
IgG antibody levels in both preterm and term infants have been found above the protec-
tive cut-o$ for tetanus, in the studies of Wesumperuma et al. (31) and van den Berg et 
al. (25). In the studies of Okoko et al. (30) and van den Berg et al. (25), lower GMTs and 
lower transport ratios for preterm infants but higher GMTs and higher transport ratios 
for term infants have been found compared with the study of Wesumperuma (31). Lower 
anti-tetanus antibody titers were found in preterm than in term infants in all studies.

Bordetella Pertussis (n=3)
"e vaccine components pertussis toxin (Ptx) and !lamentous hemugluttinin (FHA) 
were measured in the study of Heininger et al. (27) and Nomura et al. (21) and Ptx, FHA, 
pertactin (Prn) and !mbriae (Fim) were measured in the study of van den Berg et al. (25) 
Preterm infants with a GA <37 weeks had lower GMTs than term infants. In the study 
of Heininger, preterm infants had higher GMTs for Ptx than their mothers (27). "e 
infant-maternal transfer ratio reached 1 by 32 (FHA) and 33 (Ptx) weeks of gestation in 
the study of Heininger et al. (27) .
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Polio (n=1)
Infants had lower antibody concentrations than their mothers in the study of Linder et 
al. (33) Preterm infants had lower GMTs than term infants and lower maternal antibody 
transfer.

In'uencing factors
A strong correlation between maternal and infant IgG concentrations for both preterm 
and term infants was observed in 8 of the included studies (18-22,24-26,28,32,33), while 
3 of the included studies found this correlation only between term infants and their 
mothers (20,21,28).

In 6 of the included studies, none of the measured antibodies were associated with 
parity (17,25,26,30,31), maternal age (17,30,31), maternal weight (29-31) or maternal 
height (17,31). Leineweber et al. found an increase of GMT against measles in mothers 
with increasing age (18).

Wesumperuma et al. (31) found higher antibody titers for tetanus, diphtheria and 
varicella-zoster in non-anemic mothers and their infants compared with anemic moth-
ers and their infants. Doroudchi (26) found lower maternal antibody titers for Rubella 
antibodies in mothers with one abortion or blood type B poistif. Low BW (<2.5 kg) 
was associated with lower antibody transfer for diphtheria (30,31) and varicella-zoster 
(30). Maternal vaccination status in%uences IgG transport of measles antibodies in the 
study of Linder et al. (32) and Gunes et al. (17). Vaccinated mothers have lower maternal 
antibody titers for measles than naturally infected mothers and, therefore, infants of vac-
cinated mothers had lower antibody titers than infants of natural immunized mothers. 
(32,34)

DISCUSSION

Our review shows that the transplacental transfer of maternal antibodies against measles, 
rubella, varicella-zoster, mumps, Hib, diphtheria, tetanus, bordetella pertussis and polio 
is lower in preterm infants than in term infants. "is di$erence is more pronounced in 
very preterm infants (GA <32 weeks) than in preterm infants with a GA of 32-36 weeks. 
"ere is a strong correlation between maternal and infant antibody concentration and 
maternal vaccination status in%uences infant IgG antibody concentration.

Preterm infants with a GA <32 weeks had lower antibody levels compared with preterm 
infants with a GA >32 weeks, term infants and mothers. Leineweber et al. (18) showed 
that the infant-maternal ratio reaches 1 at 32 to 36 weeks for mumps, measles, rubella 
and varicella-zoster. In follow-up studies, with very preterm infants <32 weeks of gesta-
tion, the duration of protection against several vaccine- preventable diseases was shorter 
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compared with term infants. (16-18,20,22,23) "e majority of preterm infants <32 weeks 
had no protective antibody titers a&er 2-6 months for varicella-zoster and a&er 6 months 
for measles. "ese !ndings suggest that preterm infants are earlier and therefore longer at 
risk for varicella-zoster infection. Especially, as in large parts of the world varicella-zoster 
immunizations are no part of the immunisation schedules and in other parts of the world 
these immunisations are only given a&er 12 months or more (35). Measles vaccinations 
are also given a&er 12 months or at even later age. "e few studies (16-18,20,22,23) in 
which infants are followed for 6 months a&er birth showed low levels of protection and 
rapid decrease of positive levels in the infants. Most of these studies included a low num-
ber (n=21-32) of infants, except for Rau et al. (n=100). "erefore more follow up studies 
in preterm infants are needed.

In the literature we found that several factors in%uenced transplacental transport to 
term infants, including maternal ethnicity, maternal vaccination status and maternal 
health (HIV/malaria). "e included studies in this review were performed in di$erent 
continents with mothers of di$erent nationalities. "e study of Hartter et al. (36) found 
higher transplacental transport of IgG in Nigerian mothers than in Germany. Mothers 
in Nigeria had higher total IgG and lower transplacental transport of both total IgG 
and anti-measle IgG compared with German mothers, indicating that the limited active 
placental transfer of measles IgG is associated with the higher maternal total IgG values 
found in Nigerian mothers.

Di$erences in vaccination status could also count for di$erences in protection against 
measles in preterm infants, because measles antibody titers in vaccinated woman are 
lower compared with naturally infected mothers (17,32). HIV and malaria are known to 
diminish the transplacental transport (37-39).

Some of the reviewed studies were performed in malaria or HIV epidemic areas (38-40) 
and could therefore show lower transplacental transport in infected mothers compared 
with healthy mothers. "is could decrease the transplacental transport to preterm infants 
further and therefore increase the risk on infections with vaccine-preventable diseases.

"e half-life of maternal Varicella Zoster Virus IgG in preterm and term infants are 
25.5 days (24) and 42-45 days (41) respectively. "erefore, preterm infant are even earlier 
at risk for vaccine-preventable diseases than term infants.

Possibilities to protect preterm infants against vaccine-preventable diseases during the 
period before they receive their !rst vaccination are maternal vaccination and/or ad-
ministration of intravenous immunoglobulin. Maternal immunisation during pregnancy 
could increase the maternal IgG concentrations and subsequently the level of transported 
antibodies to the infants. Studies with maternal immunisation have been generally con-
ducted a&er 30 weeks of gestation (42-46) because little maternal antibody is transferred 
to the fetus until 28-32 weeks of gestation. Furthermore administration of vaccines a&er 
the fetus is more fully developed is more acceptable to mothers and investigators. A study 
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of maternal Hib immunisation showed that relatively small amounts of Hib-speci!c IgG 
antibody are transplacentally transferred to the fetus within a two-week period a&er 
immunisation of the mother (44). For preterm infants with GA <32 weeks, maternal im-
munisation during pregnancy will not improve their protection against vaccine prevent-
able diseases as they will not have received the maternal IgG antibodies at birth (47). A 
recent review showed that administration of intravenous immunoglobulin for preventing 
infections in preterm and/or low BW infants gives a small reduction (3-4%) in nosoco-
mial infections without a reduction in mortality or other important clinical outcomes 
(48). Another possibility to protect preterm infants with lower antibody concentration 
a&er birth is an adapted immunisation schedule, with earlier or extra immunisations 
compared to the schedule used in term infants.

Direct comparison of values of antibody concentrations retrieved from the included 
studies in this review was hampered due to di$erent methods of measurement. ELISA 
is a more sensitive method than hemaglutination inhibition assay . "erefore, use of 
ELISA tends to result in more positive values as compared to hemaglutination inhibition 
(49), which makes it di'cult to compare studies with these di$erent methods. However, 
comparison between preterm and term infants within a study is not in%uenced by the 
method of measurement.

In conclusion, the transplacental transport of maternal IgG against measles, rubella, 
varicella-zoster, mumps, Haemophilus in%uenza type B, diphtheria, pertussis and tetanus 
is lower in preterm infants than in term infants. IgG levels of preterm infants decrease 
earlier in life below the protective cut-o$ level than term infants, which puts preterm 
infants at risk for vaccine-preventable diseases even at an earlier age. Studies on adapted 
immunisation schedules for pregnant women or for preterm infants are warranted.
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ABSTRACT

Background. Maternal antibodies, transported through the placenta during pregnancy, 
contribute to the protection of infants from infectious diseases during the !rst months of 
life. "e aim of the study was to measure the concentration of antibodies against several 
vaccine-preventable diseases in paired maternal and cord blood serum samples in preterm 
and term infants and to assess placental transfer ratios and infant antibody concentrations 
against vaccine-preventable diseases. Methods. Antibody concentrations speci!c against 
pertussis proteins (pertussis toxin (Ptx), !lamentous hemagglutinin (FHA), pertactin 
(Prn) and !mbriae (Fim)), diphtheria and tetanus toxins (Dtx and Ttx) and antibody 
concentrations speci!c against polysaccharides from Haemophilus in%uenzae type B 
(Hib) and Neisseria meningitidis serogroup C (MenC) were measured in cord blood 
samples from preterm (<32wk/1500g) and term infants, and maternal serum samples, 
using a %uorescent bead-based multiplex immunoassay. Results. A total of 96 preterm 
and 42 term infants and their mothers were included in the study. Placental transfer ra-
tios of antibodies against all vaccine antigens were signi!cantly lower in preterm infants 
(medians varied from 0.26 to 0.86) compared with term infants (medians: 0.74-1.89; all 
antibodies p<0.05). Furthermore, polysaccharide vaccine speci!c antibodies showed 
lower transplacental transport ratios than protein vaccine speci!c antibodies. Maternal 
concentrations are the most important determinants of infant antibody concentrations 
against vaccine-preventable diseases.
Conclusions. Preterm infants bene!t to a lesser extent from maternal antibodies against 
vaccine-preventable diseases than term infants, posing them at higher risk for infectious 
diseases in the !rst months of life.
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INTRODUCTION

Newborn infants, especially preterm infants, have an immature immune system, which 
is not capable of protecting them actively against vaccine preventable infections such as 
diphtheria, tetanus, pertussis, Haemophilus in%uenzae type B and N meningitidis C (1-3). 
Maternal Immunoglobulin G (IgG) is transported across the placenta (transplacental 
transport) by an active, receptor mediated process during pregnancy thereby protecting 
term infants against infections (4). In general, higher IgG concentrations are thought to 
be associated with longer protection. Previous studies showed that the degree of trans-
placental transport of IgG is dependent on the duration of the gestation (5-7). In the !rst 
trimester, a small amount of IgG is transported to the fetus (8,9). Whereas the fetal IgG 
is approximately 10% of the maternal concentration at 17-22 weeks of gestation, it rises 
to 50% at 28-32 weeks of gestation as determined by chordocentesis (4,10). "e increase 
of fetal IgG concentrations between 29 and 41 weeks of gestation is twice that at 17 to 28 
weeks of gestation (9).

Beside gestational age, maternal IgG antibody titer is an important predictor of the 
neonatal IgG antibody titer, as found in the study of van der Zwet et al. (11) In term 
infants, the IgG antibody concentration at birth is usually higher than the maternal IgG 
antibody concentration (9, 12).

In the Netherlands, preterm infants are recommended to be vaccinated according to 
the same immunization schedule as term infants, regardless of prematurity. In the Dutch 
National Immunization Programme (NIP), DTaP-Hib-IPV vaccines are administered at 
2, 3, 4 and 11 months (booster) of life. Extra DTaP-IPV and DT-IPV boosters are admin-
istered at respectively 4 and 9 years and Men C vaccine is administered at 14 months of 
age. "e vast majority of the mothers in this study have followed the regular Dutch NIP 
including wP, but they were not vaccinated with Hib and MenC and aP, as these vaccina-
tions were only implemented in 1993 (Hib), 2002 (MenC) and 2005 (aP). Any antibodies 
against Hib and MenC found in these mothers must therefore be naturally acquired.

Before acquiring antibodies evoked by vaccination starting at 2 months of life, infants 
are predominantly protected by maternal IgG obtained during pregnancy. "e concentra-
tions of the IgG subclasses in the fetus are not equally distributed (13). IgG1 and IgG4 
are transported more e'ciently than IgG3, and IgG2 is transported the least e'ciently 
(14). Vaccination with protein vaccines elicit mainly IgG1 and IgG3 antibodies whereas 
polysaccharide vaccines (like MenC, Hib) elicit mainly IgG2 antibodies (15-18). "is 
would imply that as a result of preferred placental transport of IgG1 over IgG2 the infant 
would bene!t most from protein vaccine derived maternal antibodies.

"e data about the antibody concentrations at birth of preterm infants with a gesta-
tional age of less than 32 weeks are scarce. We hypothesise that IgG antibody concen-
trations against diphtheria, tetanus, pertussis, H in%uenzae type B and N meningitidis 
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serogroup C are lower in preterm infants than in term infants, and that the maternal 
antibody concentration for these vaccine preventable infections is a major determinant 
for the antibody concentrations in infants at birth. "erefore, the aim of this study was to 
measure the concentration of antibodies against these infectious diseases in mother and 
their o$spring with gestational age (GA) <32 weeks and/or birth weight (BW) <1500 g 
and in healthy term infants.

METHODS AND MATERIALS

Study population
Preterm infants with a GA <32 weeks and/or BW <1500 g born and their mothers at 
the VU University Medical Center were eligible for this study. Term infants (gestational 
age >37 weeks) born at the VU University Medical Center and their mothers served as 
controls. "e study protocol was approved by the local Medical Ethical Committee. "is 
study was an addendum to the CARROT-study, registered as ISRCTN16211826 (19). 
Written informed consent was obtained from mothers of all infants.

Laboratory analysis
We obtained cord blood from the placenta directly a&er delivery. If cord blood could not 
be obtained, blood from the infants was obtained within 48 hours a&er delivery. Maternal 
blood was obtained by venous sampling between two days before and two days a&er 
delivery. Serum samples were centrifuged and stored at –80°C until analysis.

Antibody concentrations in the serum samples were analysed as previously described 
by van Gageldonk et al. (20) In short, serum samples were tested for antibodies to the 
pertussis vaccine components Ptx, FHA, Prn, Fim,Dtx and Ttx using a %uorescent 
bead-based multiplex immuno assay (MIA) (Luminex xMAP technology). Analysis was 
performed with a Bio-Plex 200 in combination with Bio-Plex manager so&ware (Bio-
Rad Laboratories, Hercules, CA) (20, 21). Serum samples were also tested for antibody 
concentrations against MenC and Hib in a similar MIA as previously described by de 
Voer et al. (22).

Data analysis
Gestational age, birth weight and maternal age are described as median and range. For 
statistical analysis, antibody concentrations below the lower limit of quantitation were 
assigned as half the lower limit of quantitation (0.001 IU/mL for Dtx and Ttx, 0.01 -g/
ml MenC and Hib, 1 EU/ml for Ptx, FHA, Prn and Fim). All IgG antibody concentra-
tions were expressed as geometric mean concentrations (GMCs) with 95% con!dence 
intervals (CI). Student’s t test was used to compare the speci!c antibody concentrations 
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between preterm and term infant serum samples a&er natural logarithmic transforma-
tion. Placental transfer of IgG antibodies to the vaccine components was de!ned as the 
ratio between each individual paired infant to maternal serum sample. In addition, the 
overall ratio for each antigen was de!ned as the geometric mean of the individual ratios.

International assigned protective concentrations were used to determine the percent-
age of mothers and infants with protective IgG concentrations (anti-Dtx and anti-Ttx ) 
0.01 IU/ml, anti-Hib )0.15 µg/ml, MenC ) 2 µg/ml). Protective concentrations for anti-
Ptx are not internationally assigned, but an arbitrary cut-o$ value of )20 EU/ml was used 
as previously described (23,24). A Pearson correlation was performed to determine the 
maternal IgG antibody concentration in relation to infant IgG antibody concentration. 
A multiple linear regression analysis was performed to determine the in%uence of GA, 
BW, maternal IgG antibody titer and maternal age on infant GMCs and transplacental 
transport ratio. For all statistical analyses, a two-sided p value of <0.05 was considered 
signi!cant. SPSS 15.0 (SPSS Inc., Chicago, IL, USA) was used for data analysis.

RESULTS

Study participants.
Between April 2007 and December 2008, 96 preterm infants and 42 term infants and 
their mothers were included in this study.

In the preterm group, median GA was 29.7 weeks (25.0-32.7) and median BW was 
1235g (500-2240). Of these 96 preterm infants, 26 infants had a GA <28 weeks. In the 
term group, median GA was 38.9 weeks (36.7- 41.3) and median BW 3421g (2370-5070). 
Maternal age was lower in the preterm group than in the term group: 32.0 years (19-41) 
and 34.2 years (21-43), respectively (p=0.009). In the preterm group, 57% was born by 
vaginal delivery and 43% by Caesarean section whereas in the term group 29% was born 
by vaginal delivery and 71% by Caesarean section. In the preterm group, 81 cord serum 
samples, 10 arterial serum samples, 3 capillary serum samples and 2 venous serum and in 
the term group 42 cord serum samples have been collected. Because type of blood sample 
did not a$ect results, all blood samples were included in the analysis.

Seroprevalence of Dtx, Ttx, Ptx, FHA, Prn, and Fim protein vaccine-speci%c IgG in 
maternal and infant serum samples.
GMC’s 95% CI, and ranges of anti-Dtx, anti-Ttx, anti-Ptx, anti-FHA, anti-Prn and 
anti-Fim antibodies in maternal and infant serum samples are summarized in table 6.6 
(Supplemental digital content). Placental transfer ratio for the antibodies speci!c against 
protein vaccines of Dtx, Ttx, Ptx, FHA, Prn and Fim was lower in preterm infants (0.53, 
0.83, 0.64, 0.65, 0.66 and 0.69, respectively) than in term infants (1.18, 1.89, 1.30, 1.37, 
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1.20, 1.12 respectively, all p<0.01) (table 6.6,SDC). "e median placental transfer ratio 
of all antibodies against the protein vaccines is 0.67 in preterm infants and 1.34 in term 
infants. Placental IgG transfer of antibodies against the protein vaccines was lower in 
preterm infants <28 weeks than in preterm infants >28 weeks (0.48 vs 0.77, p<0.05). "e 
placental transfer ratio of antibodies to vaccine components plotted against the GA is 
shown in !gure 6.2.

Seroprevalence of MenC and Hib polysaccharide vaccine-speci%c IgG in maternal 
and infant serum samples
GMC’s 95% CI, and ranges of anti-MenC and anti-Hib antibodies in maternal and infant 
serum samples are summarized in Table 6.6 (SDC). Placental transfer ratios for antibod-
ies against the polysaccharide vaccines of Hib and MenC were lower in preterm infants 
(0.26 and 0.38, respectively) than in term infants (0.74 and 0.87, respectively, p<0.05) 
(table 6.6, SDC, Figure 6.2). "e median placental transfer ratios of the antibodies against 
the 2 polysaccharide vaccines is 0.32 in preterm infants and 0.81 in term infants. Pla-
cental transfer of antibodies against the 2 polysaccharide vaccines was not di$erent in 

Table 6.6 GMCs (95% CI) [range] and transplacental transport ratio

n Cord serum N Maternal serum Ratio

DTX (IU/ml) preterm 96 0.06 (0.04-0.07) [0.001-1.89] 88 0.11 (0.08-0.14) [0.01-3.66] 0.53 a

DTX (IU/ml) term 42 0.09 (0.06-014) [0.005-1.55] 39 0.08 (0.05-0.13) [0.01-1.56] 1.18

TTX (IU/ml) preterm 96 0.70 (0.54-0.91) [0.01-8.65] 88 0.82 (0.63-1.06) [0.032-21.46] 0.86 a

TTX (IU/ml) term 42 1.23 (0.85-1.79) [0.04-8.14] 39 0.61 (0.39-0.94) [0.02-4.35] 1.89

PTX (EU/ml) preterm 96 5.36 (4.18-6.89) [1-92] 88 7.33 (6.03-9.90)[1-196] 0.64 a

PTX (EU/ml) term 42 6.20 (4.10-9.38) [1-136] 39 5.21 (3.48-7.81) [1-105] 1.30

FHA (EU/ml) preterm 96 9.80 (7.88-12.18) [1-140] 88 15.06 (11.95-18.98) [2-171] 0.65 a

FHA (EU/ml) term 42 14.14 (10.32-19.37) [1-101] 39 10.16 (7.32-14.13) [1-58] 1.37

Prn (EU/ml) preterm 96 3.18 (2.39-4.25) [1-2.86] 88 4.92 (3.65-6.62) [1-941] 0.66 a

Prn (EU/ml) term 42 4.68 (3.22-6.80) [1-71] 39 4.09 (2.77-6.06) [1-37] 1.20

Fim (EU/ml) preterm 96 8.72 (6.52-11.66) [1-462] 88 12.33 (8.97-16.95) [1-649] 0.69 a

Fim (EU/ml) term 42 10.05 (6.83-14.78) [1-66] 39 10.39 (6.35-16.99) [1-144] 1.12

Hib (mg/ml) preterm 95 0.15 (0.11-0.22) [0.01-27.56] 88 0.67 (0.47-0.95) [0.01-48.88] 0.26 b

Hib (mg/ml) term 40 0.28 (0.17-0.47) [0.01-9.66] 37 0.37 (0.22-0.63) [0.03-7.03] 0.74

MenC (mg/ml) preterm 93 0.08 (0.06-0.11) [0.01-18.88] 85 0.22 (0.16-0.32) [0.01-42.22] 0.38 b

MenC (mg/ml) term 42 0.11 (0.06-0.20) [0.01-9.88] 31 0.13 (0.07-0.25) [0.01-9.36] 0.87

Number of samples tested, geometric mean concentration (GMCs) and transplacental transport ratios 
of antibodies to diphtheria (Dtx), tetanus (Ttx), pertussis toxin (Ptx), "lamentous hemagglutinin (FHA), 
pertactin(Prn), "mbriae (Fim), Neisseria meningitidis serogroup C (MenC), Haemopphilus in"uenzae type b 
(Hib) in preterm and term infants.
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preterm infants <28 weeks and preterm infants >28 weeks. MenC vaccinated mothers 
(n=5) showed higher maternal MenC IgG GMCs than non-MenC vaccinated mothers 
(median 2.34 and 0.13, p<0.001). "e infants (n=6, 1 twin) of MenC vaccinated mothers 
also showed higher MenC IgG GMCs than infants of non-MenC vaccinated mothers 
(n=90) (median 0.54 and 0.05 respectively, p<0.001).
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Figure 6.2. The placental transfer ratio of antibodies against the vaccine components plotted against the 
gestational age.
Other Pertussis antigen were similar to Pertussis toxin.

Determinants of infant GMC of the vaccine components.
A strong correlation between maternal and infant antibody concentration was found for 
all measured antibodies against all vaccine components in both preterm infants (R2=0.49-
0.98) and term infants (R2=0.56-0.96). Using a multiple linear regression model, the neo-
natal GMCs of antibodies against all vaccine components was predominantly determined 
by the maternal GMC, both in preterm (/=0.65-0.95, all p<0.001) and term (/=0.70-1.0, 
all p<0.001) infants. For preterm infants, the in%uence of GA on infants GMC against 
antibodies against all protein vaccine components was less strong compared to mater-
nal GMC (/=0.09-0.30, p*0.05), and similar to the in%uence of BW on infants GMC 
(/=0.09-0.18, p*0.05, except for Dtx vaccine, /:0.08, p:0.07). In preterm infants, GA and 
BW did not in%uence the GMC against the antibodies of the 2 polysaccharide vaccines. In 
term infants, GA and BW had no in%uence on the GMCs of antibodies against all vaccine 
components. Maternal age had no in%uence on the GMC of all vaccine components in 
both preterm and term infants.
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Determinants of placental transfer ratio
"e placental transfer ratio for antibodies speci!c for protein vaccines is in%uenced by 
GA (/=0.36-0.62, all p*0.001) and BW (/=0.29-0.51, all p*0.001). "e placental transfer 
ratio for antibodies speci!c for polysaccharide vaccines is less in%uenced by GA (Hib: 
/=0.14, p=0.12/ MenC /=0.18, p=0.04) or BW (Hib: /=0.15, p= 0.11/MenC: /=0.20, 
p=0.03).

Table 6.7. Percentage with protective concentrations IgG (%

Percentage with protective concentrations IgG (%)

Antibody Protective 
concentration

Preterm Term

Infant Mother Infant Mother

Dtx $0.01 IU/ml 97 99 95 95

Ttx $0.01 IU/ml 100 100 100 100

Ptx $20 EU/ml 15 25 26 10

Hib $0.15 #g/ml 46 84 70 76

MenC $2 #g/ml 4 12 5 10

Percentage of preterm and term infants and their mothers at birth with protective concentrations IgG to 
diphtheria toxin (Dtx), tetanus toxin (Ttx), pertussis toxin (Ptx), Neisseria meningitidis serogroup C (MenC) 
and Haemophilus in"uenzae type b (Hib).

Protective antibody concentrations in maternal and infant serum samples
Protective antibody concentrations at birth are shown in Table 6.7. Low percentages of 
protective antibody concentrations were found for Ptx and MenC in mothers and infants. 
Four percent of preterm infants and 5% of term infants were protected against MenC. 
Mothers also had very low percentages of protection (11%) against MenC. High percent-
ages of protective antibody concentrations for Ttx (100% protected), and Dtx (>95% 
protected) were found in mothers and infants.

DISCUSSION

In the current study, we found signi!cantly lower transplacental transport of IgG in pre-
term infants <32 weeks than in term infants for antibodies against Diphtheria, Tetanus, 
Pertussis, Haemophilus in%uenzae type B and Neisseria Meningitidis serogroup C. Active 
transport of maternal antibodies is largely restricted to antibodies speci!c for protein 
vaccines both for preterm and term infants. "is transport was signi!cantly lower in 
preterm infants than in term infants, re%ected by a placental IgG transfer ratio <1 in 
preterm infants <32 weeks and >1 in term infants.
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For polysaccharide vaccines, the transplacental transport ratio was signi!cantly lower in 
preterm infants than in term infants, and both ratios were lower than for protein vaccine 
antibodies. "is di$erence can be explained by the di$erent IgG subclass response a&er 
administration of these vaccines. "e transplacental transfer of IgG2 subclass antibodies, 
which is the main subclass induced by polysaccharides in the capsule from bacteria like 
Hib and MenC, is known to be less e$ective compared with other IgG subclasses (13,14). 
However, active transport of antibodies directed against polysaccharides is possible as 
Munoz et al. (25) have shown for pneumococci a&er maternal vaccination.

"e low infant antibody concentrations of protective IgG against pertussis most 
certainly predict a susceptibility for the infants this infection and, therefore, the major-
ity of infants is unprotected against pertussis before the !rst vaccination (26). In the 
Netherlands, epidemic episodes of pertussis occur every 3 years (27). "is is a threat for 
all infants who are not yet fully vaccinated, especially for the more vulnerable preterm 
infants with the most immature immune system

"e low percentages of protection against MenC ()2 -g/ml) in mothers is of special 
concern, because the MenC vaccination is only administered at 14 months of life, and 
infants may have an increased risk to develop infection before vaccination. Most of the 
mothers in current study are not vaccinated against MenC. "e number of vaccinated 
mothers will increase in coming years. Mothers who already received their anti-MenC 
vaccination had higher IgG antibody concentrations against MenC, similar to their 
infants.

For diphtheria and tetanus, high percentages of protection were seen. For Hib, 44% of 
the preterm infants showed protective antibody concentrations.

"e increase of transplacental transport of IgG-antibodies elicited by protein vaccines 
with increasing GA and BW seems to evolve in a linear way. "e results of our study are 
in line with Malek et al, who also showed a linear rise of IgG2 during pregnancy (4). Al-
though the rise of antibodies with increasing GA seems also linear for the polysaccharide 
vaccines, it is not signi!cant. "is might be partly explained by the di$erent IgG subclass 
distribution induced by the di$erent vaccines.

Some limitations of the study need to be addressed. Firstly, it was not always possible 
to obtain cord blood from infants included in our study. In 15 out of 96 cases, other 
blood samples were used for the IgG measurements. However, the di$erence in the type 
of blood sampling did not in%uence the results of the study. Secondly, the mothers of 
term infants showed signi!cantly lower concentrations for antibodies directed against all 
vaccine components than mothers of preterm infants. "e GMCs for antibodies against 
all vaccine components except for Prn of the preterm mothers were in line with the study 
of De Voer et al, who included a more representative Dutch study group from a general 
hospital (23). "e antibody concentrations of the term mothers were lower in our study 
than in the mothers in the general Dutch population (23). "erefore, the di$erence in 
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transported antibody concentration found between preterm and term infants in our 
study is probably an underestimation.

To reduce the risk of preterm infants to vaccine preventable diseases administration 
of intravenous immunoglobulin may be an option. However, recently Ohlsson and Lacy 
concluded that administration of intravenous immunoglobulin for preventing infections 
in preterm and/or low BW infants only gives a small reduction (3-4%) of nosocomial in-
fections, without a reduction in mortality or other important clinical outcomes (28). Vac-
cination of mothers during pregnancy may be another option to reach higher antibody 
concentrations in infants at birth. However, studies on maternal vaccination (29-33) were 
only performed in pregnancies )30 weeks of gestation and the antibody concentrations 
were only higher in the infant at birth when the vaccination was given > 2 weeks before 
delivery (34).

In conclusion, the transplacental transport of IgG is signi!cantly lower in preterm 
infants than in term infants. "is involves both antibodies elicited by protein vaccines, 
such as Dtx, Ttx and pertussis, and antibodies elicited by polysaccharide vaccines, such 
as MenC and Hib. In term infants, low percentages of protective antibody concentra-
tions were found posing these infants at risk in the !rst months of life. However, preterm 
infants with an immature immune system have even lower protective antibody concen-
trations, derived from their mothers, which predisposes them to higher risk for vaccine-
preventable diseases.
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ABSTRACT

Introduction. Preterm infants have an immature immune system which may not 
adequately response to vaccinations. We hypothesise that prebiotics may increase the 
response to vaccinations. We aimed to determine the e$ect of enteral supplementation 
of a prebiotic mixture consisting of neutral and acidic oligosaccharides (scGOS/lcFOS/
pAOS) on immune response to DTaP-Hib vaccinations in preterm infants. Methods. In 
a randomised controlled trial, preterm infants with a gestational age <32weeks and/or 
birth weight <1500g received enteral supplementation of scGOS/lcFOS/pAOS or placebo 
(maltodextrin) between days 3-30 of life. Serum samples were taken at 5 and 12 months 
of age, a&er the 3th and 4th vaccination respectively. Samples were analysed for Diphtheria 
(Dtx), Tetanus (Ttx), acellular Pertussis (Ptx, FHA, Prn) and Hib by multiplex immune 
assay (MIA, Luminex). Results. In total, 89 preterm infants at 5 months and 85 preterm 
infants at 12 months were included. Baseline patient and nutritional characteristics were 
not di$erent between both groups. "ere were no di$erences in immune response to 
DTaP-Hib vaccinations between the prebiotic mixture and placebo group. All p>0.05. 
27% of the preterm infants in this study did not reach the antibody concentration needed 
for protection against Hib a&er the boostervaccination at 11 months (>1 ug/ml). Conclu-
sions. Enteral supplementation with a prebiotic mixture consisting of neutral and acidic 
oligosaccharides did not in%uence the immune response on vaccinations against DTaP-
Hib in preterm infants. 27% of the preterm infants did not reach the level of protection 
for Hib a&er the fourth (booster) vaccination.
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INTRODUCTION

Preterm infants have an immature immune system. Moreover, preterm infants receive less 
IgG from their mothers during pregnancy than term infants. "is makes them vulnerable 
for infectious diseases during the !rst months of life (1-3). Primary vaccinations with 
Diphtheria, Tetanus, acelullar Pertussis, polio and Haemophilus in%uenzae type b (DTaP-
IPV-Hib) of infants in the Netherlands are recommended at the age of 2, 3 and 4 months 
followed by a booster dose at 11 months, irrespective of gestational age at birth (4).

In preterm infants, a decreased immunologic response and lower serological e$ective-
ness is observed a&er vaccinations due to incompetence of both humoral and cellular 
mechanisms. Lower antibody responses to Hib have been found in several studies in 
preterm infants born by a gestational age < 32 weeks compared with term infants (5-7). 
Moreover, IgG antibody response a&er acelullar Pertussis vaccination was shown to be 
lower in preterm infants compared with term infants (8).

"ere is accumulating evidence that intestinal microbiota has an important role in the 
postnatal development of the immune system. Intestinal bacteria have a key role in pro-
moting the early development of the intestinal mucosal immune system, both in terms 
of its physical components and function, and continue to have a role later in life (9-10). 
Feeding with breast milk a$ects the intestinal colonisation. It is suggested that breast 
milk, besides providing passive protection via immunoglobulins and other factors, plays 
an active role in the development of the infant immune system (11). Breast-milk contains 
oligosaccharides which have immunomodulatory, antiadhesive, and antimicrobial ef-
fects (12). Over 200 human milk oligosaccharides have been identi!ed with signi!cant 
variability between individuals over time (13). Of human milk oligosaccharides, 80% are 
neutral and up to 20% are acidic. Neutral non human milk oligosaccharides, such as 
small-chain galactooligosaccharides (scGOS) and long-chain fructo-oligosaccharides 
(lcFOS) have been developed to substitute these bene!cial e$ects of human milk oligo-
saccharides. In mice, fructo-oligosaccharides are able to improve the immune response 
to vaccination against Salmonella vaccine (14). Acidic nonhuman milk oligosaccharides 
(pAOS) can be derived from pectin. pAOS are able to act as receptors-analogs and are 
known to inhibit the adhesion of pathogens on the epithelial surface. pAOS may also 
directly e$ect the immune cells via interaction of selectins, dendritic cell speci!c C-type 
lectin, integrins, and other target receptors as Toll-like receptors (15). "e combination 
may stimulate the maturation of the immune system and as a consequence the immune 
response against vaccinations.

As a result of these e$ects, we hypothesise that preterm infants who receive a combi-
nation of neutral and acidic oligosaccharides may have an better vaccination response, 
re%ected by higher levels of speci!c antibodies a&er their primary and booster DTaP-Hib 
vaccinations.
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"erefore, the aim of this study was to measure the in%uence of enteral supplementa-
tion of neutral and acidic oligosaccharides during the !rst 28 days of life on the vaccine 
response in preterm infants (16).

METHODS

Study population
Infants born between May 2007 and October 2008 with a gestational age (GA) <32 weeks 
and/or birth weight (BW) <1500 g who were admitted to the level III Neonatal Intensive 
Care Unit of the VU University Medical Center (VUmc) of Amsterdam, were eligible 
for participation in the study. Exclusion criteria were: small for gestational age infants 
with a gestational age >34 weeks, major congenital or chromosomal anomalies, death <48 
hours a&er birth and transfer to another hospital <48 hours a&er birth. "is study was 
conducted according to the guidelines laid down in the Declaration of Helsinki and all 

Figure 6.3. Trial pro"le
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procedures involving human patients were approved by the medical ethical review board 
of our hospital. Written informed consent was obtained from all parents.

Vaccination schedule
All infants were scheduled to receive 4 doses of DTaP-IPV-Hib vaccine simultaneously 
with Pneumococcal vaccine (Prevenar®, Wyeth) at 2,3,4 and 11 months of age (following 
the Dutch national vaccination programme (NIP)). Infants also received HepB vaccine 
included in DTaP-IPV-Hib-Hep when one of their parents was born in a hepatitic en-
demic area. Vaccinations were administered in the routine manner in the hospital or at 
the well baby clinic. "e exact timing of vaccination of every infant was recorded.

Nutritional support
Protocol guidelines for the introduction of parenteral and enteral nutrition followed cur-
rent practices at our NICU. Nutritional support was administered as previously described 
(17). "e medical sta$ of our NICU had !nal responsibility for the administration of 
parenteral nutrition and advancement of enteral nutrition. During the study period, 
infants received scGOS/lcFOS/pAOS (prebiotics) or placebo supplemented to breast milk 
or preterm formula from day 3-30 a&er birth. A&er discharge, all infants received breast 
milk or preterm formula (Nenatal Start without oligosaccharides, Nutricia, Danone) and 
a postdischarge formula (Nenatal 1 without oligosaccharides, Nutricia, Danone) until the 
corrected age of 6 months.

Laboratory analyses
Blood samples were collected within 48 h a&er birth (t=0), 4-6 weeks a&er the third DTaP-
IPV-Hib vaccination (t=1) and 4-8 weeks a&er the fourth (booster) vaccination (t=2). 
Serum samples were centrifuged and stored at –80ºC until analysis. Serum samples were 
analysed as previously described by van Gageldonk et al (18). In short, serum samples 
were tested for antibodies to Pertussis toxin (Ptx), !lamentous hemagglutinin (FHA), 
pertactin (Prn), diphtheria toxin (Dtx) and tetanus toxin (Ttx) with a multiplex immuno 
assay (Bio-Rad Laboratories, Hercules, CA) using Luminex technology. Serum samples 
were also tested for antibodies to Hib in a comparable immunoassay (19).

Data analyses
Normally distributed and nonparametric data were presented as means (± SD) and me-
dian (range), respectively. For statistical analyses, antibody levels below the lower limit 
of quantitation were assigned as half the lower limit of quantitation (0.0005 IU/mL for 
Dtx and Ttx, 0.005 ug/ml Hib, 0.5 EU/ml for Ptx, FHA, Prn and Fim). All IgG antibody 
levels were expressed as geometric mean concentrations (GMCs) with 95% con!dence 
intervals (CIs).
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Internationally assigned protective concentrations were used to determine the percent-
age of infants with protective IgG levels (anti-Dtx and anti-Ttx ) 0.1 IU/ml, anti-Hib )1 
µg/ml) (20-22). Protective concentrations for anti-Ptx are not internationally assigned, 
but an arbitrary cut-o$ value of > 25 EU/ml for protection was used as previously 
described (23). For all statistic analyses, a two-sided p value of <0·05 was considered 
signi!cant. SPSS 18·0 (SPSS Inc., Chicago, IL, USA) was used for data analysis.

RESULTS

Between May 2007 and November 2008, 113 preterm infants entered the study (Figure 
6.3). Baseline patient and nutritional characteristics were not di$erent in the prebiotic 
mixture (n=55) and placebo group (n=58) (Table 6.8).
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Figure 6.4. Antibody concentrations to diphtheria (Dtx), tetanus (Ttx), pertussis toxin (Ptx), "lamentous 
hemagglutinin (FHA), pertactin( Prn), Haemopphilus in"uenzae type b (Hib)
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Prebiotic supplementation
At 5 months of age, enteral supplementation of prebiotics during the !rst 30 days of life 
had no e$ect on the response on vaccinations compared to placebo supplementation: 
GMCs of Ptx (37/44 EU/ml), FHA (78/96), Prn (78/80), Diphtheria (0.40/0.57), Tetanus 
(0.74/0.99) and Hib (0.35/0.63) antibody levels were comparable in both groups. At 12 
months of age, enteral supplementation of the prebiotic mixture had also no e$ect on the 
response on vaccinations compared to placebo supplementation: GMCs of Ptx (55/66 EU/
ml), FHA (122/119 EU/ml), Prn (116/106 Eu/ml), Diphtheria (0.88/1.11 IU/ml), Tetanus 
(1.64/1.79 IU/ml) and Hib (2.91/2.55 ug/ml) antibodies were very similar (Figure 6.4).

Table 6.8. Baseline and nutritional characteristics

Prebiotic mixture (n=55) Placebo (n=58)

Baseline characteristics

Chorioamnionitis 11/55 (20%) 13/58 (22%)

PE,E or HELLP 16/55 (31%) 18/58 (31%)

Placental insu#ciency 4/55 (7%) 3/58 (5%)

Antenatal antibiotics 11/55 (20%) 16/58 (28%)

Antenatal corticosteroids 30/55 (56%) 32/58 (56%)

Multiple birth 9/55 (16%) 13/58 (22%)

Vaginal delivery 31/55 (56%) 32/58 (55%)

Gestational age (wks) 29.9 ± 1.9 29.3 ± 2.1

Birth weight (kg) 1.3 ± 0.4 1.2 ± 0.3

Birth weight <10th percentile 12/55 (22%) 8/58 (14%)

Sex, male 31/55 (56%) 36/58 (62%)

Apgar at 5 min <6 9 /55 (16%) 5/58 (9%)

Antibiotics at birth 41/55 (75%) 44/58 (76%)

Nutritional characteristics

Age at start of study supplementation (d) 2.1 (1.5-5.3) 2.1 (1.5-3.3)

Time to full supplementation dose (d) 11 (4-28) 11 (5-27)

Mean supplementation dose during study period (g/kg/d) 1.30 (0.1-1.6) 1.27 (0.2-1.8)

Age at advancement of enteral nutrition (d) 2.8 (0.6-27.5) 2.5 (0.3-18.0

Exclusive breast milk 1 38/55 (69%) 33/58 (57%)

Mixed breast milk and formula feeding1 12/55 (21%) 11/58 (20%)

PE, preeclampsia; E, eclampsia; HELLP, syndrome of hemolysis, elevated liver enzymes and low platelets;
PIVH, periventricular-intraventricular hemorrhage. 1During 30 day study period. Values are expressed as 
mean±SD or median (range) or number (%)
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Levels of protection
Protective antibody concentrations at t=1 and t=2 in the prebiotics and placebo group 
are shown in Table 6.9. "e percentages of infants with protective antibody concentra-
tions for Diphtheria and Tetanus were 100%. "e percentages of infants with protective 
antibody concentrations for Hib (73%) and Pertussis (89%) were lower. At t=2, 27% of 
the preterm infants did not reach the concentrations for protection for Hib and 11% of 
the preterm infants did not reach the arbitrary concentration for protection for Pertussis.

DISCUSSION

Enteral supplementation of a prebiotic mixture consisting of neutral and acidic oli-
gosaccharides during the !rst 28 days of life in preterm infants does not enhance the 
vaccination response against Diphtheria, Tetanus, Pertussis and Hib a&er the primary 
vaccinations (2,3,4 months) and a&er the !rst booster vaccination (12 months).

In total, 27% of the preterm infants vaccinated following the Dutch National immuni-
sation schedule, vaccinated for DTaP-Hib at 3, 4, 5 and 12 months of uncorrected age, did 
not reach the international assigned protective concentrations for protection for Hib a&er 
their booster vaccine at 12 months.

Benyacoub et al. (14) showed that fructo-oligosaccharides (FOS) supplemented to the 
enteral feeding of mice increased their vaccine response. Mice who received FOS dur-
ing one week before immunisation with Salmonella showed higher IgG levels against 
Salmonella than mice in the control group. "e infants in this randomised controlled 
trial received the prebiotic mixture during the !rst 28 days of their life, while the vac-
cinations started around day 60 of life. "e period of 30 days between supplementation 
and the !rst vaccination might explain the lack of e$ect of enteral supplementation of 
prebiotics on the vaccination response against DTaP-Hib vaccinations. Also the period 
of supplementation (28 days) might have been too short. Positive e$ects on the immune 
system of preterm infants for feeding with pAOS have been shown, since they are able 
to act as receptors-analogs and are known to inhibit the adhesion of pathogens on the 

Table 6.9. Levels of protection

Infants with protective concentration (%)

International cut o! 5 months 1 year

Pertussis (Ptx) $ 25 EU/ml 77 89

Diphteria (Dtx) $ 0.01 IU/ml 99 100

Tetanus (Ttx) $ 0.01 IU/ml 100 100

Hib $1 µg/ml 64 73
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epithelial surface (15). In our initial study, we found lower rates of infection in preterm 
infants supplemented for 28 days with prebiotics (17).

In our study, only 73% reached this level a&er the fourth booster vaccination in line 
with the study of Berrington. In the study of Berrington, lower percentages of protection 
for Hib were found, but in their study an vaccination schedule at 2, 4, and 6 months of un-
corrected age was used. "e antibody concentration was > 1 µg/ml in 51% of the preterm 
infants a&er 3 vaccinations (at 2, 4, and 6 months). Of the infants with an antibody titer < 
1 µg/ml a&er 3 vaccinations, 93% reached this level a&er a fourth booster vaccination (5).

"ere are some limitations to this study. In a recent study by Prymula et al, prophylactic 
paracetamol has been shown to impare the vaccination response (24). In our study, we did 
not have information about the amount of infants who were administered paracetamol 
prophylactically before the vaccination. Another limitation was the use of antibiotics 
during the study. Preterm infants also o&en receive antibiotics in the !rst 30 days of life, 
which interact with prebiotics, and diminish their e$ect. However, preterm infants will 
o&en need antibiotics since they have an immature immune system and are vulnerable 
for infections. "e lack of information about naturally acquired Pertussis infections in the 
preterm infants of our study is also a limitation of the study. Naturally acquired Pertussis 
infections could give a higher antibody response than vaccine-induced antibody response 
(25).

In conclusion, the enteral supplementation of a prebiotic mixture consisting of neutral 
and acidic oligosachharides during the !rst 28 days of life does not improve the vaccine 
response in premature infants when the immunisations started at day 60 of life. Since the 
premature infants did not receive prebiotics at time of the vaccinations, supplementation 
of prebiotics during a longer period, including the moment of vaccination, should be 
further investigated.
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ABSTRACT

Introduction. "e maturation of the immune system may partly depend on the transpla-
cental transport of di$erent immunological factors from mother to the fetus. Increased 
immunoglobulin free light chain (IgLC) levels are related to pathogenesis of allergic 
diseases and might play an additional role in oral tolerance to harmless food proteins. 
"e aims of this study were to measure the transplacental transport of IgLC in term and 
preterm infants. Methods. We obtained cord blood from the placenta a&er birth from 
preterm infants (GA <32wks and/or BW <1500g and healthy term infants (GA 37-
42wks). Maternal blood was obtained between 2 days +/- delivery. Serum samples were 
tested for lambda and kappa IgLC by ELISA. Results. 52 preterm infants and 40 term 
infants and their mothers were included. Kappa IgLC concentration in preterm infants 
(2.47 (0.00-13.98)) and in term infants (2.89 (0.74-7.56)) were not di$erent (95% CI 
,0.33-0.20, p=0.62). Lambda IgLC concentrations in preterm infants (2.70 (0.49-23.34)) 
and in term infants (3.16 (0.92-20.00)) were not di$erent (95% CI ,0.39-0.17, p=0.44). 
Placental transfer ratio of kappa IgLC was not di$erent in preterm infants and term 
infants: 0.14 (0.00-0.81) and 0.16 (0.01-0.29) respectively (95% CI ,0.04-0.06, p=0.68). 
Placental transfer ratio of lambda IgLC was not di$erent in preterm infants and term 
infants, 0.16 (0.04-0.96) and 0.16 (0.04-1.91) respectively, (95% CI ,0.15-0.05, p=0.34). 
In preterm infants, a correlation was found between maternal and infant kappa IgLC 
concentrations (R2=0.14, p=0.007) and between maternal and infant lambda IgLC (R2= 
0.18, p=0.002) but not in term infants. Conclusion. IgLC is transferred over the placenta 
but levels are much lower in both preterm infants and term infants than their mothers. 
In preterm infants but not in term infants, IgLC are correlated with maternal IgLC. As 
IgLC may be involved in the development of allergic diseases as well as the development 
of oral tolerance, follow-up determination of IgLC levels in the !rst years of life and the 
development of allergic diseases is important to further elucidate the role of IgLC.
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INTRODUCTION

"e immune system is a complex organ system and its development already starts directly 
a&er conception. "is means that the intrauterine environment may play an essential role 
in immune maturation and the development of immune related diseases. Furthermore 
the maturation of the o$spring’s immune system may depend at least in part on the 
transplacental transport from mother to the fetus of di$erent immunological factors such 
as antibodies, cytokines and immune growth factors. In an earlier study, it was described 
that speci!c IgG antibodies against Diphtheria, Tetanus, Pertussis, Haemophilus in%uen-
zae type B and Meningitis C are transported over the placenta (transplacental transport) 
and that the transport rate depends on gestational age and even more on the maternal 
levels of IgG antibodies. "e transplacental transport of IgG is signi!cantly lower in 
preterm infants than in term infants (1,2). "e concentrations of IgG subclasses in the 
fetus are not equally distributed (3). IgG1 and IgG4 are transported over the placenta 
more e'ciently than IgG3, and IgG2 is transported the least e'ciently (4). "is is caused 
by di$erent a'nity for FcY receptors (5).

Immunoglobulin light chains are assembled with immunoglobulin heavy chains into 
complete antibodies. However a substantial part of the synthesized immunoglobulin light 
chains is secreted as a free polypeptide. In previous studies, a novel mechanism for the 
elicitation of immediate hypersensitivity-like reactions via immunoglobulin free light 
chain (IgLC) has been described in skin and airways (6,7). Moreover, elevated levels of 
IgLC are found in asthma, rhinitis and cow’s milk allergic patients suggesting a role for 
IgLC in human atopic diseases (7-10). Until now, limited information is available on IgLC 
in newborn infants (11,12). Better understanding in the development of the immune 
system and development of atopic diseases like cow’s milk allergy and allergic asthma 
may help to !nd tools to improve outcome in newborn infants, especially in the most 
vulnerable preterm infants. "is study was designed as an explorative study to determine 
whether IgLC is transported over the placenta. As concentrations of IgG antibodies 
increase with gestational age, it was hypothesised and investigated in the current study 
whether transplacental transport of IgLC is lower in preterm infants than in term infants, 
and whether maternal IgLC concentration is a major determinant/predictor for IgLC 
concentrations in infants at birth. "erefore, the aims of this study was to measure the 
concentration of IgLC in mothers and their preterm infants with gestational age (GA) 
<32 weeks and/or birth weight (BW) <1500 g and mothers and their healthy term infants 
(GA 37-42 weeks) and subsequently, to assess the determinants of infant IgLC concentra-
tions in preterm and term infants.
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METHODS

Study population
Preterm infants with a GA <32 weeks and/or BW <1500 g born at the VU University 
Medical Center and their mothers were eligible for this study. Term infants (gestational 
age >37 weeks) born at the VU University Medical Center and their mothers served as 
controls. "e study protocol was approved by the local Medical Ethical Committee. Writ-
ten informed consent was obtained from mothers of all infants.

We obtained cord blood from the placenta directly a&er delivery. If cord blood could 
not be obtained, blood from the infants was obtained within 48 hours a&er delivery. 
Maternal blood was obtained by venous sampling between two days before and two days 
a&er delivery. Serum samples were centrifuged and stored at –80ºC until analysis. Total 
levels of IgLC kappa and lambda levels were determined, as described previously (9). "e 
transplacental transfer ratio is de!ned as the ratio of infant IgLC and maternal IgLC.

Data analysis
All data are described as median and range. For statistical analysis, IgLC concentrations 
below the lower limit of quantitation were assigned as half the lower limit of quantita-
tion. Student’s t test was used to compare the speci!c antibody concentrations between 
preterm and term infant serum samples a&er natural logarithmic transformation. Pla-
cental transfer of IgLC was de!ned as the ratio between each individual paired infant to 
maternal serum sample. A Pearson correlation was performed to determine the maternal 
IgLC antibody concentration in relation to infant IgLC antibody concentration. A mul-
tiple linear regression analysis was performed to determine the in%uence of GA, BW 
and maternal IgLC on infant IgLC and transplacental transport ratio. For all statistical 
analyses, a two-sided p value of <0.05 was considered signi!cant. SPSS 17.0 (SPSS Inc., 
Chicago, IL, USA) was used for data analysis.

RESULTS

Study participants
Between April 2007 and December 2008, 52 preterm infants and 40 term infants and 
their mothers were included in this study. In the preterm group, mean GA was 29.2 weeks 
(±2.1) and mean BW was 1273g (±353). Of these 52 preterm infants, 16 infants had a GA 
<28 weeks. In the term group, mean GA was 38.9 weeks (36.7- 41.3) and mean BW 3455g 
(±568).
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In the preterm group, 57% was born by vaginal delivery and 43% by caesarean section 
whereas in the term group 29% was born by vaginal delivery and 71% by caesarean sec-
tion.

Transport ratio
Kappa IgLC concentrations of mothers of preterm infants (18.99 (5.66-55.87)) and moth-
ers of term infants (18.40 (9.34-86.95)) were not di$erent (95% CI ,0.24-0.13, p=0.55). 
Lambda IgLC concentrations between mothers of preterm infants (19.03 (8.24-43.51)) 
and mothers of term infants (18.34 (3.24-60.03) were not di$erent (95% CI ,0.17-0.19, 
p=0.93). Kappa IgLC concentration in preterm infants (2.47 (0.00-13.98)) and in term 
infants (2.89 (0.74-7.56)) were not di$erent (95% CI ,0.33-0.20, p=0.62). Lambda IgLC 
concentrations in preterm infants (2.70 (0.49-23.34)) and in term infants (3.16 (0.92-
20.00)) were not di$erent (95% CI ,0.39-0.17, p=0.44). Placental transfer ratio of kappa 
IgLC was not di$erent in preterm infants and term infants: 0.14 (0.00-0.81) and 0.16 
(0.01-0.29) respectively (95% CI ,0.04-0.06, p= 0.68). Placental transfer ratio of lambda 
IgLC was not di$erent in preterm infants and term infants, 0.16 (0.04-0.96) and 0.16 
(0.04-1.91) respectively, (95% CI ,0.15-0.05, p= 0.34) (Figure 7.1).
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Figure 7.1. IgLC levels in preterm and term infants and their mothers

Determinants of IgLC concentrations in preterm and term infants
In preterm infants, a correlation was found between maternal and infant kappa IgLC con-
centrations (R2=0.14, p=0.007) and between maternal and infant lambda IgLC (R2=0.18, 
p=0.002). However in term infants, no correlation was found between maternal and 
infant kappa IgLC concentrations (R2=0.10, p=0.05) nor between maternal and infant 
lambda IgLC (R2=0.04, p=0.19). GA and BW did not in%uence kappa and lambda IgLC 
concentrations in both preterm and term infants.
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Determinants of placental transfer ratio of IgLC in preterm and term infants
In preterm infants, the placental transfer ratio for kappa IgLC is not in%uenced by GA 
(/=0.02, p=0.87 95% CI ,0.02-0.02) or BW (/=,0.05, p=0.73, 95% CI ,0.14-0.10). Simi-
larly, the placental transfer ratio for lambda IgLC in preterm infants is not in%uenced by 
GA (/=0.07, p=0.65, 95% CI ,0.02-0.03), or BW (/=,0.09, p=0.55, 95% CI ,0.17-0.09). 
Mode of delivery or maternal diagnosis (chorioamnionitis, preeclampsia or placenta-
insu'ciency) did not in%uence placental transport ratio in preterm infants.

In term infants, there was no in%uence of gestational age, birth weight, sex or mode of 
delivery on placental transport ratio.

DISCUSSION

In this current study, we describe !rst the !rst time in preterm and term infants that IgLC 
is transported over the placenta, however plasma levels were signi!cantly lower in both 
preterm and term infants as compared to their mothers. Transplacental transport of IgLC 
was not di$erent between preterm infants <32 weeks and/or <1500g and term infants. 
Only in preterm infants, maternal IgLC were correlated to infant IgLC. None of the 
perinatal factors (gestational age, birth weight, mode of delivery, maternal pre-eclampsia, 
sex) was related to IgLC in both preterm infants and term infants.

Transplacental transport of IgLC (0.14 – 0.16) is much lower than transplacental 
transport of IgG antibodies (0.26-0.86). IgLC levels in preterm infants are correlated to 
maternal levels (0.14-0.18), but not in term infants. "is correlation coe'cient is much 
lower than that of IgG antibodies (0.49-0.98) in preterm infants as previously described by 
our group (1). "erefore, we hypothesise that the mechanisms involved in transplacental 
transport of IgLC are di$erent from mechanisms involved in transplacental transport of 
IgG antibodies. Transplacental transport of IgLC is likely to be through passive di$usion. 
However, other factors possibly in%uence transport since there is no correlation between 
maternal and infant IgLC in term infants and only a weak correlation in preterm infants. 
Furthermore, the relation between maternal levels and infant levels of IgG antibodies is 
much higher compared with the relation between maternal levels and infant levels of and 
IgLC (1).

Maturation of the placenta may play a key role in the transfer of IgLC. Another explana-
tion may be that the capability of the fetus to produce IgLC is dependent on maturation of 
the fetal immune system. Further studies, for example on placental histology and FcRn-
receptors may elucidate which mechanisms are involved in placental transfer of IgLC.

IgLC concentrations in preterm and term infants are much lower than in healthy adults, 
in line with other factors of the immune system. Recently, it was shown that besides 
the capacity to induce type I hypersensitivity responses, IgLC might play a role in oral 
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tolerance to food proteins as well. Tolerance being the major default mechanism of the 
immune system to harmless antigens (van Esch et al, unpublished observations).

As IgLC may be involved in the development of type 1 hypersensitivity responses but 
may also be involved in the development of oral tolerance to food proteins (unpublished 
data, van Esch et al), follow-up of this cohort is very important both with regard to the 
IgLC levels over time and the possible development of allergic diseases. Possibly, in the 
neonatal period there may be a critical window for IgLC in which IgLC may play a role in 
the immunological balance between tolerance or hypersensitivity.

In conclusion, IgLC is transferred over the placenta but levels are much lower in both 
preterm infants and term infants than their mothers. In preterm infants but not in term 
infants, IgLC are correlated with maternal IgLC. As IgLC may be involved in the develop-
ment of allergic diseases as well as the development of oral tolerance, follow-up of this 
cohort is important to determine the levels of IgLC in the !rst years of life and develop-
ment of allergic diseases to further elucidate the role of IgLC.
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ABSTRACT

Objective. To determine the e$ect of short-term enteral supplementation of neutral and 
acidic oligosaccharides during the neonatal period in preterm infants on the incidence 
of allergic and infectious diseases during the !rst year of life. Patients and Methods: In 
a randomised controlled trial, 113 preterm infants (gestational age <32wks and/or birth 
weight <1500g) were allocated to receive enteral neutral and acidic oligosaccharides sup-
plementation or placebo (maltodextrin) between day 3 and 30 of life. Incidence of allergic 
and infectious diseases was assessed by validated questionnaire. Data were analysed by 
logistic regression analysis. Results. In total, 94/98 (96%) of the eligible infants (12 died, 3 
withdrawn) participated in our follow-up study. "e incidence of atopic dermatitis (odds 
ratio [OR], 0.80; 95% con!dence interval [CI], 0.24-2.67), bronchial hyperreactivity (OR: 
1.04; 95% CI, 0.38-2.87) and infections of the upper respiratory (OR: 0.95; 95% CI: 0.37-
2.44), lower respiratory (OR: 1.03; 95% CI, 0.37-2.88), and gastrointestinal (OR: 1.77; 
95% CI, 0.55-5.73) tract was not di$erent between groups. Adjustment for confounding 
factors did not change the results of the primary analysis. Conclusion. Short-term enteral 
supplementation of a prebiotic mixture of neutral and acidic oligosaccharides during the 
neonatal period in preterm infants does not decrease the incidence of allergic and infec-
tious diseases during the !rst year of life.
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INTRODUCTION

As survival of preterm infants has increased over the past decades, reduction of morbidity 
of these infants is an important issue. Preterm birth might play a role in the development 
of allergic disease, however con%icting results have been found so far in previous studies 
(1,2). "e !rst six months of life represent a critical time window for the initiation of 
immunological changes resulting in the development of atopy (3).

"e intestinal microbiota may play an important role in the maturation of the innate 
and adaptive immune system (4). "e intestinal microbiota communicates extensively 
with the intestinal immune system, and this interaction leads to metabolic and immu-
nologic reactions by the epithelial cells and the underlying lymphoid cells, and is called 
the bacterial-epithelial ‘cross talk’ (5). In a recent review, we found that the intestinal 
bacterial colonization with lactobacilli and bi!dobacteria is delayed in preterm infants, 
whereas the number of pathogenic bacteria is higher (6). Several authors found that es-
pecially a bi!dobacteria and lactobacilli dominated intestinal microbiota may prevent the 
development of allergic diseases (7,8). Breast milk increases the growth of bi!dobacteria 
and lactobacilli in preterm infants (9). As breast milk is not always su'ciently available, 
attempts have been made to reproduce the positive e$ects of breast milk.

A major content of human milk are non-digestible human milk oligosaccharides. Over 
200 human milk oligosaccharides have been identi!ed with signi!cant variability between 
individuals over time (10). Of these oligosaccharides approximately 80% are neutral and 
are 20% acidic oligosaccharides (11). Non-human milk oligosaccharides, such as neutral 
small-chain galacto-oligosaccharides (scGOS) and long-chain fructo-oligosaccharides 
(lcFOS) and pectin-derived acidic oligosaccharides (pAOS), have been produced to 
mimic the e$ects of these human milk oligosaccharides. Neutral oligosaccharides have 
been studied in term and preterm infants (12-21). Supplementation of neutral oligosac-
charides stimulates a bi!dogenic %ora with a decrease of pathogens (13-15), attenuates 
the "2 allergy response (21), reduced the incidence of intestinal and respiratory infec-
tions in term infants (16-18), and clinical allergic diseases in term infants (18-20). So far, 
most studies using supplementation with neutral oligosaccharides have been performed 
in term infants, limiting the evidence of the possible bene!ts of supplementation in 
preterm infants.

In vitro, acidic oligosaccharides have an anti-adhesive and antimicrobial e$ect (22), an 
immunomodulatory e$ect by directly stimulating the immune system (23), and better 
attenuate a proallergic "2-type immune response than neutral oligosaccharides alone 
(24). Few clinical studies have been performed with acidic oligosaccharides in addition to 
neutral oligosaccharides (20,25). Recently, in a randomised controlled trial with neutral 
and acidic oligosaccharides, we found a lower incidence of endogenous infections and 
two or more serious neonatal infections if infants received su'cient supplementation 
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(26). We hypothesize that short-term supplementation of neutral and acidic oligosac-
charides during neonatal period will enhance the maturation of the immune response in 
preterm infants and may lead to less allergic and infectious diseases later in life.

"erefore, the aim of this follow-up study was to determine the e$ect of short-term 
enteral supplementation of neutral and acidic (scGOS/lcFOS/pAOS) oligosaccharides 
during the neonatal period in preterm infants on the incidence of allergic and infectious 
diseases during the !rst year of life.

PATIENTS AND METHODS

Trial design
In a double-blind placebo controlled randomised controlled trial, 113 infants were in-
cluded with a gestational age <32 wk and/or birth weight <1500 g, admitted to the level 
III neonatal intensive care unit (NICU) of the VU University Medical Center, Amsterdam 
(25,26). Infants received enteral supplementation of neutral and acidic oligosaccharides 
(80%/20% mixture) or placebo (maltodextrin) between days 3 and 30 of life in a maximum 
dose of 1.5/g/kg/day supplemented to the parent’s feeding of choice. "e randomization 
code was broken a&er data analysis was performed. "e endpoint of this follow-up study 
was the incidence of allergic and infectious diseases. Further details of the study design 
have been previously published (25,26). "e study protocol is approved by the medical 
ethical review board of our hospital. Written informed consent was obtained from all 
parents.

Questionnaires were sent to the parents of all participating infants before the outpatient 
clinic visit of their infant at the corrected age of one year. Our questionnaire was adapted 
from questionnaires used in the Prevention and Incidence of Asthma and Mite Allergy 
Study (27) and the Generation R Study (28), and was designed to collect data on allergic 
and infectious diseases and environmental, lifestyle, demographic, and socioeconomic 
characteristics. "e questionnaire included the following sections: growth status, allergic 
diseases, infectious diseases, fever episodes, environment, and questions about the par-
ents. Further details of the questionnaire have been previously published (29).

Outcome measures
Allergic diseases were de!ned as previously described (29,30). Allergic diseases consisted 
of atopic dermatitis, milk protein allergy, and bronchial hyperreactivity. Atopic dermatitis 
was de!ned as a physician-diagnosed rash on at least 1 typical location, such as %exural 
sites (ankle, knee, and elbow) or around the eyes and ears. Milk protein allergy had to 
be physician diagnosed. Bronchial hyperreactivity was diagnosed in case of at least 3 
of the following physician-diagnosed symptoms: dyspnea, wheezing, humming/sawing 



173

Long-term outcome

8

55 intervention group 

208 infants GA < 32 wk and/or BW < 1500 g 

94 not randomized 
        45  no informed consent 
         7   participation in other trial 
        12  transfer < 48 hours 
         5   death < 48 hours 
        12  congenital malformations 
        13  miscellaneous 

114 infants randomised

59 placebo group 

1 exclusion: syndrome

58 analysed by intention to treat in            
     primary study 

55 analysed by intention to treat in  
     primary study 

4  infants died 

2  exlusions:  
 1 withdrawel 
 1 suspection syndrome 

49 eligible to participate in follow-up              
     study 

48 questionnaires returned 

1  no response 
          1 withdrawel informed       
           consent 

8  infants died 

1  exlusion:  
 1 withdrawel 

49 eligible to participate in follow-up 
      study 

3  no response 
          3 failed to return the 
           questionnaire 

46 questionnaires returned 

Figure 8.1. Trial pro"le of original and follow-up studies.
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breath sounds, or nightly dry cough without rhinitis. Upper respiratory tract infections 
included at least 1 physician-diagnosed episode of severe rhinitis, pharyngitis, or otitis 
media. Lower respiratory tract infections included at least 1 physician-diagnosed episode 
of bronchitis, bronchiolitis, or pneumonia. Gastrointestinal tract infections, urinary tract 
infections, sepsis, and meningitis included physician-diagnosed episodes (29).

Statistical analysis
Infant, maternal, and environmental characteristics were analysed by unpaired t test, 
Mann-Whitney, and X. or Fisher exact test for continuous normally distributed, non-
parametric continuous and dichotomous data, respectively.

Logistic regression analysis was performed to determine whether supplementation 
with the prebiotic mixture during the neonatal period in%uenced the incidence of allergic 
and infectious diseases during the !rst year of life. In additional analyses, adjustments 
were made for maternal education, family history of atopy, smoking, the presence of pets 
at home, and exclusive breastfeeding in the neonatal period in cases of allergic diseases, 
and for maternal education, smoking at home, the presence of siblings, and child care 
attendance in cases of infectious diseases. A p-value <0.05 (two-tailed) was considered 
signi!cant. SPSS 17.0 (SPSS Inc, Chicago, IL) was used for data analysis.

RESULTS

In total, 98/113 infants from the initial study were eligible at the corrected age of one 
year (12 died, 3 were withdrawn; 2 on request of the parents, 1 because of suspicion 
of a metabolic syndrome). Of the eligible patients, 94/98 (96%) infants participated in 
our follow-up study. Reasons for not participating were failure to return the question-
naire (n=3) and withdrawal (n=1). "e !gure shows the complete trial pro!le. Baseline 
infant-, maternal-, environmental- and nutritional characteristics were not di$erent in 
the prebiotic mixture and the placebo group (table 8.1). Ninety-four questionnaires were 
returned of which ninety-one questionnaires could be analysed for allergic diseases. 
"ree questionnaires could not be analysed because of unknown family history of atopy. 
For infectious diseases, 92 questionnaires could be analysed as parents of 2 infants did 
not record data on infections.

"e incidence of physician-diagnosed allergic diseases was not di$erent in the prebi-
otic mixture and the placebo group, also a&er adjustment for confounding factors (table 
8.2). Statistical analysis could not be performed for milk protein allergy due to the low 
incidence of milk protein allergy (n=1, placebo group).

"e incidence of physician-diagnosed upper and lower respiratory and gastrointestinal 
tract infections was not di$erent in the prebiotic mixture and the placebo group, also 
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a&er adjustment for confounding factors (table 8.3). Statistical analysis could not be 
performed for urinary tract infections (n=1, prebiotic mixture group), meningitis (n=0) 
and sepsis (n=0).

Table 8.1. Baseline characteristics

Prebiotic mixture
(n=48)

Placebo
(n=46)

Gestational age (wks) 30.1 (1.6) 29.5 (2.0)

Birth weight (kg)  1.4 (0.4) 1.3 (0.3)

Vaginal delivery 27/48 (56%) 26/46 (57%)

$1 serious infection in the neonatal period* 18/48 (38%) 21/46 (46%)

$2 serious infections in the neonatal period 4/48 (8%) 7/46 (15%)

$1 serious endogenous infection in the neonatal period† 6/48 (13%) 10/46 (22%)

Age at follow-up (d) 438 (323-1230) 430 (355-1313)

Family history of atopy 31/48 (65%) 21/43 (49%)

Maternal history of atopy 26/48 (54%) 18/43 (42%)

Smoking 2/48 (4%) 6/46 (13%)

Siblings 20/48 (42%) 23/46 (50%)

Pets at home 22/48 (46%) 18/46 (39%)

Child care attendance‡ 35/48 (73%) 32/46 (70%)

High maternal education§ 28/48 (58%) 20/46 (44%)

Exclusive breastfeeding during the neonatal period 31/48 (65%) 28/46 (61%)

Breastfeeding $ 3 months 12/48 (25%) 12/46 (26%)

Breastfeeding $ 6 months 6/48 (13%) 6/46 (13%)

Data are mean (SD), median (range), or number (%). *A new positive culture after adequate antibiotic 
treatment of the previous infectious episode with clinical recovery. †Non CoNS-infections. ‡>1 day/week. 
§Higher professional or university education.

Table 8.2. Prebiotic mixture and allergic diseases at 1 year of age

Prebiotic mixture
(n=48)

Placebo
(n=43)

OR
(95% CI) 

aOR
(95% CI) 

Atopic dermatitis* 7/48 (15%) 8/43 (19%) 0.75 (0.25-2.27) 0.80 (0.24-2.67)

Bronchial hyperreactivity† 14/48 (29%) 10/43 (23%) 1.36 (0.53-3.49) 1.04 (0.38-2.87)

Milk protein allergy‡ 0/48 (0%) 1/43 (2%) …§ …§

Data are number (%). OR= Odds ratio; CI= con"dence interval. aOR= Adjusted Odds ratio (adjusted for 
maternal education, family history of atopy, smoking, pets at home and exclusive breastfeeding during 
neonatal period). *Skin rash on $1 typical location. †Indicates $3 of the following symptoms: dyspnea, 
wheezing, humming/sawing breath sounds, or nightly dry cough without rhinitis. ‡Doctor-diagnosed. 
§Incidence did not allow statistical analysis.
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DISCUSSION

We found no e$ect of short-term supplementation of a prebiotic mixture of neutral and 
acidic oligosaccharides during day 3-30 of life in preterm infants on the incidence of 
allergic and infectious diseases during the !rst year of life. Previous clinical studies in 
term infants with prebiotic oligosaccharides showed di$erent results. However, method-
ological di$erences, concerning composition and duration of supplementation and study 
population, exist between our study and these studies (16-20;31).

In term infants with a high risk of allergy, supplementation with neutral oligosaccha-
rides during the !rst six months of life had a protective e$ect on both atopic dermatitis 
(19) and infections (17). At two years of age, the protective e$ect persisted for AD, recur-
rent wheeze, allergic urticaria and infections (18). In an observational study in unselected 
healthy term infants, a formula with neutral oligosaccharides during 12 months reduced 
intestinal infections during the !rst year of life (16). Contrary, shorter supplementation of 
neutral oligosaccharides during 12 weeks in healthy infants, did not reduce the incidence 
of allergic diseases (31). In the only trial with p AOS, a formula with neutral and acidic 
oligosaccharides given during 6 months was e$ective as primary prevention of AD in 
term infants at low risk of atopy (20). In summary, the preventive e$ect of supplementa-
tion of oligosaccharides on allergic and infectious diseases seems to be dependent on 
the dosage and duration of supplementation (14) and the risk of allergy of the study 
population. In the present study, we supplemented the prebiotic mixture for one month 
as the primary aim of the study was serious infectious morbidity which occurs mainly 
in the !rst month of life. "is might be too short and could be a limitation of our study. 
However, the !rst months of life represent a critical time window for the initiation of 
immunological changes resulting in the development of atopy (3).

Furthermore, we did not select preterm infants at high and at low risk for atopy before 
randomization. As many confounding factors, related to treatment in preterm infants, 

Table 8.3. Prebiotic mixture and infectious diseases at 1 year of age

Prebiotic mixture
 (n=48)

Placebo
(n=44)

OR
(95% CI) 

aOR
(95% CI) 

URTI* 34/48 (71%) 30/44 (68%) 1.13 (0.47-2.76) 0.95 (0.37-2.44)

LRTI† 12/48 (25%) 9/44 (21%) 1.30 (0.49-3.46) 1.03 (0.37-2.88)

Gastrointestinal tract infection 10/48 (21%) 6/44 (14%) 1.67 (0.55-5.05) 1.77 (0.55-5.73)

Urinary tract infection 1/48 (2%) 0/44 (0%) …‡ … ‡

Sepsis/meningitis 0/48 (0%) 0/44 (0%) …‡ … ‡

OR= Odds ratio; CI= con"dence interval. aOR= Adjusted Odds ratio (adjusted for maternal education, 
smoking at home, siblings and child care attendance). *Upper respiratory tract infection: 1 of serious 
rhinitis, pharyngitis, or otitis media. †Lower respiratory tract infection: 1 epsiode of bronchitis, 
bronchiolitis, or pneumonia. ‡Incidence did not allow statistical analysis.
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may in%uence the development of atopy, a much larger cohort would be required to 
evaluate the e$ect in preterm infants at high or low risk for atopy.

Beside supplementation dose and study population, type of feeding of the infants may 
in%uence the e$ect of prebiotic oligosaccharides supplementation. In the study with a 
protective e$ect on allergic manifestations and infections (17-19), infants receiving breast 
milk for more than six weeks were excluded. Bruzzese et al. found a reduction of intestinal 
infections during the !rst year of life (16), but infants were enrolled at the time formula 
was introduced. Two other studies included, apart from formula fed newborns, a separate 
exclusively breastfed control group not receiving any supplementation (20,31). In our 
study, 63% of the infants were exclusively breastfed during neonatal period. Infants were 
fed breast milk or formula according to the parent’s choice, and the prebiotic mixture 
or placebo was supplemented to this feeding (25). As oligosaccharides are a major com-
ponent of breast milk (11), the e$ect of enteral supplementation of a prebiotic mixture 
may be less pronounced in preterm infants who received exclusively breast milk. From 
an additional post hoc analysis, we may conclude that adjusting the outcome data for 
breast-fed infants during the immediate neonatal period, a period of )3 months and a 
period of )6 months did not change the results of the primary analysis. "is strengthened 
our decision to report only the results of the primary analyses.

During the past decades, the incidence of allergic diseases has been increasing in 
developed countries (32,33). Several hypotheses have been postulated to explain this 
increase in allergy development including the “hygiene hypothesis” (34) and the “mi-
crobiota hypothesis” (35). "e “hygiene hypothesis” implies that a lack of early microbial 
stimulation results in an aberrant immune response to innocuous antigens later in life 
(34). "e “microbiota hypothesis” implies that perturbations in the intestinal microbiota 
in developed countries (due to antibiotic use, dietary changes and other lifestyle di$er-
ences) have disrupted the normal microbiota-mediated mechanisms of immunological 
tolerance (35). In preterm infants, the intestinal colonization with bene!cial bacteria is 
delayed (6). In addition, preterm infants are o&en exposed to high doses of broad-spec-
trum antibiotics early in life which could further delay the establishment of the intestinal 
colonization (36). In some studies, an association between early use of antibiotics and 
the later development of allergic diseases was found, although this association is weak in 
other studies (37). We hypothesize that the frequent use of broad-spectrum antibiotics 
in our NICU could have reduced the e$ect of the prebiotic mixture on the intestinal mi-
crobiota, leading to a less pronounced e$ect on the immune system and consequently on 
the development of allergic diseases. We performed additional analyses of our study and 
added the use of antibiotics in our multivariate analyses. "is did not a$ect the results of 
the primary analyses and is therefore not reported. Interestingly, we did !nd a relation 
between early antibiotics and the development of allergic diseases later in life. However, 
we did not establish whether this relation is causal and since this was not the primary 
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aim of the study these data are not reported. "erefore these secondary results should be 
interpreted with care.

"e response rate of 96% supports the reliability of the results of our study. Still, some 
limitations of our study should be addressed. Apart from the short duration of our 
supplementation in both formula and breast milk fed infants, the assessment of disease by 
using a questionnaire could be at risk of bias. One of the main di'culties during infancy 
is to distinguish between viral induced wheezing and multifactor induced wheezing. 
Furthermore, viral infections have been implicated in the pathogenesis of asthma and 
have been shown to account for 50% of the exacerbations of asthma (38). To limit the 
e$ect of reporting bias, we only analysed physician-diagnosed symptoms and diseases 
with a validated questionnaire (27,28).

Furthermore, the expression of allergic diseases varies with age. Atopic dermatitis, start-
ing in early childhood, is a major risk factor for asthma and allergic rhinitis later in life 
(39). It may have been too early to diagnose some manifestations of allergic diseases, such 
as asthma and allergic rhinitis. "erefore long-term follow-up of this cohort of preterm 
infants is important. In conclusion, short-term enteral supplementation of a prebiotic 
mixture of neutral and acidic oligosaccharides during 28 days in the neonatal period in 
preterm infants does not decrease the incidence of allergic and infectious diseases during 
the !rst year of life. Long-term follow-up of this cohort is warranted.
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ABSTRACT

Background. Serious infectious morbidity in the neonatal period is associated with adverse 
neurodevelopmental outcome. We previously found that a prebiotic mixture consisting 
of neutral and acidic oligosaccharides, if given in su'cient amounts, decreased the risk of 
endogenous infections in the neonatal period in preterm infants. Study aim. To determine 
the e$ect of enteral supplementation of a prebiotic mixture in the neonatal period on the 
neurodevelopmental outcome in preterm infants in the 1st year of life. Study design. Neu-
rodevelopmental outcome was evaluated at 0, 3, 6 and 12 months corrected age (CA). To 
adjust for potential confounders, data were analysed by multinomial or logistic regression 
as appropriate. Outcome measures. Neurodevelopmental outcome, according to Touwen, 
motor ability according to the Alberta Infant Motor Scale (z-score <,2 was considered 
as delayed motor ability), vision and hearing. Results. Ninety-three out of 101 infants 
(92%) participated in the follow-up study (prebiotic mixture group (n=48), placebo 
group (n=45)). "e incidence of suspect and abnormal neurodevelopmental outcome, 
and delayed motor ability was not di$erent in the prebiotic mixture and placebo group at 
0, 3, 6 and 12 months CA. Infants with )1 neonatal infections only had a higher incidence 
of abnormal neurodevelopmental outcome (OR: 20.73; 95% CI: 1.31-328.46; p=0,03) at 6 
months CA. Conclusions. Enteral supplementation of a prebiotic mixture in the neonatal 
period did not have an e$ect on the neurodevelopmental outcome in preterm infants in 
the 1st year of life. However, serious neonatal infections in preterm infants was associated 
with adverse neurodevelopmental outcome.
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INTRODUCTION

Several studies in preterm infants have investigated the e$ect of prebiotic supplementa-
tion in preterm neonates on short-term outcome in the neonatal period (1-5). However, 
to our knowledge, no reports on long-term neurological follow-up are available. Many 
factors have been related to neurodevelopmental impairment of preterm infants. "ese 
factors include gestational age, birth weight, postnatal steroid use, total days on venti-
lator, bronchopulmonary dysplasia (BPD) (6) and necrotising enterocolitis Bell’s stage 
II-III (7). Recent studies have stressed the importance of the role of pro-in%ammatory 
cytokines during perinatal and late-onset infection in the development of white matter 
damage (8,9). Follow-up studies have found impaired neurodevelopmental outcome a&er 
perinatal and late-onset infection such as histological chorioamnionitis (10,11), early-
onset sepsis (10), late-onset sepsis (12-14), and meningitis with or without sepsis (12,15). 
In a recent randomised controlled trial, our group found a trend towards a reduced 
incidence of serious infectious morbidity, especially endogenous infections, and mild 
BPD in preterm infants, a&er enteral supplementation of a prebiotic mixture, consisting 
of neutral and acidic oligosaccharides, in the neonatal period (16). We hypothesise that a 
reduced incidence of serious infectious morbidity is associated with a reduced incidence 
of neurodevelopmental impairment.

Neurodevelopment is usually evaluated by various standardised neuromotor examina-
tions. In paediatric physiotherapy, 2 studies have shown that early neurological and motor 
assessment predicted long-term outcome in preterm infants (17,18). In 2 other studies, 
20% of both late-preterm and extremely-low-birth-weight (ELBW) infants had an abnor-
mal motor assessment at 4 and 5 years of age, respectively (19,20). Preterm born adoles-
cents and young adults also had lower IQ scores, had lower academic achievements(6), 
and were less likely to have graduated high school, compared to normal-birth-weight 
young adults (21). As these functional, cognitive and academic de!cits place preterm 
infants at risk for impaired participation in society, it is important to study if supplemen-
tation of a prebiotic mixture can prevent neurodevelopmental impairment by reducing 
the incidence of serious infectious morbidity.

"e aims of this study were, !rstly, to determine the e$ect of enteral supplementation 
of a prebiotic mixture consisting of neutral, small-chain galactooligosaccharides and 
long-chain fructooligosaccharides (scGOS/lcFOS) and acidic (pAOS) oligosaccharides in 
preterm infants on neurodevelopmental outcome up in the 1st year of life, and secondly, 
to determine the e$ect of serious infectious morbidity in the neonatal period on neuro-
developmental outcome in the 1st year of life.
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METHODS

Initial study
Infants with a gestational age (GA) of <32 weeks and/or birth weight of <1500 grams, 
admitted to the level III NICU of the VU University Medical Center, Amsterdam, were 
eligible for participation in the study. Exclusion criteria were as follows: a gestational 
age ) 34 wk, major congenital or chromosomal anomalies, death within 48 hours a&er 
birth, and transfer to another hospital within 48 hours a&er birth. A&er assignment to 
1 of 3 birth weight groups (*799, 800–1199, and )1200 g), the infants were randomly 
allocated to treatment within 48 hours a&er birth to receive either enteral 80% scGOS/
lcFOS and 20% pAOS or placebo powder (maltodextrin) between days 3 and 30 of life. 
"e medical ethical review board of our hospital approved the study protocol. Written 
informed consent was obtained from all parents. For further details of the study design, 
we refer to the study protocol (22). Baseline characteristics of the follow-up cohort and 
their mothers were recorded in the initial study (16).

Figure 1 Trial pro%le

Neurodevelopmental outcome
As part of our routine follow-up program for preterm infants, a neurological assessment 
(NA) according to Touwen et al. was performed at 0, 3, 6 and 12 months of corrected age 
(CA), and the Alberta Infant Motor Scale (AIMS) at 6 and 12 months CA. NA scores are 
expressed numerically, measuring tone (supine, traction response, ventral suspension, 
vertical suspension, prone position, posture sitting) and motility. At 0 and 3 months 
CA, subjects could attain a maximum score of 48; a score )46 was considered normal 
development, 42-45 as suspect and <42 as abnormal. At 6 months CA, the maximum 
possible score was 52; a score )50 was considered normal, 46-49 as suspect and <46 
as abnormal. At 12 months CA, the maximum possible score was 60; a score )57 was 
considered normal, 53-56 as suspect, and <53 as abnormal (18). In case of missing data, 
the child’s clinical neurologic status, when available, was independently categorised by 
two paediatric physiotherapists (PEMS and VAMS) as ‘normal’, ‘suspect’ or ‘abnormal’ 
development. Incongruences were resolved by discussion. In the AIMS, a z-score of <,2 
was considered as signi!cantly delayed motor ability. Methods have been previously 
described (18,23,24). Infants with unilateral (hemiplegia) or bilateral spasticity (diplegia 
and quadriplegia) at 12 months CA were categorised as cerebral palsy (CP).

Neurodevelopmental impairment (NDI) at 6 and 12 months CA was de!ned as any of 
the following conditions: NA = abnormal, z-score AIMS <,2, CP, blindness or hearing 
disabilities. Both parents and investigators were unaware of treatment allocation in the 
neonatal period.
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Statistical analysis
Data are presented as means and standard deviations (SD) and medians (ranges) when 
appropriate. Infant and maternal characteristics were analysed by Student’s t-test (for 
normally distributed continuous data), Mann–Whitney U-test (for not normally dis-
tributed continuous data), chi-square test or Fisher’s exact test (for dichotomous data). 
Multinomial logistic regression analyses were performed to determine whether enteral 
supplementation of a prebiotic mixture in%uenced the incidence of a suspect and abnor-
mal neurological assessment. Logistic regression analyses were performed to determine 
whether enteral supplementation of a prebiotic mixture in%uenced the incidence of 
delayed motor ability and neurodevelopmental impairment. Adjustments were made for 
gestational age, birth weight <10th percentile (11), sex, postnatal corticosteroids and )1 
serious neonatal infection. Missing data were either not measured, or measured more 
than 4 weeks before or more 4 weeks a&er the CA.

In a secondary analysis, multinomial logistic regression analyses and logistic regression 
analyses were used to determine whether the incidence of )1 serious neonatal infections 
in%uenced the incidence of suspect and abnormal neurodevelopmental outcome, and 
delayed motor ability and neurodevelopmental impairment, respectively. Adjustments 
were made for gestational age, birth weight <10th percentile, sex, postnatal corticoste-
roids and prebiotic mixture or placebo supplementation. A p value <0.05 (two-tailed) 
was considered signi!cant. SPSS 19.0 (SPSS Inc., Chicago, IL, USA) was used for data 
analysis.

RESULTS

At 12 months CA, 101/113 (89%) infants were eligible to participate in the follow-up 
study. Of these 101 infants, 93 (92%) !nally participated in the study (48 in the prebiotic 
mixture group and 45 in the placebo group). "e complete trial !gure is shown in Fig-
ure 8.2.

Reasons for not participating in the study were: withdrawal of informed consent 
(n=2), family did not show up at clinic (n=3), withdrawal on request physician (n=1), 
family could not be reached (n=1), and migration to a foreign country (n=1). Baseline 
characteristics were not di$erent in the participating (n=93) and non-participating (n=8) 
groups (data not shown).

Baseline infant and maternal characteristics were not di$erent in the prebiotic mixture 
and placebo group (Table 8.4). Number of infants excluded from the analyses due to 
assessment outside the allotted age range were 30 (32.3%) at 0 months CA, 34 (36.6%) 
at 3 months CA, 9 (9.7%) at 6 months CA, and 14 (15.1%) at 12 months CA. At 0, 3, 6 
and 12 months CA, incidence of suspect and abnormal neurological assessment was not 
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Table 8.4. Baseline and nutritional characteristics1

Prebiotic mixture (n=48) Placebo (n=45)

Maternal characteristics

Maternal age at birth 32.3 ± 4,02 31.4 ± 6.6

Maternal race (% Caucasian) 38/48 (79%) 31/45 (69%)

High maternal education3 27/48 (57%) 18/45 (43%)

Infant characteristics

$1 course of antenatal corticosteroids 26/48 (54%) 25/45 (57%)

Vaginal delivery 26/48 (54%) 25/45 (56%)

Sex: (% Male) 26/48 (54%) 26/45 (58%)

Gestational age (weeks) 30.2 ± 1.6 29.5 ± 2.0

Birth weight (kg) 1.37 ± 0.4 1.26 ± 0.3

Birth weight < 10th percentile 10/48 (21%) 6/45 (13%)

5 Min Apgar score ) 6 7/48 (15%) 4/45 (9%)

Surfactant 18/48 (38%) 18/45 (40%)

PIVH

None 40/48 (83%) 36/45 (80%)

Grade I/II 5/48 (10%) 8/45 (18%)

Grade III/IV/II with infarct 3/48 (6%) 1/45 (2%)

Postnatal corticosteroids 2/48 (4%) 2/45 (4%)

$1 neonatal infections 18/48 (38%) 21/45 (47%)

Age at discharge from NICU (days) 15 (1-90)4 15 (3-87)

Age at discharge from hospital (days) 53 (30-111) 54 (30-181)

Age at follow-up (weeks)

0 months 2.0 (-1-5) 2.0 (-1-4)

3 months 14 (8-25) 14 (8-19)

6 months 27 (22-40) 27 (21-45)

12 months 53 (42-71) 52 (43-68)

Obstetric diagnosis

Chorioamnionitis 9/48 (19%) 10/45 (22%)

PE, E, or HELLP 15/48 (31%) 14/45 (31%)

Placental insu#ciency 3/48 (6%) 2/45 (4%)

Antenatal antibiotic use 9/48 (19%) 13/45 (29%)

Multiple birth 9/48 (19%) 10/45 (22%)

pH of umbilical artery <7.10 2/48 (4%) 0/45 (0%)

Postnatal antibiotic use 34/48 (71%) 35/45 (78%)
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di$erent in both groups, nor were signi!cantly delayed motor ability and NDI (Table 8.5). 
Adjustment for sex, gestational age, birth weight <10th percentile, )1 serious neonatal 
infection did not change these results. None of the infants were blind or had any hearing 
disabilities. Breastfeeding did not in%uence these results.

In total, 39/93 infants (41.9%) had )1 serious infectious episodes in the neonatal pe-
riod. Children with )1 serious neonatal infections more o&en had an abnormal NA (OR: 
20.73; 95% CI: 1.31-328.46; p=0.03), signi!cantly delayed motor ability (OR: 25.38; 95% 
CI: 1.97, 327.68; p=0.01) and a higher incidence of NDI at 6 months CA (OR: 29.60; 95% 
CI: 1.93- 453.69; p=0.02) (Table 8.6), even a&er adjustment for sex, birth weight <10th 
percentile, gestational age, postnatal corticosteroids and prebiotic mixture or placebo 
supplementation. A&er adjustment for these factors at 12 months CA, the association 
between )1 serious neonatal infections and adverse neurodevelopmental outcome disap-
peared (Table 8.6), although there was a trend towards a higher incidence of a suspect NA 
(OR: 4.28; 95% CI: 0.92-19.79; p=0.06) and signi!cantly delayed motor ability (OR: 3.08; 
95% CI: 0.78: 12.14; p= 0.11) in the placebo group.

A&er exclusion of infants with PIVH )grade III from the analyses, infants with )1 
serious neonatal infections more o&en had neurodevelopmental impairment (OR: 24.33; 
95% CI: 1.72-343.33; p=0.02) and signi!cantly delayed motor ability (OR: 22.21; 95% CI: 
1.50-329.81; p =0.02) at 6 months CA; also, there was a trend towards a higher incidence 
of abnormal NA (OR: 12.75; 95% CI: 0.75-216.0; p=0.08) at 6 months CA.

Table 8.4. (continued)

Prebiotic mixture (n=48) Placebo (n=45)

Nutritional characteristics

Age at start of study supplement (days) 2.1 (1.54-3.42) 2.1 (1.54-3.25)

Time to full supplement dose (days) 11 (4-28) 11 (5-27)

Mean supplement dose during study period (g/kg/d) 1.31 (0.10-1.60) 1,19 (0.40-1.79)

Age at advancement of enteral nutrition (d) 2.8 (0.58-27.50) 2.3 (0.58-18.04)

Exclusive breast milk during 30d study period 32/48 (56%) 25/45 (44%)

1 PE, preeclampsia; E, eclampsia; HELLP, syndrome of hemolysis, elevated liver enzymes, and low platelets; 
PIVH, periventricular-intraventricular haemorrhage; NICU, neonatal intensive care unit. Student’s t test, 
Mann-Whitney U test, and chi-square test or Fisher’s exact test were used to analyse continuous normally 
distributed, nonparametric continuous, and dichotomous data, respectively. 2'Mean ± SD (all such values). 
3'Higher professional or university education. 4'Median; range in parentheses (all such values).



Chapter 8B

190

DISCUSSION

To our knowledge, this is the !rst study to describe the e$ects of prebiotic supplementa-
tion in the neonatal period on the neurodevelopmental outcome in preterm infants. "e 
results of this study indicate that short term supplementation of a prebiotic mixture of 
neutral and acidic oligosaccharides in the neonatal period in preterm infants has no e$ect 
on the neurodevelopmental outcome until the !rst year of corrected age. We found that 
infants with 1 or more serious neonatal infection during the neonatal period more o&en 
had an abnormal NA, a signi!cantly delayed motor ability according to the AIMS and a 
higher incidence of NDI at 6 months (CA), also a&er adjustment for sex, gestational age, 
birth weight <10th percentile, postnatal corticosteroids and prebiotic mixture or placebo 
supplementation, but not at 12 months (CA).

Table 8.5. Neurodevelopmental outcome in preterm infants.

Crude Adjusted

Prebiotic
mixture
(n = 48)

Placebo
(n = 45)

OR (95% CI) p OR (95% CI) p

0 months Suspect NA1 6/29 (21%) 5/24 (21%) 0.98 (0.26-3.75)† 0.98 1.20 (0.26-5.49) † 0.81

Abnormal NA1 1/29 (3%) 1/24 (4%) 0.82 (0.05-14.02) † 0.89 1.27 (0.06-25.85) † 0.88

3 months Suspect NA2 13/25 (52%) 7/25 (28%) 2.55 (0.7-9.3) † 0.16 2.36 (0.55-10.11) † 0.25

Abnormal NA2 4/25 (16%) 7/25 (28%) 0.79 (0.17-3.63) † 0.76 0.82 (0.15-4.40) † 0.81

6 months Suspect NA3 9/34 (27%) 8/40 (20%) 1.42 (0.47-4.26) † 0.53 1.54 (0.47-5.06) † 0.47

Abnormal NA3 2/34 (6%) 3/40 (8%) 0.84 (0.13-5.46) † 0.86 1.31 (0.12-13.94) † 0.82

Sign"cantly delayed
motor ability5

4/32 (13%) 3/35 (9%) 1.52 (0.31-7.40) § 0.60 1.57 (0.18-13.84) § 0.69

NDI7 4/35 (11%) 3/40 (8%) 1.59 (0.33-7.66) § 0.56 3.07 (0.39-24.19) § 0.29

CP 0/48 (0%) 1/45 (2%) n/a - n/a -

12 months Suspect NA4 6/34 (18%) 7/32 (22%) 0.79 (0.24-2.68) † 0.71 0.68 (0.16-2.87) † 0.60

Abnormal NA4 1/34 (3%) 0/32 (0%) n/a - n/a -

Sign"cantly delayed
motor ability6

8/37 (22%) 7/31 (23%) 0.95 (0.30-2.99) § 0.92 0.90 (0.26-3.14) § 0.87

NDI8 8/37 (22%) 8/36 (22%) 0.97 (0.32-2.93) § 0.95 1.11 (0.33-3.68) § 0.87

CP 1/48 (2%) 1/45 (2%) n/a - n/a -

OR: Odds ratio, CI: con"dence interval, CP: cerebral palsy, NA: neurological assessment, NDI: NA = 
abnormal, z-score AIMS < %2, CP, blindness or hearing disabilities. Data are number (%). †Multinomial 
logistic regression analysis or §logistic regression analysis, adjusted for sex, gestational age (weeks), birth 
weight < 10th percentile, postnatal corticosteroids, and $ 1 neonatal infection. 1Missing n=40. 2Missing 
n=34. 3Missing n=9. 4Missing n=19. 5Missing n=26. 6Missing n=25. 7Missing n=18. 8Missing n=20.
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8"ese results are in agreement with other studies, though most of these studies were 
conducted at the age of 18-24 months (CA) (10-13). In our study, at 12 months (CA), 
there was no association between )1 serious infectious episodes and adverse neurodevel-
opmental outcome a&er adjusting for sex, gestational age, birth weight <10th percentile, 
postnatal corticosteroids and prebiotic mixture or placebo supplementation.

Preterm infants are a high-risk population, and severe disabilities in neuromotor and 
sensory functions are the most commonly detected problems in their !rst years of life 
(25,26). As serious neonatal infections, among others, contribute to the development 
of these disabilities (10-13,15), focussing on reducing serious infectious morbidity in 
preterm infants is important. Previous studies have investigated long-term neurodevel-
opmental outcome a&er the administration of other infection-reducing supplements, 
such as probiotics, glutamine and l-arginine, with no signi!cant results (27-29).

In a previous study, we found a lower incidence of endogenous (non-coagulase-
negative staphylococci) infections, which commonly arise from the gastrointestinal tract 

Table 8.6. Neurodevelopmental outcome after $1 serious infectious episodes

Crude† Adjusted†

( 1 neonatal 
infections

0 neonatal 
infections

OR (95% CI) p OR (95% CI) P

0 months Suspect NA 5/21 (24%) 6/32 (19%) 1.40 (0.36-5.35) † 0.63 1.07 (0.20-5.77) † 0.94

Abnormal NA 1/21 (5%) 1/32 (3%) 1.67 (0.10-28.67) † 0.73 1.65 (0.07-38.02) † 0.76

3 months Suspect NA 9/20 (45%) 11/30 (37%) 1.77 (0.48-6.56) † 0.39 1.62 (0.31-8.47) † 0.57

Abnormal NA 5/20 (25%) 6/30 (20%) 1.81 (0.39-8.35) † 0.45 1.45 (0.25-8.27) † 0.68

6 months Suspect NA 8/28 (29%) 9/46 (20%) 2.00 (0.65-6.13) † 0.23 3.73 (0.91-15.25) † 0.07

Abnormal NA 4/28 (14%) 1/46 (2%) 9.00 (0.93-87.03) † 0.06 20.73 (1.31-328.46) † 0.03

Signi"cantly delayed 
motor ability

6/26 (23%) 1/41 (2%) 12.00 (1.35-106.58) § 0.03 25.38 (1.97-327.68) § 0.01

NDI 6/28 (21%) 1/47 (2%) 12.55 (1.42-110.66) § 0.02 29.60 (1.93-453.69) § 0.02

CP 1/28 (4%) 0/47 (0%) n/a - n/a -

12 months Suspect NA 9/27 (33%) 4/39 (10%) 4.63 (1.25-17.21) † 0.02 4.28 (0.92-19.79) † 0.06

Abnormal NA 1/27 (4%) 0/39 (0%) n/a - n/a -

Signi"cantly delayed 
motor ability

9/26 (35%) 6/42 (14%) 3.18 (0.97-10.37) § 0.06 3.08 (0.78-12.14) § 0.11

NDI 10/29 (34%) 6/44 (14%) 3,33 (1.02, 10.55) § 0.04 2.22 (0.59-8.40) § 0.24

CP 2/29 (7%) 0/44 (0%) n/a - n/a -

OR: Odds ratio, CI: con"dence interval, CP: cerebral palsy, NA: neurological assessment, NDI: NA = 
abnormal, z-score AIMS < %2, CP, blindness or hearing disabilities. Data are number (%). †Multinomial 
logistic regression analysis or §logistic regression analysis, adjusted for sex, gestational age (weeks), birth 
weight < 10th percentile, supplementation with prebiotic mixture and postnatal corticosteroids.
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(30), in infants who received su'cient amount of the prebiotic mixture (de!ned as a 
mean supplementation dose of )50% of the maximum supplementation dose of 1.5 g/
kg/d) However, the incidence of coagulase-negative staphylococci infections, which are 
related to (a combination of) indwelling lines and parenteral nutrition, was not lower in 
the prebiotic mixture group. Although the incidence of endogenous infections was lower 
in the prebiotix mixture group, we found no positive e$ect on neurological outcome. 
"is may be due to the sample size of our study. Furthermore, we hypothesise that dif-
ferent infections (e.g. severity/pathogens/type of infection) may have di$erent e$ects on 
neurodevelopmental outcome.

Besides serious infectious morbidity, many other factors have been associated with 
neurodevelopmental impairment, such as gestational age, birth weight, postnatal steroid 
use, total days on ventilator, bronchopulmonary dysplasia (BPD) (6) and necrotising 
enterocolitis Bell’s stage II-III. Even though baseline characteristics in the present study 
did not di$er between the prebiotic mixture group and the placebo group, it is possible 
these factors a$ected the outcome measures. However, in the present study, these factors 
did not in%uence neurodevelopmental outcome. Also, because breast milk is strongly 
promoted in our NICU, approximately 60% of the infants in our study were exclusively 
breastfed in the neonatal period. As neutral and acidic oligosaccharides are a major natu-
ral component in breast milk, the e$ect of enteral supplementation of a prebiotic mixture 
may be less pronounced in preterm infants who were exclusively breastfed. Although 
breastfeeding is associated with higher scores for cognitive development than formula 
feeding (31), in the present study, breastfeeding did not in%uence neurodevelopmental 
outcome.

Impaired neurodevelopmental outcome is associated with white matter damage, e.g. 
periventricular leukomalacia. "e pathogenesis of white matter damage due to serious 
neonatal infections is not yet fully understood. Arpino et al. concluded that the patho-
genesis of white matter damage in the pre- and neonatal period includes both an ischemic 
and an in%ammatory pathway (32). Certain in%ammatory cytokines, such as IL-10, IL-
1/, IL-1ra, IL-6 and TNF-0, may cross the blood brain barrier and cause white matter 
damage (33). Furthermore, cytokines (such as IL-2, IL-4 and IL-5, IL-7, IL-9 and IL-11) 
are present in the central nervous system as physiologic and trophic factors, essential in 
all stages of nervous system development and therefore could also act as a deregulated 
network of neurotrophic factors that alter the fragile mechanisms of CNS development 
(32). Considering the continuous neurobiological changes during pre- and postnatal life 
mentioned earlier, measurement of the concentrations of these cytokines in the right 
time-window may elucidate the pathophysiological mechanisms of white matter damage. 
Genetic susceptibility for in%ammatory insults might even play a role (34). It is clear 
that the in%ammatory pathway to adverse neurodevelopmental outcome is complex and 
multifactorial, and needs to be further studied.
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Beside these factors, postnatal age may also play an important role in the emergence of 
abnormal neurological signs. Prechtl hypothesised that “the developing nervous system 
has age-speci!c properties, based on remodelling of the brain throughout the !rst years 
of life. Normal proliferation and subsequent reduction of neuronal elements and the 
formations of the connectivity between them occurring a&erwards may become involved 
in repair of damaged neural structures (35). Brandt et al. (36) and Drillien et al. (37) 
described abnormal neurological signs in preterm infants that disappeared in roughly 
60% of the cases in the !rst year of life, con!rming that abnormal neurological signs may 
be transient. Furthermore, in clinical practice, a child with suspect or abnormal neurode-
velopment is o&en treated with physiotherapy which may help to improve its motor skills, 
or a child’s motor development may have reached a temporary stagnation (38).

Since Prechtl’s description, more data have become available about the timing of spe-
ci!c ontogenetic events in the development of the human central nervous system (39). 
Of high importance for motor development are the highly active myelinisation in the 
!rst year of life(40), and the elimination of a substantial part of corticospinal axons, in 
particular ipsilateral projections, during the !rst 2 years of life.(41) De Graaf-Peters and 
Hadders-Algra concluded that a child has an age-speci!c nervous system, which leads 
to an age-dependent expression of neural dysfunction. "is may result in windows of 
speci!c vulnerability for adverse in%uences and have important consequences for the 
timing of early intervention.(39)

Some limitations of the study need to be addressed. First of all, the sample size was 
calculated for the initial study, but due to various reasons, some patients were lost to 
follow-up. As a consequence, the sample size of the follow-up study was relatively small 
and 95% con!dence intervals of the analyses were large. Secondly, in the initial study, 
su'cient amounts of study supplement could not always be administered due to feeding 
problems and extensive antibiotic use in very-low-birth weight preterm infants. Lastly, in 
the initial study, all cases of periventricular-intraventricular haemorrhage (PIVH) ) grade 
III were diagnosed before the start of supplementation with a prebiotic mixture. PIVH 
) grade III is considered a major risk factor for adverse neurodevelopmental outcome, 
which could lead to an overestimation of the incidence of adverse neurodevelopmental 
outcome a&er )1 serious neonatal infections. A&er exclusion of infants with PIVH ) 
grade III from the analyses, infants with )1 serious neonatal infections had more o&en 
neurodevelopmental impairment and signi!cantly delayed motor ability, but they had 
not more o&en an abnormal neurological assessment.

In conclusion, this is the !rst study on the e$ects of enteral supplementation of neutral 
and acidic oligosaccharides in preterm infants on neurodevelopmental outcome at the 
corrected age of 1 year. Our study indicates that the supplementation of neutral and 
acidic oligosaccharides in VLBW infants in the neonatal period has no positive e$ect 
on neurodevelopmental outcome at the corrected age of 1 year. Based on the absence of 
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a di$erence in adverse neurodevelopmental outcome, prebiotic supplementation in pre-
term infants appears to be safe. In line with other studies, we found that serious neonatal 
infections in preterm infants are associated with adverse neurodevelopmental outcome.
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GENERAL DISCUSSION

Prebiotics have been the focus of a lot of research in the last years. "e e$ect of prebiotics 
on health and the underlying pathofysiological mechanisms has become a major issue of 
this thesis. Especially in preterm infants, prebiotics may have bene!cial e$ects on health. 
Preterm infants admitted to the NICU have a high risk to develop serious infections. Di-
rectly a&er birth, preterm infants have an underdeveloped gut barrier function, delayed 
intestinal colonisation and immaturity of the host immune defence system. As a conse-
quence, potentially pathogenic bacteria may translocate from the intestinal lumen and 
cause systemic infections. In preterm infants, intestinal colonisation is delayed compared 
with term infants. "e intestinal microbiota has an important role in the metabolism, nu-
trition, immunological functions and defense against pathogens (1-3). Prebiotics cause a 
selective modi!cation in the composition and/or activity of the intestinal microbiota and 
strengthens normobiosis within the gut. "is could induce bene!cial physiological e$ects 
in the colon and in extra-intestinal compartments or contribute towards reducing the 
risk of dysbiosis associated with intestinal and systemic pathology. "ese changes in the 
composition of the intestinal microbiota, especially increase in number of bi!dobacteria, 
has been regarded as a marker of intestinal health (4). To be classi!ed as a prebiotic, the 
food supplement:

1. Should resist gastric acidity, hydrolysis by mammalian enzymes and gastrointestinal 
absorption; 2. Must be fermented by the intestinal microbiota, 3. Should be recognised 
by the immune system as helpful species. "is tolerance stimulates selectively the growth 
and/or activity of intestinal bacteria associated with health and wellbeing (5,6). However, 
although neutral and acidic oligosaccharides meet the requirements to be classi!ed as 
prebiotics, the question remains which oligosaccharides should be supplemented, in 
which composition, in which amount, and at what moment to be e$ective in (preterm) 
infants.

In this thesis we aimed to !nd answers whether or not a prebiotic mixture consisting of 
neutral and acidic oligosaccharides decreases the risk of serious infectious morbidity, 
improves feeding tolerance and short-term outcome. In addition, an attempt is made to 
elucidate the possible pathophysiological e$ects of this prebiotic mixture on postnatal 
adaptation of gastrointestinal tract and postnatal modulation of the immune response. 
"is thesis describes a randomised controlled trial on the e$ect of enteral supplementa-
tion of a mixture of neutral and acidic oligosaccharides in 113 preterm infants. Enteral 
supplementation of neutral and acidic oligosaccharides was given in a maximum dose of 
1.5g/kg/day, between days 3-30 of life.
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EFFECTS OF ENTERAL SUPPLEMENTATION OF NEUTRAL AND ACIDIC 
OLIGOSACCHARIDES

SERIOUS INFECTIOUS MORBIDITY
Although serious infections are o&en due to blood stream infections caused by coagulase-
negative staphylococci, many infections are also caused by endogenous bacteria, which 
o&en originate from the gastro-intestinal tract. In this thesis, enteral supplementation 
of the prebiotic mixture does not signi!cantly decrease the risk of serious infectious 
morbidity in preterm infants. However, there was a trend towards a lower incidence of 
serious infectious morbidity, especially for infections with endogenous bacteria. "e 
incidence of endogenous infections and )2 serious infections episodes was signi!cantly 
lower in infants receiving a mean supplementation dose of at least 50% of the maximum 
supplementation dose of 1.5 g/kg/day during the study period (per-protocol analysis). 
"is suggests that enteral supplementation of a prebiotic mixture consisting of neutral 
and acidic oligosaccharides of preterm infants may reduce the risk to serious infectious 
morbidity, especially endogenous infections, if given in su'cient amounts. "e dose-
depending e$ect is in line with the study of Moro et al. (7), showing a dose dependent 
e$ect of neutral oligosaccharides on the growth of Bi"dobacteria and Lactobacillus in the 
intestinal tract of term born infants. However, most serious infections occur within the 
!rst 2 weeks of life, in which enteral feeding is o&en still limited due to limited feeding 
tolerance and the risk of necrotizing enterocolitis. Preferably, we would like to increase 
the supplementation dose of the prebiotic mixture, however due to the osmolarity of the 
mixture of prebiotics with small amounts of enteral feeding increasing the supplementa-
tion dose of the prebiotic mixture is not possible in the !rst days of life.

Furthermore, many identi!ed and unidenti!ed factors play an important role in the 
susceptibility of preterm infants to serious infectious morbidity. Supplementation with 
only a mixture of three types of non-human milk oligosaccharides may not be su'cient 
enough to decrease serious infectious morbidity. [Chapter 3]

SHORT"TERM OUTCOME
Short term outcome (NEC, growth, feeding tolerance, days on ventilator support, and 
days of admission on the NICU) was not di$erent between the prebiotic mixture and 
placebo group, except for mild BPD. Although the development of BPD is multifactorial, 
in%ammation is considered as an important factor associated with BPD. Enteral supple-
mentation with oligosaccharides may in%uence the immune system and decrease the 
systemic in%ammatory response in the respiratory tract, improving the balance between 
proin%ammatory and in%ammatory cytokines. Previous studies have shown that neutral 
and acidic human milk oligosaccharides can be absorbed and cross the intestinal mucosa 
of the intestine, which suggests that human milk oligosaccharides may have a systemic 
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e$ect and that their e$ect is not restricted to the intestine. Future studies with a larger 
number of preterm infants are needed to con!rm the e$ect of the prebiotics mixture on 
BPD, as BPD is a very relevant factor for long-term morbidity. [Chapter 3]

POSTNATAL ADAPTATION OF THE GASTROINTESTINAL TRACT

Intestinal microbiota and microenvironment
"e intestinal microbiota and microenvironment plays an important role in the develop-
ment of serious infections. Most important predominant populations are found in the 
colon where a symbiosis with the host exists that plays a key for well-being and health. 
For such a microbiota, ‘normobiosis within the gastrointestinal tract’ characterises a 
composition of the intestinal ‘microenvironment’ in which micro-organisms with po-
tential health bene!ts predominate in number over potentially harmful ones, in contrast 
to ‘dysbiosis’ within the gastrointestinal tract, in which one or a few potentially harmful 
micro-organisms are dominant, creating a disease-prone environment (4). Supplementa-
tion with the prebiotic mixture with neutral and acidic oligosaccharides increased the 
intestinal colonisation until day 14, but this e$ect did not sustain until day 30 of life. In 
this thesis, we found that enteral supplementation of neutral and acidic oligosaccharides 
did a$ect the intestinal microenvironment by decreasing stool pH and increasing stool 
viscosity. "ere was a trend toward increased acetic acid and increased stool frequency. 
"is suggests an improved intestinal microenvironment that may favor the e$ect of a 

䊺
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‘bi!dogenic’ microbiota. "e intestinal colonisation is in%uenced by many factors. We 
found that low gestational age, low birth weight and delivery by caesarean section delays 
the intestinal colonisation, whereas admission to a general ward increases the intestinal 
colonisation. Furthermore, we found that broad-spectrum antibiotics delayed the intes-
tinal colonisation. [Chapter 4-I]

Intestinal in'ammatory response
"e intestinal microbiota communicates with the intestinal immune system. "is interac-
tion leads to metabolic and immunologic reactions by the epithelial cells and the underly-
ing lymphoid cells, and is called the bacterial-epithelial ‘cross talk’ (8). To elucidate the 
e$ect of “bacterial crosstalk” with the intestinal immune system, faecal calprotectin and 
IL-8 were measured. As invasive measurement of the in%ammatory response of the gas-
trointestinal tract is di'cult in preterm infants, noninvasive markers measuring in%am-
mation of the gastrointestinal tract have been studied such as faecal calprotectin and IL-8. 
Faecal calprotectin is already widely used in infants and adults to monitor in%ammatory 
bowel diseases.

In neonates data on faecal IL-8 are not available and data on faecal calprotectin are 
limited. Previous studies on faecal calprotectin in infants showed the same trend, with 
high levels in healthy full-term and preterm neonates, accompanied by high interindi-
vidual variability. "is may be a physiological response of the intestinal mucosa for the 
establishment of intestinal epithelial homeostasis and oral tolerance. "erefore, faecal 
calprotectin may be a noninvasive marker of intestinal in%ammation. A previous study in 
preterm and term infants shows a signi!cantly correlation between faecal IL-8 and faecal 
calprotectin. (unpublished data)

In our study, enteral supplementation of neutral and acidic oligosaccharides did not 
a$ect the postnatal developmental pattern of faecal IL-8 and faecal calprotectin. "is may 
be explained by the delayed intestinal colonisation as described previously. Two recent 
studies found a correlation between the intestinal microbiota and faecal-calprotectin 
levels in preterm infants (9, 10). Faecal IL-8 and faecal calprotectin were increased in 
preterm infants who were exclusively fed with expressed breast milk. We hypothesise that 
increased levels of faecal IL-8 and faecal calprotectin in the !rst period of life may be a 
re%ection of a physiological maturation of the immune system and may not necessarily 
be harmful. Breast milk feeding may stimulate this maturation process of the immune 
system. For faecal-calprotectin, our results are in line with a recent study done by Savino 
et al. (11), who found higher levels of calprotectin in breastfed term infants compared 
with formula fed term infants.

Both faecal IL-8 and faecal calprotectin levels were higher in infants with NEC com-
pared with infants without NEC. For faecal calprotectin, this is in line with previous 
studies (12, 13). However the optimal cut-o$ value of faecal calprotectin as a biomarker 
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for NEC is still unknown. Larger studies of these markers are needed to con!rm the 
validity for clinical use of faecal-calprotectin and faecal IL-8 as biomarkers. However, 
serial measurements of feacal IL-8 and faecal calprotectin may be useful as a non-invasive 
biomarker of the development of NEC. [Chapter 4-II]

INTESTINAL PERMEABILITY

Directly a&er birth, preterm infants have impaired gut barrier function, re%ected by an 
increased intestinal permeability. Due to this increased intestinal permeability, delayed 
intestinal colonisation and immaturity of the host immune defense system, potentially 
pathogenic bacteria may translocate from the intestinal lumen and cause systemic infec-
tions. Early enteral feeding is associated with decreased intestinal permeability (14). In 
a recent study, intestinal permeability was decreased in preterm infants who received 
breast milk feeding versus preterm infants who received formula feeding (15).

Enteral supplementation of the prebiotic mixture consisting of neutral and acidic 
oligosaccharides did not enhance the decrease in intestinal permeability in the !rst week 
of life, as measured by the sugar absorption test. Breast milk feeding during the !rst 
week of life decreased intestinal permeability. "e prebiotic supplementation dose and 
time in our study may have been insu'cient to reach a (maximal) e$ect on intestinal 
permeability. [Chapter 5]

POSTNATAL MODULATION OF THE IMMUNE RESPONSE

"ere is accumulating evidence that intestinal microbiota has an important role in the 
postnatal development of the immune system. If the intestinal %ora develops di$er-
ently, the postnatal development of the immune system might also be di$erent. Intestinal 
bacteria have a key role in promoting the early development of the intestinal mucosal 
immune system, both in terms of its physical components and function, and continue to 
have a role later in life. Bacteria stimulate the gut-associated lymphoid tissue to produce 
antibodies to pathogens. Furthermore, the immune system recognises and !ghts harm-
ful bacteria, but does not react against helpful species (as well as the host’s own organs) 
and is sometimes termed the ‘old friends’ hypothesis (16). Besides a bene!cial e$ect of 
prebiotics by modulation the intestinal microbiota, oligosaccharides are also able to act 
as receptor-analogs and are known to inhibit the adhesion of pathogens on the epithelial 
surface. Moreover, especially acidic oligosaccharides may directly a$ect the immune cells 
(6).
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Cytokine levels
To elucidate the e$ect of the prebiotic mixture on the postnatal modulation of the 
immune system, we determined the e$ect of enteral supplementation of the prebiotic 
mixture consisting of neutral and acidic oligosaccharides on cytokine levels. "is study 
shows that enteral supplementation of a prebiotic mixture consisting of neutral and acidic 
oligosaccharides between days 3 and 30 of life does not change cytokine levels in preterm 
infants. Early exposure to microbes will induce "1 responses that shi& presumed neona-
tal default "2 immune responses towards a balanced "1/"2 cytokine pro!le. Preterm 
birth may lead to an immunological cascade resulting in an unbalanced "1/"2 cytokine 
pro!le with increased susceptibility for infections and development of allergic diseases 
later in life. Especially the !rst months of life may represent a critical window in the 
maturation of the immune system. Pro-in%ammatory cytokines are primarily responsible 
for cell-mediated resistance to infections. However, overproduction of pro-in%ammatory 
cytokines can be harmful and may lead to shock, multi-organ failure and death (17-19). 
Furthermore in preterm infants, high levels of pro-in%ammatory cytokines in cord blood 
are related to white matter damage, chronic lung disease, patent and development of 
allergy (20-23). "e immune system is a very complex system and each cytokine can 
act in di$erent ways, in%uenced by other cytokines, chemokines and growth factors. 
Furthermore, many clinical and nutritional factors in%uence cytokine levels. "erefore, 
cytokine levels may not be the ideal marker to elucidate the responses of the immune 
system. Furthermore, the development of the immune response is regulated by among 
others the regulatory T-cells. It has been hypothesised that each type of immune response 
either "1 type of immune response or "2 develops its own regulatory population and 
a balanced immune response can be controlled by distinct regulatory T-cell populations. 
In presence of prebiotic oligosaccharides, the immune response in a vaccination model 
is shi&ed towards a more pronounced "2 type of responsiveness. As regulatory T-cells 
play a prominent role herein, it has been hypothesised that the speci!c oligosaccharides 
strengthen the "2 suppression, favouring the development of "1 immune response 
(24). In our study, the bene!cial e$ect of enteral supplementation of the prebiotic mixture 
on the incidence of serious endogenous infections was not related to changes in cytokine 
levels. Other markers of the immune system should be investigated such as antibody 
responses, Toll-like receptors or newly developed markers such as Immunoglobulin free 
light chains. [Chapter 6-I]

Response to vaccinations
Enteral supplementation of the prebiotic mixture consisting of neutral and acidic oligo-
saccharides did not enhance the immune response against Diphtheria, Tetanus, Pertussis 
and Hib a&er the primary vaccinations (2,3,4 months) and a&er the !rst booster immuni-
zation (1 year). Benyacoub et al. (25) showed that fructo-oligosaccharides (FOS) supple-
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mented to the enteral feeding of mice for 1 week before the vaccination to Salmonella, 
increased their IgG levels to Salmonella than mice in the control group. "e period of 
supplementation and the period of 30 days between supplementation and immunization 
may explain the lack of e$ect of enteral supplementation of the prebiotic mixture on the 
immunization response against DTaP-Hib vaccinations. In our study, 27% of all preterm 
infants vaccinated for DTaP-Hib at 3, 4, 5 and 12 months of uncorrected age, did not 
reach the International assigned protective concentrations for long term protection a&er 
their booster vaccine at 12 months. "is may indicate that preterm infants are not able 
to respond as e$ectively to vaccinations as term infants. Furthermore, preterm infants 
receive less IgG antibodies against DTaP-Hib-Pneu through transplacental transport 
compared with term infants. "e low antibody concentrations of protective IgG in pre-
term infants may predict a susceptibility of the infants for vaccine-preventable diseases 
for example for Pertussis. In the Netherlands, epidemic episodes of Pertussis occur every 
3 years. Especially, for the more vulnerable preterm infants, Pertussis has a high morbid-
ity and every year some infants die of Pertussis. To reduce the risk of preterm infants 
to vaccine-preventable diseases, a change in the current vaccination schedule should be 
considered, for example starting the !rst vaccinations earlier in life. [Chapter 6-II]

LONG"TERM OUTCOME

Allergic and infectious diseases in the %rst year of life
In various studies, it is shown that the intestinal microbiota is involved in the develop-
ment of atopic diseases, asthma and food allergies and that intervention with pre- or 
probiotics may decrease the risk to develop atopic diseases later in life. In this thesis, 
there was no e$ect of short-term supplementation of a prebiotic mixture consisting of 
neutral and acidic in preterm infants on the incidence of allergic and infectious diseases 
during the !rst year of life. For the past decades, the incidence of allergic diseases has 
been increasing in developed countries. Several hypotheses have been postulated to 
explain this increase in allergy development including the “hygiene hypothesis” and the 
“microbiota hypothesis”. "e “hygiene hypothesis” implies that a lack of early microbial 
stimulation results in an aberrant immune response to innocuous antigens later in life. 
"e “microbiota hypothesis” implies that perturbations in the intestinal microbiota in 
developed countries (due to antibiotic use, dietary changes and other lifestyle di$erences) 
have disrupted the normal microbiota-mediated mechanisms of immunological toler-
ance. In preterm infants, the intestinal colonisation with bene!cial bacteria is delayed. 
"e preventive e$ect of supplementation of oligosaccharides on allergic and infectious 
diseases seems to be dependent on the dosage and duration of supplementation and the 
risk of allergy of the study population. "e !rst months of life represent a critical time for 
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the initiation of immunological changes and therefore could be a window of opportunity 
to prevent atopic diseases later in life. [Chapter 8]

Neurological outcome in the %rst year of life
To our knowledge, this is the !rst study to describe the e$ects of enteral supplementa-
tion of a prebiotoc mixture of neutral and acidic oligosaccharides in preterm infants on 
neurodevelopmental outcome at the corrected age of 1 year. "e results of this study 
indicate that supplementation of neutral and acidic oligosaccharides in preterm infants 
in the neonatal period has no positive e$ect on neurodevelopmental outcome until the 
!rst year of corrected age. Preterm infants are at increased risk for impaired neurological 
outcome. Various studies showed that early infections, including chorioamnionitis, sepsis 
and necrotizing enterocolitis have an adverse e$ect on neurodevlopmental outcome due 
to secondary brain damage. In the main trial of this thesis, we found a lower incidence of 
serious infections a&er enteral supplementation of the prebiotic mixture. We hypothesised 
that enteral supplementation of a prebiotic mixture of neutral and acidic oligosaccharides 
may lead to improved neurodevelopmental outcome in early childhood by reducing the 
neonatal infectious morbidity. Although we did not !nd a direct positive e$ect of enteral 
supplementation of the prebiotic mixture on neurodevelopmental outcome, in additional 
analysis, infants with a neonatal infection had a higher risk of neurodevelopmental 
impairment compared to infants without a neonatal infection. To develop strategies to 
improve long-term outcome, it is important to unravel the pathofysiology of central 
nervous injury in preterm infants. Furthermore, early recognition and early (physical) 
therapy in those infants who have neurodevelopmental impairment may help to improve 
outcome in these vulnerable preterm infants.

ANTIBIOTICS

"e lack of e$ect of the prebiotic mixture on the intestinal microbiota and the immune 
system may partly be explained by high doses of broad-spectrum antibiotics used in 
preterm infants, admitted to an intensive care unit that could negatively in%uence the in-
testinal colonisation. We hypothesise that the extensive use of broad-spectrum antibiotics 
in preterm infants, decreases the growth of all bacteria in the intestine.

Furthermore, antibiotics may negatively interact with the bacterial-epithelial ‘crosstalk’ 
and subsequently negatively in%uence the (immature) immune system. In 2 recent studies 
in preterm infants, we found that antibiotics severely delayed the intestinal colonisation. 
Delayed intestinal colonisation decreases the production of SCFA that in turn impairs 
gut barrier function. Cotton et al. (26) found that prolonged initial antibiotic treatment 
increased the risk of NEC or death, whereas Sobko et al. (27) found that a&er neonatal 



209

General discussion

9

antibiotic treatment the risk for later development of asthma is increased. We hypothesise 
that the frequent use of broad-spectrum antibiotics in our NICU could have reduced 
the e$ect of the prebiotic mixture on the development of a “healthy balanced” intestinal 
microbiota, leading to a less pronounced e$ect on the immune system. "erefore, we pro-
pose to consider these possible negative e$ects when (considering) to start and continue 
treatment with broad-spectrum antibiotics in preterm infants.

METHODOLOGICAL CONSIDERATIONS

Some speci!c remarks may be formulated with regard to the design of the studies in this 
thesis. First the amount of prebiotics and total days of supplementation may have been 
insu'cient to elicit an e$ect of prebiotic supplementation. A&er performing a per pro-
tocol analysis, excluding all infants receiving a mean supplementation dose <50% of the 
maximum supplementation dose (1.5g/kg/day) during the study period and infants not 
completing the study period (30days), we found an increased e$ect of prebiotic supple-
mentation on serious endogenous infections, suggesting a bene!cial e$ect of prebiotic 
supplementation with neutral and acidic oligosaccharides. However, this also illustrates 
the di'culties of to perform a clinical study on prebiotics, especially in preterm infants. 
Most serious infections occur within the !rst 2 weeks of life, in which enteral feeding is 
o&en still limited due to limited feeding tolerance and the risk of necrotizing enterocolitis. 
Due to these feeding problems in preterm infants, su'cient amounts of study supplemen-
tation could not always be administered to accomplish a bene!cial e$ect on the intestinal 
microbiota. Preferably we would have supplemented 1.5g/kg/day from the start of the 
intervention, however due to osmolarity reasons this was not feasible. Furthermore, to 
increase the e$ect of prebiotics, especially at long-term, prebiotic supplementation would 
preferably been given for a longer time period, e.g. 6-12 months. However our hypothesis 
(and main outcome) of the trial was that enteral supplementation of neutral en acidic 
oligosaccharides shortly a&er birth decreases the risk of serious infections in preterm 
infants in the !rst month of life. As most preterm infants develop a serious infection 
within the !rst month of life (most o&en in the !rst 2 weeks of life), we expected the main 
e$ect in the !rst month of life. Moreover, we hypothesised that this bene!cial e$ect of 
prebiotics would have a permanent e$ect on the immune system, due to a direct e$ect 
on the immune system (acidic oligosaccharides) and “crosstalk” between the intestinal 
microbiota and the immune system. In general, prebiotic intervention directly a&er birth 
is di'cult since the process is disturbed by many factors including host-, treatment- and 
nutrition-related factors. "erefore, it may be very di'cult to show major di$erences in 
the intervention. We speculate that synbiotic supplementation, with a mixture of prebiot-
ics and probiotics, may enhance, especially in the !rst weeks of life, the development of 
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a balanced intestinal colonisation. Another limitation of the study is the high percentage 
of infants who received breast milk in the !rst month of life. "e infants in the placebo 
group may have received considerable amounts of prebiotics through breast milk. In this 
thesis, we supplemented 3 di$erent non-human milk oligosaccharides. However, breast 
milk contains over 200 human milk oligosaccharides with signi!cant variability between 
individuals over time (28). "erefore, only 3 types of prebiotics may not be su'cient 
enough and future research should focus on mimicking more di$erent kind of oligosac-
charides. Furthermore, the sample size calculation was based on the primary outcome 
of the main trial (serious neonatal infections). As a consequence, the sample size of the 
studies into the mechanisms of prebiotics may have been too small to detect di$erences 
between the prebiotics and placebo group. However, we believe that a larger sample size 
would not have lead to signi!cant di$erences in most outcome parameters.

"e primary outcome of the study described in this thesis, infectious morbidity was de-
!ned as 1 serious (endogenous) infection during the complete study period. In the studies 
into intestinal microbiota, calprotectin and IL-8, intestinal permeability, measurements 
were performed at 3 or 4 points during the !rst 30 days of life. In the statistical analysis 
of the latter studies, only serious (endogenous) infection within 48 hours preceding the 
sampling time was taken into account. In addition, results of a small number of infants 
with a serious (endogenous) infection at a sampling day were excluded from analysis. 
Based on recent studies mainly in healthy term infants and term infants at high risk for 
allergic diseases, the preventive e$ect of supplementation of oligosaccharides on allergic 
and infectious diseases later in life seems to be dependent on the dosage and especially 
duration of supplementation and the risk of allergy of the study population. "e !rst 
months of life represent a critical time for the initiation of immunological changes and 
therefore could be a window of opportunity to prevent atopic diseases later in life. "ere-
fore, supplementation of neutral and acidic oligosaccharides for a longer period than 30 
days may have increased the e$ect on the development of allergic diseases. In addition, as 
many allergic diseases develop a&er the !rst year of life longer follow-up of this cohort is 
essential to determine the e$ect on allergic diseases.
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CONCLUSIONS

Preterm infants have a delayed intestinal colonisation. Together with an immature gastro-
intestinal tract and immature immune system, this puts preterm infants at risk to develop 
serious infectious morbidity. A mixture of prebiotics consisting of non-human neutral 
and acidic oligosaccharides may increase the development of the intestinal microbiota 
and may bene!cially a$ect the immune system that may decrease the risk to serious 
infectious morbidity in preterm infants. In this thesis, enteral supplementation of a 
prebiotic mixture consisting of neutral and acidic oligosaccharides does not signi!cantly 
decrease the risk of serious infectious morbidity in preterm infants. However there was 
a trend towards a lower incidence of serious infectious morbidity, especially for infec-
tions with endogenous bacteria. "e lower incidence of serious infectious in the prebiotic 
supplemented group was not associated with changes in intestinal permeability, faecal 
calprotectin and IL-8, cytokine responses and immune response to vaccinations. "ere 
was an improvement of the intestinal microenvironment as measured with SCFA, stool 
pH and stool viscosity. "ere was an increased growth of the intestinal microbiota at day 
14 of life, but this e$ect did not sustain until day 30. Many factors are involved in the 
development of the intestinal microbiota and in general preterm infants have a delayed 
colonisation. "e extensive use of broad-spectrum antibiotics decreases the growth of 
an (balanced) intestinal microbiota and may negatively impact the normal microbiota 
colonisation and interfere with the bacterial-epithelial ‘cross-talk’ necessary for normal 
intestinal development. "e results of this thesis suggest that we should take these pos-
sible negative e$ects of antibiotics into account when (considering) to start and continue 
with broad-spectrum antibiotics in newborn preterm infants. "ere was was no e$ect of 
enteral supplementation of the prebiotic mixture on allergic and infectious diseases and 
on neurological outcome in the !rst year of life. However, serious neonatal infections in 
preterm infants are associated with adverse neurodevelopmental outcome.

As many identi!ed and unidenti!ed factors play an important role in the susceptibility 
of preterm infants to serious (neonatal) infectious morbidity, supplementation with a 
mixture of 3 kinds of prebiotics may not be su'cient enough to decrease serious (neo-
natal) infectious morbidity and other (nutritional) interventions should be taken into 
account in helping to minimise the risk to serious infectious morbidity. For example, the 
use of another mixture of prebiotics, probiotics or the use of synbiotics. Despite all sup-
portive results of prebiotics, probiotics and/or synbiotics, the optimal treatment for this 
vulnerable population remains unknown, and it is important to investigate the optimal 
mixture of prebiotic oligosaccharides, probiotic strains, dose, and time of administration.
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FUTURE RESEARCH

It is complex to investigate the e$ects of immunonutrition in preterm infants. However, it 
is an important target to improve outcome in these vulnerable infants.

Before one can study the possible bene!cial e$ects of a certain immunonutrition, all 
other factors should be considered and investigated thoroughly. Human milk is used as 
the golden standard and many research focused on elucidating the composition of human 
milk. However, feeding the preterm infant with human milk is not always possible and 
moreover does mother’s milk meet the requirements of a preterm infant? Donor mother 
milk may be a good alternative if mothers are unable to provide (enough) mother’s milk 
for heir infants.

Furthermore if we focus on human milk oligosaccharides, human milk oligosaccha-
rides may not be constitutively produced, may vary by maternal genotype and moreover 
each oligosaccharide may bind to di$erent enteric pathogens. Besides oligosaccharides 
also other human milk inhibitory glycoconjugates may bind to enteric pathogens.

Of major importance is the fact that there is accumulating evidence that the intestinal 
microbiota has an important role in the postnatal development of the immune system. 
"us, if the intestinal %ora develops di$erently, the postnatal development of the immune 
system may also be di$erent and this may have permanent e$ects later in life.

Investigations into the e$ects of speci!c nutritional components on the intestine is 
complex because of the multicausal aetiology of many factors in%uencing the intestine 
and its immune system, thereby in%uencing clinical outcome. To investigate the exact 
composition of the intestinal microbiota, we would like to take biopsies. However, this is 
not possible for ethical reasons and research is focused on the content of faecal samples 
as an indicator of the intestinal microbiota. Most of the current understanding of intes-
tinal colonisation in neonates is derived from studies using culture-based techniques. 
New molecular techniques, such as IS-pro have been developed to identify the intestinal 
microbiota (29). "ese techniques are able to identify the whole intestinal microbiota and 
also measure DNA of death bacteria. Recent research showed that also death bacteria or 
components of live bacteria are able to interact with the receptor repertoire, which are 
spread along the luminal wall of the intestine and are able to initiate a response of the 
mucosal immune system. "is has also been called: “code orange”: an increased arousal 
of the immune system without any defense reaction (30). In another recent study in a 
NEC model with pigs, administration of a death probiotic mix led to increased mucosal 
atrophy, increased intestinal permeability, and reduced digestive enzyme activities and 
sugar absorptive capacity compared with pigs which did not receive any supplementation 
(31). "ese e$ects of death bacteria may result from epithelial interaction with bacterial 
antigens. Future research is necessary to elucidate the exact role of these death bacteria in 
the intestine and its e$ect on the immune system. Moreover, new markers of the immune 
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system may be identi!ed to understand more about the mechanisms of the immune 
system, such as Immunoglobulin free light chains which may be another pathway in the 
development in allergic diseases.

Although a commonly held belief is that the intestinal tract of the fetus is sterile, recent 
studies using a combination of culture and non-culture-based techniques suggest that 
many preterm infants are exposed to microbes found in the amniotic %uid, even without 
a history of rupture of membranes or culture-positive chorioamnionitis. "is has led to 
speculation that the microbial ecology of the swallowed amniotic %uid may have a role 
not only in the fetal intestinal physiology and in%ammation but also perhaps in prema-
ture labor and should be considered in the pathogenesis of infections and immunonu-
trition in preterm infants. More studies are needed to investigate the possible e$ect of 
addition of new (combinations) of prebiotics, probiotics or synbiotics or aminoacids and 
nucleotides, amniotic %uid or even nutritional factors not yet identi!ed. Furthermore, 
prebiotics may be supplemented in a higher dose, as it has been shown that there is a 
dose-depending e$ect of prebiotics supplementation. In addition, only few studies have 
investigated the long-term e$ects of prebiotics supplementation in preterm infants. In 
order to understand the pathophysiology and to further determine safety and e'cacy 
of prebiotics supplementation beyond the neonatal period, long-term follow-up is es-
sential. It is important to study long-term e$ects of prebiotics supplementation that may 
contribute to deliberate choices in neonatal support in preterm infants.
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ABSTRACT

Objective. To assess the safety and prebiotic e$ects of lactulose in preterm infants. Study 
design. "is was a prospective, double-blinded, placebo-controlled, single-center study 
in 23- to 34-weeks premature infants. "e study group received 1% lactulose, and control 
infants received 1% dextrose in all feeds (human milk or formula). Results. Twenty-eight 
infants participated (15 lactulose, 13 placebo). Small doses of lactulose appeared to be 
safe and did not cause diarrhea. Premature infants on lactulose had more Lactobacilli-
positive stool cultures that appeared earlier with larger number of colonies. "e lactulose 
group tended to have less intolerance to enteral feedings, to reach full oral feeds earlier, 
and to be discharged home earlier. "ey also tended to have fewer episodes of late-onset 
sepsis, lower Bell stage necrotizing enterocolitis, and their nutritional laboratory indices 
were better, especially calcium and total protein. Conclusions."is pilot study supports 
the safety of supplementing preterm infants’ feeds with low doses of lactulose. It also 
demonstrated trends that may suggest positive prebiotic e$ects.

TO THE EDITOR

Riskin et al (1) studied the e$ects of lactulose supplementation to enteral feeding in pre-
mature infants. "e authors conclude that supplementation with low doses of lactulose is 
safe and that there is a trend toward positive e$ects of prebiotics addition to the feeding. 
(1) However, we think that the authors should be careful in drawing these conclusions. 
Although, the authors already acknowledge that in this pilot study with small numbers of 
infants (n=28), the infants in the intervention group were (slightly) more mature (1.6wks) 
and larger (300g) than in the control group, no attempt is made to evaluate the e$ect of 
these and other di$erences. Beside di$erences in gestational age en birth weight, infants 
in the intervention group had less episodes of antibiotics, although the percentage is not 
fully clear from table II, and were more frequently fully or partially breastfed. Both these 
factors are associated with changes in the intestinal microbiota (2,3). Furthermore, the 
authors do not report on maternal factors, such maternal antibiotics, which may in%u-
ence the intestinal microbiota of the premature infants as well.

Moreover, it is not clear in table II and III at what time point and which faecal samples 
were analysed. "ere was a non-signi!cant increase in lactobacilli. However, there was 
no e$ect of lactulose on other probiotic bacteria such as Bi!dobacteria. "e authors 
only mention this in the discussion, whereas we think, as this is an important probiotic 
bacteria, it should be more appropriate to report this in table III. Selecting only those 
infants in which the faeces showed su'cient growth of lactobacillus creates a bias in the 
analysis of the faecal %ora.
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SUMMARY

Preterm infants have a delayed intestinal bacterial colonisation. Together with an imma-
ture gastro-intestinal tract and immature immune system, this puts preterm infants at risk 
to develop serious infectious morbidity. A mixture of prebiotics consisting of non-human 
neutral and acidic oligosaccharides may stimulate the growth of a bi!dogenic intestinal 
microbiota, prevent adhesion of pathogens to the intestinal wall and positively stimulate 
the immune system. As a result of these e$ects, we hypothesised that neutral and acidic oli-
gosaccharides decrease serious infections, increase feeding tolerance, improve the response 
to vaccinations, and decrease the risk to atopy and infections later in life. Most studies with 
prebiotics only focus on the colonisation of the intestinal microbiota. "e in%uence on the 
immune system is not yet fully understood. However, studying the immune modulatory 
e$ects is complex because of the multicausal risk of infections in preterm infants. Increased 
insight in the e$ects of prebiotics on the developing immune system may help to identify 
possible therapies to decrease (infectious) morbidity and mortality in preterm infants.

"is thesis describes a double-blind randomised controlled trial in 113 preterm infants 
on the e$ect of enteral supplementation of a prebiotic mixture of neutral and acidic 
oligosaccharides. "e primary aim of this thesis is to determine the e$ect of enteral 
supplementation of a prebiotic mixture consisting of acidic and neutral oligosaccharides 
on serious infectious morbidity. Secondary aims are to determine the e$ect of acidic and 
neutral oligosaccharides on feeding tolerance and short-term outcome. In chapter 1 and 
2 we describe the background and aims of the studies presented in this thesis.

In chapter 3, we determined the e$ect of enteral supplementation of the prebiotic mixture 
on serious infectious morbidity, feeding tolerance and short-term outcome in preterm 
infants. We found that enteral supplementation of the prebiotic mixture decreases the 
incidence of endogenous infections, if given in su'cient amounts. "ese results were 
not in%uenced by gestational age, birth weight, Apgar score <6 at 5 min, and exclusive 
breastfeeding during the 28d study period. We did not !nd an e$ect of enteral supple-
mentation of the prebiotic mixture on feeding tolerance (time to full enteral feeding) or 
the incidence of necrotising enterocolitis. Enteral supplementation of neutral and acidic 
oligosaccharides decreased the incidence of mild BPD.

As part of the previously described randomised controlled trial on the e$ect of enteral 
supplementation of a prebiotic mixture of neutral and acidic oligosaccharides on seri-
ous infectious morbidity, we performed several studies to elucidate the role of neutral 
and acidic oligosaccharides on postnatal adaptation of the gastrointestinal tract and in 
modulation of the immune response.
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"e development of the intestinal microbiota and the gastro-intestinal tract in preterm 
infants and the e$ect of a prebiotic mixture is described in chapter 4. In chapter 4A.1, 
we describe in a review of the literature that preterm infants have a delayed intestinal 
colonisation with health promoting bacteria compared to healthy breast-fed term infants 
and antibiotics further delay the intestinal bacterial colonisation. In chapter 4A.2, we 
found that enteral supplementation of the prebiotic mixture increased the intestinal 
colonisation at day 14 postpartum of all bacteria, but not at day 30 postpartum as 
measured with FISH. "ere was no signi!cant increase of health promoting bacteria 
such as bi!dobacteria and lactobacilli, nor a signi!cant decrease of pathogenic bacteria, 
a&er enteral supplementation of a prebiotic mixture. In general the number of all faecal 
bacteria was low. In our study, treatment with broad-spectrum antibiotics substantially 
decreased the growth of all intestinal bacteria. We speculate that broad-spectrum an-
tibiotic may (partly) diminish the bene!cial e$ect of prebiotic supplementation on the 
intestinal microbiota and infectious morbidity. In chapter 4A.3, we found that enteral 
supplementation of the prebiotic mixture changed the intestinal microenvironment by 
decreasing stool pH and stool viscosity. "ere was a trend toward increased acetic acid 
concentration and increased stool frequency. "is suggests an improved intestinal micro-
environment that may favor the e$ect of a ‘bi!dogenic’ microbiota and as a consequence 
has a bene!cial e$ect on the intestinal wall and immune system. IL-8 en calprotectin are 
markers of intestinal in%ammation. In chapter 4B, we found that enteral supplementa-
tion of a prebiotic mixture does not change f-IL-8 and f-calprotectin levels in preterm 
infants. "e lower incidence of serious endogenous infections prebiotic mixture group is 
not directly related to a lower intestinal in%ammatory response as measured by f-IL-8 and 
f-calprotectin. However, the intestinal in%ammatory response may still play a role in the 
susceptibility to (endogenous) infections. In chapter 5, enteral supplementation of the 
prebiotic mixture of neutral and acidic oligosaccharides did not enhance the decrease in 
intestinal permeability in the !rst week of life, as measured by the sugar absorption test. 
Breast milk feeding during the !rst week of life decreased intestinal permeability.

In chapter 6, we focused on the e$ect of enteral supplementation of the prebiotic mix-
ture on the postnatal modulation of the immune response. In chapter 6A, we show that 
enteral supplementation of the prebiotic mixture did not in%uence cytokine responses 
in preterm infants. "ere were major interindividual di$erences in cytokine levels. In 
chapter 6B, we show that the transplacental transport of IgG is signi!cantly lower in 
preterm infants than in term infants. In term infants, low percentages of protective 
antibody concentrations were found in cord blood posing these infants at risk for vac-
cine preventable diseases in the !rst months of life. However, preterm infants with an 
immature immune system have even lower protective antibody concentrations, derived 
from their mothers, which predisposes them to higher risk for vaccine-preventable 
diseases. Enteral supplementation of a prebiotic mixture of neutral and acidic oligosac-
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charides did not increase IgG response to Diphtheria, Tetanus, acelullar Pertussis and 
Haemophilus in%uenzae type b and Pneumococcus vaccinations 1 month a&er the 3th 
and 1 month a&er the booster vaccination. Immunoglobulin free light chain (IgLC) may 
be involved in the development of allergic diseases and oral tolerance. In chapter 7, we 
show that IgLC is transferred over the placenta but levels are much lower in both preterm 
infants and term infants than in their mothers. In chapter 8, we present the long-term 
outcome of enteral supplementation of the prebiotic mixture on allergic and infectious 
diseases and neurological outcome in the !rst year of life. We found no e$ect of enteral 
supplementation of the prebiotic mixture on allergic and infectious diseases in the !rst 
year of life. Furthermore, we found that serious neonatal infections in preterm infants are 
associated with adverse neurodevelopmental outcome, as measured with a score used by 
physiotherapists.
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SAMENVATTING

Te vroeg geboren kinderen hebben een vertraagde bacteriële kolonisatie van de darm. 
Daarnaast zijn het maagdarmkanaal en het afweersysteem nog niet volledig ontwikkeld. 
Hierdoor lopen te vroeg geboren kinderen een grotere kans op het krijgen van een (ern-
stige) infectie. Een mix van prebiotica bestaande uit neutrale en zure oligosacchariden 
stimuleren de groei van een gunstige (bi!dogene) darm%ora, voorkomen adhesie van 
pathogene bacteriën aan de darmwand en hebben een positief e$ect op het afweersy-
steem. Als resultaat van deze e$ecten, zou deze mix van prebiotica het ontwikkelen van 
ernstige infecties kunnen voorkomen, de voedingstolerantie kunnen verbeteren, de 
afweerreactie tegen vaccinaties verbeteren en het ontwikkelen van allergieën en infecties 
op latere lee&ijd kunnen verminderen. De meeste studies over prebiotica hebben met 
name gekeken naar de kolonisatie van de darm%ora. De invloed op het afweersysteem 
is niet duidelijk. Echter het bestuderen van het afweersysteem is complex vanwege de 
verschillende factoren die van invloed kunnen zijn op het ontwikkelen van infecties bij 
te vroeg geboren kinderen. Inzicht in het e$ect van prebiotica op het zich ontwikkelende 
afweersysteem zou kunnen helpen bij het verbeteren van de behandeling van te vroeg 
geboren kinderen.

Dit proefschri& beschrij& een dubbelblinde gerandomiseerde studie van 113 te vroeg 
geboren kinderen naar het e$ect van enterale suppletie van een prebiotica mix bestaande 
uit neutrale en zure oligosacchariden. Het primaire doel van dit proefschri& is het onder-
zoeken van het e$ect van enterale suppletie van de prebiotica mix op het ontwikkelen van 
ernstige infecties. Secondaire doel is het onderzoeken van het e$ect van de prebiotica 
mix op voedingstolerantie en korte termijn uitkomst. In hoofdstuk 1 en 2 beschrijven wij 
de achtergrond en het doel van de studies gepresenteerd in dit proefschri&,.

In hoofdstuk 3 hebben we onderzocht wat het e$ect is van de prebiotica mix bestaande 
uit neutrale en zure oligosacchariden op het ontwikkelen van infecties, voedingstoleran-
tie en korte termijn uitkomst in te vroeg geboren kinderen. Indien de prebiotica mix in 
voldoende hoeveelheid en duur was gegeven, vonden we minder infecties veroorzaakt 
door bacteriën a(omstig uit de darm en het doormaken van meer dan 1 infectie. Deze 
resultaten werden niet beïnvloed door zwangerschapsduur, geboortegewicht, Apgar score 
<6 na 5min en het krijgen van borstvoeding gedurende de 28 dagen studieperiode. We 
vonden geen e$ect van de prebiotica mix op voedingstolerantie (tijd totdat de kinderen 
volledig enterale gevoed konden worden) en de incidentie van necrotiserende enterocoli-
tis (= ernstige ontsteking van de darm). Enterale suppletie de prebiotica mix verminderde 
de incidentie van milde bronchopulmonaire dysplasie (=chronische longproblemen).
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Als onderdeel van de dubbelblinde gerandomiseerde studie naar het e$ect van enterale 
suppletie van een mix van prebiotica bestaande uit neutrale en zure oligosacchariden op 
het ontwikkelen van infecties hebben we verschillende studies gedaan om te onderzoeken 
wat de mogelijke pathofysiologische mechanismen kunnen zijn van het e$ect van de 
prebiotica mix op het maagdarmkanaal en het afweersysteem na de geboorte.

De ontwikkeling van de darm%ora en het maagdarmkanaal van te vroeg geboren kinderen 
is beschreven in hoofdstuk 4. In hoofdstuk 4A.1 geven wij een overzicht van de litera-
tuur waaruit blijkt dat de kolonisatie van de darm met gunstige bacteriën is vertraagd bij 
te vroeg geboren kinderen vergeleken met op tijd geboren, borstgevoede kinderen. Anti-
biotica vertragen deze bacteriële kolonisatie van de darm nog meer. In hoofdstuk 4A.2, 
vonden we dat enterale suppletie van de prebiotica mix de groei van alle bacteriën in de 
darm stimuleren op dag 14, maar niet op dag 30 na de geboorte, gemeten door middel van 
FISH. Er was geen signi!cante toename van gunstige bacteriën, zoals bi!dobacteria en 
lactobacilli, en ook geen signi!cante vermindering van pathogene bacteriën, na suppletie 
van de prebiotica mix. In het algemeen was de groei van alle bacteriën laag. Behandeling 
met breedspectrum antibiotica vertraagde de groei van alle bacteriën. Wij speculeren 
dat het positieve e$ect van de prebiotica mix op de darm%ora en infecties (gedeeltelijk) 
teniet wordt gedaan door het gebruik van breedspectrum antibiotica. In hoofdstuk 4A.3, 
vonden we dat enterale suppletie van neutrale en zure oligosacchariden het milieu in de 
darm, veranderde door het verlagen van de pH en viscositeit van de ontlasting. Er was een 
trend naar een toename van het korte keten vetzuur: azijnzuur en dagelijkse frequentie 
van ontlasting. Dit suggereert een beter milieu van de darm dat gunstig zou kunnen zijn 
voor de groei van een ‘bi!dogene’ darm%ora en kan daarmee een gunstig e$ect hebben op 
de darmwand en het afweersysteem van de darm. IL-8 en calprotectine zijn markers van 
ontsteking van het maagdarmkanaal. In hoofdstuk 4B, vonden we dat enterale suppletie 
van de prebiotica mix de waarden f-IL8 en f-calprotectine niet veranderde. De lagere 
incidentie endogene infecties is niet direct gerelateerd aan een lagere ontstekingsreactie 
van de darm gemeten door middel van f-IL8 en f-calprotectine. Echter, dit neemt niet 
weg dat de ontstekingsreactie van de darm nog steeds een rol zou kunnen spelen in het 
ontwikkelen van infecties. In hoofdstuk 5, had enterale suppletie van de prebiotica mix 
geen invloed op de doorlaatbaarheid van de darmwand in de eerste levensweek, gemeten 
door middel van de suikerabsorptietest. Moedermelk gedurende de eerste levensweek 
verlaagde de darmpermeabiliteit.

In hoofdstuk 6, hebben we gekeken naar het e$ect van de prebiotica mix op de modu-
latie van het afweersysteem na de geboorte. In hoofdstuk 6A, laten we zien dat enterale 
suppletie van de mix van prebiotica geen invloed had op de cytokinen waarden in het 
bloed van te vroeg geboren kinderen. Er waren grote verschillen in cytokinen waarden 
tussen alle te vroeg geboren kinderen. In hoofdstuk 6B, laten we zien dat het transport 
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over de moederkoek van antilichamen (IgG) signi!cant lager is in te vroeg geboren kin-
deren vergeleken met op tijd geboren kinderen. In op tijd geboren kinderen waren er lage 
percentages van beschermende antilichaam concentraties in navelstrengbloed, waardoor 
deze kinderen een risico hebben op het oplopen van infectieziekten die door vaccinaties 
voorkomen zouden kunnen worden. Echter, te vroeg geboren kinderen hebben een nog 
lagere concentratie antilichamen van hun moeder meegekregen. Hierdoor hebben te 
vroeg geboren kinderen, die ook een onrijp afweersysteem hebben, een nog groter risico 
op het krijgen van een infectie waartegen zij kunnen worden gevaccineerd. Enterale sup-
pletie met de prebiotica mix verhoogde de IgG reactie tegen Di&erie, Tetanus, acelullaire 
Pertussis en Haemophilus in%uenzae type b en Pneumococcen vaccinatie 1 maand na 
de 3de vaccinatie en 1 maand na de boostervaccinatie niet. Immunoglobulinen free Light 
Chains (IgLC) is een marker die betrokken zou kunnen zijn bij de ontwikkeling van al-
lergische ziekten en tolerantie. In hoofdstuk 7, laten we zien dat IgLC, getransporteerd 
wordt over de moederkoek, maar deze waarden zijn veel lager in zowel te vroeg geboren 
als op tijd geboren kinderen dan de IgLC waarden van hun moeder. In hoofdstuk 8, 
presenteren we de lange termijn e$ecten van enterale suppletie van de prebiotica mix op 
het ontwikkelen van allergische ziekten en infecties en de neurologische uitkomst in het 
eerste levensjaar. We vonden geen e$ect van de prebiotica mix op allergische ziekten en 
infecties in het eerste levensjaar. Het doorgemaakt hebben van een (ernstige) infectie is 
geassocieerd met een slechtere neurologische uitkomst in het eerste levensjaar gemeten 
door middel van score van motorische ontwikkeling door kinderfysiotherapeuten.
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“Let als je naar een doel reist goed op de weg. Want de weg verrijkt ons terwijl we hem 
bewandelen.”
 Paulo Coelho

Een ervaring rijker! Ik heb super veel geleerd en genoten van iedereen met wie ik heb 
kunnen en mogen samenwerken tijdens mijn werk aan het proefschri&. Ik ben iedereen 
dan ook heel erg dankbaar die op zijn/haar eigen manier hee& bijgedragen aan de tot-
standkoming van dit proefschri&. Het was een bijzondere tijd. Een aantal mensen dank 
ik in het bijzonder.

Allereerst wil ik alle kinderen en hun ouders bedanken. Zonder jullie was er geen 
proefschri&! Het hee& mij enorm geraakt dat jullie met zoveel moed ja zeiden tegen het 
onderzoek. Wat was het leuk een groot deel van jullie terug te zien op terugkomdag van 
de CARROT studie in januari 2011.

Mijn beide promotoren, Prof H.N. Lafeber, beste Harrie, heel veel dank voor het 
vertrouwen dat ik kreeg bij het uitvoeren van het onderzoek. Daarnaast waardeer ik je 
nuchtere blik wanneer ik weer bij je kwam met een probleem en jij zei: “Maak je niet 
druk, het komt allemaal wel goed”. Prof. W.P.F. Fetter, beste Willem, heel erg bedankt 
voor de mogelijkheden die je me hebt gegeven als onderzoeker en als arts-assistent. Mede 
dankzij jou kon ik extra tijd besteden aan mijn onderzoek. Dit heb ik zeer gewaardeerd.

Mijn co-promoter, Dr. R.M. van Elburg, beste Ruurd, begonnen bij jou als student-
onderzoeker met het schrijven van een review over darm%ora had ik nooit bedacht dat ik 
zo’n 10 jaar later hier een heel proefschri& over ging schrijven. Ik wil je uiteraard bedan-
ken voor je grote bijdrage aan dit project en proefschri&, maar ook voor je belangstelling 
buiten het onderzoek om. Ik heb altijd met heel veel plezier samengewerkt en waardeer 
je laagdrempelige beschikbaarheid. En gelukkig was jij er die ieder artikel nog even op de 
a’s en de e’s controleerde.

De leden van de promotiecommissie, Prof. Dr. J.B. van Goudoever, Prof. Dr. G. Boehm, 
Prof. Dr. E.E.S. Nieuwenhuis, Prof. Dr. P. Savelkoul, Prof. Dr. J. Garssen, dr. M. van der 
Kuip, dr. G.A.M Berbers, wil ik hartelijk bedanken voor de tijd die zij besteed hebben 
aan de beoordeling van mijn manuscript en voor de bereidheid deel te nemen aan de 
promotiecommissie.

Mijn voorgangers, Anemone vd Berg, jouw promotieonderzoek en ervaring was een 
uitstekende basis voor mijn onderzoek. Dank met name voor je tips en luisterend oor. 
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Annelies van Zwol, heel !jn om iemand te hebben die, zoals jij al zei, in hetzelfde schuitje 
zit. Dank voor al je hulp!

Collega-onderzoekers van 4x. Het ultieme onderzoek doen: start de dag met een Nes-
presso, een alinea schrijven van een artikel, ingewikkelde vraagstukken oplossen tijdens 
de lunch, ons buigen over statistiek, weer even een Nespresso moment en alvast kijken 
waar het volgende congres gehouden zal worden en tussendoor onze frustraties uiten als 
de computer weer niet doet wat jij hebt gevraagd, maar voldaan de deur weer uit, want 
wat was het weer een gezellige dag.

Zonder de hulp van alle studenten die mij hebben geholpen bij het onderzoek had 
ik niet zoveel data kunnen verzamelen. Erik Moerch, Natalie le Cou$e, Nicky Niele, 
Riquard Hensgens, Ninke van Zwieteren, Zoltan Gramantik, heel erg bedankt voor jullie 
hulp en het plezier dat we hebben gehad op pad naar alle ziekenhuizen en kinderen thuis. 
In het bijzonder wil ik Jolice bedanken; midden in de nacht een telefoontje, sjouwen met 
voeding, rijden in de connectcar, lastig pipeteer werk, ingewikkelde analyses, computers 
weer aan de praat krijgen en lekkere CARROT cakes, niets was voor jou te gek. Heel erg 
bedankt voor al je hulp.

Graag dank ik alle artsen en verpleegkundigen van de NICU van het VUmc voor hun 
hulp bij het verzamelen van alle data. Erg !jn als ik weer langskwam en alle ontlasting, 
bloed en urinemonsters stonden weer klaar voor verdere analyse. Zonder jullie was het 
niet gelukt!

Kinderartsen en verpleegkundigen uit het Amstelland Ziekenhuis, Antonius Zieken-
huis, BovenIJ Ziekenhuis, Flevoziekenhuis, Gemeni Ziekenhuis, Groene Hart ziekenhuis, 
IJsselmeerziekenhuis, Isala Klinieken, Juliana Kinderziekenhuis, Kennemer Gasthuis, 
Medisch Centrum Alkmaar, Onze Lieve Vrouwe Ziekenhuis, Reinier de Graaf ziekenhuis, 
Rode Kruis Ziekenhuis, Rijnstate ziekenhuis, Sint Lucas Andreas Ziekenhuis, Slotervaart 
Ziekenhuis, Spaarne Ziekenhuis, Ter Gooi Ziekenhuizen, Waterland Ziekenhuis, West-
fries Gasthuis en Zaans Medisch Centrum, dank voor al jullie hulp en betrokkenheid.

En al deze monsters werden verder geanalyseerd en geïnterpreteerd. Alle laborato-
riummedewerkers van het VUmc heel erg dank voor al jullie hulp bij het verwerken, 
opslaan en analyseren van alle data. Rob Slump en Dr. Jan Knol van Danone Research 
in Wageningen, dank voor het analyseren van alle ontlastingsmonsters. Nooit gedacht 
dat je met ontlasting zoveel interessante dingen kan doen! Dr. Henk Breukelman van het 
laboratorium voor chromatogra!e van het UMC Groningen dank voor de analyse van de 
urinemonsters. Dr. Fiona van der Klis en Dr. Guy Berbers, van het RIVM te Bilthoven, 
erg leuk dat we met onze groep prematuren al zoveel leuke vaccinatiedata hebben kunnen 
verzamelen, analyseren en beschrijven. Prof. Dr. Edward Nieuwenhuis, kindergastro-
enteroloog, dank voor je advies en kritische blik bij het analyseren en beschrijven van de 
cytokinendata. Prof. Dr. Johan Garssen en Dr. Betty van Esch, van Universiteit Utrecht/ 
Danone Research erg leuk dat wij elkaar min of meer toevallig tegenkwamen op een 



243

Dankwoord

congres en dat dat de start was een van een erg gezellige, maar zeker ook vruchtbare 
samenwerking!

Prof. Dr. J.W.R. Twisk, beste Jos, zonder jou was statistiek voor mij nog steeds ab-
cracadabra geweest. Hartelijk dank voor het inzichtbaar en toepasbaar maken van alle 
statistische analyses.

Alle medewerkers van Danone research en Nutricia Nederland, in het bijzonder Gerda 
van de Put; dank voor alle interesse in het onderzoek en de gezellige congressen en Gilda 
Georgi, thank you for all your help in organising the study and especially for arranging 
all the cans with formulafeeding.

Alle collega arts-assistenten in het VU medisch centrum en het Sint Lucas Andreas 
ziekenhuis, het was soms hard werken, maar dankzij jullie collegialiteit en met name ook 
gezelligheid, ga ik iedere dag met heel veel plezier naar mijn werk. Gaan we snel weer 
borrelen?

Alle kinderartsen uit het VUmc en SLAZ ziekenhuis. Heel veel dank voor jullie steun 
en interesse in mijn onderzoek. In het bijzonder dank ik de opleiders Prof Dr. R.J. Gemke 
(VUmc) en Dr. K.M. Dolman (SLAZ) voor de mogelijkheid die zij hebben gegeven voor 
het afronden van mijn proefschri& tijdens mijn werkzaamheden als arts-assistent.

Kinderfysiotherapeuten, Petra van Schie en Veronique Schaaf en de afdeling neuro-
psycho logie van het VUmc, in het bijzonder Tinka Broring, dank voor het verzamelen 
van alle follow-up gegevens. En het onderzoek gaat nog door!

Mijn oba maatjes, Yda van Loon, Machtelt Bouwman, Mireille van Stijn, Bregtje Lem-
kes, ik ga het ko'edrinken in de oba missen en natuurlijk ook onze e$ectieve uurtjes 
werken. Yd, heerlijk om al onze onderzoeksperikelen te bespreken op de race!ets, wat 
zijn we fanatiek… Machtelt, respect voor jou; zitten wij daar al enkele jaren te zwoegen 
aan ons onderzoek, pers jij er zo in 3 jaar een proefschri& en 2 kinderen uit. Mireille, jij 
begrijpt als geen ander hoe het is om 24/7 een telefoon bij te hebben om het onderzoek 
draaiende te houden, maar wat was een super tijd! Bregtje, !jn dat ik met jou de laatste 
promotieloodjes kon delen: het is af!

Mijn paranimfen, Kyra Keim en Lotte Hendrikx. Kyra, samen naar de creche, samen 
naar de basisschool, samen naar de middelbare school, samen geneeskunde en samen 
op kamers in Amsterdam, hoe had ik nu kunnen promoveren zonder jou aan mijn zijde. 
Heel erg leuk dat je ook op dit belangrijke moment aan mijn zijde staat! Lotte, toen we op 
8-jarige lee&ijd naar het turnvakantiekamp gingen hadden we niet kunnen bedenken dat 
we naast turnen zoveel meer dezelfde interesses zouden delen. Heel erg leuk dat wij elkaar 
(voor de 2de keer) ontmoet hebben tijdens onze geneeskunde studie en daarna hetzelfde 
pad zijn gaan bewandelen (met vele gezellige omwegen). Erg leuk dat ik met jou dezelfde 
reis mag a%eggen!
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Als laatste wil ik mijn vrienden en familie heel erg bedanken! Lieve vrienden en vriendin-
nen uit Brabant en Amsterdam, dank voor de vele jaren vriendschap. In al mijn werk en 
promotiestress weten jullie mij altijd weer met beide benen op de grond op de grond te 
zetten. Op naar nog vele meidenweekendjes!

Lieve Debby en Michel, heel erg bedankt voor jullie belangstelling de afgelopen jaren 
en natuurlijk fantastisch dat er nu een kleine bengel rondloopt met dezelfde “wilde haren” 
als haar tante.

Lieve pap en mam, ik waardeer jullie steun en vertrouwen die jullie mij de afgelopen 
jaren hebben gegeven. Ik ben heel blij dat ik uit zo’n warm gezin kom.

Ewoud, met jou in mijn leven is alles zoveel leuker, ik hou van je.

Achtergrond: handafdrukken gemaakt door kinderen uit de CARROT study op de lee&ijd van 4-5 
jaar tijdens de terugkomdag op 15 januari 2011


