
 

 

 University of Groningen

The pathophysiology of necrotizing enterocolitis in preterm infants
Heida, Fardou Hadewych

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2016

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Heida, F. H. (2016). The pathophysiology of necrotizing enterocolitis in preterm infants: New insights in the
interaction between the gut and its microbiota. [Thesis fully internal (DIV), University of Groningen].
University of Groningen.

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 23-05-2023

https://research.rug.nl/en/publications/6abbfc86-380d-4e96-8dcd-9cb7a490a274


1

THE PATHOPHYSIOLOGY OF

NECROTIZING ENTEROCOLITIS

IN PRETERM INFANTS:
NEW INSIGHTS IN THE INTERACTION BETWEEN

FARDOU HADEWYCH HEIDA

NEW INSIGHTS IN THE INTERACTION BETWEEN

THE GUT AND ITS MICROBIOTA

FARDOU HADEWYCH HEIDA



2

ISBN   978-90-367-8878-6
Lay-out TwoBees reclame, Beesd
Printed by  PrintQuest, Deventer

Financial support for the creation of this thesis by the following
companies/institutes is gratefully acknowledged’:
• Agrirootz
• Graduate School of Medical Sciences
• GUF/Gratama stichting
• Hero Baby
• Junior Scientifi c Masterclass
• Nutricia Nederland B.V.
• Nutricia Research
• NutsOhra Foundation 
• University of Groningen, University Medical Center Groningen
• Zicht: risico- en verzekeringsadviseurs.

The research described in this thesis was performed within the Department of 
Pediatric Surgery, Microbiology, and Neonatology of the University of Groningen, 
University Medical Center Groningen, Groningen, Netherlands.



3

The pathophysiology of necrotizing
enterocolitis in preterm infants

New insights in the interaction between the gut and its microbiota

Proefschrift 

ter verkrijging van de graad van doctor aan de
Rijksuniversiteit Groningen

op gezag van de
rector magnifi cus prof. dr. E. Sterken

en volgens besluit van het College voor Promoties.

De openbare verdediging zal plaatsvinden op 

maandag 29 juni 2016 om 11.00 uur 

door 

Fardou Hadewych Heida

geboren op 15 december 1988
te Delfzijl



4

Promotor
Prof. dr. A.F. Bos

Copromotores
Dr. J.B.F. Hulscher
Dr.  ir. H.J.M. Harmsen

Beoordelingscommissie
Prof. dr. E. Heineman
Prof. dr. I.K.M. Reiss
Prof. dr. B.N.M. Sinha



5

Paranimfen 
Mevr. M.E. Schreuder-Heida
Mevr. H.E. Groot



6

TABLE OF
CONTENTS



7

SECTION 1 INTRODUCTION 8
Chapter 1 General introduction and aim  10
Chapter 2 Necrotizing enterocolitis in the Netherlands: an increased 40
 incidence in three academic referral centers

SECTION 2 INTESTINAL BARRIER INTEGRITY AND CIRCULATION 54
Chapter 3 Paneth cells in the developing gut: when do they arise and  56
 when are they immune competent?
Chapter 4 Tissue oxygenation and intestinal fatty acid-binding protein  74
 in plasma during necrotizing enterocolitis
Chapter 5 Intestinal fatty acid-binding protein levels in necrotizing  90
 enterocolitis correlate with extent of necrotic bowel: 
 results from a multicenter study 

SECTION 3 BACTERIAL COLONIZATION AND NEC  102
Chapter 6 Bloodstream infections during the onset of necrotizing  104
 enterocolitis and their relation with the pro-infl ammatory 
 response, gut wall integrity and severity of disease in NEC 
Chapter 7 A necrotizing enterocolitis-associated gut microbiota is already  120
 present in the meconium: results of a prospective study
Chapter 8 Identifi cation of bacterial invasion within the intestine in  142
 NEC specimens using fl uorescent in situ hybridization

Chapter 9 General discussion and future perspectives  158
Chapter 10 Summary 196
Chapter 11 Dutch summary (samenvatting in het Nederlands) 202
Chapter 12 Abbreviations, acknowledgments, about the author & list  210
 of publications



8

SECTION   SECTION   1SECTION   
INTRODUCTION



9

Chapter 1 Introduction and aims of the thesis
Chapter 2 Necrotizing enterocolitis in the Netherlands: 
 an increased incidence in three academic referral centers




