& ATAEE OF CONTENTS

TABLE OF CONTENTS

ABBREVIATIONS

SUMMARY: 7 s s e e e s e s e 1
ZUSAMMENFASSUNG ..o b i s S
RIASSUNT c.iviecs i b b s el B d v i 11
INTRODUGCTION o o e ot s e ot s il e o e e 15
LECERATURE REVIEW ot vis o v i v iy bl b ke 19
1 Anaemia, iron deficiency and iron deficiency anaemia ... 19

1.1 Epidemiology of anaemia..

1.2 Aetiology of anaemiar.. itk i e s Bt sl e e 19
1.3 Consequences ofiron deficiency anaemia::.......i i L iainin i, 21
1.4 Iron fortification as a strategy to combat nutritional iron deficiency ... 22

1.4.1 Iron compounds for food fortification..
1.4.1.1 Water-soluble iron compounds: ferrous sulphate ...............cccccccivivicioiccecnns 24
1.4.1.2 Poorly water-soluble iron compounds soluble in diluted acid: ferrous fumarate..25
1.4.1.3 Water-insoluble iron compounds poorly soluble in diluted acid............................ 27

1.4.1.4 Chelated iron compounds: NaFeEDTA.

1.4.2 In-home fortification with iron-containing micronutrient powders (MNPs)................. 31
1.4.2.1 Efficacy of in-home fortification with iron-containing MINPS.....................ccc...... 32
1.4.2.2 Safety of in-home fortification with iron-containing MNPS ..............c.cccccccuveeniinnn 36

1.5 Indicators of iron deficiency anaemia...
153l Haemoglobin & il B e e e e i 38

152 sSerumiferritin: »imdds R T R R A e s S e B e e 38

1.5.4 Body iron stores ...

1.6 :Methods to assess iron absorption inhumans i il sy D e v 40



2 ‘The infant gut microbiota. ... ui i 44
2.1 Factors influencing the infant gut MICrobiota ... 45
2.1 1 Gestationaliage ...« il s s e e L e e e 45
2:1.2 Mode of deliverye. o s tois tnin b Coaiaitn it el L e il R 46
2.1.3 Breastfeeding and formula-feeding.................cccccovieiciiiiiciiiiiieceeeeee e 47

2.1.4 Introduction of solid complementary foods....

2 LS ANtibiotiess il L e s e e s 49
2:1:6 Geographicaldntiuence .. .ii oo st ohin i ilsisn et nalin e, s i S0
3 Prebloticss et cosii e Sii el ol ot n ] lebne il B 52
3.1 Definition of galacto-oligosaccharides (GOS) .......ccociiiiiuiieieiicerirciceeer e 52
32 -Production of GOS a1 L s i e el e e 53
33 Physicochemical characteristics ofiGOS et loniiianin sl S 18 S o 55
314 . Global marketforGOS i il it e nt ne s s s 55
3.5 460OS and:theinfant gut micrebiota s . 5.l e i n i i L sl e S7
3.6 GOS and bacterial fermentation Metabolites. ..o 59
3.7 GOS and potential enteric PathOGENS. .........cccoiiiiiriiiiiiiieiicie et 61
3.8 GOS, the gut microbiota and the IMMUNE SYSTEM ..........ccoiiiiirriieiieee e 63
38 I The gut-lung axiss sy i A eimen g s e T e B 65
39 GOSandinfantEmorbidity: & i St b e 67
3:10 Prebiotics and-ironiabsarption. s ons il i b s i 70
1301001 lronabsorption: = 2x 0 il s v d aise el s e e e 70
3102 Prebiotics ana.(ron absorplion. i 5.5 i wias 2o b Sl iU e s e 72
4 Techniques and analyses for gut microbiome research ... 75
41 = Culture-dependent techniquess: = Busie sy et b o UHRSuillo bt s 75
4.2 Culture-independent, molecular-based teChniqUES ..o 75
42 1 Fingerprintingtechnigues s« = i e s snia s BRE e e S 76
4.2.2 Fluorescence in situ hybridization ... iavsa e i b a i b 76
4.2.3 Polymerase chain reaction and real-time polymerase chain reaction ......................... Tl
4.2.4 Next generation sequencing.technologies ii..iii....cii i i i dis st 80
4:2:4.1 16S rRNA gene sequencing . i s i an s b e L e 81
4:2.4.2: Whole metagenome analysis..ii.......iiv i nil niin i 88

I

TABLE OF CONTENTS

4.2.4.3 Metatranscriptome analysis .t i isaiiioiiiiinimrin st sisnstbsusssirsssts 89
4.3 Further “omic approaches ... il b L s L S e 89

5 Non-invasive biomarkers to assess gut wall integrity and gut inflammation91

5.1 Faecal calprotectin we: s it e ilnioi el L Sl S e e .92
5.2 Intestinal fatty acid binding protein. ... i il s i e B R 94
6 References. ., .. o i i il el G e e e e 96
REMIEW 1o, oisoo il o o e i i e e s i 123
REVIEW 2 e s il i e i e 139

MANUSCRIPT 1

MANUSCRIPT 2

MANUSCRIPT 3 oiii v ih it el e il v i s i s 221
CONCLUSIONS AND PERSPECTIVES ...ooviiiiiiiiiiii e 259
CURRICULUM VIFAE 2 ceostaa sl hosie v i s L s il s 281



