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Abstract

Evidence suggests that diets rich in fruits and vegetables boost the body’s natural defences
against diseases caused by infection. Gold kiwifruit is rich in vitamin C and contains several
phytochemicals that may influence immune function. The effect of consumption of ZESPRI®
GOLD kiwifruit on the incidence, and symptoms of upper respiratory tract infection (URTI)
have been investigated in children attending local créches and play-centres. In a randomised,
crossover trial, 66 children (aged two to five years) were randomised into one of two groups
following a 2-week washout period and consumed an equivalent of 2 servings of gold
kiwifruit (group A) or 2 servings of banana (group B) daily for 4 weeks. This was followed
by a 2-week washout period and a cross-over of the treatments i.e. group A consumed 2
servings of banana and group B consumed 2 servings of gold kiwifruit for a further 4 weeks,
followed by a final 2-week washout period. Parents completed a daily questionnaire of URTI
symptoms, the validated Canadian Acute Respiratory Illness and Flu Scale (CARIFS), which
assessed the incidence of cold-and flu-like illnesses and the severity of those symptoms. The
fruit and vegetable consumption of the children along with their food liking was also
investigated at baseline and at the end of the intervention. Additionally, children’s fruit and
vegetable eating habits along with their parent’s motivation to provide them with fruits and
vegetables were also investigated. The odds ratio of having a cold- or flu-like illness was
0.55 (95% (0.32, 0.94), P=0.03) for the kiwifruit intervention compared to the banana
intervention. The sum of total URTI symptoms scores over the treatment periods were
significantly lower for the kiwifruit treatment compared to the banana treatment (P<0.05),
along with the incidence of certain URTI symptoms (including cough, headache, and feeling
unwell). Children’s fruit consumption did not differ from baseline to end but their kiwifruit
liking scores improved. There was a strong positive correlation between children’s fruit and
vegetable consumption and parents’ motivation to provide them with fruits and vegetables (r
values ranged from 0.22-0.61). In conclusion; Children had a lower incidence of cold- and
flu-like illnesses during the kiwifruit intervention phase of the trial compared to banana
phase. Some of the URTI symptoms were significantly less during the kiwifruit intervention
phase compared to the banana phase. Regular consumption of Zespri® Gold Kiwifruit during

the cold & flu season may reduce the incidence or symptoms of URTI in children.



Acknowledgments

This thesis was completed with the help and support of several people without which it would
not have been achieved.
Firstly I would like to thank the 66 children, their parents, and the créche and play-centres

that participated in our study for their time and efforts.

Secondly, I would like to thank my supervisors, Dr. Rozanne Kruger, Associate Professor
Welma Stonehouse, and Professor Margot Skinner, for their knowledge, guidance, and
constant support and encouragement throughout the study and thesis process. Also special

thanks to Mark Wohlers for his valuable input in statistical processing and analysis.
I would also like to thank my family and friends for their help and support.

Finally, I would like to dedicate this thesis to my husband Gregory Oliver King, and also
thank him for his help and support. Especially for allowing me time to complete this work,
for listening to me when I needed support and for all the late nights spent reading over it

when I needed proof reading or a second opinion.



Table of Contents

ADSErACE. ... i
ACKNOWIedgmMENt. ....... ..o e i
List of tables. ... ..o vi
List of figures. ... ..o viii
List of appendices......... ... ix
Chapter L. .. 1
LT INtrOdUCHION. . ..o e 1
1.2 Justification of the Study...........cooiiiiii e, 2
1.3 Purpose of the Study........ccoiiiiii i e 5
00 T N ' P 5
L 00 0 o) =77 T 5
1.3.2.1 Primary ObJeCtiVe. ... .ouvtitit it 5
1.3.2.2 Secondary ODJeCtIVES. .....uetett et ettt ettt et et eieeeaeaeenaans 6
L33 HypothesiS. ..o neeiee e 6
1.4 Structure of the thesis. ... ..., 6
O 1 T2 1] ) 7 7
2. LIterature ReVIEW. .. ....ii i e e 7
2.1 The 1eSPIratory trACt. ...ttt ettt et et et ettt et e et e et e are e eenaenes 9
2.1.1 The IMMUNE SYSTEIM. ... .ttt ettt ettt et e et et e e e e e e e e e e e e enaeennss 10
2.1.2 The immune system of children...................oooiiiiiii i, 13
2.2 Upper Respiratory Tract Infections ...........coooiiiiiiiiiiiiii e, 15
B R 11 ] 15
2.2.2 Clinical presentation and SYMPLOMS. ......vuueerrteenieeiteaeeieeaeeanneenneenns. 16
P B BT Yo 1 Lo 1 T 18
2. 2.4 PatholOgy . ..o 18
2.3 Epidemiology of cold and flu and burden of disease...................ooeviiiiiiiian.n. 19
2.4 The role of nutrients in the prevention of cold and flu............................ 20
2.4.1 ANtIOXIANTS. ... uinei e 21
2401 VIIamin C..ooo e 21
2.4.1.1.1 The effect of vitamin C on the incidence of the common cold......... 22
2.4.1.1.2 The effect of vitamin C on the duration and severity of the symptoms of
the common cold...........ooooiii 24
2412 Vitamin E. ..o 28
2.4.1.3 CarotenordS. ... oueeet ettt 32
2.4.2 Other NULTIENES . ... e ouee ettt 34
2.5 The potential role of gold kiwifruit in preventing or relieving symptoms of cold and flu-
JIKE T1IN@SSES .. . ettt e 35
2.5, 1 INtrodUCHION. ..ottt 35
2.5.2 NULTIENt CONTENT. ...ttt e 37
2.5.3 Research on immunological effects..............c.oooii 38
2.6 Methods to investigate the effect of kiwifruit on cold and flu in children............... 42
2.6.1 Study deSIN....nune e 42
2.6.2 SUIVEY INSTIUMEIES . . .ttt e et et e e et e e et e e e e e et e eeeenaens 44
2.6.3 Dietary aSSESSIMEIES. ...\ttt et eette et et e et et e et e eee et e aee e 47
2.6.3.1 Retrospective research methods.................coooiiiiiiiin, 48
2.63.1.1 Food Recalls..........ooiiiiiiiiii e, 48

2.6.3.1.2 FOOd FTreqUeNnCy ........oouiiniiiiiiiiiiii i 49



2.6.3.2 Prospective research methods....................ooooiiia 52

2.6.3.2.1 FOOd ReCOrdS. ... .c.vuitiiiiiii e 52
2.7 SUIMIMIATY . . ettt ettt et e e et e et e e et e et e e e e e e e e e aaaaaans 53
ChaPter 3. .. 55
3. Materials and methods. ... 55
3.l INErOUCTION. .o e 55
3.2 StUAY deSIEN. ...ttt e 55
3.3 Funding and ethical approval.............cooiiiiiii e 56
TR 11 o) 1T £ O 57
3.4.1 Inclusion/EXclusion Criteria. .........o.evuuiuiiiitii i 57
3.4.2 Participants Recruitment. . ... .......ooiiuiiiiii e 57
3. S UAY PrOCESS .« n ettt ettt et e e et e e e e e e e e 61
RO 117 311 (o) s T 62
3.6.1 Gold Kiwifruit iINterVention. . ... ..o.vitit it 62
3.0.2 BANANA. ...t 62
3.7 Fostering and tracking compliance............c.oovuiiiiiiiiiiiii i 63
3.8 InStruments/ MEASUICIMENLS. .. ...uutett ettt ette et e atee et e e e eee e iteeaeeeneenneennns 64
3.8.1 The Canadian Acute Respiratory Illness and Flu Scale (CARIFS) survey
1 00110 1S) 1| S 64
3.8.2 Fruit and vegetable consumption qUestionNaIres. ...........c.evveeveereenneennnnn.. 65
3.8.2.1 Food liking qUestionnaire. .............ocoiueiiiiiiiiiiiiii e, 65
3.8.2.2 Fruit and vegetable consumption and food frequency questionnaire
(FFQ) e 65
3.8.2.3 Children’s fruit and vegetable eating habits.................................. 65
3.8.2.3 Parents’ motivation to providing their children with fruits and
VEZRLADICS . ...ttt 66
3.9 Data handling and analysSiS...........oouuiiiiiiiiii e 67
Chapter 4. ..o e 69
A RESUILS . et 69
4.1 Characteristics of study children.................ooii 69
4.2 The effects of the intervention on upper respiratory tract infection......................... 71
4.2.1 Incidence of cold-and flu-like 1llness. ..., 71
4.2.2 Upper respiratory tract symptoms score (CARIFS scores)............c..cooeeenee 72

4.2.3 Individual upper respiratory tract infection symptoms measured by CARIFS... 75
4.2.3.1 The odds of having individual CARIFS measured upper respiratory tract

INfECtiON SYMPLOMIS. ...ttt eeeeene, 75

4.3 Fruit and vegetable COnSUMPHION. ... .....oiiiiiii e, 82
4.3.1 Total fruit and vegetable consumption before and after intervention.............. 82
4.3.2 Fruit and vegetable consumption at baseline..........................o 84

4.4 Fruit and vegetable eating habits and behaviour.......................oooiiiin. 88
4.4.1 Food liKing qUESTHIONNAITE. .. ... .euuteeeett ettt ettt e eeeaes 88
4.4.1.1 Food liking at baseline.............coooiiiiiiiiiiiiiiiiii e, 88

4.4.1.2 Fruit and vegetable liking before and after intervention.................. 90

4.4.1.3 Fruit liking at baseline compared to fruit consumption.................... 91

4.4.1.4 Vegetable liking at baseline compared to vegetable consumption....... 92

4.4.2 Fruit and vegetable eating habits of the children in study.......................... 94

4.5 Motivation of parents to provide their children with fruits and vegetables.............. 95

4.5.1 Parents’ self-efficacy........ooiuiiiiiii i 96



4.5.2 Correlation between parents’ motivation to providing their children with fruits and
vegetables (self-efficacy) and fruit and vegetable eating habits of children... 98

TN D00 02 ) o 98
CaPter ... e 99
5 DISCUSSION. . .ttt ettt et e e e e e 99
5.1 Characteristics of study children..............oooiii i 100
5.2 The effects of the intervention on upper respiratory tract infection....................... 102
5.2.1 Incidence of cold-and flu-like illness...............cooi 102
5.2.2 Upper respiratory tract symptoms score (CARIFS scores)......................... 105
5.2.3 Individual upper respiratory tract infection symptoms measured by CARIFS... 106
5.3 Fruit and vegetable conSUMPLION ..........ouiiuiiiitiitiit e, 110
5.3.1 Total fruit and vegetable consumption before and after intervention.............. 110
5.3.2 Fruit and vegetable consumption at baseline.....................oooiii. 112
5.4 Fruit and vegetable eating habits and behaviour.........................oooL, 114
5.4.1 Food liKIiNg qUeSIONNAITE. ... .euuintintiti ittt 114
5.4.1.1 Food liking at baseline...............cooiiiiiiiiiiii e, 114
5.4.1.2 Fruit and vegetable liking before and after intervention................... 115
5.4.1.3 Fruit liking at baseline compared to fruit consumption.................... 116
5.4.1.4 Vegetable liking at baseline compared to vegetable consumption....... 116
5.4.3 Eating habits of Children inthe study ..............cooiiiiiiiiiiiiii i 117
5.5 Motivation of parents to provide their children with fruits and vegetables.............. 118
5.5.1 Parents’ self-efficacy .........oooiiiiiiiiii e 118
5.5.2 Correlation between parents’ motivation to providing their children with fruits and
vegetables (self-efficacy) and fruit and vegetable eating habits of children........... 119
CRAPLET 6. .o e 121
6.1 Summary of the study........cooiiiii 121
6.2 CONCIUSION. ... ent e e 125
6.3 Strengths of the present Study.........ooeiiiiii i 126
6.4 Limitations of the present study.............cooiiiiiiiiii e 128
6.5 Recommendations for future studies. ..o, 129

R O OIICES. ..o oot 131



List of Tables

Table 2.1 Function of the neonatal immune system in relation to that of adults........... 14
Table 2.2 Typical symptoms associated with the common cold............................. 17

Table 2.3 Concentrations of a selection of the antioxidant compounds present in
some of the major fruits consumed globally..........................ol. 36

Table 2.5 Symptoms assessed by CARIFS along with their measures of internal
LO0) 1T ] 1S 1 e 46

Table 3.1 Fruit and vegetable questions used to determine parent’s motivation to
providing their children with fruit and vegetables based on

Brug’s self-efficacy model..............ooii 66
Table 4.1 Characteristics of children.................c 69
Table 4.2 Medical history/status and ethnicity of children by gender...................... 71

Table 4.3 Symptom scores comparison for the banana intervention and the kiwifruit
INEETVEITION . . . ettt ettt ettt ettt 74

Table 4.5 The probability of having a symptom over 28 days for each intervention
group and the odds ratio of each symptom in the kiwifruit and banana

INEETVENTIONS . . .o ettt 76

Table 4.6 Total fruit and vegetable consumption of children as reported by parents
and as calculated from FFQ.............. 83

Table 4.7 Total fruit and vegetable consumption of children before the intervention as
reported by parents from the eating habits questionnaire......................... 85

Table 4.8 Children’s fruit and vegetable consumption (servings per week) at baseline,
ranked from highest to lowest............coooiiiiiiii 86

Table 4.9 Number of serving per day of vitamin C rich fruit compared to other fruit... 87

Table 4.10 Food liking at baseline, items ranked in descending order........................ 89
Table 4.11 Fruit and vegetable liking before and after intervention.......................... 90
Table 4.12 Fruit liking and consumption of specific fruits................ccoooviiiiininn... 91
Table 4.13 Fruit ranked in descending order from the most liked/consumed fruit.......... 92

Table 4.14 Vegetable liking and vegetable consumption.................cooevviiiiiiiiiiiinn... 93



Table 4.15 Vegetable liking and vegetable consumption in descending order from

the most liked/consumed vegetables. ..., 93
Table 4.16 Fruit and vegetable eating habits of the children in study........................ 94
Table 4.17 Parents’ self efficacy scores relative to motivation of parents to provide their

children with fruits and vegetables.................oooiiiiiiiiiii 95
Table 4.18 Parents’ self-efficacy profile.............cooiiiiiii i 96

Table 4.19 Correlation between parents’ self-efficacy scores and the children’s fruits and
vegetables eating habits..............ooiii i 97



Figure 2.1
Figure 3.1
Figure 3.2
Figure 3.3

Figure 3.4

Figure 4.1

Figure 4.2

Figure 4.3

Figure 4.4

Figure 4.5

List of Figures

The upper respiratory tract and its cOmponents..............c.oeeeeeveineeneann... 9
Research Desi@n........oouiiniiiii i 56
Flowchart detailing the study recruitment process.............c.oveeveivniennnnn. 59
Flowchart detailing the study process............cooooiiiiiiiiiiiiiiiiie, 60
Canadian Acute Respiratory Illness and Flu Scale (CARIFS) survey

1018 40103110 | S 64

The odds ratio of having a cold-and-flu-like illness when consuming kiwifruit
compared t0 banana........ ..o 72

Seasonal effects of upper respiratory tract infection symptoms throughout the
INEETVENLION STUAY . ...\ttt et e ee e 78

Comparison of seasonal effects of cough symptom throughout the two phases
Of the INLETVENTION. ... ..\ttt e e, 79

Comparison of seasonal effects of headache symptom throughout the two phases
Of the INteIVENtION. ..ot 80

Comparison of seasonal effects of vomiting symptom throughout the two phases
of the INterventioN. ... .....ooiii i 81



List of Appendices

APPENDIX A; Letter to créche/play-centre, study information, and consent form.......... 147
APPENDIX B; Advertisement PoSter. ... ... 154
APPENDIX C; Letter to parents, study information, and consent form....................... 155
APPENDIX D; Eligibility, demographics, and medical questionnaire........................ 162
APPENDIX E; Canadian Acute Respiratory Illness flu scale (CARIFS) survey............. 168
APPENDIX F; Banana and kiwifruit compliance charts......................cccoeiiiiienieenn.. 169
APPENDIX G; Food lIKing qUEStIONNAITe. ......ouveeeieete et eiteeie it eiaeeeeenann 172

APPENDIX H; Fruit & Vegetable Frequency Questionnaire, children’s eating habits
questionnaire, and parental self-efficacy questionnaire.......................... 174

APPENDIX I; Nutritional contribution of the intervention fruit (two servings of gold
kiwifruit (150g) or two servings of banana (110g) ..., 180



10



