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Abstract

In the elderly, immunosenescence and malnourishment can contribute to increased risk and severity of upper respiratory tract infections
(URTD. Gold kiwifruit (Actinidia chinensis ‘Hort16A’) contains nutrients important for immune function and mitigation of symptoms of
infection, including vitamins C and E, folate, polyphenols and carotenoids. The objective of the present study was to evaluate whether
regular consumption of gold kiwifruit reduces symptoms of URTT in older people, and determine the effect it has on plasma antioxidants,
and markers of oxidative stress, inflammation and immune function. A total of thirty-two community-dwelling people (=65 years) partici-
pated in a randomised crossover study, consuming the equivalent of four kiwifruit or two bananas daily for 4 weeks, with treatments
separated by a 4-week washout period. Participants completed the Wisconsin Upper Respiratory Symptom Survey-21 daily, and blood
samples were collected at baseline and at the end of each treatment and washout period. Gold kiwifruit did not significantly reduce
the overall incidence of URTI compared with banana, but significantly reduced the severity and duration of head congestion, and the
duration of sore throat. Gold kiwifruit significantly increased plasma vitamin C, a-tocopherol and lutein/zeaxanthin concentrations, and
erythrocyte folate concentrations, and significantly reduced plasma lipid peroxidation. No changes to innate immune function (natural
killer cell activity, phagocytosis) or inflammation markers (high-sensitivity C-reactive protein, homocysteine) were detected. Consumption
of gold kiwifruit enhanced the concentrations of several dietary plasma analytes, which may contribute to reduced duration and severity of
selected URTI symptoms, offering a novel tool for reducing the burden of URTI in older individuals.
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Symptoms of cold and influenza are one of the most common treatment options for the common cold and flu are of import-

afflictions in humans, resulting in misery, loss of productivity,
and absence from work and school”. Symptoms of upper
respiratory tract infection (URTD, which may be caused by
cold or influenza (flu) viruses, include scratchy or sore throat,
runny or plugged nose, sneezing, coughing, hoarseness, head
congestion, chest congestion and malaise. There is currently
no specific antiviral therapy or vaccination available to pre-
vent or treat the common cold®; vaccination against influenza
only has modest efficacy in healthy, community-dwelling
older adults®; and resistance to anti-influenza drugs has

been reported(z‘*@. Therefore, alternative prophylactic or

ance to public health. Clinical trials on any new antiviral
treatment for URTI would ideally need to demonstrate an
overall reduction in symptoms or alternatively a reduction in
severity or duration of symptoms, since both these parameters
provide key benefits'”.

Undernutrition is greatest in developing countries, but is
also prevalent in some elderly people of developed
countries™. Nutritional status is an important factor for main-
taining optimal immune function; both deficient and excessive
intakes can have negative consequences on immune status

and susceptibility to a variety of pathogens(” . Nutrients that

Abbreviations: DiO, 3,3'-dioctadecyloxacarbocyanine perchlorate; Hs-CRP, high-sensitivity C-reactive protein; MDA, malondialdehyde; NK, natural killer;
PH, phenylhydrazine; RPMI, Roswell Park Memorial Institute; URTI, upper respiratory tract infection; WURSS, Wisconsin Upper Respiratory Symptom

Survey; ZINB, zero inflated negative binomial.
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are required for the immune system to function efficiently
include essential amino acids, the essential fatty acid linolenic
acid, folic acid, vitamins A, Bg, By2, C and E, and minerals such
as Zn, Cu, Fe and Se®. Furthermore, an increased oxidative
stress load coupled with nutrient deficiency, specifically Se,
has been shown to lead to enhanced virulence of selected
viruses, including influenza™®.

The essential nutrients required for optimal immune func-
tion can usually be obtained through food. Recent studies
have shown that an increase in fruit and vegetable consump-
tion by elderly people improves their antibody response
to vaccination, and reduces self-reported symptoms and
illness'?
valuable tool for preventing cold and flu infections, and for
reducing the severity and duration of symptoms of URTI.
In vitro studies suggest that a number of individual fruits
inhibit infection by the influenza virus"*~'>. To our know-
ledge, the translation of these findings into improved health
in humans has been reported only with a standardised elder-
berry extract, which significantly reduced the amount of time
required to achieve a ‘pronounced improvement’ of symptoms
and reduced the usage of conventional medication (nasal
decongestant and painkillers)(l(’).

Kiwifruit can be described as nutritious, providing an excel-
lent source of vitamin C and a good source of folate and
potassium™”. One fruit provides approximately 10% of the
recommended daily requirement of dietary fibre™”. Kiwifruit
also contains vitamin E and a range of polyphenols and
carotenoids that might also be beneficial to health. Evidence
is accumulating that gold kiwifruit (Actinidia chinensis
Planch. ‘Hortl6A’) may influence immune function. For
example, gold kiwifruit pasteurised purée stimulated a mild
gut-associated immune response in mice orally immunised

, suggesting that nutritional intervention may be a

with ovalbumin, a model protein, stimulating antigen-specific
antibody production (total Ig and IgG) and antigen-specific
e, Using a
water extract prepared from the gold kiwifruit pasteurised

proliferation of mesenteric lymph node cells

purée, it was subsequently demonstrated that the purée
modulated markers of innate immune function (phagocytosis,
oxidative burst and natural killer (NK) cell activity) and
adaptive immune function (T cell activation, and cytokine
production in response to a recall antigen) of human blood
cells in vitro™”. The influence of consumption of gold
kiwifruit on immune function in human subjects has not yet
been reported.

Hence, the aim of this pilot study was to determine the
effect of regular consumption of gold kiwifruit on the overall
incidence, duration and severity of symptoms of URTI in
community-dwelling older people, as well as on markers of
oxidative stress, inflammation and innate immune function.

Materials and methods
Subjects

Healthy (z 37) community-dwelling people aged 65 years
and older were recruited from the Palmerston North
(New Zealand) area, to participate in a 20-week randomised

crossover study. Screening for the study occurred by
telephone and/or personal interviews, including a general
health screening questionnaire. Exclusion criteria consisted
of the following: diagnosis of any form of cancer, vascular dis-
ease, diabetes mellitus, or mental illness; major CVD; hepatitis;
endocrine disease or inflammatory diseases such as rheuma-
toid arthritis; anaemia; malnutrition from malabsorption
(vitamins By, and Bg, folate, Fe); renal impairment; compro-
mised immune status (AIDS, multiple myeloma, chronic
lymphatic leukaemias). Also excluded were smokers, and
those who regularly consumed more than two units of alcohol
per day, vitamin supplements, anti-inflammatory drugs (non-
steroidal anti-inflammatory drugs, ibuprofen, cyclo-oxygenase
2 inhibitors), tranquillizers, anti-depressants or anticonvul-
sants. Subjects were required to have a BMI of between
18 and 30kg/m? and to undergo a health screening including
kidney and liver function, and haematology (blood glucose
and complete blood count; Medlab Central). The present
study was conducted according to the guidelines laid
down in the Declaration of Helsinki, and the study protocol
was approved by the Human Ethics Committee Southern A
(Application 08/16). Written informed consent was obtained
from each subject.

Study protocol

The study was conducted from July 2008 (mid-winter) to
November 2008 (end of spring). Subjects underwent a 4-week
washout period, during which time they were asked to refrain
from consumption of vitamin C supplements, kiwifruit and
kiwifruit products, and provide a blood sample at the end of
the washout period. Subjects were then randomly assigned to
consume the equivalent of either two freeze-dried bananas,
or two fresh ZESPRI® GOLD kiwifruit and two freeze-dried
ZESPRI® GOLD kiwifruit per day for 4 weeks, after which
time a blood sample was taken. Subjects underwent another
4-week washout period, and a blood sample was again col-
lected at the end of the period. Subjects then consumed either
the kiwifruit or banana for 4 weeks, the alternative to what
they had consumed during the first intervention period, after
which time a blood sample was taken, followed by a final
4-week washout period and collection of a blood sample at
the end of that washout period. At each sampling point, fasting
venous blood samples were collected into tubes containing
either heparin or EDTA. Subjects were asked to complete the
Wisconsin Upper Respiratory Symptom Survey (WURSS 21,
used under WARF license agreement #08—0329)(20)
their kiwifruit consumption daily. The rationale for providing
the equivalent of four kiwifruit per day was based on what

and record

was regarded as a daily amount that people could eat, particu-
larly if it provided a health benefit. The basis for providing two
fresh fruit and two freeze-dried fruit was to give participants
the opportunity to consume the equivalent dose in a
variety of ways; for example, to sprinkle the freeze-dried
powder on their cereal or make it into a smoothie. Banana
was provided as an alternative fruit during the ‘placebo’ treat-
ment period in an effort to determine whether changes to symp-
toms of URTI and physiological markers measured were due to
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a healthier lifestyle through the incorporation of fruit into the
diet, or as a specific result from gold kiwifruit consumption.
Banana was chosen as the alternative fruit as it has a relatively
similar energy content, but lower nutritional value than
gold kiwifruit with respect to most minerals, vitamins and
carotenoids, as shown in Table 1. Compliance was assessed
from differences in vitamin C and carotenoid plasma levels,
which reflects the differences of these micronutrients in
kiwifruit compared to banana.

Outcome variables

The primary variables were the duration and severity of
symptoms of URTI recorded by subjects. Possible symptoms
included runny nose, plugged nose, sneezing, sore throat,
scratchy throat, cough, hoarseness, head congestion, chest
congestion and feeling tired. The WURSS 21 survey records
‘functional’ domains, as described previously, and also ‘quality
of life’ domains, including ability to think clearly, sleep well,
breathe easily, walk/climb stairs/exercise, accomplish daily
activities, work outside the home, work inside the home,
interact with others, and live your personal life. The duration
and severity to which URTI symptoms interfered with these
domains were analysed.

The secondary variables were plasma antioxidant status
(vitamin C concentration, selected carotenoid concentration,
antioxidant capacity determined by the oxygen radical absor-
bance capacity and ferric reducing ability of plasma assays,
lipid peroxidation (malondialdehyde (MDA)), protein carbo-
nyl content, glutathione concentration, glutathione peroxidase
activity and superoxide dismutase activity), and immune
function and inflammatory markers (neutrophil and monocyte
phagocytosis, NK cell activity, peripheral erythrocyte folate,
plasma high-sensitivity C-reactive protein (Hs-CRP) and
plasma homocysteine).

Table 1. Nutritional content of the intervention fruit (four gold kiwifruit*
(344 g) or two bananast (236 g))

Gold kiwifruit Banana
Nutrient (344 9) (236 9)
Water (g) 286-3 149-8
Energy (kJ) 864-0 7420
Protein (g) 4.2 1.2
Total lipid (fat) (g) 19 07
Carbohydrate (g) 49.0 45.7
Fibre, total dietary (g) 6-8 5.2
Minerals
K (mg) 1088-0 716-0
Se (ng) 10-8 2.0
Vitamins
Vitamin C, total ascorbic acid (mg) 362-4 17-4
Folate, total (j.g) 116-0 40-0
B-Carotene (p.g) 148 52-0
Lutein + zeaxanthin (ug) 392 44.0
Vitamin E, tocopherol (j.g) 5.12 0-20
Vitamin K (.g) 18-8 1-00

*Kiwifruit, gold, raw; refuse: 26 % (skin); scientific name: Actinidia chinensis; NDB
no: 9445 (nutrient values and weights are for edible portion); samples grown in
New Zealand; cultivar is Hort 16A.

1 Banana, raw; refuse: 36 % (skin); scientific name: Musa acuminate Colla NDB no:
09040 (nutrient values and weights are for edible portion). USDA National
Nutrient Database for Standard Reference, Release 23 (2010).

Vitamin C (ascorbic acid). Plasma, collected in evacuated
tubes containing the anticoagulant EDTA, was mixed with
an equal volume of cold 10% metaphosphoric acid/2 mm-
Na,EDTA solution, and then centrifuged at 16000g, 4°C.
The supernatant was collected and stored at —80°C until
analysis. Vitamin C was measured as ascorbic acid using
HPLC combined with electrochemical detection. Prepared
plasma samples were gently thawed and immediately diluted
with 5X volume 5% metaphosphoric acid/EDTA and
analysed by HPLC. The HPLC system comprised a Water
2690 Solvent Delivery system, and a CoulArray® detector
operating at 350 mV. The separation column was a Synergi
Hydro 4p 250 X 4-6mm from Phenomenex and the mobile
phase was 50 mwm-lithium acetate (adjusted to pH 25 with
formic acid) at a flow of 1:0ml/min. Injection volume was
80 wl. A calibration curve was prepared using an authentic
standard of ascorbic acid and the concentration in samples cal-
culated by interpolation of the standard curve. Detection limit
for the method was 4 wMm-ascorbic acid.

Plasma carotenoid content. The extraction and analysis
of individual carotenoids (lycopene, lutein, zeaxanthin,
B-carotene), retinol and toco (a- and
vy-tocopherol) were based on the method described by Su
et al*" with minor changes. Briefly, 200 ul of plasma were
extracted twice with 1 ml of hexane containing 0-01% buty-
lated hydroxytoluene. For quantification, an internal standard
of echinenone 0-167 pg/ml was added to all samples before
the extraction. The extract was dried under N, at room
temperature, then reconstituted in 100 wl of mixture CHClz—
MeOH-CH;CN (30:35:35). Then, 50 ul were injected into the
HPLC instrument (Shimadzu HPLC machine equipped with
an SPD-M20A photodiode array detector and a NovoPak C'®
column) with absorbance detection at 292nm for the toco-
pherols, 325nm for retinol and 450 nm for the carotenoids.
The carotenoids, retinol and tocopherols were eluted from
the column using a mobile phase of 0-0125 % ammonium acet-
ate in MeOH (A), 100% CHCl;3 (B) and CH3;CN with 0-1%
triethylamine (C) in three linear gradient steps: from 0 to
5min, A 50%, C decreased from 50 % to 44 % and B increased
to 6%; from 5 to 16 min, A increased to 55 %, C decreased from
44 % to 30 % and B increased from 6 % to 15 %. Wash with A—C
50:50 mixture for 3 min.

Oxygen radical absorbance capacity. This modified
method was based on that of Prior et al‘*® and Huang
et al.®® . Briefly, 10l of diluted (1:100) plasma in 10 mm,
pH 74 phosphate buffer and 160 ul of 0-5pm-fluorescein
were added to wells in a ninety-six well microplate, and incu-
bated at 37°C for 30min. Then, 30wl of freshly prepared
0-25 M—Z,2’—azobis(Z—amidino—propane) dihydrochloride  in
phosphate buffer were added to the wells. The fluorescence
was recorded (excitation wavelength 490 nm, emission wave-
length 515nm) every 1-5min for 90min. The results were
calculated using the differences of areas under the fluorescein
decay curves between the blank and samples. A standard
curve was prepared using 25—400 um of Trolox™. The final
results were corrected for dilution, and expressed as pMm
Trolox™ equivalents. All determinations were performed in
triplicate.

a- and
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Ferric-reducing — antioxidant potential. This modified
method was based on that of Benzie & Strain®". Briefly,

25l of diluted (1:5) plasma in 300mM, pH 3:6 acetate
buffer and 140 pl of acetate buffer were added to wells in a
ninety-six well microplate, and heated to 37°C. Then, 30 pl
of freshly prepared ferric-reducing antioxidant potential
reagent (1:1 10 mM-2,4,6-tripyridyl-S-triazine in 40 mm-hydro-
chloric acid and 20 mm-ferric chloride) were added to the
wells and incubated at 37°C. Absorbance readings were
taken after 15 min at 593 nm. A standard curve was prepared
using 25—400 pm of Trolox™
for dilution, and expressed as pm Trolox™ equivalents. All
determinations were performed in triplicate.

Lipid peroxidation (malondialdehyde). The MDA standard
was prepared by dissolving Na-MDA salt in dilute hydro-
chloric acid. The d2-MDA internal standard was prepared
by acid hydrolysis of 1,3-dideutero-1-butoxy-1,3,3-triethoxy-
propane in dilute hydrochloric acid. The MDA standard and
EDTA plasma samples were spiked with d2-MDA internal
standard, butylated hydroxytoluene and aqueous acetic acid
were then added and the standard/sample heated at 60°C
for 30 min. After this time, the standards/samples were deriva-
tised with phenylhydrazine (PH) for 60 min, and protected
from the light. The PH-MDA adduct was then extracted into
hexane and analysed by GC-MS. GC-MS was run in selected
ion monitoring mode and Shimadzu software was used to
calculate the peak area of the m/z 144 ion (PH-MDA) and
the peak area of the m/z 146 ion (d2-PH-MDA). The ratio of
the two peak areas was calculated in Microsoft® Excel
and the final MDA concentration calculated from a six-point
calibration curve.

Protein carbonyls. EDTA plasma was centrifuged at
16000g, 4°C. The supernatant was collected and stored at
4°C. Protein carbonyls were measured by ELISA according
instructions (Zenith Technology,

. The final results were corrected

to the manufacturer’s
Zentech PC test).

Glutathione. Blood was collected in heparin tubes and
centrifuged at 1000 g, 10 min, 4°C. Plasma and the leucocytes
were removed; and the remaining erythrocytes were lysed
in four times their volume of ice-cold HPLC grade water
and centrifuged at 10000g, 15min, 4°C. The supernatant
was collected and stored at —80°C. Samples were thawed at
room temperature and deproteinated by adding an equal
volume of 10% (w/v) metaphosphoric acid, mixed by vortex-
ing, incubated at room temperature for 5min, and then
centrifuged at 2000 g for 2 min. The supernatant was collected
and 50 pul of 4m-triethanolamine were added per ml of the
supernatant. The remainder of the assay was performed
according to the manufacturer’s instructions using the gluta-
thione assay kit (Cayman Chemical Company #703002) at a
sample dilution of 1:20.

Glutathione peroxidase and superoxide dismutase enzyme
activity. Blood was collected in heparin tubes and centri-
fuged at 1000g, 10min, 4°C. Plasma and the leucocytes
were removed; and the remaining erythrocytes were lysed
in four times their volume of ice-cold HPLC grade water.
The lysate was centrifuged at 10000 g, 15 min, 4°C. The super-
natant was collected, aliquoted into two tubes and stored at

using an assay kit (Cayman Chemical Company #703102),
and the assay was performed according to the manufacturer’s
instructions using a sample dilution of 1:10. Superoxide dis-
mutase activity was determined using an assay kit (Cayman
Chemical Company #706002), and the assay was performed
according to the manufacturer’s instructions using a sample
dilution of 1:100. Hb concentrations were determined in
parallel on the same erythrocyte lysate samples prepared for
the enzyme assays. Hb was measured using the Hb assay kit
(Quantichrom #DIHB-250) according to the manufacturer’s
instructions at a sample dilution of 1:100. Enzyme activity
was expressed as U/g Hb.

Neutrophil and monocyte phagocytosis. Heparinised
blood (100 wD was mixed with non-viable Escherichia coli
(4 X 10 pre-labelled with fluorescein isothiocyanate. The
mean complete blood counts for all participants were
2:6 X 10° neutrophils and 0-44 X 10° monocytes per 100 ul of
whole blood; thus, the neutrophil:E. coli and monocyte:
E. coli ratios were 1:15 and 1:91, respectively. As phagocytosis
targets (E. coli) were at all times present in excess for both
phagocytic cell types, time was the only limiting factor in
the assay.

Aliquots of whole blood were pre-cooled in assay tubes for
45min at 5°C. Upon addition of E. coli, the samples were
promptly placed in a 37°C water bath. After 10min, the
samples were removed and treated with FACSLyse (Becton
Dickinson) as per the manufacturer’s instructions, and the
cells washed twice with PBS (2ml). The cells were resus-
pended in PBS containing trypan blue (0:3% w/v) to
quench extracellular fluorescence. Duplicate samples were
acquired on an FACSCalibur within 30 min of assay com-
pletion and analysed using CellQuest software (BD Bio-
sciences). Neutrophils and monocytes were gated individually
by scatter characteristics. The cells were identified as positive
for phagocytosis if they had a fluorescence level higher than
that of control samples held on ice (% cells positive). The
median fluorescence intensity of the positive cell population
was calculated individually for monocytes and neutrophils.

Natural killer cell assay. K562 cells (ATCC) were cultured
and passaged as per the supplier’s instructions. Following this,
1d before use, the cells were seeded in flasks at 10° per ml
in Roswell Park Memorial Institute (RPMI) medium containing
10% fetal calf serum, 100 U/ml penicillin, 100 pg/ml strepto-
mycin, 292 wg/ml L-glutamine, 5 X 10> M-2-mercaptoethanol
(Gibco BRL; complete medium ‘R-10") in the presence of
0-1% 3,3-dioctadecyloxacarbocyanine perchlorate  (DiO;
Sigma Aldrich) fluorescent dye. On the day of the assay,
fluorescently labelled cells were washed twice to remove
unincorporated DiO, counted, and resuspended in fresh
R-10 at 10° per ml.

Heparinised blood samples were diluted 1:1 in RPMI
medium and layered over Ficoll-Hypaque 1077. Tubes were
centrifuged at 400g for 30 min. The leucocyte-rich interface
was recovered, washed twice, resuspended in RPMI medium,
and the cells counted using a flow cytometer. Peripheral blood
mononuclear cells were diluted to a final concentration of
10° cells/ml in R-10.
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NK cells from blood were tested for their ability to kill
tumour cells using an assay method derived from standard
procedures®™?®_ Briefly, peripheral blood mononuclear cell
preparations were mixed with labelled K562 target cells in a
ratio of 40:1 in duplicate ninety-six well plates (final volume
250 wb, providing an effector:target cell ratio of 6:1 based on
published NK cell frequencies®>*®. Plates were centrifuged
at 200g for 1min to enhance effector—target cell contact,
and then incubated at 37°C (with 95% humidity and 5%
CO,, protected from light) for 4h. Propidium iodide was
added to each well at a final concentration of 25 ug/ml
for the last 15min of the assay. Control wells containing
only peripheral blood mononuclear cells, or only K562
target cells, were similarly prepared.

Duplicate samples were acquired on an FACSCalibur flow
cytometer using CellQuest software (>5000 events/sample)
(BD Biosciences). Target cells were identified by scatter
characteristics and DiO fluorescence. Viable and non-viable
cells were distinguished by propidium iodide fluorescence.

Peripheral erythrocyte folate. Whole blood (100D
collected in an EDTA tube was lysed with Folate Lysis Reagent
(I1ml; ABBOT Diagnostics Division). The lysate was stored
frozen, and analysed for folate by Canterbury Health Labora-
tories using the Chemiflex Abbot Architect system.

Plasma high-sensitivity C-reactive protein. Assays on
human plasma for Hs-CRP were performed as per the
manufacturer’s instructions (Dade Behring). Briefly, plasma
samples were mixed with polystyrene particles coated with
monoclonal antibodies that specifically recognise human
Hs-CRP. This resulted in particle aggregation, which when
passed through a beam of light scattered the beam. The inten-
sity of the scattered light, which was proportional to the
concentration of Hs-CRP in the sample, was measured and
quantified based on comparison with a standard containing
a known concentration of Hs-CRP; the concentration in the
latter sample was determined by standardisation against
the international reference preparation BCR-CRM 470.

Plasma homocysteine. Plasma homocysteine measure-
ments were carried out by Canterbury Health Laboratories
using a AxSYM fluorescence polarisation immunoassay kit
(Abbot Laboratories) as per the manufacturer’s instructions.

Statistical analysis

Statistical analysis was carried out in SAS 9.1 (SAS Institute Inc.)
using the MIXED procedure. A mixed-effects model was fitted
with time of sample, treatment sequence and treatment being
the fixed effects, while participant was set as a random effect.
The analysis of the immune health data set also included a sex
factor, an age covariate and their interaction, as fixed effects in
the analysis. Type 3 sums of squares were used to test for overall
differences among the fixed effects. In addition, the superoxide
dismutase and protein carbonyl analysis included a plate fixed
effect to model differences between assay plates. An auto-
regressive covariance structure of order 1 was used to account
for the possible carryover effects of the previous time period.
The resulting residual plots for each model were checked for
the validity of the normality assumption, with only the protein

carbonyl, folate, lycopene and Hs-CRP data needing to be log-
transformed to meet this assumption. One of the plates for the
protein carbonyl data was removed from the analysis, as the
standards had failed and therefore the resulting carbonyl con-
centrations were unreliable. This plate contained mostly the
samples from the last washout period and so this period was
also removed from the model.

The analysis of the individual WURSS-21 questionnaire data
set was carried out using a zero inflated negative binomial
(ZINB) model. Although the number of days with a particular
symptom was bounded by a maximum of 28d, the ZINB
model did provide a good fit. This questionnaire gave rise
to an extremely high number of zeros in the data set, repre-
senting people who did not have a given symptom; but
when a symptom was present, the severity was scored reason-
ably high by participants; therefore a standard Poisson
regression did not fit well. The ZINB model modelled the
data in two parts. The first part models the excess zeros
with a logistic regression, with participant as the predictor;
while the second part models the non-zero values using the
treatment, period and group as predictors (and some of
the zeros) as a standard Poisson regression model, and
allows a variance greater than the mean, thereby avoiding
‘over dispersion’ and the consequence of greatly reduced
P-values. The ZINB model was fitted in R 2-90 using the pscl
package. As the package only provided standard errors of
the regression coefficients, the standard errors of the fitted
means were calculated using the jack-knife method, with
each sample leaving one participant out in turn. For all
analyses, values of P<0-05 were considered significant.

Results
Subjects

Of the thirty-seven people enrolled in the study, data from five
people were excluded; two owing to non-compliance and
three did not complete the study because of unrelated medical
reasons. A description of sex, age, BMI, height and weight of
the study population is presented in Table 2. There were no
adverse comments from the participants about consuming
the equivalent of four kiwifruit/d.

Influence of regular consumption of gold kiwifruit on
symptoms of upper respiratory tract infection

Irrespective of the order of intervention treatment (kiwifruit
and then banana, or banana and then kiwifruit), there was a

Table 2. Description of the study population (n 32) by sex
(Number of participants, mean values with their standard errors)

Female Male
Mean SEM Mean SEM
Participants (n) 20 12
Age (years) 71-3 1.3 72-0 1.7
BMI (kg/m?) 26-9 1.2 26-5 11
Weight (kg) 70-0 36 777 35
Height (cm) 160-9 1.5 171-3 24
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gradual decline in the proportion of subjects reporting one or
more symptoms of URTI during each treatment or washout
period as the trial progressed (data not shown), suggesting a
seasonal effect. Similarly, symptoms also tended to be less
severe in spring, compared with winter (data not shown).

The influence of regular consumption of gold kiwifruit on
the duration (number of days) of symptoms of URTI was
assessed (Table 3). When participants experienced a sore
throat or head congestion within the 28d treatment period,
the duration of this symptom was significantly reduced
when gold kiwifruit was consumed compared with when
banana was consumed. A sore throat was present for an aver-
age of 5-42d when participants were consuming banana, but
this was significantly reduced to an average of 2:01d when
kiwifruit was consumed (P=0-024). Head congestion was
present for an average of 4-69d when participants were
consuming banana, but this was significantly reduced to an
average of 0-88d when kiwifruit was consumed (P=0-029).
Of the remaining physiological domain symptoms, four of
eight tended to be reduced in duration but not significantly
so. Kiwifruit consumption did not significantly reduce the
duration of any of the functional symptoms.

The influence of regular consumption of gold kiwifruit on
the severity of symptoms of URTI was also assessed. The
severity scores were calculated as the sum of the daily symp-
tom ratings for each treatment period. Regular consumption of
kiwifruit compared with banana significantly reduced the
severity of head congestion (P=0-015, Table 4). The severity
of a further five of nine physiological domain symptoms and

one of ten functional domain symptoms tended to be reduced
in severity but not significantly so.

Dietary analytes in plasma and erythrocytes

Consumption of gold kiwifruit led to significantly higher con-
centrations of plasma vitamin C, a-tocopherol and lutein/
zeaxanthin, and significantly lower concentrations of plasma
y-tocopherol and a-carotene, compared with consumption
of banana (P<0:05, Table 5). Consumption of gold kiwifruit
significantly enhanced the concentration of folate in erythro-
cytes, compared with consumption of banana (P=0-037,
Table 5).

Antioxidant activity and markers of oxidative stress,
CVD and inflammation, and immune function

Consumption of kiwifruit did not significantly influence
plasma antioxidant capacity (oxygen radical absorbance
capacity and ferric-reducing antioxidant potental), erythrocyte
glutathione concentration and erythrocyte glutathione peroxi-
dase activity (Table 6). Nevertheless, kiwifruit consumption
significantly reduced plasma MDA concentrations (P=0-035),
a marker of lipid peroxidation, compared with consumption
of banana.

Elevated plasma homocysteine and Hs-CRP concentrations
are markers of inflammation and risk factors for CVD.
Consumption of kiwifruit did not significantly reduce the
concentrations of either factor (Table 6); however, the trial

Table 3. Comparison of the duration of upper respiratory tract infection symptoms recorded by study participants (subjects) during
regular consumption of the equivalent of four gold kiwifruit or two bananas daily for 4 weeks

(Number of subjects with symptoms, mean values with their standard errors)

No. of days when
symptom present,
when consuming

No. of days when
symptom present,
when consuming

banana
No. of subjects
Symptom with symptom Mean SEM Mean SEM P
How sick do you feel today? 22 3.57 1.62 6-17 4.41 0-290
Physiological domain
Runny nose 24 719 2:29 11.85 7-31 0-275
Plugged nose 16 3-70 2-15 6-97 7-11 0-474
Sneezing 19 717 5.33 5.87 414 0-768
Sore throat 20 2.01 0-56 5.42 117 0-024
Scratchy throat 18 3.60 321 1.73 1.03 0-379
Cough 23 5.93 2.75 512 2.22 0-726
Hoarseness 13 1.22 0-99 3-03 3.72 0-271
Head congestion 16 0-88 1.42 4-69 5-29 0-029
Chest congestion 13 0-34 0-32 1-46 0-65 0-083
Feeling tired 19 5-30 2-51 4-20 3-39 0-712
Functional domain
Thinking clearly 19 2.80 2-89 2.02 2.06 0-670
Sleep well 15 6-94 4-29 6-81 2.54 0-975
Breathe easily 17 4.01 3-41 5.72 6-01 0-671
Walk, climb stairs, exercise 11 214 0-91 3-38 116 0-282
Accomplish daily activities 9 3-18 1.76 3.06 2.38 0-945
Working outside the home 10 210 3-60 1-90 1.96 0-896
Working inside the home 10 2.56 219 2.73 2.26 0-911
Interact with others 10 1.99 1.66 2.65 2.47 0-608
Live your personal life 12 1.58 0-867 2:40 213 0-483
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Table 4. Comparison of the severity of upper respiratory tract infection symptoms recorded by study participants (subjects)
during regular consumption of the equivalent of four gold kiwifruit or two bananas daily for 4 weeks

(Number of subjects with symptoms, mean values with their standard errors)

Severity of symp-
tom when symptom
present, when
consuming kiwifruit

Severity of symp-
tom when symptom
present, when
consuming banana

No. of subjects

Symptom with symptom Mean SEM Mean SEM P
How sick do you feel today? 22 7-47 3-95 10-21 8-27 0-572
Physiological domain
Runny nose 24 8.95 268 14.21 8-16 0-331
Plugged nose 16 5.38 3.52 12.73 12.94 0-388
Sneezing 19 11-36 858 741 5.18 0-530
Sore throat 20 3-68 1.58 7-88 3-89 0-256
Scratchy throat 18 7-35 7-05 2:49 2:25 0-251
Cough 23 8-58 3.58 6-28 2.53 0-492
Hoarseness 13 1.95 1.26 3-38 3.96 0-527
Head congestion 16 1.29 2.06 6-72 7-23 0-015
Chest congestion 13 0-45 0-53 1-89 0-75 0-114
Feeling tired 19 1312 7-45 7-01 6-27 0-379
Functional domain
Thinking clearly 19 3-36 3.23 2.36 2-39 0-664
Sleep well 15 15-56 11-20 1249 374 0-733
Breathe easily 17 5.67 4.75 7-25 7-32 0.778
Walk, climb stairs, exercise 11 3.59 1.90 3.28 2-80 0-899
Accomplish daily activities 9 6-30 5.01 3:15 3.01 0-364
Working outside the home 10 7-32 711 2-83 2.85 0-237
Working inside the home 10 3-81 3-89 3-20 2.94 0-804
Interact with others 10 3-66 3:13 2.65 0-92 0-675
Live your personal life 12 3-08 2.04 2-56 2-39 0-798

population did not appear to have elevated concentrations
of either of these markers (>15pumol/l homocysteine®",
>3 mg/l Hs-CRP®?).

NK cell activity and phagocytosis are measures of innate
immune function. There was no significant difference in NK
cell activity following regular consumption of gold kiwifruit
compared with banana (Table 6). Phagocytic activity was

measured in polymorphonuclear neutrophils and monocytes.

Compared with banana, gold kiwifruit did not significantly
enhance phagocytosis in either cell population (Table 6).

Discussion

The purpose of the present study was to determine whether
regular consumption of gold kiwifruit by community-dwelling
people aged 65 years or older reduces the incidence, duration

Table 5. Comparison of plasma analytes following consumption of the equivalent of four gold kiwifruit or two bananas daily for 4 weeks

(Mean values with their standard errors or standard error ratios)

Plasma concentration
when consuming

Plasma concentration
when consuming

kiwifruit banana

Analyte Mean SEM Mean SEM P
Vitamin C* (M) 72.87 368 53.73 371 <0-0001
vy-Tocopherol (M) 1.83 0-16 2.25 0-16 0-0002
a-Tocopherol (M) 35-61 0-97 32:28 0.97 <0-0001
Retinol (M) 2:29 0-09 2:25 0-09 0-5066
Lutein/zeaxanthin (nm) 600-90 44.81 497-82 44.81 0-0003
B-Cryptoxanthin (nm) 213-01 33:15 225.42 33.15 0-5254
Lycopenet (nm) 0-8931

Mean 345.09 342.51

SER 111 111
a-Carotene (nm) 104-67 901 121-31 9-01 0-0006
B-Carotene (nm) 733-82 62-86 704.55 62-86 0-2711
Erythrocyte folatet (nmol/l) 0-0369

Mean 611-43 55920

SER 1.08 1.08

SER, standard error ratio.

*The df for each analyte are 120—123, but are reduced for vitamin C (df = 114) owing to missing values in the data set.
1 The values for lycopene and erythrocyte folate have been log-transformed, but the means and SER presented have been back-transformed. To obtain the

mean values and standard errors, the mean should be multiplied or divided by the SER and the respective values added or subtracted.
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Table 6. Comparison of plasma antioxidant activity, antioxidant enzyme activity, and markers of oxidative stress, CVD, and innate
immune function following consumption of the equivalent of four gold kiwifruit or two bananas daily for 4 weeks

(Mean values with their standard errors or standard error ratios)

Plasma concentration
when consuming

Plasma concentration
when consuming

kiwifruit banana

Biomarker Mean SEM Mean SEM P
ORAC (uM-TE) 12054 385.78 11363 385.78 0-1640
FRAP (um-TE) 580-79 20-41 565-71 20-41 0-1848
MDA (M) 5.37 0-31 6-26 0-31 0-0351
Protein carbonylt (nmol/mg protein) 0-9550

Mean 0-18 0-18

SER 1.05 1.05
Glutathione (M) 145.07 410 139-37 410 0-1668
Glutathione peroxidase (U/g Hb) 12589 421.76 12253 421.76 0-1852
Superoxide dismutase (U/g Hb) 3927-41 184-10 3965-21 184-10 0-8421
Homocysteine (pmol/l) 11-62 0-45 11.52 0-45 0-6367
Hs-CRPt (ng/l) 0-3175

Mean 1.20 1.38

SER 1.22 1.22
NK cell activity (% target cells killed) 62-42 2.28 63-63 2-29 0-5794
PMN phagocytosis (% FITC positive cells) 60-96 219 65-73 2.21 0-1198
Monocyte phagocytosis (% FITC positive cells) 67-96 2.00 69-78 2.01 0-3691

ORAC, oxygen radical absorbance capacity; TE, Trolox™ equivalent; FRAP, ferric-reducing antioxidant potential; MDA, malondialdehyde; SER, standard
error ratio; Hs-CRP, high-sensitivity C-reactive protein; NK, natural killer; PMN, polymorphonuclear neutrophil; FITC, fluorescein isothiocyanate.

*The df for each assay are 120—123, but are reduced (df=84) for protein carbonyl because experimental error during analysis of samples from the

final washout resulted in the data from that period being discarded.

1 The values for protein carbonyl and Hs-CRP have been log-transformed, but the means and SER presented have been back-transformed. To obtain
the mean values and standard errors, the mean should be multiplied or divided by the SER and the respective values added or subtracted.

and severity of symptoms of URTI in comparison to banana.
Daily consumption of the equivalent of four gold kiwifruit was
associated with a significant reduction in the duration of a sore
throat (P=0-024), and the duration and severity of head conges-
tion (P=0-029 and P=0-015, respectively) (Tables 3 and 4).
Importantly, a reduction in the duration of sore throat from
5-42d to 2-:01d, and head congestion from 4-69d to 0-88d, in a
28d period, could be considered a clinically relevant improve-
ment. Furthermore, sore throat is an early symptom of the
common cold, and head congestion tends to be experienced
later as the cold progresses'”; therefore, gold kiwifruit consump-
tion may lessen the burden of symptoms at all stages of infection.
Similarly, a recent parallel study (7 529) in 18-65-year-olds
reported significantly fewer days with moderate or severe symp-
toms of common cold in subjects consuming an encapsulated
juice powder concentrate prepared from fruits and vegetables,
compared with placebo, although the number of days with any
cold symptom was similar between the groups®®.

Significant increases in plasma vitamin C (P<0-0001),
a-tocopherol (P<0-0001), lutein/zeaxanthin (P=0-0003) and
erythrocyte folate (P=0:0396) were achieved following
consumption of gold kiwifruit (Table 5). Conversely, signifi-
cantly higher concentrations of plasma y-tocopherol (P=0-0002)
and a-carotene (P=0-0006) were achieved following
consumption of banana. This suggests that participants
complied with the study protocol, as the fruits contain
comparatively high concentrations of these vitamins and
phytochemicals, respectively (http://www.nal.usda.gov/fnic/
foodcomp/search/; accessed August 2010). An increase in
plasma lutein and decrease in P-cryptoxanthin following
kiwifruit consumption (species not specified) has also recently

been reported by Bohn et al.*®. The micronutrients provided
by kiwifruit appear to be particularly important to immune
function and prevention of respiratory infections. In a recent
study of elderly, low-income, community-dwelling Ecuador-
ians, the high incidence of respiratory infection or colds
reported in 1 month was significantly associated with micronu-

3% and deficiencies of vitamins C, D, Bs and

trient deficiency
By, folic acid and Zn were particularly common in this popu-
lation. Furthermore, lower age and higher serum concen-
trations of total protein, albumin, vitamin E and folate were
associated with an intact immune response to the influenza
vaccine in elderly nursing home residents and healthcare

workers®®,

As these micronutrients are present in gold
kiwifruit, the findings reported here support the hypothesis
that regular consumption of this fruit type might have a
prophylactic effect, particularly in elderly populations.
Interdependence between optimal immune function and
regulation of oxidative stress is well recognised. Several
immune cells produce reactive oxygen species as part of the
body’s defence against infection, but oxidative damage to cell
membranes can lead to a loss of membrane integrity and altered
membrane fluidity, resulting in alterations in signalling within
and between immune cells*”. Decline in immune function in
older people may be attributed, at least in part, to an increase
in oxidative stress®”. Therefore, increases in dietary antioxi-
dants, endogenous antioxidant compounds and antioxidant
enzyme activity may contribute to improved immune function
in older people. In this study, significantly less lipid peroxidation
(MDA) was present when people consumed gold kiwifruit
(P=0-0351, Table 6). This suggests that significantly increased
concentrations of diet-derived antioxidant analytes, and
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possibly some limited (non-significant) improvements in a
number of endogenous mechanisms that serve to control reac-
tive oxygen species, may have led to reduced oxidative
damage. Tissue damage seen in lungs after influenza virus infec-
tion is due to the reactive oxygen species produced during the
processes of phagocytosis and oxidative burst®®. Furthermore,
influenza infection results in a decrease in the total concen-
tration of glutathione, vitamin C and vitamin E from lung
tissue®®., Therefore, the enhanced concentrations of plasma
antioxidant analytes derived from gold kiwifruit could reduce
tissue damage as a result of respiratory infections.

In addition to their direct antioxidant capacity, dietary
vitamins and phytochemicals also modulate humoral and
cellular immune function, and this might influence the severity
of infection-related inflammation. For example, a stable
ascorbic acid derivative induced an increase in IgM pro-
duction from stimulated mouse spleen B cells““”. The mucosal
tissues are the main portal entry for many pathogens, and
secretory IgA and to some extent IgM are the major neutralis-
ing antibodies directed against mucosal pathogens to prevent
their entry and can function intracellularly to inhibit virus
replication®”. Further, folate is an essential nucleic acid
providing a building block for antibodies and cytokines, and
therefore is important for both humoral and cellular immu-
nity*?. Tt follows therefore, that increased plasma vitamin C
and erythrocyte folate concentrations achieved as a result of
regular consumption of gold kiwifruit might promote antibody
production, enhancing the detection and clearance of infection.

The symptoms of viral respiratory infections relate to viral
replication and are associated with a cascade of inflammatory
mediators“®?. Airway inflammation, as a result of rhinovirus
infection, for example, occurs because epithelial cells produce
various inflammatory mediators“®. Using in vitro respiratory
models, carotenoids and polyphenols have been shown to
reduce inflammatory cytokine prOdUCtiOH(ZA’Zﬁ), and inhibit
the replication of rhinovirus 1B“*. Further, a mixed dietary
treatment of ubiquinone Qo, o-tocopherol and B-carotene
reduced the production of TNF-a, IL-la, IL-1B, IL-2 and
interferon-y in plasma in a mouse model of acute inflam-
mation, but did not reduce concentrations of IL-6 or the
anti-inflammatory  cytokine 1L-10“®.  These studies and
others like them suggest that dietary compounds, including
minerals, vitamins and phytochemicals can influence cytokine
production under conditions of infection and/or inflam-
mation. While this may in part be due to an antioxidant
effect that preserves immune and mucosal cell integrity,
other mechanisms that directly influence the production of
antibodies and cytokines may be at play. For example, Bshn
et al®? recently demonstrated that daily consumption of
three kiwifruit (species not specified) resulted in altered
expression (up- and down-regulation) of gene sets for
immune-related processes and responses, and up-regulation
of expression of DNA and repair gene sets. Irrespective of
the mechanism, sufficient intake of fruits and vegetables,
including gold kiwifruit, is clearly important for the prevention
and clearance of respiratory infections.

Interestingly, consumption of gold kiwifruit did not result
in enhanced innate immune function (NK cell activity,

polymorphonuclear neutrophil phagocytosis and monocyte
phagocytosis), when determined ex vivo (Table 0). Previous
studies have reported varying effects of nutritional interven-
tion on immune function. For example, a fruit-and-vegetable
juice powder concentrate enhanced plasma vitamin C
and selected carotenoid concentrations, including lutein, and
supplementation significantly enhanced the numbers of circu-
lating v& T cells“”.
specific Camellia sinensis (green tea) preparation resulted
in fewer cold and flu symptoms, but did not enhance the
numbers of v T cells'’. However, when isolated v8 T cells
were stimulated with an antigenic challenge ex vivo, cells
from participants consuming green tea were primed to
respond more vigorously™. 48 T cells may be important in

Conversely, daily consumption of a

the progression of URTI, because they are proposed to carry
out immunosurveillance against virally infected cells”.
The effect of gold kiwifruit consumption on vy8 T cell
number or ‘priming’ was not determined in this study, but
may be worthy of consideration in the future.

In conclusion, regular consumption of gold kiwifruit by
community-dwelling older people has a positive and signifi-
cant influence on a number of plasma antioxidants, including
vitamins C and E (a-tocopherol), and lutein/zeaxanthin, and
significantly reduces cellular damage from oxidative stress,
namely lipid peroxidation. Furthermore, when participants
consuming gold kiwifruit experienced symptoms of URTI,
many symptoms tended to be shorter in duration and less
severe; this was significant for duration and severity of head
congestion, and duration of sore throat. Although the mechan-
isms behind the influence of enhanced plasma antioxidants
and dietary analytes on improved symptoms of URTI after
consumption of gold kiwifruit remain speculative, the
reduction in duration and severity of selected URTI symptoms
indicates that gold kiwifruit may provide an important and
clinically relevant contribution to lessening the burden of
respiratory infection in older individuals.
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