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REVIEW

Food or medication? The therapeutic effects of food on the duration and
incidence of upper respiratory tract infections: a Review of the literature

Ellen Jos�e van der Gaaga,b and Thalia Zoe Hummelc

aPediatrics, Hospital Group Twente, Almelo, SZ, Netherlands; bBehaviourial Management and Social Sciences, University of Twente,
Enschede, AE, Netherlands; cPediatrics, Medical Spectrum Twente, Enschede, KZ, Netherlands

ABSTRACT
Purpose: Upper respiratory tract infections are common in children and adults. Antiviral treat-
ments are only available for specific groups of patients, stimulating the distribution of over-the-
counter medication to relieve the symptoms for the other patients. Studies about whole foods
and their effect on the incidence and duration of upper respiratory tract infections were reviewed.
Methods: Randomized controlled trials and case-control studies available on MEDLINE, Web of
Science, Cochrane Library and Embase were included.
Results and Conclusions: Thirty-three studies were included. The incidence of respiratory
infections or symptoms was shown to be reduced in some studies when probiotics, prebiotics,
growing-up milk, fish oil, kiwi, garlic and xylitol were taken. Duration was favorably influenced by
the intake of elderberry, kiwi, probiotics and fish oil. When the risk of bias and repetition is taken
into account, probiotics and elderberry repeatedly show favorable effects. Prudent conclusions can
be made in selective patient groups. However, the studies were diverse and were only performed
by a few study groups.

KEYWORDS
Whole foods; recurrent
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Introduction

Acute respiratory infections, including upper and lower
respiratory infections, are the most common illnesses in
children worldwide (Black et al. 2010), and also the main
infectious reason that adults visit the emergency department
(U.S. Department of Health and Human Services CfDCaP
2017). These infections are largely caused by viruses and are
usually self-limiting. In severe infections, only a few antiviral
drugs, like zanamivir or oseltamivir, are available for treat-
ment. Since the infections are very common and only severe
infections are treated with anti-viral drugs, most patients use
over-the-counter drugs like cough sirup or painkillers to
relieve the symptoms. However, are there also natural prod-
ucts, such as food, that can decrease the duration of the
infection or influence the incidence of the infection?

In Chinese children, food intake has been shown to have
an effect on respiratory infections. Mao et al. showed the
relation of daily food intake and recurrent respiratory infec-
tions through the hair analysis of iron, zinc and copper lev-
els. Children with the lowest levels of hair iron, zinc or
copper, indicating a lower nutritional intake, showed more
recurrent respiratory tract infections compared to healthy
controls, according to this meta-analysis (Mao, Zhang, and
Huang 2014). This study reflects the importance of adequate
and varied nutrition over a long period of time in prevent-
ing respiratory tract infections.

Food synergy is defined as the combined action of health
compounds within foods and of foods working together
(Jacobs, Gross, and Tapsell 2009). This consists not of a sin-
gle component but of multiple components, all influenced
or not by each other. Food consists of macronutrients, i.e.,
fats, proteins and carbohydrates. Food also includes
micronutrients like minerals and vitamins. Besides these
well-known components, food also contains components
like signal transducers, hormones, sterols, enzymes and
enzyme inhibitors, polyphenols and fungicides, among
others. These compounds are used by the plant or animal to
stay alive and to protect itself against diseases or pathogens
(Jacobs and Tapsell 2007). It is now believed that the phyto-
chemicals in plant-based foods are responsible for beneficial
health effects. Phytochemicals are plant-derived compounds,
which are not considered essential for nutrition nor do they
have nutritional value. Approximately 20,000 phytochemicals
have been described in plants (Scalbert et al. 2011). Specific
phytochemicals responsible for the color of a plant/vegetable
or fruit, such as anthocyanins, carotenoids, lycopene or
chlorophyll, are thought to have an effect on health (Gross
1991; Linus Pauling Institute OSU 2019). The principle of
food synergy shows that the combined action of different
nutrients has a greater biological effect than the sum of the
biological effects acquired by individual nutrients (Yeum
et al. 2009).

Different strategies in which food influences the human
defence mechanism against pathogens has been previously
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described. Many berries and plants have antimicrobial com-
pounds that can respond to microbial invasion and may
modulate the bacterial microbiome when ingested. Berries
like blueberries, lingonberries and cranberries have antibac-
terial effects against human pathogens (Heinonen 2007;
Nohynek et al. 2006).

Other food components, such omega-3 fatty acids in oily
fish or cod liver oil, have immunomodulatory capacities
(Calder 2015). Another way in which food can be used as a
defence against pathogens is to increase the amounts of anti-
oxidants (kiwi) or to strengthen the local, innate or adapted
immune system (probiotics). Xylitol can inhibit the growth
of Streptococcus pneumoniae (Kontiokari, Uhari, and
Koskela 1995), possibly via the fructose phosphotransfer-
ase system.

With this extended literature review, we describe evidence
of the effect of natural everyday food on the duration and
incidence of respiratory tract infections in children and
adults. Reviews about single foods, like elderberry, probiot-
ics, etc., can be found in the literature. However, to our
knowledge, no reviews have been conducted about upper
respiratory tract infections and the possible effects of differ-
ent types of food groups on a specific infection. We did not
include studies about supplements or single vitamins, since
that does not reflect daily life situations. Instead, we
included studies with whole food, pureed food or extracts to
review the possible effect of food synergy.

Methods

Literature search and study selection

We systematically searched the Cochrane Library,
MEDLINE, Embase and Web of Science up to November
2018. Studies on respiratory infections were identified with
the search terms: “respiratory infections,” “flu” and
“common cold” (both as medical subject headings (MeSH)
and free text terms). These were combined, using the set
operator “AND”, with the terms: “nutrition,” “nutritional
intervention,” “natural food,” “vegetables,” “meat,” “dairy,”
“fruits,” “berries,” “fish,” “egg” or “oil” (MeSH or free text
terms). Additional strategies for identifying studies included
searching the reference lists of the articles included. Acute
otitis media (AOM) is often seen as a complication of an
upper respiratory tract infection (URTI), therefore, studies
found on this subject were also included in this review
(Figure 1).

Abstracts were screened for eligibility. Potential eligible
studies were retrieved and read in full to assess whether
they fulfilled all the inclusion criteria. Inclusion criteria
were: (1) children aged 1–18 years or adults; (2) with
respiratory tract infections or prone to respiratory infections;
(3) not hospitalized or mechanically ventilated, but in an
outpatient setting; (4) the food studied or products of that
foodproducts group should be commercially available (e.g.
in supermarkets); (5) the studies should be randomized con-
trolled trials or non-randomized controlled trials.

The screening was conducted by two reviewers (EvdG
and TH). Disagreement between the reviewers was resolved

by consensus when possible, or by consulting a third
reviewer to make the final decision.

Results

Study selection

A total of 2688 papers were identified, of which 179 were
retrieved for full text review. After reading the full text, 150
studies were excluded (Figure 1). Tables 1–3 list the charac-
teristics of the remaining 33 studies, which included 28
randomized controlled trials and 1 case-control trial, 1 pre-
test-posttest design study and 3 Cochrane meta-analysis.

The clinical diversity between the studies was large with
regards to the studied food and studied population.
Therefore, the study data could not be compared for a
meta-analysis. We evaluated all studies for the risk of bias
(Table 4), and half of the studies had a low risk of bias.

Fruits
Orange juice. The oldest study concerning respiratory infec-
tions and fruit was conducted in 1979 and investigated how
orange juice affected symptoms of the common cold. This
study examined the effects of the daily intake of 180ml of
synthetic orange juice (no vitamin C added), synthetic
orange juice with 80mg artificial added vitamin C, or nat-
ural orange juice with 80mg of natural vitamin C, in 362
young adults (ages 17–25 years) for a period of 72 days
(Baird et al. 1979). Symptoms of the common cold were
noted daily by the participants. The total symptoms
recorded by the participants, the duration and number of
episodes of illness in that winter period significantly favored
both natural orange juice and synthetic orange juice with
added vitamin C. Natural orange juice contains flavonoids
as well as vitamin C. Other studies have indicated that flavo-
noids can modify the metabolism of vitamin C under
defined experimental conditions (Wilson, Price-Jones, and
Hughes 1976) and potentiate its nutritional activity. In the
study from 1979, the effect of natural orange juice (contain-
ing both flavonoids and vitamin C) was not superior to that
of synthetic orange juice which contained just high doses of
vitamin C and no flavonoids. Vitamin C is known to stimu-
late the immune system (increase the activity of natural
killer (NK) cells, lymphocyte proliferation, chemotaxis and
as an antioxidant) as reviewed by the groups of Ran et al.
(2018) and Wintergerst, Maggini, and Hornig (2006).

Kiwifruit. In mouse models, puree kiwifruit (gold) has been
shown to enhance immune function by stimulating antigen-
specific antibody production (total Ig and IgG) and the pro-
liferation of mesenteric lymph node cells in the gut.
Kiwifruit also modulates markers of innate immune function
(phagocytosis, oxidative burst, T-cell activation, cytokine
production and NK cells) (Hunter et al., 2008; Skinner et al.
2011). Two randomized crossover studies were performed
using kiwifruit (and banana as control fruit) as the interven-
tion for respiratory infections. For 32 healthy adults aged
over 65 years, the intervention consisted of consuming four
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gold kiwifruits or two bananas daily for four weeks. For 66
children aged 2–5 years, the intervention consisted of two
gold kiwifruits or one banana, five days a week, also for
four weeks.

In the adult population, the incidence of URTI did not
decrease in the kiwifruit period, but the symptoms during
the respiratory tract infection were reduced. The severity
and incidence of a sore throat and head congestion were
reduced significantly.

The adult study was supported by laboratory research.
Consumption of kiwifruit showed significantly higher blood
levels of vitamin C, a-tocopherol, lutein/zeaxanthin and red
blood cell folate compared to consuming bananas, therefore,
suggesting that intake of vitamin-rich food can increase vita-
min levels in humans and can strengthen the host by reduc-
ing infectious symptoms (Hunter et al. 2012).

For children, the clinical differences were even more evi-
dent. The odds of not having a cold- and flu-like illness was

1.8 times greater during the kiwifruit segment of the inter-
vention compared to the banana segment of the intervention
(Odds Ratio (OR) ¼ 0.55; 95% confidence interval (CI)
0.32–0.94; p¼ 0.03). When the symptoms were scored on a
severity scale (Canadian Acute Respiratory Illness Flu Scale,
CARIFS), functional complaints (i.e. symptoms that measure
the impact of disease on the child’s day-to-day activity)
improved most in the kiwifruit period (p¼ 0.006). During
the kiwifruit period, the children had a better appetite, felt
better, had more energy and cried less than the period in
which they are bananas (Adaim 2010).

Cranberry. Cranberry juice has an effective preventive cap-
acity against urinary tract infections (Kontiokari et al. 2001;
Stothers 2002). Cranberries produce antimicrobial com-
pounds such as proanthocyanidins. These proanthocyanidins
are thought to act by inhibiting the adhesion of Escherichia
coli to uroepithelial cells. However, do these antimicrobial

Figure 1. Inclusion flow chart.
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capacities also provide protection in respiratory tract infec-
tions? A randomized controlled trial was performed in 341
children aged 1–7 years who received five ml/kg (up to
300ml) of cranberry juice or a placebo per day, for
three months.

The number of respiratory infections and the duration of
symptoms did not differ between the cranberry group and
the placebo group (Kontiokari et al. 2005).

Oral bacterial carriage and the bacterial fatty acid com-
position in stools did not change, even though cranberries

have been found to reduce the adhesion of some bacteria
in vitro (Kontiokari et al. 2005).

Another randomized double-blind, placebo-controlled
study was performed in 45 healthy adults. The subjects
drank 450ml/day of cranberry juice or a placebo for
10weeks. In the cranberry group, the incidence of illness
was not reduced, however, significantly fewer symptoms of
cold and influenza were reported (p¼ 0.031). The duration
of the illness, scored in days missed from work/school, did
not differ between the two groups. Laboratory parameters

Table 1. Therapeutic effect of food on the incidence of upper respiratory tract infections.

Author, year,
Country

Sample
Size (n)

Age range
(years) Intervention

Method of
data collection outcome

Follow up
(months) OR, RR or p-value

Baird et al.
1979, UK

377 17–25 Orange juice RCT No effect on incidence
between natural and
synthetic
orange juice

3 months n.s.

Adaim 2010,
New Zealand

66 2–5 Kiwi gold RCT Reduced risk having a
flu or cold of 45%

3 months �0.55 (0.32–0.94),
p¼ 0.03

Kontiokari et al.
2005, Finland

304 1–7 Cranberry juice RCT No effect on incidence
(11.1 vs 11.6
episodes/year)

3 months �0.55 (-2.1–1.0),
p¼ 0.48

Nantz et al.
2013, USA

54 21–50 Cranberry juice RCT No effect on incidence
(21 vs 31 in
10 weeks)

2.5 months p¼ 0.282

Tiralongo, Wee, and
Lea
2016, Australia

312 >18 Elderberry extract RCT No effect on incidence
(12 vs 17 episodes)

14 days p¼ 0.40

Larmo et al.
2008, Finland

254 19–50 Sea buckthorn berry RCT No effect on incidence
(185 vs
161 episodes)

3 months RR 1.15 (0.90–1.48)

Hughes et al.
2011, USA

427 > 18 5.0 grams
galactooligosaccharides

RCT 40% reduction in
percentage of days
with flu in normal
weight adults

2 months ��p ¼ 0.0002

Hao, Dong, and Wu
2015, Cochrane

1927 0–92 probiotics Meta-analysis Episodes of URTI
reduced by 47%

0–12 months ��0.53 (0.37–0.76),
p< 0.001

Chatchatee et al.
2014, 5 countries

767 1–2 Growing up milk RCT No effect on URTI 12 months RR 0.91
(0.84–0.99),
p¼ 0.10

Li et al. 2014, China 264 3–4 Growing up milk RCT 53 vs 96 episodes 6 months �p ¼ 0.04
Pontes et al.

2016, USA
256 1–4 DHA, prebiotics and

beta-glucan
RCT No effect on incidence 6 months p¼ 0.938

Thienprasert et al.
2009, Thailand

180 9–12 Fish oil RCT 54.3 % (fish oil) vs
67.4% (placebo) of
URTI and/or diarrhea

6 months ��p ¼ 0.006

Malan et al. 2015,
South Africa

321 6-11 DHA/EPAþ iron RCT No effect on incidence
compared to placebo

8.5 months n.s

Linday et al.
2004, USA

94 0.–6-5 Cod liver oil and
multivitamin-mineral

Case control No effect on incidence
(68 vs 61 episodes)

6 months p¼ 0.80

Azarpazhooh,
Lawrence, and
Shah
2016, Cochrane

3405 < 12 xylitol Meta-analysis Reduction of Acute
Otitis Media in
healthy children
from 30% to 22%

Few days to
3 months

�RR 0.75
(0.65–0.88)

Josling 2001 UK 146 > 18 Garlic RCT Episodes reduced 24 vs
65 episodes

3 ��p < 0.001

Da Boit et al.
2015, UK

42 > 18 Fish oil, vitamin D and
whey protein

RCT No effect on incidence
(45% vs 49% of
participants
reporting URTI)

3.5 months n.s.

Garaiova et al.
2015, Slovakia

57 3–6 Probiotics, vitamin C
and xylitol

RCT Decrease of 49%
of URTI

1.5 months �p < 0.05

Calatayud et al.
2017, Spain

128 1–5 Mediterranean diet Prospective
Before-after

2.9-fold decrease in
URTI incidence

12 months ��p < 0.001

RCT¼ Randomized controlled trial. URTI¼Upper respiratory tract infections. n.s.¼ non-significant. OR¼Odds Ratio.�¼ p< 0.05;��¼ p< 0.01
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showed the improved ability of gamma delta (cd) T cells to
proliferate in culture after the adults took the cranberry
juice, as well as lower the production of an inflammatory
cytokine, interleukin 6 (IL-6) (Nantz et al. 2013).

Elderberry. Elderberry, or Sambucus nigra L., has been used
in folk medicine as a remedy for the common cold and
influenza (Association BHM 1983). Elderberry is reported to
contain high doses of flavonoids and has antiviral (Roschek
et al. 2009), antioxidant, anti-inflammatory and immune-
modulating capacities (Badescu et al. 2015). It contains
anthocyanins, which are considered to be the active compo-
nent of the elderberry (Mikulic-Petkovsek et al. 2015).
Besides these components, elderberries are rich in vitamins
(A, B1, B2, B6, B9, C and E), trace elements, minerals and
phytochemicals, such as carotenoids, phytosterols and poly-
phenols (Tiralongo, Wee, and Lea 2016).

Holst et al. reviewed the efficacy of elderberry extract in
pregnant women. All clinical studies (n¼ 3) included in this
review showed improvement. Although the total number of
patients using the elderberry extract from all three studies
was only 77 (Holst, Havnen, and Nordeng 2014), symptoms

were relieved significantly faster in all elderberry groups
(Holst, Havnen, and Nordeng 2014).

When given as an oral sirup to 60 adult Norwegian
patients with proven influenza A or B infection, the symp-
toms were relieved significantly earlier compared to the con-
trol group. The usage of painkillers and nasal sprays was
also significantly less in the elderberry group (Zakay-Rones
et al. 2004). A study in Panama showed that the same sirup
also relieved the symptoms significantly earlier in 27 influ-
enza B patients (Zakay-Rones et al. 1995).

In China, 64 patients with flu symptoms were also treated
with elderberry extract. A quick improvement was seen after
24 h in four of six symptom scores (headache, nasal conges-
tion fever, muscle aches, but not cough or mucus discharge).
After 48 h, all six symptoms improved in the elderberry
group, whereas the symptoms worsened in the placebo
group (Kong 2009).

In 312 economy class air travelers, the risk of developing
a respiratory infection was present due to stressful circum-
stances and air conditioning. When the travelers took
300mg of elderberry extract 10 days prior to their overseas
travel until 4 days after arrival, the incidence was not

Table 2. Therapeutic effect of food on the duration of respiratory infections.

Author, year,
country

Sample
Size (n) Age range (years) Intervention

Follow up Method of
data collection outcome

OR, RR, p-value

McLean Baird et al.
1979, UK

377 17–25 Orange juice 3 months RCT No difference between
natural and synthetic
orange juice

n.s.

Hunter et al. 2012,
New Zealand

37 > 65 Kiwi gold 5 months RCT, crossover Reduction of sore
throat (2.0 vs 5.4
days) and head
congestion (0.88 vs
4.69 days)

�p ¼ 0.024 and
p¼ 0.029,
respectively

Kontiokari et al.
2005, Finland

304 1–7 Cranberry juice 3 months RCT No effect on duration
(8.7 vs 9.4 days)

�0.7 (-3.4–1.9),
p¼ 0.46

Tiralongo, Wee, and
Lea
2016, Australia

312 >18 Elderberry extract 14 days RCT Shorter duration of
URTI days (57 vs
117 days)

�p¼0.02

Zakay-Rones et al.
1995, Israel

27 5–56 Daily 4 x15ml
elderberry
sirup (adults)
2x15ml (child)

6 days RCT 2.7 days (elderberry) vs
4.0 days (placebo)

��p < 0.001

Zakay-Rones et al.
2004, Norway

60 18–54 Elderberry sirup 10 days RCT 2–3 days (elderberry) vs
6 days (control)

��p < 0.001

Kong 2009, China 64 16–60 Elderberry extract 2 days RCT Fever disappeared after
48 hours in 100% of
elderberry group vs
22% in placebo

��p < 0.001

Larmo et al.
2008, Finland

254 19–50 Sea
buckthorn
berry

3 months RCT No effect on duration
(4 vs 3 days)

RR 1.05
(0.87–1.27)

Hao, Dong, and Wu
2015, Cochrane

831 18–92 probiotics 3.0–8.5 months Meta-analysis Reduction of -1.89 days ��-2.03 to -1.75,
p< 0.001

Li et al. 2014, China 264 3–4 Growing up milk 6 months RCT 3.5 days (GU milk) vs
4.3 days

��p ¼ 0.007

Thienprasert et al.
2009, Thailand

180 9–12 2 grams fish oil 5
days a week

6 months RCT 2 days (fish oil) vs 4
days (placebo) URTI
and/or diarrhea

�p ¼ 0.024

Malan et al. 2015,
South Africa

321 6-11 DHA/EPAþ iron 8.5 months RCT No effect on duration
compared to placebo

n.s.

Lissiman, Bhasale,
and Cohen 2014,
Cochrane

146 > 18 Garlic 3 1 RCT
Cochrane

Duration 4.63 vs
5.63 days

p> 0.05

�¼ p< 0.05;��¼ p< 0.01
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influenced, but the duration of the symptoms was influenced
(Tiralongo, Wee, and Lea 2016).

Sea buckthorn berries. Sea buckthorn berries were investi-
gated in 254 healthy volunteers in a double blind, random-
ized placebo-controlled trial because of their known
immunomodulatory properties and positive effects on
health. They contain flavonoids and polyphenolic com-
pounds, which influence the immune system and inflamma-
tory cells, and they have antimicrobial properties. The
frozen sea buckthorn puree contained 16.7mg of flavonol
glycosides (mostly isorhamnetin) and low doses of vitamin
C and E. No clinical effect was seen in the number or dur-
ation of respiratory tract infections in healthy volunteers
(Larmo et al. 2008).

Dairy products, pre- and probiotics
Prebiotics. Prebiotics are defined as “non-digestible food
ingredients that beneficially affect the host by selectively
stimulating the growth and/or activity of a limited number
of bacterial species in the colon” (Orrhage and Nord 1999).
Prebiotics like galacto- and fructooligosaccharides aim to
increase the load of lactobacilli and bifidobacteria to pro-
mote health in the host (Bouhnik et al. 1997). They also
increase fecal short chain fatty acids, which have been asso-
ciated with decreased epithelial permeability (Mariadason,
Barkla, and Gibson 1997). In children, infant formula is usu-
ally supplemented with prebiotics, which is usually con-
sumed by children younger than one year of age. These

studies were excluded from this review since this age group
was in the exclusion criterion. In adults, galactooligosacchar-
ides are supplied in packets and can be mixed into any bev-
erage. In the study by Hughes, 427 healthy students with
stress due to their final exams took 2.5 or 5.0 g of prebiotics
or placebo for eight weeks. There was no difference in the
incidence of common cold or flu between the groups.
However, galactooligosaccharide supplementation attenuated
the cold/flu symptoms in specific groups (normal, healthy
weight but not in obese subjects; moderately stressed but
not at highly stressed) (Hughes et al. 2011).

Fermented dairy/probiotics. Probiotics are defined as “live
microorganisms administered in adequate amounts which
confer a beneficial physiological effect on the host”. The nat-
ural mechanism of action for probiotics is fermentation, one
of the oldest techniques for preserving dairy food, and their
natural occurrence is therefore in fermented food (yoghurt,
cheese). Nowadays, they are usually administered in milk
products or in capsules. The exact mechanisms by which
probiotics may improve health are not completely clear.
There might be several mechanisms like immunomodulation
of innate and acquired immunity, but also enhancement of
local immunity (reviewed in Hao et al. (2011)). In our
search, almost half of the articles about food and respiratory
infections studied the effect of probiotics.

A Cochrane review in 2015, which involved 3720 partici-
pants, concluded that probiotics were better than a placebo
in reducing the number of participants who experienced epi-
sodes of acute URTI by 47%. The mean duration of an

Table 4. Risk of bias. The studies of Catalayud et al. and Linday et al. were not included since they are not RCTs. The 3 Cochrane meta-analyses were also
not included.

Random sequence
generation

(selection bias)

Allocation
concealment
(selection bias)

Blinding of
participants and

personnel
(performance bias)

Blinding of outcome
and assessment
(detection bias)

Incomplete outcome
data (attrition bias)

Selective reporting
(reporting bias)

Adaim 2010 � � � � � �
Chatchatee et al. 2014 � � � � � �
Da Boit et al. 2015 ? ? ? ? � �
Garaiova et al. 2015 � � � � � �
Gerasimov et al. 2016 � � � ? � �
Hojsak et al. 2016 � � � � � �
Hughes et al. 2011 � � � � � ?
Hunter et al. 2012 � � � � � �
Josling 2001 � � � � � ?
Kalima et al. 2016 � � � � � �
Kong 2009 � � � � � �
Kontiokari et al. 2005 � � � � � �
Langkamp-Henken, 2015 � � � � ? �
Larmo et al. 2008 � � � � � �
Li et al. 2014 � � � ? � �
Malan et al. 2015 ? � � � ? �
Baird et al. 1979 ? ? � � � ?
Nantz et al. 2013 � � � ? � �
Nocerino et al. 2017 � � � � � �
Pontes et al. 2016 � � � � � �
Prodeus et al. 2016 � � � � � �
Pu et al. 2017 � � – ? � �
Shida et al. 2017 ? ? ? ? � �
Strasser et al. 2016 � � � ? � ?
Thienprasert et al. 2009 ? ? � ? � �
Tiralongo, Wee, and

Lea 2016
� � � � � �

Zakay-Rones et al. 1995 � � � ? � �
Zakay-Rones et al. 2004 � � � � � �
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episode of acute URTI was reduced by about 1.89 days; anti-
biotic use and cold-related school absences were also
reduced. In children, the effect of reducing the number of
episodes of URTI was greater than in adults, and almost no
effect was seen in elderly people. The authors concluded
that the results favor the probiotic group, however, the qual-
ity of the evidence was low or very low (Hao, Dong, and
Wu 2015).

Since that review, nine articles that fit our inclusion crite-
ria have been published about probiotics and respiratory
infections. They are summarized in Table 3 (Hojsak et al.
2016; Gerasimov et al. 2016; Langkamp-Henken et al., 2015;
Shida et al. 2017; Kalima et al. 2016; Nocerino et al. 2017;
Strasser et al. 2016; Pu et al. 2017; Prodeus et al. 2016). In
these studies, the study populations and the species of probi-
otics were different (Table 3).

Six of the nine studies showed a decreased incidence of
URTI (Langkamp-Henken et al., 2015; Shida et al. 2017;
Nocerino et al. 2017; Prodeus et al. 2016), while the other
three studies showed no effect of the probiotics on incidence
(Hojsak et al. 2016; Gerasimov et al. 2016; Kalima et al.
2016). The effect of the probiotics on duration was described
in four of the nine studies. Two studies showed a decreased
duration (Gerasimov et al. 2016; Shida et al. 2017), and the
other two studies showed no effect on the number of days
with symptoms (Hojsak et al. 2016; Kalima et al. 2016).

Most studies about probiotics are performed with single
strain probiotics, but can mixtures with multiple strains
have an additive positive effect? A few studies with multiple
strains have been conducted. There are several indications
for mixtures with multiple strains, however, evidence is lack-
ing for their effect on respiratory infections (Chapman,
Gibson, and Rowland 2011). One study that investigated a
mixture of 12 strains in 1062 children found that the same
reduction in doctors’ visits and incidence of infections was
described compared to single strains. Only a decrease in
gastrointestinal infections was seen in the mixture group
(Lin et al. 2009).

Follow-up/growing-up milk. Follow-up/growing-up milk can
contain several added compounds and is usually given to
children beyond the age of one year as a replacement for
cow’s milk. Chatchatee studied giving 767 healthy children,
with a mean age of 1.5 years, 400–750ml of growing-up
milk alone or supplemented with prebiotic short-chain gal-
actooligosaccharides (scGOS) and long-chain fructooligosac-
charides (lcFOS) and with n-3 long-chain polyunsaturated
fatty acids (LCPUFAs) for 52weeks. The primary outcome,
a decreased risk of at least one infection, was borderline sig-
nificant. A trend toward a protective effect for respiratory
infections by using growing-up milk was observed, though,
not very strong despite the large number of participants
(Chatchatee et al. 2014).

In China, Li et al. studied a combination of follow-up
milk with docosahexaenoic acid (DHA), prebiotics (polydex-
trose and galactooligosaccharides) and yeast b-glucan in 264
children aged three to four years of age. In this group, there

were fewer episodes and a shorter duration of acute respira-
tory infections (Li et al. 2014).

The same combination of supplements from the Chinese
study was used in another study in Brazil, with a cow’s
milk-based beverage given to children one to four years of
age. This group was younger, and the incidence of asthmatic
disease in Brazil is higher than in the Asian population,
which makes the studies less comparable with respect to the
study population. In the 256 Brazilian children, there was
no beneficial effect on the incidence of acute respiratory
infections when children were given the supplemented
drinks for 28weeks (Pontes et al. 2016).

Fats
LCPUFAs, fish oil and cod liver oil. The LCPUFAs of inter-
est include the omega-3 LCPUFAs, eicosapentaenoic acid
(EPA) and DHA, and the omega-6 LCPUFA arachidonic
acid (ARA), which are all synthesized endogenously from
the precursors, alpha-linolenic acid (ALA, omega-3) and
linoleic acid (LA, omega-6). LCPUFAs are important fatty
acids for immune cells. There should be a balance between
n-3 and n-6 LCPUFAs, in favor of n-3 LCPUFAs. Most
Western diets have an imbalanced intake, with too much of
the pro-inflammatory n-6 LCPUFAs. Increasing n-3
LCPUFAs should optimize the regulation, maturation and
response of the immune system (Simopoulos 2002).

DHA, EPA and ARA serve as cell membrane components
as well as precursors for several biologic mediators, and they
have essential roles in inflammation and immune function
(Calder 2015; Calder 2012). The human body cannot con-
vert n-6 fatty acids to n-3 fatty acids or vice versa.
Therefore, the major source of n-3 fatty acids comes from
dietary sources.

In Thailand, 170 schoolchildren in aged 9–12 years were
supplied with 2 g of either soybean or fish oil in their choc-
olate milk. Fish oil contains the (very long) long-chain n-3
PUFAs, EPA and DHA. In the case of this study, the chil-
dren received 200mg of EPA and 1 g DHA daily, for
6months. Significantly fewer children who consumed fish
oil experienced an illness, and the total days of illness was
significantly lower in the fish oil group (two days compared
to four days in the soybean-oil group, which is rich in n-6
LCPUFAs). The authors did not make a difference between
diarrhea illnesses or respiratory infections. They mention
that the illnesses were “mainly upper respiratory tract
infections” (Thienprasert et al. 2009).

Malan et al. performed a study in 321 iron-deficient
South African children, to investigate if fish oil (DHA/EPA)
could have a beneficial effect. Iron supplementation in iron-
deficient patients is known to reduce infectious morbidity
due to the optimization of the immune system (de Silva
et al. 2003; Tielsch et al. 2006). However, iron supplementa-
tion can also increase morbidity from infections because of
the dependence of pathogenic microorganisms on iron
(Cherayil 2010; Murray et al. 1978). When iron-deficient
children were supplemented with iron, in combination with
DHA and EPA, versus iron alone, the increase in infections
because of the iron supplementation was attenuated
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compared to iron supplementation alone (Malan et al.
2015). However, children receiving only placebo supplemen-
tation showed lower incidence and shorter duration of
URTI compared to all 3 supplemented groups (iron alone,
DHA/EPA alone and DHA/EPAþ iron). One possible
mechanism for this outcome is the incorporation of DHA
and EPA into the macrophage phospholipid bilayers, with
improved phagocytosis and less extracellular iron, needed
for pathogen growth, left unbound. Another mechanism
could be DHA/EPA protection against iron-induced oxida-
tive stress, with reduced immune cell damage and improved
immune response (Appay and Sauce 2008).

Cod liver oil is a fish-derived oily product, which has
been available for hundreds of years and contains vitamin
A, vitamin D and long-chain omega-3 fatty acids. Cod liver
oil was first described in 1932 by Holmes to reduce absen-
teeism from work because of colds and respiratory diseases
(Holmes et al. 1932; Holmes, Sawyer, and Comstock 1936).
No randomized trials could be found. In 2004, Linday et al.
investigated the effect of supplementation with one teaspoon
of cod liver oil and a multivitamin-mineral in 47 children
with URTIs in a case control study. The total number of
infections was not influenced by the cod liver oil. No data
were available about the duration of the illness (Linday et al.
2004). Now, cod liver oil has been displaced by synthetic
vitamins like vitamin D, with a more pleasant taste.
However, a major source of fatty acids is lost with this
replacement.

Other
Garlic. Garlic contains numerous compounds, some of
which are known for their antimicrobial and antiviral prop-
erties that relieve the common cold. Garlic has been investi-
gated in extracts, not as bulbs of garlic. The extract contains
immunomodifying compounds like apigenin (a flavonoid), a
Maillard reaction product, lectins and fructooligosaccharides,
and it has been shown to improve the proliferation of T
cells and NK cells (Nantz et al. 2012; Chandrashekar and
Venkatesh 2009; Chandrashekar, Prashanth, and Venkatesh
2011). Eight studies were investigated for a Cochrane review,
of which one met the inclusion criteria of both the
Cochrane review and our own (Lissiman, Bhasale, and
Cohen 2014; Josling 2001).

A garlic supplement (with 180mg of allicin content) or
placebo was administered to 146 participants that were ran-
domly divided into two groups. The incidence and duration
of the common cold decreased significantly in the garlic
group (Josling 2001).

Xylitol. Xylitol is a polyol sugar alcohol, which can be pro-
duced from birch trees. Natural sources of xylitol include
plums, strawberries, raspberries and rowanberries (Makinen
1980). Several studies have been performed with xylitol
chewing gum and otitis media. In a Cochrane review
(Azarpazhooh, Lawrence, and Shah 2016), the authors
included four randomized controlled trials (RCTs) in a
meta-analysis, of which three RCTs were with healthy
Finnish children attending day care. They showed a reduced

risk of AOM in these three RCTs, with a total of 1826
healthy children, with a relative risk of 0.75 (95% CI
0.65–0.88) (Hautalahti et al. 2007; Uhari, Kontiokari, and
Niemela 1998; Uhari et al. 1996).

The other RCT included 1277 children, also Finnish, suf-
fering from recurrent respiratory infections. In this group,
xylitol did not reduce the occurrence of AOM (Tapiainen
et al. 2002). Xylitol chewing gum was superior to xylitol
sirup in preventing AOM in healthy children. The authors’
conclusion was that there is fair evidence for a prophylactic
administration of xylitol in healthy children attending day
care centers to reduce the occurrence of AOM from 30% to
22%, but not in sick children or among otitis-prone children
(Azarpazhooh, Lawrence, and Shah 2016).

Combinations. A combination of fish oil, vitamin D and
wheat protein or a placebo drink was given to 42 female
athletes for 16weeks. There were no differences in the num-
ber of URTI episodes between the groups. When a URTI
was present, there were no differences in either the severity
or duration of the episodes. However, the total number of
symptom days reported was significantly lower in the sup-
plement group (Da Boit et al. 2015).

One study investigated the effect of a mixture of probiot-
ics, xylitol and 50mg vitamin C or a placebo (xylitol chew-
ing gum) in 69 healthy children. In the intervention group,
the incidence rate of URTI dropped 33% (p¼ 0.002) and the
duration of days with symptoms also decreased with 51%
(p¼ 0.006) (Garaiova et al. 2015).

Using a pretest-posttest design, Calatayud et al. investi-
gated the effect of the Mediterranean diet in 128 children
with recurring colds. The Mediterranean diet consisted of
multiple food products (e.g. fresh fruits, vegetables, dairy
products, fish, water, eggs and red meat in moderation) and
advices (e.g. consuming unprocessed and locally produced
foods, physical activity, etc.). The incidence rate dropped
2.9-fold (p< 0.001). Besides the lower incidence, favorable
side effects were mentioned, such as decreased antibiotic
use, emergency room and hospital admissions or complica-
tions of the infections (Calatayud et al. 2017).

Discussion

In this systematic review about whole foods and their effect
on URTIs in children and adults, 33 studies were included.
28 of them were randomized controlled trials, 1 was a case
control study, 1 was a pretest-posttest design and 3 were
Cochrane meta-analyses. Studies with food products are dif-
ficult to investigate because of the possible introduction of
bias (Table 4). Before conclusions can be drawn for the gen-
eral public, multiple studies with significant favorable out-
comes should be available. Most studies were single studies,
only a few food products are investigated in multiple stud-
ies. However, the studies about probiotics, growing up milk
and elderberries showed an overall low risk of bias and were
investigated by several study groups.

To put whole foods into perspective, it is necessary to
examine the effect of alternative treatments reported in the
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literature. Studies that investigated supplements also showed
favorable results. A meta-analysis on vitamin C was non-
conclusive due to heterogeneity of the studies. When extra
therapeutic doses of vitamin C were added to routine sup-
plements, it was able to shorten the duration by a small
amount (Ran et al. 2018). The orange juice study suggests
an effect of vitamin C supplementation (Baird et al. 1979).
However, no consistent effect of vitamin C was seen on the
duration or severity of colds in a Cochrane meta-analysis
(Hemila and Chalker 2013). Trials with vitamin D supple-
ments were not conclusive in terms of shortening the dur-
ation of viral URTIs, but most of them did not show any
therapeutic effects (Yamshchikov et al. 2009). Zinc is an
essential nutrient for normal function of the immune sys-
tem. Supplementation of zinc appears to be promising, but
also conflicting based on results in its efficacy for respiratory
infections in childhood (Basnet, Mathisen, and Strand 2015;
Singh and Das 2013).

No studies were found that directly compared medication
and food. When we examined separate studies on drugs like
zanamivir or oseltamivir (both antiviral medications), the
reduction in duration of the illness was shown to be
1–2.5 days and 1.5 days, respectively (Makela et al. 2000;
Matsumoto et al. 1999; Nicholson et al. 2000; Lavelle, Uyeki,
and Prosser 2012). Ergoferon is an antiviral complex drug
containing released-active forms of antibodies to interferon
gamma, CD4 and histamine. It was investigated for efficacy
compared to oseltamivir, and both were found to be equally
effective in reducing the duration of flu-related symptoms
(Rafalsky et al. 2016).

The studies on food products, supplements and drugs
cannot be compared to each other because of a lack of uni-
formity in the populations studied and outcomes measured.
However, some food products seem to show a diverse but
favorable trend. This underscores the concept of food syn-
ergy, that the combination of all phytochemicals, micro- and
macronutrients, is superior to the sum of each individual
component (Jacobs, Gross, and Tapsell 2009; Jacobs and
Tapsell 2007; Jacobs and Tapsell 2013). This is underlined
by the supplement studies, since they do not show a clear
positive effect. Different foods have different pathways by
which they influence host immunity or the invasiveness of
pathogens. In theory, they can also be used simultaneously,
though this has not been investigated. One combination
(probiotics, xylitol and vitamin C) of food products and the
Mediterranean diet did show a significant positive effect, but
there was no investigation of whether it is superior com-
pared to one food group alone (Da Boit et al. 2015).

Other food products, such as synbiotics, honey and raw
cow’s milk, have also been investigated for recurrent URTIs,
but are not included in our review, because none of the
studies fitted our inclusion criteria (Sazawal et al. 2010;
Schrezenmeir et al. 2004; Cohen et al. 2012; Paul et al. 2007;
Loss et al. 2015).

Implications for clinical practice
We carried out the review on food products that are easily
available, so, there is no barrier to using or obtaining the

food products. The literature implicates that antiviral drugs
or supplements are not clearly superior to food, and there-
fore, food can serve as a good alternative. The individual
patient can buy food with health benefits without a prescrip-
tion or having to visit a doctor.

Another aspect to be considered is health costs. A treat-
ment with oseltamivir, for example, costs $46–$116 per
treatment, depending on the age and weight of the patient
(Lavelle, Uyeki, and Prosser 2012). The above amount is
only the price of the medication, other costs like the number
of outpatient visits, costs of other medications, emergency
department visits or hospitalization were not considered.
Also, the costs of adverse effects of oseltamivir (gastrointes-
tinal or neuropsychiatric problems) or oseltamivir resistance
were not considered. The prices of kiwifruit or elderberry
are much lower and do not depend on health insur-
ance policies.

Most studies were single studies, only a few food prod-
ucts are investigated in multiple studies, so implications for
clinical practice cannot be made easily. However, the studies
about probiotics, growing up milk and elderberries showed
an overall low risk of bias and were investigated by several
study groups. Especially probiotics and elderberry extract
shows significant positive effects in several patient groups.

Methodological limitations of the studies reviewed
Because of a lack of uniformity, the studies could not be
used for a meta-analysis or comparisons between the differ-
ent food products. As with clinical intervention studies,
there was some risk for bias (Table 4). Several studies used
self-reported symptoms, which increases the risk of bias.
Furthermore, small sample sizes could have resulted in a
limited statistical power. Moreover, most of the food prod-
ucts were investigated in single studies. When there was
more than one study, most of them were performed by the
same research group.

Because of the diversity in study populations, the results
are not generalizable. One food group can show distinct
effects in different age or patient groups. This implicates
that the benefits found in a specific study group may not be
beneficial to everyone.

Comparison with other reviews
Until now, only (Cochrane) reviews have been published on
food and URTIs concerning a single food product (Hao,
Dong, and Wu 2015; Lissiman, Bhasale, and Cohen 2014;
Azarpazhooh, Lawrence, and Shah 2016). This is the first
study to review all whole food products studied and their
effect on URTIs. Therefore, our study gives an overview and
is an important addition to this field of research.

Conclusion

Food interventions are promising for reducing the incidence
(growing-up milk, probiotics, prebiotics, fish oil, kiwi, garlic,
Mediterranean diet and xylitol) and duration (elderberry,
probiotics, kiwi, growing-up milk and fish oil) of respiratory
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infections or symptoms in selective patient groups. Still, the
studies are diverse and have only been performed by a few
study groups. When the risk of bias and repetition is taken
into account, probiotics and elderberry show favorable
effects. Food intervention studies are promising for reducing
the incidence and duration of upper respiratory tract infec-
tions. However, further research is necessary to make clear
and widespread conclusions.

Acknowledgements

We like to thank professor Job van der Palen, University Twente, for
critically reading our manuscript.

ORCID

Ellen Jos�e van der Gaag http://orcid.org/0000-0002-2981-7423

References

Adaim, A. 2010. Investigating the effect of gold kiwifruit consumption
on the incidence and symptoms of upper respiratory tract infections
in pre-school children. Massey University, New Zealand. http://mro.
massey.ac.nz/bitstream/handle/10179/2351/02_whole.pdf?sequence=1.

Appay, V., and D. Sauce. 2008. Immune activation and inflammation
in HIV-1 infection: Causes and consequences. The Journal of
Pathology 214 (2):231–41. doi: 10.1002/path.2276.

Association BHM. 1983. British Herbal Pharmacopoeia. BHMA
Publications. Bournemouth.

Azarpazhooh, A.,. H. P. Lawrence, and P. S. Shah. 2016. Xylitol for
preventing acute otitis media in children up to 12 years of age.
Cochrane Database of Systematic Reviews (8):CD007095. doi: 10.
1002/14651858.CD007095.pub3.

Badescu, M., O. Badulescu, L. Badescu, and M. Ciocoiu. 2015. Effects
of Sambucus nigra and Aronia melanocarpa extracts on immune sys-
tem disorders within diabetes mellitus. Pharmaceutical Biology 53
(4):533–9. doi: 10.3109/13880209.2014.931441.

Baird, I. M., R. E. Hughes, H. K. Wilson, J. E. Davies, and A. N.
Howard. 1979. The effects of ascorbic acid and flavonoids on the
occurrence of symptoms normally associated with the common
cold. The American Journal of Clinical Nutrition 32 (8):1686–90. doi:
10.1093/ajcn/32.8.1686.

Basnet, S., M. Mathisen, and T. A. Strand. 2015. Oral zinc and com-
mon childhood infections-An update. Journal of Trace Elements in
Medicine and Biology: Organ of the Society for Minerals and Trace
Elements (GMS) 31:163–6. doi: 10.1016/j.jtemb.2014.05.006.

Black, R. E., S. Cousens, H. L. Johnson, J. E. Lawn, I. Rudan, D. G.
Bassani, P. Jha, H. Campbell, C. F. Walker, R. Cibulskis, et al. 2010.
Global, regional, and national causes of child mortality in 2008: A
systematic analysis. Lancet (London, England) 375 (9730):
1969–87.,doi: 10.1016/S0140-6736(10)60549-1.

Bouhnik, Y., B. Flouri�e, L. D’Agay-Abensour, P. Pochart, G. Gramet,
M. Durand, and J.-C. Rambaud. 1997. Administration of transga-
lacto-oligosaccharides increases fecal bifidobacteria and modifies
colonic fermentation metabolism in healthy humans. The Journal of
Nutrition 127 (3):444–8. doi: 10.1093/jn/127.3.444.

Calatayud, F. M., B. Calatayud, J. G. Gallego, C. Gonzalez-Martin, and
L. F. Alguacil. 2017. Effects of Mediterranean diet in patients with
recurring colds and frequent complications. Allergologia et
Immunopathologia 45 (5):417–24. doi: 10.1016/j.aller.2016.08.006.

Calder, P. C. 2012. The role of marine omega-3 (n-3) fatty acids in
inflammatory processes, atherosclerosis and plaque stability.
Molecular Nutrition & Food Research 56 (7):1073–80. doi: 10.1002/
mnfr.201100710.

Calder, P. C. 2015. Marine omega-3 fatty acids and inflammatory proc-
esses: Effects, mechanisms and clinical relevance. Biochimica et
Biophysica Acta 1851 (4):469–84. doi: 10.1016/j.bbalip.2014.08.010.

Chandrashekar, P. M., and Y. P. Venkatesh. 2009. Identification of the
protein components displaying immunomodulatory activity in aged
garlic extract. Journal of Ethnopharmacology 124 (3):384–90. doi: 10.
1016/j.jep.2009.05.030.

Chandrashekar, P. M., K. V. Prashanth, and Y. P. Venkatesh. 2011.
Isolation, structural elucidation and immunomodulatory activity of
fructans from aged garlic extract. Phytochemistry 72 (2-3):255–64.
doi: 10.1016/j.phytochem.2010.11.015.

Chapman, C. M., G. R. Gibson, and I. Rowland. 2011. Health benefits
of probiotics: Are mixtures more effective than single strains?
European Journal of Nutrition 50 (1):1–17. doi: 10.1007/s00394-010-
0166-z.

Chatchatee, P., W. S. Lee, E. Carrilho, P. Kosuwon, N. Simakachorn, Y.
Yavuz, B. Schouten, P. L. Graaff, and H. Szajewska. 2014. Effects of
growing-up milk supplemented with prebiotics and LCPUFAs on
infections in young children. Journal of Pediatric Gastroenterology
and Nutrition 58 (4):428–37. doi: 10.1097/MPG.0000000000000252.

Cherayil, B. J. 2010. Iron and immunity: Immunological consequences
of iron deficiency and overload. Archivum Immunologiae et
Therapiae Experimentalis 58 (6):407–15. doi: 10.1007/s00005-010-
0095-9.

Cohen, H. A., J. Rozen, H. Kristal, Y. Laks, M. Berkovitch, Y. Uziel, E.
Kozer, A. Pomeranz, and H. Efrat. 2012. Effect of honey on
nocturnal cough and sleep quality: A double-blind, randomized, pla-
cebo-controlled study. Pediatrics 130 (3):465–71. doi: 10.1542/peds.
2011-3075.

Da Boit, M., B. M. Gabriel, P. Gray, and S. R. Gray. 2015. The effect of
fish oil, vitamin D and protein on URTI incidence in young active
people. International Journal of Sports Medicine 36 (05):426–30. doi:
10.1055/s-0034-1394464.

de Silva, A., S. Atukorala, I. Weerasinghe, and N. Ahluwalia. 2003.
Iron supplementation improves iron status and reduces morbidity in
children with or without upper respiratory tract infections: A
randomized controlled study in Colombo, Sri Lanka. The American
Journal of Clinical Nutrition 77 (1):234–41. doi: 10.1093/ajcn/77.1.
234.

Garaiova, I., J. Muchov�a, Z. Nagyov�a, D. Wang, J. V. Li, Z.
Orsz�aghov�a, D. R. Michael, S. F. Plummer, and Z. �Dura�ckov�a. 2015.
Probiotics and vitamin C for the prevention of respiratory tract
infections in children attending preschool: A randomised controlled
pilot study. European Journal of Clinical Nutrition 69 (3):373–9. doi:
10.1038/ejcn.2014.174.

Gerasimov, S. V., V. A. Ivantsiv, L. M. Bobryk, O. O. Tsitsura, L. P.
Dedyshin, N. V. Guta, and B. V. Yandyo. 2016. Role of short-term
use of L. acidophilus DDS-1 and B. lactis UABLA-12 in acute
respiratory infections in children: A randomized controlled trial.
European Journal of Clinical Nutrition 70 (4):463–9. doi: 10.1038/
ejcn.2015.171.

Gross, J. 1991. Pigments in vegetables-chlorophylls and carotenoids. New
York: Springer US.

Hao, Q., B. R. Dong, and T. Wu. 2015. Probiotics for preventing acute
upper respiratory tract infections. Cochrane Database of Systematic
Reviews v 2:CD006895. doi: 10.1002/14651858.CD006895.pub3.

Hao, Q., Z. Lu, B. R. Dong, C. Q. Huang, and T. Wu. 2011. Probiotics
for preventing acute upper respiratory tract infections. Cochrane
Database of Systematic Reviews (9):CD006895. doi: 10.1002/
14651858.CD006895.pub2.

Hautalahti, O., M. Renko, T. Tapiainen, T. Kontiokari, T. Pokka, and
M. Uhari. 2007. Failure of xylitol given three times a day for pre-
venting acute otitis media. The Pediatric Infectious Disease Journal
26 (5):423–7. doi: 10.1097/01.inf.0000259956.21859.dd.

Heinonen, M. 2007. Antioxidant activity and antimicrobial effect of
berry phenolics-a Finnish perspective. Molecular Nutrition & Food
Research 51 (6):684–91. doi: 10.1002/mnfr.200700006.

Hemila, H., and E. Chalker. 2013. Vitamin C for preventing and treat-
ing the common cold. Cochrane Database of Systematic Reviews (1):
CD000980. doi: 10.1002/14651858.CD000980.pub4.

CRITICAL REVIEWS IN FOOD SCIENCE AND NUTRITION 11

http://mro.massey.ac.nz/bitstream/handle/10179/2351/02_whole.pdf?sequence=1
http://mro.massey.ac.nz/bitstream/handle/10179/2351/02_whole.pdf?sequence=1
https://doi.org/10.1002/path.2276
https://doi.org/10.1002/14651858.CD007095.pub3
https://doi.org/10.1002/14651858.CD007095.pub3
https://doi.org/10.3109/13880209.2014.931441
https://doi.org/10.1093/ajcn/32.8.1686
https://doi.org/10.1016/j.jtemb.2014.05.006
https://doi.org/10.1016/S0140-6736(10)60549-1
https://doi.org/10.1093/jn/127.3.444
https://doi.org/10.1016/j.aller.2016.08.006
https://doi.org/10.1002/mnfr.201100710
https://doi.org/10.1002/mnfr.201100710
https://doi.org/10.1016/j.bbalip.2014.08.010
https://doi.org/10.1016/j.jep.2009.05.030
https://doi.org/10.1016/j.jep.2009.05.030
https://doi.org/10.1016/j.phytochem.2010.11.015
https://doi.org/10.1007/s00394-010-0166-z
https://doi.org/10.1007/s00394-010-0166-z
https://doi.org/10.1097/MPG.0000000000000252
https://doi.org/10.1007/s00005-010-0095-9
https://doi.org/10.1007/s00005-010-0095-9
https://doi.org/10.1542/peds.2011-3075
https://doi.org/10.1542/peds.2011-3075
https://doi.org/10.1055/s-0034-1394464
https://doi.org/10.1093/ajcn/77.1.234
https://doi.org/10.1093/ajcn/77.1.234
https://doi.org/10.1038/ejcn.2014.174
https://doi.org/10.1038/ejcn.2015.171
https://doi.org/10.1038/ejcn.2015.171
https://doi.org/10.1002/14651858.CD006895.pub3
https://doi.org/10.1002/14651858.CD006895.pub2
https://doi.org/10.1002/14651858.CD006895.pub2
https://doi.org/10.1097/01.inf.0000259956.21859.dd
https://doi.org/10.1002/mnfr.200700006
https://doi.org/10.1002/14651858.CD000980.pub4


Hojsak, I., A. Mocic Pavic, T. Kos, J. Dumancic, and S. Kolacek. 2016.
Bifidobacterium animalis subsp. lactis in prevention of common
infections in healthy children attending day care centers -
Randomized, double blind, placebo-controlled study. Clinical
Nutrition (Edinburgh, Scotland) 35 (3):587–91. doi: 10.1016/j.clnu.
2015.05.004.

Holmes, A. D., M. G. Pigott, W. A. Sawyer, and L. Comstock. 1932.
Vitamins aid reduction of lost time in industry. Industrial &
Engineering Chemistry 24 (9):1058–60. doi: 10.1021/ie50273a021.

Holmes, A., M. G., W. A. Sawyer, and L. Comstock. 1936. Cod liver
oil. A five-year study of its value for reducing industrial absenteeism
caused by colds and respiratory diseases. Industrial Medicine 5:
359–61.

Holst, L., G. C. Havnen, and H. Nordeng. 2014. Echinacea and elder-
berry-should they be used against upper respiratory tract infections
during pregnancy? Search Results 5:31. doi: 10.3389/fphar.2014.
00031.

Hughes, C., Y. Davoodi-Semiromi, J. C. Colee, T. Culpepper, W. J.
Dahl, V. Mai, M. C. Christman, and B. Langkamp-Henken. 2011.
Galactooligosaccharide supplementation reduces stress-induced
gastrointestinal dysfunction and days of cold or flu: A randomized,
double-blind, controlled trial in healthy university students. The
American Journal of Clinical Nutrition 93 (6):1305–11. doi: 10.3945/
ajcn.111.014126.

Hunter, D. C., M. A. Skinner, F. M. Wolber, C. L. Booth, J. M. Loh,
M. Wohlers, L. M. Stevenson, and M. C. Kruger. 2012.
Consumption of gold kiwifruit reduces severity and duration of
selected upper respiratory tract infection symptoms and increases
plasma vitamin C concentration in healthy older adults. The British
Journal of Nutrition 108 (7):1235–45. doi: 10.1017/
S0007114511006659.

Hunter, D. C., M. Denis, N. A. Parlane, B. M. Buddle, L. M.
Stevenson, and M. A. Skinner. 2008. Feeding ZESPRI GOLD
Kiwifruit puree to mice enhances serum immunoglobulins specific
for ovalbumin and stimulates ovalbumin-specific mesenteric lymph
node cell proliferation in response to orally administered ovalbumin.
Nutrition Research (New York, N.Y.) 28 (4):251–7. doi: 10.1016/j.
nutres.2008.01.009.

Jacobs, D. R., and L. C. Tapsell. 2013. Food synergy: The key to a
healthy diet. The Proceedings of the Nutrition Society 72 (2):200–6.
doi: 10.1017/S0029665112003011.

Jacobs, D. R., Jr., and L. C. Tapsell. 2007. Food, not nutrients, is the
fundamental unit in nutrition. Nutrition Reviews 65 (10):439–50.
doi: 10.1111/j.1753-4887.2007.tb00269.x.

Jacobs, D. R., Jr., M. D. Gross, and L. C. Tapsell. 2009. Food synergy:
An operational concept for understanding nutrition. The American
Journal of Clinical Nutrition 89 (5):1543S–8S. doi: 10.3945/ajcn.2009.
26736B.

Josling, P. 2001. Preventing the common cold with a garlic supplement:
A double-blind, placebo-controlled survey. Advances in Therapy 18
(4):189–93. doi: 10.1007/BF02850113.

Kalima, K.,. L. Lehtoranta, L. He, J. Pitkaniemi, R. Lundell, I. Julkunen,
M. Roivainen, M. Narkio, M. J. Makela, S. Siitonen, et al. 2016.
Probiotics and respiratory and gastrointestinal tract infections in
Finnish military conscripts – A randomised placebo-controlled dou-
ble-blinded study. Beneficial Microbes 7 (4):463–71. doi: 10.3920/
BM2015.0172.

Kong, F. K. 2009. Pilot clinical study on the proprietary elderberry
extract: Efficacy in addressing influenza symptoms. Journal of
Pharmacokinetics and Pharmacodynamics 5:32–43.

Kontiokari, T., J. Salo, E. Eerola, and M. Uhari. 2005. Cranberry juice
and bacterial colonization in children–A placebo-controlled random-
ized trial. Clinical Nutrition 24 (6):1065–72. doi: 10.1016/j.clnu.2005.
08.009.

Kontiokari, T., K. Sundqvist, M. Nuutinen, T. Pokka, M. Koskela, and
M. Uhari. 2001. Randomised trial of cranberry-lingonberry juice and
Lactobacillus GG drink for the prevention of urinary tract infections
in women. BMJ (Clinical Research ed.) 322 (7302):1571doi: 10.1136/
bmj.322.7302.1571.

Kontiokari, T., M. Uhari, and M. Koskela. 1995. Effect of xylitol on
growth of nasopharyngeal bacteria in vitro. Antimicrobial Agents
and Chemotherapy 39 (8):1820–3. doi: 10.1128/aac.39.8.1820.

Langkamp-Henken, B., C. C. Rowe, A. L. Ford, M. C. Christman, C.
Nieves, Jr., L. Khouri, G. J. Specht, S. A. Girard, S. J. Spaiser, and
W. J. Dahl. 2015. Bifidobacterium bifidum R0071 results in a greater
proportion of healthy days and a lower percentage of academically
stressed students reporting a day of cold/flu: A randomised, double-
blind, placebo-controlled study. British Journal of Nutrition 113 (3):
426–34. doi: 10.1017/S0007114514003997.

Larmo, P., J. Alin, E. Salminen, H. Kallio, and R. Tahvonen. 2008.
Effects of sea buckthorn berries on infections and inflammation: A
double-blind, randomized, placebo-controlled trial. European Journal
of Clinical Nutrition 62 (9):1123–30. doi: 10.1038/sj.ejcn.1602831.

Lavelle, T. A., T. M. Uyeki, and L. A. Prosser. 2012. Cost-effectiveness
of oseltamivir treatment for children with uncomplicated seasonal
influenza. Journal of Pediatrics 160 (1):67–73 e66. doi: 10.1016/j.
jpeds.2011.07.001.

Li, F., X. Jin, B. Liu, W. Zhuang, and D. Scalabrin. 2014. Follow-up
formula consumption in 3- to 4-year-olds and respiratory infections:
An RCT. Pediatrics 133 (6):e1533–e1540. doi: 10.1542/peds.2013-
3598.

Lin, J. S., Y. H. Chiu, N. T. Lin, C. H. Chu, K. C. Huang, K. W. Liao,
and K. C. Peng. 2009. Different effects of probiotic species/strains
on infections in preschool children: A double-blind, randomized,
controlled study. Vaccine 27 (7):1073–9. doi: 10.1016/j.vaccine.2008.
11.114.

Linday, L. A., R. D. Shindledecker, J. Tapia-Mendoza, and J. N.
Dolitsky. 2004. Effect of daily cod liver oil and a multivitamin-min-
eral supplement with selenium on upper respiratory tract pediatric
visits by young, inner-city, Latino children: Randomized pediatric
sites. Annals of Otology, Rhinology & Laryngology 113 (11):891–901.
doi: 10.1177/000348940411301108.

Linus Pauling Institute OSU. 2019. Flavonoids. Phytochemicals.
Micronutrient Information Center.

Lissiman, E., A. L. Bhasale, and M. Cohen. 2014. Garlic for the com-
mon cold. Cochrane Database of Systematic Reviews 11:CD006206.
doi: 10.1002/14651858.CD006206.pub4.

Loss, G., M. Depner, L. H. Ulfman, R. J. van Neerven, A. J. Hose, J.
Genuneit, A. M. Karvonen, A. Hyvarinen, V. Kaulek, C. Roduit,
et al. 2015. Consumption of unprocessed cow’s milk protects infants
from common respiratory infections. The Journal of Allergy and
Clinical Immunology 135 (1):56–62.,doi: 10.1016/j.jaci.2014.08.044.

Makela, M. J., K. Pauksens, T. Rostila, D. M. Fleming, C. Y. Man,
O. N. Keene, and A. Webster. 2000. Clinical efficacy and safety of
the orally inhaled neuraminidase inhibitor zanamivir in the treat-
ment of influenza: A randomized, double-blind, placebo-controlled
European study. Journal of Infection 40 (1):42–8. doi: 10.1053/jinf.
1999.0602.

Makinen, K. K. 1980. Comparison between xylitol and glucose in a
peroral feeding study in rats with special consideration of exocrine
gland and gut wall biochemistry. International Journal for Vitamin
and Nutrition Research 50 (1):84–91.

Malan, L., J. Baumgartner, P. C. Calder, M. B. Zimmermann, and
C. M. Smuts. 2015. n-3 Long-chain PUFAs reduce respiratory mor-
bidity caused by iron supplementation in iron-deficient South
African schoolchildren: A randomized, double-blind, placebo-con-
trolled intervention. The American Journal of Clinical Nutrition 101
(3):668–79. doi: 10.3945/ajcn.113.081208.

Mao, S., A. Zhang, and S. Huang. 2014. Meta-analysis of Zn, Cu and
Fe in the hair of Chinese children with recurrent respiratory tract
infection. Scandinavian Journal of Clinical and Laboratory
Investigation. 74 (7):561–7. doi: 10.3109/00365513.2014.921323.

Mariadason, J. M., D. H. Barkla, and P. R. Gibson. 1997. Effect of
short-chain fatty acids on paracellular permeability in Caco-2 intes-
tinal epithelium model. American Journal of Physiology-
Gastrointestinal and Liver Physiology 272 (4):G705–712. doi: 10.
1152/ajpgi.1997.272.4.G705.

Matsumoto, K., N. Ogawa, K. Nerome, Y. Numazaki, Y. Kawakami, K.
Shirato, M. Arakawa, S. Kudoh, K. Shimokata, S. Nakajima, et al.

12 E. J. VD. GAAG AND T. Z. HUMMEL

https://doi.org/10.1016/j.clnu.2015.05.004
https://doi.org/10.1016/j.clnu.2015.05.004
https://doi.org/10.1021/ie50273a021
https://doi.org/10.3389/fphar.2014.00031
https://doi.org/10.3389/fphar.2014.00031
https://doi.org/10.3945/ajcn.111.014126
https://doi.org/10.3945/ajcn.111.014126
https://doi.org/10.1017/S0007114511006659
https://doi.org/10.1017/S0007114511006659
https://doi.org/10.1016/j.nutres.2008.01.009
https://doi.org/10.1016/j.nutres.2008.01.009
https://doi.org/10.1017/S0029665112003011
https://doi.org/10.1111/j.1753-4887.2007.tb00269.x
https://doi.org/10.3945/ajcn.2009.26736B
https://doi.org/10.3945/ajcn.2009.26736B
https://doi.org/10.1007/BF02850113
https://doi.org/10.3920/BM2015.0172
https://doi.org/10.3920/BM2015.0172
https://doi.org/10.1016/j.clnu.2005.08.009
https://doi.org/10.1016/j.clnu.2005.08.009
https://doi.org/10.1136/bmj.322.7302.1571
https://doi.org/10.1136/bmj.322.7302.1571
https://doi.org/10.1128/aac.39.8.1820
https://doi.org/10.1017/S0007114514003997
https://doi.org/10.1038/sj.ejcn.1602831
https://doi.org/10.1016/j.jpeds.2011.07.001
https://doi.org/10.1016/j.jpeds.2011.07.001
https://doi.org/10.1542/peds.2013-3598
https://doi.org/10.1542/peds.2013-3598
https://doi.org/10.1016/j.vaccine.2008.11.114
https://doi.org/10.1016/j.vaccine.2008.11.114
https://doi.org/10.1177/000348940411301108
https://doi.org/10.1002/14651858.CD006206.pub4
https://doi.org/10.1016/j.jaci.2014.08.044
https://doi.org/10.1053/jinf.1999.0602
https://doi.org/10.1053/jinf.1999.0602
https://doi.org/10.3945/ajcn.113.081208
https://doi.org/10.3109/00365513.2014.921323
https://doi.org/10.1152/ajpgi.1997.272.4.G705
https://doi.org/10.1152/ajpgi.1997.272.4.G705


1999. Safety and efficacy of the neuraminidase inhibitor zanamivir
in treating influenza virus infection in adults: Results from Japan,
GG167 Group. Antiviral Therapy 4 (2):61–8.

Mikulic-Petkovsek, M., A. Ivancic, B. Todorovic, R. Veberic, and F.
Stampar. 2015. Fruit phenolic composition of different elderberry
species and hybrids. Journal of Food Science 80 (10):C2180–2190.
doi: 10.1111/1750-3841.13008.

Murray, M. J., A. B. Murray, M. B. Murray, and C. J. Murray. 1978.
The adverse effect of iron repletion on the course of certain infec-
tions. British Medical Journal 2 (6145):1113–5. doi: 10.1136/bmj.2.
6145.1113.

Nantz, M. P., C. A. Rowe, C. E. Muller, R. A. Creasy, J. M. Stanilka,
and S. S. Percival. 2012. Supplementation with aged garlic extract
improves both NK and gammadelta-T cell function and reduces the
severity of cold and flu symptoms: A randomized, double-blind, pla-
cebo-controlled nutrition intervention. Clinical Nutrition 31 (3):
337–44. doi: 10.1016/j.clnu.2011.11.019.

Nantz, M. P., C. A. Rowe, C. Muller, R. Creasy, J. Colee, C. Khoo, and
S. S. Percival. 2013. Consumption of cranberry polyphenols enhan-
ces human gammadelta-T cell proliferation and reduces the number
of symptoms associated with colds and influenza: A randomized,
placebo-controlled intervention study. Nutrition Journal 12 (1):161.
doi: 10.1186/1475-2891-12-161.

Nicholson, K. G., F. Y. Aoki, A. D. Osterhaus, S. Trottier, O. Carewicz,
C. H. Mercier, A. Rode, N. Kinnersley, and P. Ward. 2000. Efficacy
and safety of oseltamivir in treatment of acute influenza: A rando-
mised controlled trial. Neuraminidase Inhibitor Flu Treatment
Investigator Group. Lancet (London, England) 355 (9218):1845–50.
doi: 10.1016/s0140-6736(00)02288-1.

Nocerino, R., L. Paparo, G. Terrin, V. Pezzella, A. Amoroso, L.
Cosenza, G. Cecere, G. De Marco, M. Micillo, F. Albano, et al. 2017.
Cow’s milk and rice fermented with Lactobacillus paracasei CBA
L74 prevent infectious diseases in children: A randomized controlled
trial. Clinical Nutrition (Edinburgh, Scotland) 36 (1):118–25. doi: 10.
1016/j.clnu.2015.12.004.

Nohynek, L. J., H. L. Alakomi, M. P. Kahkonen, M. Heinonen, I. M.
Helander, K. M. Oksman-Caldentey, and R. H. Puupponen-Pimia.
2006. Berry phenolics: Antimicrobial properties and mechanisms of
action against severe human pathogens. Nutrition and Cancer 54
(1):18–32. doi: 10.1207/s15327914nc5401_4.

Orrhage, K., and C. E. Nord. 1999. Factors controlling the bacterial
colonization of the intestine in breastfed infants. Acta Paediatrica
(Oslo, Norway : 1992). Supplement 88 (430):47–57.

Paul, I. M., J. Beiler, A. McMonagle, M. L. Shaffer, L. Duda, and C. M.
Berlin. Jr. 2007. Effect of honey, dextromethorphan, and no treat-
ment on nocturnal cough and sleep quality for coughing children
and their parents. Archives of Pediatrics & Adolescent Medicine 161
(12):1140–6. doi: 10.1001/archpedi.161.12.1140.

Pontes, M. V., T. C. Ribeiro, H. Ribeiro, A. P. de Mattos, I. R.
Almeida, V. M. Leal, G. N. Cabral, S. Stolz, W. Zhuang, and D. M.
Scalabrin. 2016. Cow’s milk-based beverage consumption in 1- to 4-
year-olds and allergic manifestations: an RCT. Nutrition Journal 15:
19. doi: 10.1186/s12937-016-0138-0.

Prodeus, A., V. Niborski, J. Schrezenmeir, A. Gorelov, A. Shcherbina,
and A. Rumyantsev. 2016. Fermented milk consumption and com-
mon infections in children attending day-care centers: A random-
ized trial. Journal of Pediatric Gastroenterology and Nutrition 63 (5):
534–43. doi: 10.1097/MPG.0000000000001248.

Pu, F., Y. Guo, M. Li, H. Zhu, S. Wang, X. Shen, M. He, C. Huang,
and F. He. 2017. Yogurt supplemented with probiotics can protect
the healthy elderly from respiratory infections: A randomized con-
trolled open-label trial. Clinical Interventions in Aging 12:1223–31.
doi: 10.2147/CIA.S141518.

Rafalsky, V., A. Averyanov, B. Bart, E. Minina, M. Putilovskiy, E.
Andrianova, and O. Epstein. 2016. Efficacy and safety of Ergoferon
versus oseltamivir in adult outpatients with seasonal influenza virus
infection: A multicenter, open-label, randomized trial. International
Journal of Infectious Diseases: IJID: Official Publication of the
International Society for Infectious Diseases 51:47–55. doi: 10.1016/j.
ijid.2016.09.002.

Ran, L., W. Zhao, J. Wang, H. Wang, Y. Zhao, Y. Tseng, and H. Bu.
2018. Extra dose of vitamin C based on a daily supplementation
shortens the common cold: A meta-analysis of 9 randomized con-
trolled trials. BioMed Research International 2018:1837634. doi: 10.
1155/2018/1837634.

Roschek, B., Jr., R. C. Fink, M. D. McMichael, D. Li, and R. S. Alberte.
2009. Elderberry flavonoids bind to and prevent H1N1 infection
in vitro. Phytochemistry 70 (10):1255–61. doi: 10.1016/j.phytochem.
2009.06.003.

Sazawal, S.,. U. Dhingra, G. Hiremath, A. Sarkar, P. Dhingra, A. Dutta,
P. Verma, V. P. Menon, and R. E. Black. 2010. Prebiotic and pro-
biotic fortified milk in prevention of morbidities among children:
Community-based, randomized, double-blind, controlled trial. PLoS
One 5 (8):e12164doi: 10.1371/journal.pone.0012164.

Scalbert, A., C. Andres-Lacueva, M. Arita, P. Kroon, C. Manach, M.
Urpi-Sarda, and D. Wishart. 2011. Databases on food phytochemi-
cals and their health-promoting effects. Journal of Agricultural and
Food Chemistry 59 (9):4331–48. doi: 10.1021/jf200591d.

Schrezenmeir, J., K. Heller, M. McCue, C. Llamas, W. Lam, H. Burow,
M. Kindling-Rohracker, W. Fischer, H. C. Sengespeik, G. M. Comer,
et al. 2004. Benefits of oral supplementation with and without synbi-
otics in young children with acute bacterial infections. Clinical
Pediatrics (Phila) 43 (3):239–49. doi: 10.1177/000992280404300305.

Shida, K., T. Sato, R. Iizuka, R. Hoshi, O. Watanabe, T. Igarashi, K.
Miyazaki, M. Nanno, and F. Ishikawa. 2017. Daily intake of fer-
mented milk with Lactobacillus casei strain Shirota reduces the inci-
dence and duration of upper respiratory tract infections in healthy
middle-aged office workers. European Journal of Nutrition 56 (1):
45–53. doi: 10.1007/s00394-015-1056-1.

Simopoulos, A. P. 2002. The importance of the ratio of omega-6/
omega-3 essential fatty acids. Biomedicine & Pharmacotherapy 56
(8):365–79. doi: 10.1016/s0753-3322(02)00253-6.

Singh, M., and R. R. Das. 2013. Zinc for the common cold. Cochrane
Database of Systematic Reviews (6):CD001364. doi: 10.1002/
14651858.CD001364.pub4.

Skinner, M. A., J. M. Loh, D. C. Hunter, and J. Zhang. 2011. Gold
kiwifruit (Actinidia chinensis ’Hort16A’) for immune support. The
Proceedings of the Nutrition Society 70 (2):276–80. doi: 10.1017/
S0029665111000048.

Stothers, L. 2002. A randomized trial to evaluate effectiveness and cost
effectiveness of naturopathic cranberry products as prophylaxis
against urinary tract infection in women. The Canadian Journal of
Urology 9 (3):1558–62.

Strasser, B., D. Geiger, M. Schauer, J. M. Gostner, H. Gatterer, M.
Burtscher, and D. Fuchs. 2016. Probiotic supplements beneficially
affect tryptophan-kynurenine metabolism and reduce the incidence
of upper respiratory tract infections in trained athletes: A random-
ized, double-blinded, placebo-controlled trial. Nutrients 8 (11). doi:
10.3390/nu8110:752.

Tapiainen, T.,. L. Luotonen, T. Kontiokari, M. Renko, and M. Uhari.
2002. Xylitol administered only during respiratory infections failed
to prevent acute otitis media. Pediatrics 109 (2):E19. doi: 10.1542/
peds.109.2.e19.

Thienprasert, A., S. Samuhaseneetoo, K. Popplestone, A. L. West, E. A.
Miles, and P. C. Calder. 2009. Fish oil n-3 polyunsaturated fatty
acids selectively affect plasma cytokines and decrease illness in Thai
schoolchildren: A randomized, double-blind, placebo-controlled
intervention trial. Journal of Pediatrics. 154 (3):391–5. doi: 10.1016/j.
jpeds.2008.09.014.

Tielsch, J. M., S. K. Khatry, R. J. Stoltzfus, J. Katz, S. C. LeClerq, R.
Adhikari, L. C. Mullany, S. Shresta, and R. E. Black. 2006. Effect of
routine prophylactic supplementation with iron and folic acid on
preschool child mortality in southern Nepal: Community-based,
cluster-randomised, placebo-controlled trial. Lancet (London,
England) 367 (9505):144–52. doi: 10.1016/S0140-6736(06)67963-4.

Tiralongo, E., S. S. Wee, and R. A. Lea. 2016. Elderberry supplementa-
tion reduces cold duration and symptoms in air-travellers: A
randomized, double-blind placebo-controlled clinical trial. Nutrients
8 (4):182. doi: 10.3390/nu8040182.

CRITICAL REVIEWS IN FOOD SCIENCE AND NUTRITION 13

https://doi.org/10.1111/1750-3841.13008
https://doi.org/10.1136/bmj.2.6145.1113
https://doi.org/10.1136/bmj.2.6145.1113
https://doi.org/10.1016/j.clnu.2011.11.019
https://doi.org/10.1186/1475-2891-12-161
https://doi.org/10.1016/s0140-6736(00)02288-1
https://doi.org/10.1016/j.clnu.2015.12.004
https://doi.org/10.1016/j.clnu.2015.12.004
https://doi.org/10.1207/s15327914nc5401_4
https://doi.org/10.1001/archpedi.161.12.1140
https://doi.org/10.1186/s12937-016-0138-0
https://doi.org/10.1097/MPG.0000000000001248
https://doi.org/10.2147/CIA.S141518
https://doi.org/10.1016/j.ijid.2016.09.002
https://doi.org/10.1016/j.ijid.2016.09.002
https://doi.org/10.1155/2018/1837634
https://doi.org/10.1155/2018/1837634
https://doi.org/10.1016/j.phytochem.2009.06.003
https://doi.org/10.1016/j.phytochem.2009.06.003
https://doi.org/10.1371/journal.pone.0012164
https://doi.org/10.1021/jf200591d
https://doi.org/10.1177/000992280404300305
https://doi.org/10.1007/s00394-015-1056-1
https://doi.org/10.1016/s0753-3322(02)00253-6
https://doi.org/10.1002/14651858.CD001364.pub4
https://doi.org/10.1002/14651858.CD001364.pub4
https://doi.org/10.1017/S0029665111000048
https://doi.org/10.1017/S0029665111000048
https://doi.org/10.3390/nu8110:752
https://doi.org/10.1542/peds.109.2.e19
https://doi.org/10.1542/peds.109.2.e19
https://doi.org/10.1016/j.jpeds.2008.09.014
https://doi.org/10.1016/j.jpeds.2008.09.014
https://doi.org/10.1016/S0140-6736(06)67963-4
https://doi.org/10.3390/nu8040182


U.S. Department of Health and Human Services CfDCaP. 2017.
National Hospital Ambulatory Medical Care Survey: 2013
Emergency Department Summary Tables.

Uhari, M., T. Kontiokari, and M. Niemela. 1998. A novel use of xylitol
sugar in preventing acute otitis media. Pediatrics 102 (4 Pt 1):
879–84. doi: 10.1542/peds.102.4.879.

Uhari, M., T. Kontiokari, M. Koskela, and M. Niemela. 1996. Xylitol
chewing gum in prevention of acute otitis media: Double blind
randomised trial. BMJ (Clinical Research ed.) 313 (7066):1180–4.
doi: 10.1136/bmj.313.7066.1180.

Wilson, H. K., C. Price-Jones, and R. E. Hughes. 1976. The influence
of an extract of orange peel on the growth and ascorbic acid metab-
olism of young guinea-pigs. Journal of the Science of Food and
Agriculture 27 (7):661–6. doi: 10.1002/jsfa.2740270712.

Wintergerst, E. S., S. Maggini, and D. H. Hornig. 2006. Immune-
enhancing role of vitamin C and zinc and effect on clinical condi-
tions. Annals of Nutrition and Metabolism 50 (2):85–94. doi: 10.
1159/000090495.

Yamshchikov, A. V., N. S. Desai, H. M. Blumberg, T. R. Ziegler, and
V. Tangpricha. 2009. Vitamin D for treatment and prevention of

infectious diseases: A systematic review of randomized controlled
trials. Endocrine Practice: Official Journal of the American College of
Endocrinology and the American Association of Clinical
Endocrinologists 15 (5):438–49. doi: 10.4158/EP09101.ORR.

Yeum, K. J., G. Beretta, N. I. Krinsky, R. M. Russell, and G. Aldini.
2009. Synergistic interactions of antioxidant nutrients in a biological
model system. Nutrition (Burbank, Los Angeles County, Calif.) 25 (7-
8):839–46. doi: 10.1016/j.nut.2009.01.011.

Zakay-Rones, Z., E. Thom, T. Wollan, and J. Wadstein. 2004.
Randomized study of the efficacy and safety of oral elderberry
extract in the treatment of influenza A and B virus infections.
Journal of International Medical Research 32 (2):132–40. doi: 10.
1177/147323000403200205.

Zakay-Rones, Z., N. Varsano, M. Zlotnik, O. Manor, L. Regev, M.
Schlesinger, and M. Mumcuoglu. 1995. Inhibition of several strains
of influenza virus in vitro and reduction of symptoms by an elder-
berry extract (Sambucus nigra L.) during an outbreak of influenza B
Panama. The Journal of Alternative and Complementary Medicine 1
(4):361–9. doi: 10.1089/acm.1995.1.361.

14 E. J. VD. GAAG AND T. Z. HUMMEL

https://doi.org/10.1542/peds.102.4.879
https://doi.org/10.1136/bmj.313.7066.1180
https://doi.org/10.1002/jsfa.2740270712
https://doi.org/10.1159/000090495
https://doi.org/10.1159/000090495
https://doi.org/10.4158/EP09101.ORR
https://doi.org/10.1016/j.nut.2009.01.011
https://doi.org/10.1177/147323000403200205
https://doi.org/10.1177/147323000403200205
https://doi.org/10.1089/acm.1995.1.361

	Abstract
	Introduction
	Methods
	Literature search and study selection

	Results
	Study selection
	Fruits
	Orange juice
	Kiwifruit
	Cranberry
	Elderberry
	Sea buckthorn berries

	Dairy products, pre- and probiotics
	Prebiotics
	Fermented dairy/probiotics
	Follow-up/growing-up milk

	Fats
	LCPUFAs, fish oil and cod liver oil

	Other
	Garlic
	Xylitol
	Combinations



	Discussion
	Outline placeholder
	Implications for clinical practice
	Methodological limitations of the studies reviewed
	Comparison with other reviews


	Conclusion
	Acknowledgements
	References


