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Background

Nutrition and dietary patterns are recognised as modifiable
risk factors able to influence the respiratory disease devel-
opment and progression as they can regulate the immune
system. Therefore, nutrients can have a high impact on indi-
vidual respiratory health and contribute to the development
of the organism, and should not be considered only as an
energy source.! Prenatal and early post-natal periods have
a critical role in the individual outcome, as Barker affirmed:
**Much of human development is completed during the first
1000 days after conception’’. The first 1000 days of life from
conception to two years are considered critical in nutri-
tion for enhancing short and long-term health outcomes.
Early nutrition may influence the risk of developing non-
communicable diseases (NCDs) later in life, including heart
disease, hypertension, type 2 diabetes (T2DM) and chronic
respiratory diseases (such as asthma) through epigenetic
mechanisms.?

Furthermore, diet and nutrition may influence the devel-
opment of the microbiota which may influence the immune,
inflammatory and allergic mechanisms and thus can con-
tribute to the development of many diseases.?

Aim of the review

Currently, there is a lack of reviews amalgamating short and
long-term effects of nutrition early in life on respiratory
health. The aim of this paper is to discuss the current evi-
dence regarding the short and long-term respiratory health
effects of nutrients and dietary patterns during pregnancy,
breastfeeding and complementary feeding and the potential
underlying mechanisms.

Methodology

Eligibility criteria

The populations of interest were children from birth
to 18 years and their mothers (during pregnancy and
lactation). Inclusion criteria were: type of article (mul-
ticentre study, review, systematic review, observational
study, case-control study, longitudinal/prospective study,
retrospective study, randomised controlled trial), publica-
tion date (2011-2016), species (both human and animal),
English language. Texts available only in abstract form were
excluded.

Information sources, search strategy and study selection
Publications were searched on MEDLINE® and Cochrane
database inserting terms individually and using the Boolean
ANDs and ORs. Other publications coming from the reference
list of studies extracted from MEDLINE, Cochrane database
and from the personal reference databases of the authors
were also evaluated. In the search strategy the following
terms were included: ‘nutrients’, ‘micronutrients’, ‘LC-
PUFA’, ‘Mediterranean Diet’, "human milk’, ‘complementary
food’, ‘pregnancy’, ‘respiratory disease’, ‘pulmonary dis-
ease’, ‘asthma’, ‘epigenetics’, ‘first 1000 days’, ‘maternal
diet’ and ‘respiratory health’.

All sources were retrieved between 01-09-2015 and 07-
12-2016. The data screening and extraction were conducted

independently by two authors and any variances resolved
between them.

Maternal diet and respiratory health

Unhealthy lifestyle (alcohol, tobacco smoking, caffeine
use, etc.) during pregnancy can influence foetus growth
and development. Several studies showed that a correct
lifestyle, even before pregnancy, can be effective for ensur-
ing a healthy outcome for women and their babies.? Diet is
one modifiable risk factor that women should be motivated
to improve.*

Maternal diet

Promoting healthy diet in childbearing age women should
be a cornerstone of public health. The study of Mayor et al.
has recently supported the crucial role of nutrition during
pregnancy on health of offspring. Poor maternal nutrition
influences placental development and foetal growth, result-
ing in low-birth-weight and enhanced risk of developing
NCDs later in life.* However, the most interesting result
of the study is that a maternal high-fat diet before and
during pregnancy increases glucose and insulin levels and
induces placental inflammation resulting in placental insuffi-
ciency, foetal growth restriction and alteration of foetal lung
development. The impairment of foetal lung maturation
may predispose to an increased risk of respiratory distress
syndrome at birth and later of chronic lung disease. These
results are important, first of all because the main dietary
pattern of developed countries is characterised by a high
consumption of saturated fats, red meats and poor intake
of fresh fruits and vegetables, whole grain and seafood (the
so-called Western diet).* This is an example of how mater-
nal dietary habits can have long-term health consequences
on infant.

The incidence of allergic diseases is increasing, both in
developed and developing countries, concomitantly with
the rise in living standards and the adoption of a ‘Western
lifestyle’. Studies highlight the first and second trimesters of
pregnancy as critical periods for the development of aller-
gic diseases, such as asthma.® Diets that are rich in fruit
and vegetables, such as the Mediterranean diet (MD), have
consistently been associated with a lower risk of allergic
sensitisation (which is defined as a positive skin prick test
to allergens) and allergic rhinitis in children in epidemi-
ological studies, whereas a high maternal consumption of
vegetable oils, margarine and processed foods has been
associated with a higher risk of allergic sensitisation.>®
Mediterranean diet represents a balanced diet, charac-
terised by frequent consumption of high amounts of fibres
(whole cereals, legumes, vegetables, fruits and nuts), chem-
ical compounds with anti-oxidative properties (flavonoids,
phytosterols, vitamins), fish, unsaturated fatty acids (FAs)
from olive oil and low intake of red meat.” Whole-grain foods
are rich in bioactive compounds with anti-inflammatory
properties, as well as vegetables and fruits. On the contrary,
the consumption of red meat and foods with high glycaemic
index may increase oxidative stress and chronic low-grade
inflammation.® Therefore, the Mediterranean diet may con-
stitute a promising approach to address inflammation-driven
perturbation in gut microbiota, as present in allergic condi-
tions. Indeed, it has been observed that high adherence to
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a Mediterranean diet is associated with a ‘normalisation’
trend of gut microbiota.’

Additionally, the majority of recent clinical studies
enrolling allergic mothers indicate that allergen avoidance
(e.g. elimination of milk or eggs) during pregnancy is ineffec-
tive and unnecessary to prevent the development of allergy
in the child: prolonged elimination diets indeed expose
mother and infant to the risk of nutritional deficiencies.>’

Maternal supplementation
Supplementations to mothers to modulate the develop-
ing immune system is another approach that has received
interest. Omega-3 polyunsaturated long-chain fatty acids
(LC-PUFAs) from marine sources (fish) have been shown to
have anti-inflammatory properties through several cellu-
lar mechanisms including their incorporation into cellular
membranes and the synthesis of eicosanoids.! Maternal
omega-3 LCPUFAs supplementation during pregnancy has
been associated in some studies with a reduced risk of aller-
gen sensitisation, risk of asthma development, and atopic
dermatitis in children although without beneficial impact
demonstrated on the development of food allergy.">° How-
ever, the data examining the possible benefits of dietary
omega-3 LCPUFAS supplementation on respiratory allergic
disease, in particular asthma, are heterogeneous: their role
in protection against allergy requires further investigation.
Thus, to date there is insufficient evidence to recommend
specific supplementation or a prevention diet.’
Considering micronutrients, current evidence suggests a
protective effect of maternal intake of each vitamin D,
vitamin E, and zinc against childhood wheeze, but is incon-
clusive for an effect on asthma or other atopic conditions.®

Conclusion

In summary, current data do not support maternal dietary
restrictions during pregnancy to protect the infant against
the development of later allergic diseases and attention to
adequate nutrition, improving adherence to the Mediter-
ranean diet, could be the most important strategy to
prevent respiratory diseases. There is insufficient evidence
to recommend specific nutrient supplementation in order to
prevent or treat asthma or allergies. Further research in this
area is needed.

Breastfeeding and the risk of respiratory infections
and atopic diseases

Human milk is the normative standard for infant feeding and
nutrition; short-term and long-term advantages of breast-
feeding are well documented.

Short-term effects
Regarding short-term benefits, breastfeeding reduces mor-
bidity and mortality due to infectious disease in childhood."
The source of these health beneficial effects may be the
peculiar composition of breast milk: important components
are anti-inflammatory cytokines and pathogen neutralising
secretory IgA antibodies, lysozyme, lactoferrin and galacto-
oligosaccharides.'”

The protective effect of breastfeeding against mortality
and morbidity from respiratory infections has been widely

studied. In 2012, the American Academy of Paediatrics (AAP)
published a policy statement regarding the effects of human
milk. Focusing on lower respiratory tract infections (LRTI), it
reported that infants exclusively breastfed for four months
have a consistent reduction (72%) of the risk of hospitalisa-
tion in the first year of life. Even the severity (duration of
hospitalisation and oxygen requirement) of respiratory syn-
cytial virus (RSV) bronchiolitis was reduced by 74% in infants
who breastfed exclusively for four months compared with
infants who never or only partially breastfed.’*> The World
Health Organisation (WHO) has recently published a system-
atic review focused on the beneficial effects of human milk.
Data collected show a 30% reduction of morbidity, about 50%
of hospital admissions and about 60% of mortality for LTRI,
suggesting that breastfeeding affects not only the incidence
but also the severity of these infections."

Long-term effects

In children with familiar predisposition to atopy, increased
diversity of food antigen exposure in the first year of life
seems to suggest the inhibition - the so-called allergic
march - and so is inversely correlated with the development
of atopic dermatitis, rhinitis and asthma. Consequently, the
inclusion of food allergens in early childhood diet might be
beneficial for the prevention of allergy and, in particular, of
asthma.?

Regarding breastfeeding, several epidemiological stud-
ies have addressed the effects of human milk on the
development of allergic disease during childhood. Proba-
bly human milk can modulate the onset of allergies: this
can be attributed principally to compounds that facili-
tate development of host defence mechanisms (secretory
IgA, 1gG, and factors that actively stimulate the infant
immune system).' However, the evidence is not so clear:
no association between breastfeeding and food allergies,
while some evidence of protection against allergic rhinitis
in children younger than five years have been observed.
Moreover, the evidence is inconclusive for the association
between breastfeeding and the risk of eczema, wheezing or
asthma.’*'> Among the most recent clinical studies, some
have concluded that exclusive breastfeeding for at least
three months reduces the risk of asthma between two and
four years of age, evidencing a stronger protection in chil-
dren born in atopic families.* Other studies, by contrast,
have reported no benefit of exclusive breastfeeding in chil-
dren from non-atopic families'® or in decreasing the risk of
asthma in children at five years of age."”

Therefore, not all results of studies are conclusive in
showing a beneficial effect of breastfeeding on the risk of
asthma and atopic disease. The underlying biological mech-
anisms are not entirely clear, but long-chain PUFAs, which
are contained in breast milk, might play a major role." In
a recent study, asthma prevalence (defined as ever hav-
ing asthma up to age 10 years) decreased with increasing
duration of exclusive breastfeeding. Moreover, in a second
analysis stratified by FADS genotypes (polymorphisms in the
fatty acid desaturase genes) asthma prevalence was signif-
icantly reduced only in children who had been exclusively
breastfed for at least three months and were carrying at
least one copy of the minor allele of the investigated SNPs.
In contrast, children being homozygous for the major allele
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Table 1  Effects of breastfeeding on respiratory infections randomised trials have recently bee'n conducted. .
and asthma. Unfortunately, they are burdened by major methodological

Short term effects Long term effects

Modulation of the
onset of allergies. '

Breastfeeding Reduction of
morbidity and
mortality due to
infectious disease

in childhood. "
Reduction of the Reduction of the risk of
risk of asthma between 2 and

hospitalisation for
LRTI in the first
year of life!"

4 years of age, with
stronger protection in
children born in atopic
families.*

No benefit of exclusive
breastfeeding in
children from
non-atopic families'® or
in decreasing the risk
of asthma in children
at 5 years of age."’

showed no significant benefit from having been exclusively
breastfed.”” These results suggest that a certain group of
children with a defined genetic background are more sen-
sitive to nutritional influences, e.g. breastfeeding. In this
study, only those children who are less able to convert pre-
cursor PUFA to their longer-chain products show a benefit
after at least three months of exclusive breastfeeding.

Conclusion

In conclusion, at the moment it is difficult to draw defini-
tive indications about the beneficial effect of breastfeeding
on asthma and atopic diseases.’ In any case, breastfeed-
ing should be encouraged because of its several benefits,
including protection against pulmonary infections. WHO
recommends exclusive breastfeeding up to six months of
age, with continued breastfeeding along with appropriate
complementary foods up to two years of age or beyond?
(Table 1).

Introduction of complementary foods and allergic
diseases

The introduction of complementary foods during infancy
has a discussed role in the risk of developing allergy.
No effect of delayed introduction of solid foods on the
prevalence of food allergies has been suggested by the
results of a number of prospective birth cohort studies,
e.g. the GINI Study,?" LISA Study?? and the KOALA Study.?
Regarding the early exposure to solid foods during infancy,
while it was previously associated with the development of
allergic diseases, currently oral tolerance induction is being
investigated to determine if early introduction of highly
allergenic foods (cow’s milk, egg, fish, peanuts), after at
least 3-4 months of exclusive breastfeeding will result in
the reduced prevalence of food allergies. In order to provide
a conclusive answer on preventive effectiveness and the
safety of early administration of allergenic foods different

problems. In the Prescott study (early egg exposure)** the
final sample size corresponds to less than half compared to
that calculated a priori (87 vs. 206), due to the impossibility
(financial constraint) of new patients enrolling. Moreover,
the different incidence of egg allergy and of SCORing Atopic
Dermatitis (SCORAD) index in atopic dermatitis between
the group that introduced the egg to four months and the
control group was not statistically significant, but this result
could be affected by the small sample size at the end of the
study.

The study LEAP (early exposure to peanuts),”” was
planned to compare the effects of peanut avoidance until
three years of age with early peanut introduction in 640 high
risk infants (age 4-10 months) with atopic dermatitis and/or
egg allergy. However, children having one SPT to peanut
>4 mm, theoretically more at risk, were excluded. Moreover,
the timing of peanut introduction, considered ‘‘early’’, was
actually between four and 11 months.

The latest study, the EAT (Enquiring about Tolerance)
study, was designed to determine whether an early (at three
months of age) introduction of six allergenic foods (cow’s
milk-based yoghourt, egg, fish, wheat, sesame, peanut) into
the diet of unselected infants, together with breastfeed-
ing, compared with later (at six months of age) introduction
while breastfeeding could have an impact on the risk of food
allergies at three years of age.?® This study is burdened by
a series of bias among which the most important are the
very low compliance to the intervention (less than 40%) and
a protocol that does not allow the proper registration of all
cases of allergy. For these reasons we cannot consider the
results of this study reliable.

Conclusion

In conclusion, the available evidence does not suggest that
early exposures may modify tolerance development and
further research on these exposures has to be continued.
In 2014, the European Academy of Allergy and Clinical
Immunology’s (EAACI) Taskforce on Prevention published the
EAACI Guidelines for Food Allergy and Anaphylaxis. For pri-
mary prevention, once complementary feeding has started,
there is no evidence to avoid or encourage exposition to
*highly allergenic’ foods, irrespective of atopic heredity:
timing of introduction of complementary foods should be
identical.?”

In children with familiar predisposition to atopy, the
timing of introduction of highly allergenic foods during com-
plementary feeding has to be further investigated to better
evaluate the effect of an early food antigen exposure on the
risk of the allergic march, associated with the development,
in particular of rhinitis and asthma.>?®

Quality of diet in the first two years and
respiratory disease’s protection

After the complementary feeding, a type of diet such
as MD has been associated with a protection against
atopy, wheezing and asthma also in children, not only in
adults. On the contrary, the so-called Western diet has
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been associated with increased risk of asthma, wheezing
and airway hyperresponsiveness.” Recently, it has been
observed that low consumption of fruits and high intake of
meat by children in the first years of life was associated
with negative effects on wheezing, rhinitis or dermatitis at
preschool age.?”

Quality of diet, in term of intake of micronutrients (iron,
zinc, selenium, vitamin A, vitamin D, vitamin C, vitamin
E, flavonoids and carotenoids present in fruit and vegeta-
bles and omega-3 LC-PUFAs) has an important role in the
protection of respiratory tract.

In particular, an improvement of antioxidant activity
reachable with optimal intake of antioxidant micronutri-
ents may represent a successful strategy for delaying the
inset, influencing the development and/or reducing the
gravity of asthma. Recent experimental studies and clini-
cal data suggest that asthma is associated with enhanced
production of reactive oxygen species (ROS) and reactive
nitrogen species (RNS) and changes in enzymatic antiox-
idant activity in lung and blood, playing a central role
in airway inflammation and pathogenesis of this disease.
ROS and RNS are released from infiltrated inflamma-
tory cells, particularly mast cells, eosinophils, neutrophils,
and T lymphocytes. ROS regulate cellular signalling and
activate redox-sensitive transcription factors, a necessary
prerequisite for induction of pro-inflammatory cytokine
gene expression (e.g. tumour-necrosis factor (TNF)-a and
macrophage-inflammatory protein (MIP)-2); RNS further
contribute to the perpetuation and amplification of airway
inflammation. Both ROS and RNS enhance systemic oxidative
stress, thus increasing the oxidative burden due to the alter-
ation of systemic and blood antioxidant systems, typical of
bronchial asthma. An improvement of antioxidant activity
may represent a successful strategy for delaying the onset,
influencing the development and/or reducing the gravity of
asthma. The main antioxidants are vitamins C and E, B-
carotene, selenium and coenzyme Q10, significantly reduced
in children suffering from atopic asthma.3°

Iron, zinc and selenium

Iron and zinc are micronutrients with many important
functions in the immune system. Iron deficiency seems
to impair secretion of cytokines, and reduce bactericidal
macrophage activity and T-cell proliferation; however, clin-
ical studies do not convincingly show an increased risk
of infections in case of iron deficiency.’! Zinc seems to
inhibit viral replication or intracellular adhesion, and to
enhance innate immune response at the mucosal surface:
consequently, it has been investigated for treating upper
respiratory infections. Data are more limited for its use in
order to prevent otitis media; systematic reviews do not
support a role for zinc supplements to reduce the occur-
rence of otitis media in healthy children. In paediatric
practice, especially in settings where nutritional status is
presumed to be generally adequate, use of pharmacolog-
ical zinc treatment is relatively uncommon.3? Selenium is
not an antioxidant per se but is required at the active
sites of the antioxidant enzyme glutathione peroxidase.
It can positively influence the systemic redox balance
and in consequence pulmonary inflammation in asthmatic
children.?°

Vitamins

A study population conducted on 3202 Bolivian children aged
5-12 years suggested that vitamin A is important in main-
taining immune function or limiting severity of respiratory
tract infections in children older than five years of age.
Intervention studies are warranted to confirm that improving
vitamin A status reduces the risk of morbidity in school-aged
children.*?

Folate plays a key role in nucleic acid and protein
synthesis by supplying one-carbon units and therefore its
metabolism is profoundly implicated in the DNA methylation
pathway. Folate/folic acid is required for neural tube devel-
opment occurring within 28 days of conception and its role in
the prevention of neural tube defects (NTDs) is well estab-
lished. However, high supplement levels of folic acid after
the first trimester have been associated with an increase
in childhood asthma and eczema. Indeed, with regard to
epigenetics, inadequate folate may significantly alter the
immune response, compromising the DNA methylation at
genes regulating Th differentiation. Thus, too much dietary
supplementation with methyl donors during a vulnerable
period of foetal development might modify the heritable risk
of allergic disorders in the offspring via epigenetic mecha-
nisms. However, further investigation is warranted to draw
conclusions as to the question of whether maternal folate
intake during pregnancy is related to the risk of childhood
allergic disorders.*

Vitamin D is a secosterol produced endogenously in the
skin from sun exposure or obtained from few foods (cod
liver oil, fatty fish such as salmon, mackerel and tuna,
fortified foods). One of the major physiological functions
of vitamin D is to maintain serum calcium and phospho-
rus levels in a healthy physiological range to maintain bone
metabolism. However, its actions go further than calcium
and bone metabolism: the discovery that many tissues and
cells in the body have vitamin D receptor (VDR) has pro-
vided new insights into the function of this vitamin. The
VDR is present in many organs and tissues including cells
of the immune system (e.g. macrophages, T and B lympho-
cytes); vitamin D features its immunomodulatory effects
on both the innate and adaptive immune systems.*® Vita-
min D effects on innate immune system are predominantly
through the toll-like receptors and on the adaptive immune
system through T-cell differentiation, particularly the type
17T helper cell (Th17) response.®

The activation of VDR on dendritic cells has been proven
to modulate the tolerance of these antigen-presenting cells
in adaptive immune responses. Th2 response is enhanced
by Th1 inhibition and also as a result of balance shifting
towards Th2. Moreover, it has been demonstrated that vita-
min D inhibits interferon (IFN)-y production and promotes
interleukin (IL)-4, IL-5 and IL-10 production in a mouse
model.*

Epidemiological studies showed promising associations
between vitamin D and pulmonary health. Vitamin D has
probably a role in the onset, progression and exacerbations
of respiratory tract infections, asthma and chronic obstruc-
tive pulmonary disease (COPD). The mechanisms responsible
for these effects are not completely understood,’ but vita-
min D seems to be a pleiotropic regulator of immune
function that might exert different effects depending on
the timing of exposure, dose and possibly also genetic
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variability.’ Recent data suggest that the active form of vita-
min D is able to influence the foetal lung maturation and
airway smooth muscle cell proliferation and differentiation
per via paracrina.’’ Effects of vitamin D are also reported in
respiratory diseases: lung function, increased corticosteroid
use and asthma exacerbations have been reported in asth-
matic children with hypovitaminosis D. Vitamin D probably
modulates T cell driven immune responses and thus influ-
ences the onset of asthma. Another possible mechanism is
the reduction of steroid responsiveness.*® Therefore, it is
fundamental to ensure vitamin D supplementation in chil-
dren with vitamin D insufficiency and asthma, but as yet
there is not conclusive evidence for guidelines on vitamin D
supplementation for asthma.*”:*

Vitamin C is one of the most effective nutritional antiox-
idants by inhibiting the generation of ROS.

By counteracting oxidants and reducing external attacks
(bacteria, viruses, toxins, xenobiotics) in the lung, vitamin
C may modulate the development of bronchial inflammation
and the impairment of pulmonary function. Several studies
have demonstrated that vitamin C supplementations are not
effective in reducing the incidence of cold in the general
population, but can reduce its duration. Routine vitamin C
supplementations are not yet justified; indeed, given the
consistent effect of vitamin C on the duration and sever-
ity of colds in the regular supplementation studies, and the
low cost and safety, it is possible to test whether vitamin
C supplementation is useful for common cold patients.*
Moreover, vitamin C supplementation has shown value for
the prevention of wheezing and asthma in the children of
smokers.*!

Antioxidant ROS scavengers in the diet reduce oxidative
stress and therefore can prevent or modulate the develop-
ment and progression of lung inflammatory diseases (e.g.
asthma). However even though dietary antioxidants are
associated with positive effects on inflammation, clinical
outcomes and respiratory disease prevention, intervention
studies of antioxidants do not indicate widespread adoption
of supplementation. A whole food approach has the benefit
of increasing intake of multiple nutrients; moreover, it can
help individuals in learning a correct lifestyle.’

Polyunsaturated long-chain fatty acids

Experimental in vitro studies have shown that omega-3
LC-PUFA has anti-inflammatory effects by inhibiting inflam-
matory cell production of pro-inflammatory prostaglandin
(PG) E2, leukotriene (LT) B4 from arachidonic acid (AA) and
decreasing activity of nuclear factor-kappa B (NF-«B), a
potent inflammatory transcription factor. Moreover, down-
regulate pro-inflammatory cell cytokine production (IL-13,
TNF-«) by monocytes and macrophages reduces expression
of cellular adhesion molecules on monocytes and endothe-
lial cells and production of ROS in neutrophils.” Plasma
fatty acids (FA) are able to modulate inflammation; spe-
cific arachidonic acid-derived mediators, called eicosanoids,
contribute to the initiation of inflammation; in contrast,
mediators derived from omega-3 LCPUFAs (DHA and EPA),
named resolvins, protectins and maresins, have potent anti-
inflammatory, tissue protective and resolution stimulating
functions. The FA unbalance may therefore contribute to the
inflammatory process leading to progressive lung damage.*

Table 2 Micro and macronutrients intake and respiratory
health outcomes during the first 1000 days of life.

Micro and Respiratory health outcomes
macronutrients

intake

Omega-3 Modulation of inflammatory
LC-PUFAs activity.*

Iron Regulation of secretion of cytokines

and bactericidal macrophage activity
and T-cell proliferation.>'

Zinc Inhibition of viral replication or
intracellular adhesion; promotion of
innate immune response at the
mucosal surface.*

Selenium Antioxidant activity (co-factor).3°

Folate/folic Increase of the risk of childhood

acid asthma and eczema if too much

dietary supplementation after the

first trimester of pregnancy.?

Supporting immune function and

limitation of severity of respiratory

tract infections in children older than
five years of age.>’

Immunomodulatory effects on both

the innate and adaptive immune

systems. 3>

Antioxidant effects.

Vitamin A

Vitamin D

Vitamin C

However, now there is no scientific evidence for omega-
3 LC-PUFAs oral supplementation in preventing or treating
inflammatory respiratory diseases.'

The data mentioned are summarised in Table 2.

The role of microbiota

Diet and nutrition may influence the development of the
microbiota, a collection of microorganisms including a large
number of bacteria, archea, virusis and eukaryotic microor-
ganisms that live in various part of the body and colonise
skin, eyes, oral cavity and the respiratory, urinary and gas-
trointestinal tract. In particular, the gastrointestinal tract
is the most heavily inhabited organ colonised by different
communities of germs. The human microbiota is repre-
sented by approximately 300-500 of bacterial species with
a total amount of genes estimated about 2-4 millions.>*
The microbiome, that is the genes of the microbiota, may
exceed the total number of human genes by a factor of about
100.44

The development of the microbiota is dynamic and prin-
cipally influenced by mode of delivery, infant diet and
use of antibiotics.*> Before delivery, many maternal factors
can impact microbiota diversity and composition: maternal
infections, use of antibiotics, diet and smoking. Concern-
ing mode of delivery, it has been shown that neonates
are born sterile and are colonised thereafter.** However
it is worth mentioning that recent studies have challeng-
ing this paradigm speculating that the gastrointestinal tract
of foetus is colonised by germs before birth and indicat-
ing the maternal basal plate of placenta as a possible
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source of colonisation.“® Infants vaginally born have a micro-
biota representing the maternal vaginal and gut microbiota
(Lactobacillus, Prevotella, Escherichia, Bacteroidetes, Bifi-
dobacterium, Streptococcus); on the other hand, babies
born by caesarean delivery have a reduction of Bifidobac-
terium and Bacteroidetes, and exhibit germs representative
of maternal skin, such as Staphylococcus spp.* Gestational
age is another important factor that can affect microbial
diversity: premature infants exhibit significantly bacterial
diversity.*

Microbiota plays an important role in human health and
is essential for gut maturation, metabolic and immunologic
programming. Bacterial colonisation may impact the occur-
rence of disease later in life. First of all, it has an important
role in the immune system, modulating expression of genes
involved in mucosal barrier fortification and acting like a
barrier against invasions of pathogens.*

Second, it heavily influences host nutrition. It synthesises
vitamins (e.g. vitamin K and constituents of vitamin B) useful
for human body; by fermenting carbohydrates, it leads to
the production of short-chain fatty acids (SCFAs) important
for energy harvest and storage.*’

Dysbiosis of microbiota has been linked to the develop-
ment of several disorders, including respiratory diseases.
Indeed, evidences indicate that microbiota can influence
the inflammatory status of respiratory tract, in a way called
gut-airway axis.?

Fujimura et al. showed that oropharyngeal colonisation
of newborns by Streptococcus, Haemophilus or Moraxella
species at 4 weeks of age vs. 12 months was associated with
higher risk of recurrent wheezing at childhood age. More-
over, intestinal dysbiosis, an alteration in the composition
of the gut microbiota, may have a key role. Indeed, dysbi-
otic neonatal (3-week-old) gut microbiomes enriched with

Escherichia coli or Clostridium difficile were found at signif-
icantly higher risk for childhood atopy development.>® Thus
gut microbiota seems to have a crucial role, because immune
cells requires it for their normal differentiation.>' Concern-
ing the development of immune system, higher sanitation
standards might be in part responsible for a decrease in
early exposure to microbial agents.? The resulting impaired
maturation of immune system in early life and altered micro-
bial flora, that does not allow the normal shift towards a
predominant TH1 response, leads to an increase of aller-
gic and atopic diseases.>® Moreover, strict hygiene practices
may lead to inadequate establishment of the gut microbiota
and an increase in the incidence of allergic disease.*

Conclusion

This review aimed to discuss the current evidence regarding
the short and long-term respiratory health effects of nutri-
ents and dietary patterns during pregnancy, breastfeeding
and complementary feeding and the potential underlying
mechanisms. It should be pointed out that it was not strictly
designed a priori as a systematic review, and that the PRISMA
Statement was not fully applied (including PICOS). Although
this is a weakness, a descriptive approach (not including
numerical values of principal summary measures) might ben-
efit the reader with a promptly and friendly readable update
of the matter.

Diet and nutrition, thanks to their capacity to regulate
the immune system, are modifiable behavioural risk factors
influencing the respiratory disease development and pro-
gression (Table 3). Nutrition may modulate gene expression
through epigenetic effects but also the so called gut-airway
axis, associated with the inflammatory status of respiratory
tract.

Table 3 Dietary patterns and respiratory health outcomes during the first 1000 days of life.

Dietary pattern

Respiratory health outcomes

During pregnancy
are derived from fat).

High fat diet (>38% of calories

Alteration of foetal lung development with higher
risk of respiratory distress syndrome at birth and
higher risk of chronic lung disease later.*

During lactation

During complementary
feeding

Diet in children aged 0-2
years

High consumption of vegetable
oils, margarine and processed
foods.>®

High consumption of fruits and
vegetables, Mediterranean
diet.>®

Breastfeeding

Delayed introduction of solid
foods (including highly
allergenic foods).?’
Mediterranean diet."

Western diet.’

Higher risk of allergic sensitisation.>®

Lower risk of allergic sensitisation and allergic
rhinitis.>°

Lower mortality and morbility from respiratory
infections. '

Some evidence of protection against allergic
rhinitis in children younger than 5 years.'*'>
Inconsistent data on eczema, wheezing, asthma,
and food allergies.'* "

No modification of tolerance development, no
protection against allergic disease.?”

Lower risk of atopy, wheezing and asthma.'

Higher risk of wheezing, asthma and airway
hyperresponsiveness.
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A strong link between maternal nutrition and health of
the offspring exists: attention to adequate nutrition should
begin during the pre-conception period and be continued
during pregnancy and lactation. Unhealthy maternal nutri-
tion influences placental development and foetal growth;
a high fat diet can result in placental insufficiency, foetal
growth restriction and alteration of foetal lung develop-
ment, which in turn can increase the risk of respiratory
disorders. Breastfeeding should be encouraged as the nor-
mal nutrition for the infants. For the moment it is difficult
to draw definitive conclusions about the beneficial effect of
breastfeeding on asthma. Anyway breastfeeding should be
encouraged because of its several benefits, including pul-
monary infections. In order to prevent the development of
allergies in the offspring, maternal dietary restrictions are
not recommended and in infants there is no evidence to
avoid or encourage exposition to ‘highly allergenic’ foods
during complementary feeding.

In conclusion, attention to adequate nutrition in the
first 1000 days is very important for the respiratory health.
Mediterranean Diet represents the cornerstone of a cor-
rect dietary pattern for the pregnant and breastfeeding
woman and for the children aged 0-2 years. For what con-
cern micronutrients, antioxidant and LCPUFA a whole food
approach to nutrients should be preferred with respect to
oral supplementation, except for vitamin D.

Conflict of interest

All the authors declare that they have no conflict of interest
or financial support for this study.

Ethical disclosures

Confidentiality of data. The authors declare that no patient
data appears in this article.

Right to privacy and informed consent. The authors
declare that no patient data appears in this article.

Protection of human subjects and animals in research.
The authors declare that no experiments were performed
on humans or animals for this investigation.

References

1. Berthon BS, Wood LG. Nutrition and respiratory health - feature
review. Nutrients. 2015;7:1618-43.

2. Barker DJP. Developmental origins of chronic disease. Public
Health. 2012;126:185-9.

3. DiMauro A, Neu J, Riezzo G, Raimondi F, Martinelli D, Francavilla
R, et al. Gastrointestinal function development and microbiota.
Ital J Pediatr. 2013;39:15.

4. Mayor RS, Finch KE, Zehr J, Morselli E, Neinast MD, Frank
AP, et al. Maternal high-fat diet is associated with impaired
fetal lung development. Am J Physiol Lung Cell Mol Physiol.
2015;309:360-8.

5. Julia V, Macia L, Dombrowicz D. The impact of diet on asthma
and allergic diseases. Nat Rev Immunol. 2015;15:308-22.

6. Garcia-Marcos L. Mediterranean diet as a protection against
asthma: still another brick in building a causative association.
Allergol Immunopathol (Madr). 2016;44:97-8.

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

. Bifulco M. Mediterranean diet: the missing link between

gut microbiota and inflammatory disease. Eur J Clin Nutr.
2015;69:1078.

. Gonzalez-Gil EM, Santabarbara J, Russo P, Ahrens W, Claessens

M, Lissner L, et al. Food intake and inflammation in European
children: the IDEFICS study. Eur J Nutr. 2015 [Epub ahead of
print].

. de Silva D, Geromi M, Halken S, Host A, Panesar SS, Muraro A,

et al. Primary prevention of food allergy in children and adults:
systematic review. Allergy. 2014;69:581-9.

Beckhaus AA, Garcia-Marcos L, Forno E, Pacheco-Gonzalez RM,
Celedon JC, Castro-Rodriguez JA. Maternal nutrition during
pregnancy and risk of asthma, wheeze, and atopic diseases dur-
ing childhood: a systematic review and meta-analysis. Allergy.
2015;70:1588-604.

Horta BL, Victora CG. Respiratory infection. In: Short term
effects of breastfeeding. A systematic review on the benefits
of breastfeeding on diarrhoea and pneumonia mortality. WHO:
World Health Organization; 2013. p. 30-3, http://apps.who.
int/iris/bitstream/10665/95585/1/9789241506120_eng.pdf?
ua=1 [accessed 23.06.2016].

Verduci E, Banderali G, Barberi S, Radaelli G, Lops A, Betti
F, et al. Epigenetics effects of human breast milk. Nutrients.
2014;6:1711-24.

American Academy of Pediatrics (AAP). Section on Breastfeed-
ing. Breastfeeding and the use of human milk. Pediatrics.
2012;129:e827-41.

Lodge CJ, Tan DJ, Lau MX, Dai X, Tham R, Lowe AJ, et al.
Breastfeeding and asthma and allergies: a systematic review
and meta-analysis. Acta Paediatr. 2015;104:38-53.

Cesar GV, Bahl R, Barros AJD, Franca GVA, Horton S, Kra-
sevec J, et al. Breastfeeding in the 21st century: epidemiology,
mechanisms, and lifelong effect. Lancet. 2016;387(10017):
475-90.

Kramer MS, Kakuma R. Optimal duration of exclusive breast-
feeding. Cochrane Database Syst Rev. 2012;8:CD003517.

Brew BK, Allen CW, Toelle BG, Marks GB. Systematic review
and meta-analysis investigating breast feeding and child-
hood wheezing illness. Paediatr Perinat Epidemiol. 2011;25:
507-18.

Friedman NJ, Zeiger RS. The role of breastfeeding in the
development of allergies and asthma. J Allergy Clin Immunol.
2005;115:1238-48.

Standl M, Sausenthaler S, Lattka E, Koletzko S, Bauer CP, Wich-
mann HE, et al. FADS gene cluster modulates the effect of
breastfeeding on asthma. Results from the GINIplus and LISAplus
studies. Allergy. 2012;67:83-90.

World Health Organization. WHO. Health topic, breast-
feeding; 2016, http://www.who.int/topics/breastfeeding/en;
[accessed 17.06.2016].

Filipiak B, Zutavern A, Koletzko S, von Berg A, Brockow I,
Grubl A, et al. Solid food introduction in relation to eczema:
results from a four-year prospective birth cohort study. J Pedi-
atr. 2007;151:352-8.

Zutavern A, Brockow I, Schaaf B, von Berg A, Diez U, Borte M,
et al. Timing of solid food introduction in relation to eczema,
asthma, allergic rhinitis, and food and inhalant sensitization at
the age of 6 years: results from the prospective birth cohort
study LISA. Pediatrics. 2008;121:e44-52.

Snijders BE, Thijs C, van Ree R, van den Brandt PA. Age at
first introduction of cow milk products and other food prod-
ucts in relation to infant atopic manifestations in the first
2 years of life: the KOALA Birth Cohort Study. Pediatrics.
2008;122:e115-22.

Palmer DJ, Metcalf J, Makrides M, Gold MS, Quinn P,
West CE, et al. Early regular egg exposure in infants with
eczema: a randomized controlled trial. J Allergy Clin Immunol.
2013;132:387-92.


http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0270
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0270
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0270
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0270
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0270
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0270
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0270
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0270
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0270
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0270
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0270
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0270
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0270
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0270
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0270
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0270
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0270
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0270
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0270
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0270
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0270
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0275
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0275
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0275
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0275
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0275
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0275
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0275
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0275
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0275
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0275
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0275
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0275
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0275
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0275
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0275
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0280
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0280
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0280
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0280
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0280
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0280
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0280
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0280
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0280
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0280
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0280
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0280
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0280
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0280
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0280
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0280
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0280
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0280
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0280
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0280
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0280
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0280
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0280
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0280
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0280
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0280
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0280
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0285
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0285
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0285
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0285
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0285
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0285
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0285
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0285
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0285
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0285
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0285
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0285
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0285
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0285
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0285
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0285
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0285
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0285
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0285
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0285
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0285
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0285
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0285
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0285
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0285
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0285
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0285
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0285
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0285
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0285
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0285
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0285
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0285
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0285
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0285
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0285
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0285
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0285
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0285
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0290
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0290
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0290
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0290
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0290
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0290
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0290
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0290
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0290
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0290
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0290
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0290
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0290
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0290
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0290
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0290
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0290
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0290
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0290
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0290
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0290
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0290
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0290
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0290
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0290
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0295
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0295
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0295
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0295
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0295
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0295
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0295
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0295
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0295
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0295
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0295
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0295
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0295
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0295
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0295
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0295
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0295
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0295
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0295
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0295
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0295
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0295
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0295
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0295
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0295
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0300
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0300
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0300
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0300
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0300
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0300
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0300
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0300
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0300
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0300
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0300
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0300
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0300
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0300
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0300
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0300
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0300
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0300
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0300
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0305
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0305
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0305
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0305
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0305
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0305
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0305
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0305
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0305
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0305
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0305
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0305
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0305
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0305
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0305
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0305
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0305
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0305
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0305
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0305
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0305
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0305
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0305
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0305
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0305
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0305
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0305
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0305
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0305
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0305
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0305
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0305
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0305
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0305
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0305
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0305
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0305
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0310
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0310
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0310
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0310
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0310
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0310
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0310
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0310
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0310
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0310
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0310
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0310
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0310
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0310
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0310
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0310
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0310
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0310
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0310
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0310
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0310
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0310
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0310
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0310
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0310
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0310
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0310
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0310
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0310
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0310
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0310
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0310
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0310
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0310
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0310
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0310
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0315
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0315
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0315
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0315
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0315
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0315
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0315
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0315
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0315
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0315
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0315
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0315
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0315
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0315
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0315
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0315
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0315
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0315
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0315
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0315
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0315
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0315
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0315
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0315
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0315
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0315
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0315
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0315
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0315
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0315
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0315
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0315
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0315
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0315
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0315
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0315
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0315
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0315
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0315
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0315
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0315
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0325
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0325
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0325
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0325
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0325
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0325
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0325
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0325
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0325
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0325
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0325
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0325
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0325
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0325
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0325
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0325
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0325
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0325
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0325
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0325
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0325
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0325
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0325
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0325
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0325
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0325
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0325
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0325
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0330
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0330
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0330
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0330
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0330
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0330
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0330
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0330
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0330
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0330
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0330
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0330
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0330
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0330
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0330
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0330
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0330
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0330
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0330
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0330
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0330
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0330
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0330
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0330
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0335
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0335
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0335
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0335
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0335
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0335
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0335
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0335
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0335
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0335
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0335
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0335
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0335
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0335
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0335
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0335
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0335
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0335
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0335
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0335
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0335
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0335
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0335
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0335
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0335
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0335
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0335
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0335
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0335
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0335
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0335
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0335
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0335
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0335
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0340
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0340
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0340
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0340
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0340
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0340
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0340
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0340
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0340
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0340
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0340
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0340
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0340
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0340
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0340
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0340
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0340
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0340
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0340
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0340
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0340
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0340
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0340
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0340
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0340
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0340
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0340
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0340
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0340
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0340
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0340
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0340
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0340
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0340
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0340
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0340
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0340
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0340
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0345
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0345
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0345
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0345
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0345
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0345
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0345
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0345
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0345
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0345
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0345
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0345
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0345
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0345
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0345
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0345
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0345
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0350
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0350
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0350
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0350
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0350
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0350
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0350
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0350
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0350
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0350
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0350
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0350
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0350
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0350
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0350
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0350
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0350
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0350
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0350
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0350
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0350
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0350
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0350
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0350
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0350
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0350
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0350
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0350
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0350
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0350
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0350
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0350
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0350
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0355
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0355
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0355
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0355
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0355
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0355
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0355
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0355
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0355
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0355
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0355
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0355
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0355
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0355
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0355
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0355
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0355
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0355
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0355
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0355
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0355
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0355
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0355
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0355
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0360
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0360
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0360
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0360
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0360
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0360
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0360
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0360
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0360
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0360
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0360
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0360
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0360
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0360
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0360
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0360
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0360
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0360
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0360
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0360
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0360
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0360
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0360
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0360
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0360
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0360
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0360
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0360
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0360
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0360
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0360
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0360
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0360
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0360
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0360
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0360
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0360
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0360
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0360
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0360
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0360
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0360
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0360
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0360
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0365
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0365
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0365
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0365
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0365
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0365
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0365
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0365
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0365
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0365
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0365
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0365
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0365
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0365
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0370
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0370
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0370
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0370
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0370
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0370
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0370
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0370
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0370
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0370
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0370
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0370
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0370
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0370
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0370
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0370
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0370
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0370
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0370
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0370
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0370
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0370
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0370
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0370
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0370
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0370
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0370
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0370
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0370
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0370
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0370
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0370
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0370
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0370
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0370
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0370
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0370
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0370
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0370
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0370
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0370
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0370
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0375
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0375
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0375
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0375
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0375
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0375
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0375
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0375
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0375
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0375
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0375
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0375
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0375
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0375
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0375
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0375
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0375
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0375
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0375
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0375
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0375
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0375
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0375
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0375
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0375
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0375
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0375
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0375
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0375
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0375
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0375
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0375
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0375
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0375
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0375
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0375
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0375
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0375
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0375
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0375
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0375
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0375
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0375
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0375
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0375
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0375
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0375
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0375
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0375
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0375
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0375
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0375
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0375
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0375
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0380
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0380
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0380
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0380
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0380
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0380
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0380
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0380
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0380
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0380
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0380
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0380
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0380
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0380
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0380
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0380
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0380
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0380
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0380
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0380
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0380
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0380
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0380
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0380
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0380
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0380
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0380
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0380
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0380
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0380
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0380
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0380
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0380
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0380
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0380
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0380
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0380
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0380
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0380
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0380
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0380
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0380
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0380
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0380
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0380
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0380
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0380
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0380
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0380
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0380
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0380
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0380
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0385
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0385
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0385
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0385
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0385
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0385
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0385
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0385
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0385
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0385
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0385
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0385
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0385
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0385
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0385
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0385
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0385
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0385
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0385
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0385
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0385
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0385
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0385
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0385
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0385
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0385
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0385
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0385
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0385
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0385
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0385
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0385
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0385
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0385
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0385
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0385
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0385
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0385

Nutrition and respiratory health: is there a link?

413

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Du Toit G, Sayre PH, Roberts G, Sever ML, Lawson K, Bahnson HT,
et al. Effect of avoidance on peanut allergy after early peanut
consumption. N Engl J Med. 2016;374:1435-43.

Perkin MR, Logan K, Tseng A, Raji B, Avis S, Peacock J, et al.
Randomized trial of introduction of allergenic foods in breast-
fed infants. N Engl J Med. 2016 5;374:1733-43.

Muraro A, Halken S, Arshad SH, Beyer K, Dubois AE, Du Toit G,
et al. EAACI food allergy and anaphylaxis guidelines. Primary
prevention of food allergy. Allergy. 2014;69:590-601.
Alessandri C, Zennaro D, Scala E, Ferrara R, Bernardi ML, San-
toro M, et al. Ovomucoid (Gal d 1) specific IgE detected by
microarray system predict tolerability to boiled hen’s egg and
an increased risk to progress to multiple environmental allergen
sensitisation. Clin Exp Allergy. 2012;42:441-50.
Castro-Rodriguez JA, Ramirez-Hernandez M, Padilla O, Pacheco-
Gonzalez RM, Pérez-Fernandez V, Garcia-Marcos L. Effect of
foods and Mediterranean diet during pregnancy and first years of
life on wheezing, rhinitis and dermatitis in preschoolers. Aller-
gol Immunopathol (Madr). 2016, http://dx.doi.org/10.1016/
j.aller.2015.12.002, pii: S0301-0546(16)30013-1. [Epub ahead of
print].

Fabian E, Poloskey P, Kosa L, Elmadfa I, Réthy LA. Nutritional
supplements and plasma antioxidants in childhood asthma.
Wien Klin Wochenschr. 2013;125:309-15.

Dommellof M, Braegger C, Campoy C, Colomb V, Decsi T,
Fewtrell M, et al. Iron requirements of infants and toddlers.
J Pediatr Gastroenter Nutr. 2014;58:119-29.

Krebs NF. Update on zinc deficiency and excess in clinical pedi-
atric practice. Ann Nutr Metab. 2013;62 Suppl. 1:19-29.

Chen K, Chen XR, Zhang L, Luo HY, Gao N, Wang J, et al. Effect
of simultaneous supplementation of vitamin A and iron on diar-
rheal and respiratory tract infection in preschool children in
Chengdu City, China. Nutrition. 2013;29:1197-203.

Miyake Y, Sasaki S, Tanaka K, Maternal Hirota Y. B vitamin intake
during pregnancy and wheeze and eczema in Japanese infants
aged 16-24 months: the Osaka Maternal and Child Health Study.
Pediatric Allergy Immunology. 2011;22:69-74.

Hossein-nezhad A, Vitamin Holick MF. D for health: a global
perspective. Mayo Clin Proc. 2013;88:720-55.

Vestita M, Filoni A, Congedo M, Foti C, Bonamonte D. Vita-
min D and atopic dermatitis in childhood. J Immunol Res.
2015;2015:257879.

Bantz SK, Zhu Z, Zheng T. The role of vitamin D in pediatric
asthma. Ann Pediatric Child Health. 2015;3:1032.

Foong RE, Vitamin Zosky GR. D deficiency and the lung: disease
initiator or disease modifier? Nutrients. 2013;5:2880-900.

39.

40.

1.

42.

43.

45.

46.

47.

48.

49.

50.

51.

52.

53.

Saggese G, Vierucci F, Boot AM, Czech-Kowalska J, Weber G,
Camargo CA Jr, et al. Vitamin D in childhood and adolescence:
an expert position statement. Eur J Pediatr. 2015;174:565-76.
Hemila H, Chalker E. Vitamin C for preventing and treating the
common cold. Cochrane Database Syst Rev. 2013:CD000980.
McEvoy CT, Schilling D, Clay N, Jackson K, Go MD, Spitale P,
et al. Vitamin C supplementation for pregnant smoking women
and pulmonary function in their newborn infants: a randomized
clinical trial. JAMA. 2014;311:2074-82.

Alicandro G, Faelli N, Gagliardini R, Santini B, Magazzu G, Biffi
A, et al. A randomized placebo-controlled study on high-dose
oral algal docosahexaenoic acid supplementation in children
with cystic fibrosis. Prostaglandins, Leukotrienes Essential Fatty
Acids. 2013;88:163-9.

Lee SA, Lim JY, Kim BS, Cho SJ, Kim NK, et al. Comparison of
the gut microbiota profile in breast-fed and formula-fed Korean
infants using pyrosequencing. Nutr Res Pract. 2015;9:242-8.

. Lu CY, Ni YH. Gut microbiota and the development of pediatric

diseases. J Gastroenterol. 2015;50:720-6.

Arrieta MC, Stiemsma LT, Amenyogbe N, Brown EM, Finlay B. The
intestinal microbiome in early life: health and disease. Front
Immunol. 2014;5:427.

Stout MJ, Conlon B, Landeau M. Identification of intracellular
bacteria in the basal plate of the human placenta in term and
preterm gestations. Am J Obstet Gynecol. 2013;208:226.
Jacquot A, Neveu D, Aujoulat F, Mercier G, Marchandin H,
Jumas-Bilak E, et al. Dynamics and clinical evolution of bacte-
rial gut microflora in extremely premature patients. J Pediatr.
2011;158:390-6.

Kosiewicz MM, Zirnheld AL, Alard P. Gut microbiota, immunity,
and disease: a complex relationship. Front Microbiol. 2011;180.
Ramakrishna BS. Role of the gut microbiota in human nutri-
tion and metabolism. J Gastroenterol Hepatol. 2013;28 Suppl
4:9-17.

Fujimura KE, Lynch SV. Microbiota in allergy and asthma and
the emerging relationship with the gut microbiome. Cell Host
Microbe. 2015;17:592-602.

Smith PM, Garrett WS. The gut microbiota and mucosal T cells.
Front Microbiol. 2011;2:111.

Ege MJ, Mayer M, Normand AC, Cookson WO, Braun-Fahrlander
C, Heederik D, et al. Exposure to environmental microrganisms
and childhood asthma. N Engl J Med. 2011;364:701-9.

Aureli P, Capurso L, Castellazzi AM, Clerici M, Giovannini M,
Morelli L, et al. Probiotics and health: an evidence-based
review. Pharmacol Res. 2011;63:366-76.


http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0390
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0390
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0390
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0390
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0390
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0390
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0390
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0390
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0390
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0390
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0390
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0390
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0390
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0390
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0390
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0390
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0390
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0390
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0390
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0390
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0390
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0390
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0390
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0390
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0390
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0390
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0390
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0390
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0390
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0390
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0390
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0390
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0390
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0390
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0390
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0390
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0390
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0395
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0395
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0395
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0395
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0395
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0395
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0395
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0395
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0395
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0395
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0395
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0395
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0395
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0395
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0395
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0395
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0395
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0395
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0395
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0395
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0395
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0395
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0395
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0395
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0395
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0395
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0395
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0395
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0395
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0395
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0395
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0395
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0395
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0395
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0395
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0395
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0395
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0395
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0395
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0400
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0400
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0400
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0400
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0400
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0400
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0400
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0400
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0400
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0400
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0400
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0400
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0400
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0400
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0400
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0400
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0400
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0400
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0400
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0400
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0400
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0400
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0400
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0400
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0400
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0400
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0400
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0400
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0400
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0400
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0400
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0400
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0400
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0400
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0400
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0400
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0405
dx.doi.org/10.1016/j.aller.2015.12.002
dx.doi.org/10.1016/j.aller.2015.12.002
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0415
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0415
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0415
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0415
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0415
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0415
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0415
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0415
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0415
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0415
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0415
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0415
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0415
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0415
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0415
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0415
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0415
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0415
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0415
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0415
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0415
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0415
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0415
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0415
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0415
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0415
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0415
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0415
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0415
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0415
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0420
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0420
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0420
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0420
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0420
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0420
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0420
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0420
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0420
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0420
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0420
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0420
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0420
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0420
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0420
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0420
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0420
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0420
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0420
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0420
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0420
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0420
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0420
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0420
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0420
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0420
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0420
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0420
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0420
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0420
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0420
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0420
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0420
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0425
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0425
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0425
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0425
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0425
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0425
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0425
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0425
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0425
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0425
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0425
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0425
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0425
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0425
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0425
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0425
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0425
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0425
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0425
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0425
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0425
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0425
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0425
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0425
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0430
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0430
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0430
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0430
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0430
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0430
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0430
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0430
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0430
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0430
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0430
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0430
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0430
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0430
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0430
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0430
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0430
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0430
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0430
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0430
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0430
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0430
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0430
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0430
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0430
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0430
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0430
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0430
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0430
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0430
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0430
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0430
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0430
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0430
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0430
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0430
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0430
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0430
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0430
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0430
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0430
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0430
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0430
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0430
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0430
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0430
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0435
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0435
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0435
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0435
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0435
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0435
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0435
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0435
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0435
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0435
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0435
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0435
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0435
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0435
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0435
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0435
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0435
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0435
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0435
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0435
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0435
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0435
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0435
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0435
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0435
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0435
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0435
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0435
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0435
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0435
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0435
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0435
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0435
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0435
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0435
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0435
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0435
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0435
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0435
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0435
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0435
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0435
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0435
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0435
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0435
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0435
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0435
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0435
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0435
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0440
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0440
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0440
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0440
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0440
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0440
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0440
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0440
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0440
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0440
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0440
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0440
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0440
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0440
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0440
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0440
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0440
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0440
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0440
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0440
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0440
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0440
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0445
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0445
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0445
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0445
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0445
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0445
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0445
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0445
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0445
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0445
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0445
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0445
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0445
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0445
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0445
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0445
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0445
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0445
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0445
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0445
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0445
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0445
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0445
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0445
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0445
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0450
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0450
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0450
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0450
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0450
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0450
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0450
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0450
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0450
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0450
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0450
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0450
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0450
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0450
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0450
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0450
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0450
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0450
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0450
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0450
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0450
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0455
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0455
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0455
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0455
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0455
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0455
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0455
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0455
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0455
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0455
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0455
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0455
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0455
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0455
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0455
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0455
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0455
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0455
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0455
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0455
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0455
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0455
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0460
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0460
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0460
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0460
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0460
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0460
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0460
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0460
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0460
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0460
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0460
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0460
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0460
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0460
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0460
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0460
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0460
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0460
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0460
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0460
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0460
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0460
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0460
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0460
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0460
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0460
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0460
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0460
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0460
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0460
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0460
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0460
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0460
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0460
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0460
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0460
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0460
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0460
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0460
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0460
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0460
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0465
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0465
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0465
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0465
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0465
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0465
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0465
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0465
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0465
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0465
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0465
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0465
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0465
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0465
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0465
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0465
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0465
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0465
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0465
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0465
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0465
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0470
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0470
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0470
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0470
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0470
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0470
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0470
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0470
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0470
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0470
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0470
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0470
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0470
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0470
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0470
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0470
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0470
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0470
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0470
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0470
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0470
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0470
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0470
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0470
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0470
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0470
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0470
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0470
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0470
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0470
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0470
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0470
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0470
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0470
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0470
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0470
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0470
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0470
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0470
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0470
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0470
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0475
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0475
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0475
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0475
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0475
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0475
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0475
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0475
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0475
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0475
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0475
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0475
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0475
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0475
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0475
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0475
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0475
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0475
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0475
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0475
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0475
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0475
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0475
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0475
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0475
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0475
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0475
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0475
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0475
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0475
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0475
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0475
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0475
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0475
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0475
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0475
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0475
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0475
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0475
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0475
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0475
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0480
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0480
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0480
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0480
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0480
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0480
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0480
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0480
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0480
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0480
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0480
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0480
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0480
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0480
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0480
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0480
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0480
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0480
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0480
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0480
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0480
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0480
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0480
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0480
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0480
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0480
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0480
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0480
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0480
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0480
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0480
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0480
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0480
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0480
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0480
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0480
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0480
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0480
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0480
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0480
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0485
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0485
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0485
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0485
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0485
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0485
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0485
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0485
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0485
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0485
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0485
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0485
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0485
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0485
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0485
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0485
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0485
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0485
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0485
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0485
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0490
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0490
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0490
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0490
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0490
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0490
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0490
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0490
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0490
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0490
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0490
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0490
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0490
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0490
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0490
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0490
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0490
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0490
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0490
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0490
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0490
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0490
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0490
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0490
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0495
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0495
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0495
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0495
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0495
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0495
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0495
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0495
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0495
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0495
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0495
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0495
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0495
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0495
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0495
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0495
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0495
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0495
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0495
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0495
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0495
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0495
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0495
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0495
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0495
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0495
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0495
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0495
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0500
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0500
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0500
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0500
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0500
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0500
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0500
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0500
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0500
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0500
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0500
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0500
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0500
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0500
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0500
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0500
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0500
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0500
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0500
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0500
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0500
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0500
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0500
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0500
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0500
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0500
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0500
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0500
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0500
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0500
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0500
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0500
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0500
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0500
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0500
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0500
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0500
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0505
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0505
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0505
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0505
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0505
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0505
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0505
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0505
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0505
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0505
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0505
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0505
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0505
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0505
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0505
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0505
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0505
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0505
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0505
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0505
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0510
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0510
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0510
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0510
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0510
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0510
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0510
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0510
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0510
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0510
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0510
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0510
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0510
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0510
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0510
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0510
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0510
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0510
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0510
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0510
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0510
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0510
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0510
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0510
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0515
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0515
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0515
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0515
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0515
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0515
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0515
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0515
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0515
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0515
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0515
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0515
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0515
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0515
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0515
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0515
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0515
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0515
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0515
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0515
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0515
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0515
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0515
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0515
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0515
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0515
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0515
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0520
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0520
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0520
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0520
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0520
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0520
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0520
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0520
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0520
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0520
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0520
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0520
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0520
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0520
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0525
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0525
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0525
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0525
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0525
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0525
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0525
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0525
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0525
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0525
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0525
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0525
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0525
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0525
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0525
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0525
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0525
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0525
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0525
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0525
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0525
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0525
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0525
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0525
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0525
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0525
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0525
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0525
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0525
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0525
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0530
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0530
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0530
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0530
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0530
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0530
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0530
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0530
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0530
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0530
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0530
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0530
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0530
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0530
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0530
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0530
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0530
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0530
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0530
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0530
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0530
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0530
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0530
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0530
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0530
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0530
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0530
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0530
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0530
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0530
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0530
http://refhub.elsevier.com/S0301-0546(17)30034-4/sbref0530

	Nutrition in the first 1000 days and respiratory health: A descriptive review of the last five years’ literature
	Background
	Aim of the review
	Methodology
	Eligibility criteria
	Information sources, search strategy and study selection

	Maternal diet and respiratory health
	Maternal diet
	Maternal supplementation
	Conclusion

	Breastfeeding and the risk of respiratory infections and atopic diseases
	Short-term effects
	Long-term effects
	Conclusion

	Introduction of complementary foods and allergic diseases
	Conclusion
	Quality of diet in the first two years and respiratory disease's protection
	Iron, zinc and selenium
	Vitamins
	Polyunsaturated long-chain fatty acids

	The role of microbiota

	Conclusion
	Conflict of interest
	Ethical disclosures
	Confidentiality of data
	Right to privacy and informed consent
	Protection of human subjects and animals in research

	References


