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Abstract

The introduction of solid food is necessary for any infant in
order to provide adequate nutrition because when they grow up
milk is insufficient for their nutritional needs. Infants born preterm
have increased nutritional requirements. The high nutrient
demands as well as the organ immaturity of preterm infants com-
bine to render it difficult to achieve dietary intakes that will allow
preterm infants to match their in utero growth rates. Current
guidelines for the introduction of solid food to term infants cannot
be directly translated to preterm infants. For preterm infants such
guidelines are lacking. Based on the limited available evidence, it
could be concluded that a corrected age of 3 months (13 weeks)
may be an appropriate age to start introducing solid food for most
preterm infants.

About celiac disease (CD), gluten may be introduced into the
infant’s diet anytime between 4 and 12 completed months of age.
In children at high risk for CD, earlier introduction of gluten (4 vs
6 months or 6 vs 12 months) is associated with earlier develop-
ment of CD autoimmunity (defined as positive serology) and CD,
but the cumulative incidence of each in later childhood is similar.

Relatively to weaning and allergies, the European Society of
Pediatric Allergy and Clinical Immunology and the European
Society for Paediatric Gastroenterology Hepatology and Nutrition

have produced joint guidelines. They recommend exclusive
breastfeeding for 4–6 months or use of hypoallergenic formulas if
exclusive breastfeeding is not possible. In addition, The American
Academy of Pediatrics recommendations now state that there is no
evidence to recommend maternal dietary restrictions during preg-
nancy or breastfeeding. However, there is no evidence that delay-
ing introduction of solids including allergenic foods after 4–6
months is protective.

Introduction

The introduction of solid food is necessary for any infant in order
to provide adequate nutrition, because when they grow up milk is
insufficient for their nutritional needs. Infants born preterm have
increased nutritional requirements, especially for energy1 protein,1-3

long-chain polyunsaturated fatty acids,4 iron,5 zinc,6 calcium and
selenium.7 As a consequence of preterm birth, these infants generally
have limited nutrient stores because they missed the crucial last
trimester of pregnancy when there is active transfer and accumula-
tion of nutrients to the fetus as well as a rapid rate of growth. During
the last trimester of pregnancy, there is significant fetal growth as
well as organ maturation and development. The high nutrient
demands as well as the organ immaturity of preterm infants combine
to render it difficult to achieve dietary intakes that will allow preterm
infants to match their in utero growth rates. Some infants born
preterm also have ongoing medical conditions such as chronic lung
disease, which further increase nutritional requirements.8

Current guidelines for the introduction of solid foods to term
infants cannot be directly translated to preterm infants. However,
there has been limited research regard the optimal age and type of
food to be introduced and whether this period of important dietary
change influences later health and development.9

The development of good head control is important for the
safe eating of solid food. Preterm infants have been observed to
have delayed early gross motor development when compared with
infants born at term, even after correction for prematurity.10

Therefore, developmental readiness is an important factor that
should be considered prior to commence solid food. In infant feed-
ing, parents are often advised that if a baby with a reduced tongue
extrusion reflex can sit in a stable supported position, hold his
head up well, open his mouth, and leans forward towards the
spoon, then he is developmentally ready for solid food.

In 2008, the European Society for Pediatric Gastroenterology,
Hepatology and Nutrition Committee on Nutrition reviewed cur-
rent knowledge and practices on weaning term infants and con-
cluded that in European industrialized countries, complementary
feeding should not be introduced before 17 weeks (4 months) and
no later than 26 weeks (6 months) of age.11
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However, for preterm infants such guidelines are lacking. The
only guideline relevant to the introduction of solid food for
preterm infants was the advice from the Department of Health in
the United Kingdom published in 1994,12 which recommended the
introduction of solid food when the preterm infant reaches a
weight of 5 kg, has lost the extrusion reflex, and is able to eat from
a spoon. Unlike the complementary feeding guidelines for term
infants, this guideline does not include an age recommendation.

But a review on this topic highlighted that the preterm infants
born at the shortest gestations could be as old as 10 months of
uncorrected age before they reach 5 kg and, thus, may be resistant
to have anything but milk in their mouth.13 Taking developmental
issues into consideration, they suggest that most preterm infants
may be ready for solid food between 5 and 8 months of uncorrect-
ed age, provided that the infant is at least 3 months of corrected
age, i.e. when gross motor development should enable safe eating.
Based on the limited available evidence, it could be concluded that
a corrected age of 3 months (13 weeks) may be an appropriate age
to commence the introduction of solid food for most preterm
infants. The earliest born infants at 23 weeks of gestation would
have an uncorrected age of 7 months, while those infants born
closer to term at 36 weeks of gestation would have an uncorrected
age of 4 months. By using the uncorrected age, both ends of the
preterm spectrum would be eating solid food within the ideal peri-
od from a developmental point of view. Solid food introduction
from a corrected age of 3 months (13 weeks) would also reduce the
potentially increased risk of eczema development.14 Three months
of corrected age is too late in respect to what recommended in a
RCT15. However, ensuring optimal nutritional intake from birth in
the liquid diet until solid food are introduced will improve nutri-
tional status. Using high-protein, energy- and nutrient-dense food,
once solid foods are introduced is important for infants born
preterm. Further research is required to provide evidence-based
guidelines specifically for preterm infants and studies should
investigate immediate as well as longer-term consequences of the
pattern and timing of introducing solid food on later health and
developmental outcomes.9

Weaning and celiac disease

Celiac disease (CD) is an autoimmune disease caused by a per-
manent intolerance to the main protein component of oats, wheat,
spelled, barley, rye: gluten. Occurring only in people carrying one or
more susceptibility genes, CD affects approximately one to three per-
cent of the general population in most parts of the world.16

As regards weaning, in 2008, ESPGHAN issued a recommenda-
tion to avoid both early (less than 4 months) and late (7 months or
later) introduction of gluten, and to introduce gluten while the infant
is still being breastfed. Those recommendations were based on
observational studies suggesting that this approach to gluten intro-
duction reduces the risk for CD.11 But since then, two randomized
controlled trials have shown that the age of gluten introduction does
not affect overall rates (incidence and prevalence) of CD during
childhood. Earlier gluten introduction causes the disease to present
itself at an earlier age. These findings suggest that primary preven-
tion of CD through nutritional interventions is not possible at the
present time.17,18 Meanwhile, new observational evidence shows no
difference in CD risk when gluten is introduced while the infant is
still breast-feeding, compared to after weaning. Because of its many
other health benefits, breastfeeding is recommended for all infants,
regardless of celiac disease risk. The updated recommendations are
based on studies of infants with known risk genes for CD. However,

because this information is generally not known at the time solid
food is introduced, the recommendations apply to all infants. CD
risk genes are present in 30 to 40 percent of the general European
population, as well as in 75 to 80 percent of children who have a
close relative (parent or sibling) with celiac disease. For now, there
is not enough evidence to make specific recommendations for
infants with a family history of CD.

The European Society for Gastroenterology, Hepatology and
Pediatric Nutrition indicates that the timing of introduction of
gluten, early (less than 4 months) or late (more than 12 months),
does not reduce the likelihood of developing the disease in chil-
dren at risk (variations in some genes are the major genetic risk
factors). Although breast-feeding should be promoted for its other
well-established health benefits, neither any breast-feeding nor
breast-feeding during gluten introduction has been shown to
reduce the risk of CD. Gluten may be introduced into the infant’s
diet anytime between 4 and 12 completed months of age. In chil-
dren at high risk for CD, earlier introduction of gluten (4 vs 6
months or 6 vs 12 months) is associated with earlier development
of CD autoimmunity (defined as positive serology) and CD, but
the cumulative incidence of each in later childhood is similar.
Based on observational data pointing to the association between
the amount of gluten intake and risk of CD, consumption of large
quantities of gluten should be avoided during the first weeks after
gluten introduction and during infancy. The optimal amounts of
gluten to be introduced at weaning, however, have not been estab-
lished and there are no recommendations regarding the type of
gluten to be used at introduction.19

Weaning and allergies

Infant diet, specifically age of weaning and age at introduction
of allergenic food, has long been thought to play a role in food
allergy. However, controversy surrounding the relationship
between timing of introduction of food and development of food
allergy has led to a plethora of inconsistent infant feeding guide-
lines both between and within countries.

During the first 6 months of life the infant develops the readi-
ness to masticate and swallow solid food. Oral immune tolerance,
a state of systemic immune unresponsiveness to ingested
allergens,20 also develops over the course of the first year of life.
There is significant evidence from rodent studies that cessation of
suckling results in the alteration and maturation of a number of
digestive and absorptive mechanisms including modulation in iron
absorption regulatory pathways and increase in gastric acid matu-
ration,21 although the relevance of these findings to humans is
unclear. In addition, there is a dramatic transition of intestinal
microbiota composition during weaning22 which is reflected in the
transitioning nature of stool composition which is seen clinically
by change from a more liquid to a more formed stool often termed
transitionary stool, followed by establishment of a more adult-like
stooling pattern. In infants the initial colonizing bacteria are facul-
tative anaerobes Enterobacteriaceae, coliforms, lactobacilli and
streptococci. Colonization with anaerobic genera such as
Bifidobacterium, Bacteroides, Clostridium and lactic acid bacteria
follows thereafter.23 The healthy intestinal microbiota in infancy is
characterized by a large Gram-positive bacterial population and
significant numbers of Bifidobacteria, mainly Bifidobacteria
longum, Bifidobacteria breve and Bifidobacteria infantis. Infant
feeding practices including the use of formula vs breast milk influ-
ence the succession of microbiota colonization, altering the genus,
species and species composition, as well as the numbers of bacteria
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that colonize the infant intestinal tract although there remains a
controversy around the extent to which breastfed baby stool differs
qualitatively from formula fed infants.24

There is a constant interaction between commensal bacteria in
the intestinal lumen and the epithelial and immune cells within the
gut, and this continuous interaction is central to the maintenance of
oral tolerance. The intestinal epithelium represents the largest
interface between the external environment and the internal host
milieu and constitutes the major barrier through which molecules
can either be absorbed or secreted. Tight junctions between absorp-
tive and secretory cells lining the small intestine appear to play a
major role in regulating epithelial permeability by influencing
paracellular flow of fluid and solutes. Evidence now exists that
tight junctions are dynamic rather than static structures and readily
adapt to a variety of developmental, physiological and pathological
circumstances and are likely to be substantially modulated through
the first year of life in response to a range of dietary and develop-
mental milestones.25

The WHO recommends exclusive breastfeeding for the first 6
months of life, followed by breastfeeding alongside complementa-
ry foods up to 2 years of age.26

Current guidelines from the Department of Health in the UK
recommend exclusive breastfeeding for 6 months and avoidance of
potentially allergenic foods (peanuts, other nuts, seeds, milk, eggs,
wheat, fish or shellfish) until after 6 months of age.27

The European Society of Pediatric Allergy and Clinical
Immunology and the European Society of Pediatric
Gastroenterology, Hepatology and Nutrition (ESPGHAN) have
produced joint guidelines. These recommend exclusive breastfeed-
ing for 4–6 months or use of hypoallergenic formulas if exclusive
breastfeeding is not possible. In addition, guidelines from
ESPGHAN recommend introducing gluten between 4 and 7
months to reduce the likelihood of developing wheat allergy.11

The American Academy of Pediatrics recommendations now
state that there is no evidence to recommend maternal dietary
restrictions during pregnancy or breastfeeding. For infants at high
risk of atopic disease, there is some evidence that exclusive breast-
feeding for at least 4 months is protective against cow milk allergy
in the first 2 years of life. Atopic dermatitis may be delayed by
using hydrolysed formulas instead of cow’s milk based formulas
early in life. However, there is no evidence that delaying intro of
solids including allergenic food after 4–6 months is protective.28

In contrast, Australia, which appears to have one of the highest
rates of food allergy in the world29 is plagued by a plethora of infant
feeding guidelines including Australian government guidelines
which are essentially WHO compliant but recommend avoiding nuts
till 3 years and maternal nut avoidance during pregnancy in the con-
text of a strong family history of nut allergy, a raft of State-based
guidelines which are all variations on a theme and the peak allergy
specialty body guidelines which until recently were modelled on
AAP guidelines although not as extreme with egg introduction rec-
ommended at after age 12 months rather than 2 years.30

Cow milk allergy

Cow milk is the most common infant food allergy, affecting 1.4–
3.8% of young children.31 It can be either IgE-mediated in nature in
which exposure to milk causes an immediate reaction with symp-
toms such as urticaria, angioedema and/or anaphylaxis or it can be
non-IgE-mediated, often manifesting with delayed skin or gastroin-
testinal symptoms.32 A delay in the introduction of cow milk prod-
ucts is associated with an increased risk of atopy at 2 years of age.33

Since then, prospective studies have been conducted looking at the
effects of early introduction of cow milk into infant diets. Infants
who were started on cow milk protein formulas within the first 14
days of life were significantly less likely to develop IgE-mediated
cow milk allergy in comparison with infants who had cow milk
introduced between 105 and 194 days of life.34 A recent study also
showed that avoidance of cow milk by use of an extensively hydrol-
ysed whey formula instead did not have a protective effect in infants
in developing atopy (primarily eczema) at 12 months of age.35,36

Hen egg allergy

Hen egg allergy is the second most common food allergy with a
prevalence rate of approximately 2.5%.37 Several large trials have
been conducted which look specifically at early introduction of egg.
The Australian Healthnuts cohort demonstrated that a delayed intro-
duction of egg until 10–12 months and in infants older than 12
months were both associated with a significantly increased risk of
egg allergy compared to those who were introduced to egg at 4–6
months of age.38 This has further been supported by results from the
Solids Timing for Allergy Reduction randomized control trial which
looked at infants with moderate-to-severe eczema who were intro-
duced to egg from 4 months of age in the form of pasteurized raw
whole-egg powder (intervention group).39 Although not statistically
significant, when this group was compared to the control group who
avoided egg (given rice powder instead), a lower proportion of
infants in the intervention group (33%) had a diagnosis of IgE-medi-
ated egg allergy compared to the control group (51%).40 The Starting
Time of Egg Protein study was performed on infants aged 4–6
months with no eczema symptoms who were randomized and dou-
ble-blinded to receive daily pasteurized raw whole-egg powder or a
colour-matched rice powder.36 All the infants followed an egg-free
diet until 10 months at which time cooked egg was introduced to
both groups. In the data analysis, there was no difference between
the two groups with regards to the development of IgE-mediated egg
allergy at 12 months of age, 7% egg group vs 10.3% in the control
group (95% CI: 0.48–1.17, P=0.20). However, in the per-protocol
analysis, a lower percentage of infants in the egg group (3%) had
IgE-mediated egg allergy at 12 months of age compared to the con-
trol group (9.9%) (95% CI: 0.16–0.65, P=0.002). Interestingly, 6.1%
of the children in the egg group had a confirmed allergic reaction to
the study powder and had to stop taking it compared to 1.5% of the
control group.

Another recently published study called the Enquiring About
Tolerance study,41 which was a randomized controlled trial looking
at early introduction of six common food allergens at 3 months of
age (early-introduction group (EIG)) alongside breastfeeding com-
pared to exclusively breastfed infants (standard introduction group
(SIG)), found that the prevalence of egg allergy was significantly
lower in the early-introduction group (1.4 vs 5.5%, P=0.009) in the
per-protocol analysis. Egg allergy was confirmed in 3.7% of the EIG
compared to 5.4% in the SIG (relative reduction 31%, P=0.17).

Over the last few years, there is an increasing amount of inter-
est and evidence to support the early introduction of potential aller-
genic foods to aid in the development of oral tolerance36

Conclusions

To start weaning, is important to evaluate the baby’s neuro-
muscular development in particular a good head control for the
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safe eating of solid food. Therefore, developmental readiness is an
important factor that should be considered prior to commencing
solid food. Further research is required to provide evidence-based
guidelines specifically for preterm infants and studies should
investigate immediate as well as longer-term consequences of the
pattern and timing of introducing solid food on later health and
developmental outcomes. Over the last few years, there is an
increasing amount of interest and evidence to support the early
introduction of potential allergenic food to aid in the development
of oral tolerance.
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