
PRO AND CON DISCUSSION

Early introduction of food reduces food allergy – Pro
Debra J. Palmer1,2,3 & Susan L. Prescott1,2,3

1School of Paediatrics and Child Health, The University of Western Australia, Perth,

WA, Australia; 2Telethon Kids Institute, The University of Western Australia, Perth,

WA, Australia; 3International Inflammation (in-FLAME) Network, Worldwide

Universities Network (WUN), Perth, WA, Australia

To cite this article: Palmer DJ, Prescott SL. Early introduction of food reduces food allergy – Pro. Pediatr Allergy Immunol 2017: 28: 214–217.

Keywords

allergy prevention; complementary feeding;

egg; food allergy; solids introduction; peanut

Correspondence

Debra J. Palmer, School of Paediatrics and

Child Health, University of Western Australia,

PO Box D184, Princess Margaret Hospital,

Perth, WA 6001, Australia

Tel.: +61 8 9340 8834

Fax: +61 8 9388 2097

E-mail: debbie.palmer@uwa.edu.au

Accepted for publication 29 December 2016

DOI:10.1111/pai.12692

Abstract

Over the past two decades, we have been debating the question of whether the age of

commencement of complementary feeding affects the risk of developing food allergy.

We ate up the notion that delayed introduction of more allergenic foods in early

childhood would help overcome the increasing rates of food allergy, and then, we

promptly spat it out again despite limited evidence. Recently, high-quality randomized

controlled trial evidence has given us the confidence to swallow the concept that

allergenic foods, such as egg and peanut, should be given to infants. We now need to

recommend that when an infant is developmentally ready, a variety of nutritious foods

should be introduced to ensure high diet diversity, including the ‘more allergenic’

foods during infancy.

Debra J. Palmer Susan L Prescott

Changing appearance of baby foods

Since the dawn of humanity, infants have been introduced to

foods locally available and eaten by their families. Masticated

versions of all foods were fed to infants to supplement their

breastmilk intake and prepare them to transition to eating

family foods. Only in recent history have we had specially

prepared and commercially available baby foods. Further-

more, it was not until the beginning of this century that

restricting certain foods in infant diets as an allergy preven-

tion strategy had been recommended (1). In the year 2000,

the American Academy of Pediatrics recommended that

infants at higher risk of allergy (based on family history)

should delay the introduction of ‘more allergenic’ foods in

their diet, including avoidance of eggs until 2 years and fish

and nuts until 3 years of age. This flowed through to be

incorporated in many countries into infant feeding guidelines

and practices. Amplified by rising rates of food allergies in

young children, many parents, caregivers and health profes-

sionals followed this advice to delay the introduction of the

‘potentially more allergenic’ foods. We will now summarize

the current evidence to support the ‘Pro’ argument that,

early, as opposed to delayed, introduction of food does

reduce food allergy.

Sitting up ready to eat

By ‘early’ we are not suggesting prior to infant developmental

readiness to eat solid foods. This is indicated when an infant

has good head and neck control and can sit upright when

supported; when an infant shows an interest in family members

eating, by watching them eat and reaching out for their food;

and when an infant opens their mouth when offered food on a

spoon. These indications of developmental readiness occur at

different ages for individual infants, generally around

4–6 months of age is a good guide to look for these signs as

an indication that an infant is ready to commence comple-

mentary feeding.

Same foods every day, please give us diet diversity

Once complementary feeding has commenced, an infant needs

to be introduced to a large number of different solid foods

during infancy. Diet diversity is critical for nutritional benefit,
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as well as exposure to many taste and texture variations that

our food can offer. Diet diversity is an important consideration

that is often overlooked, especially in infancy. The World

Health Organization has guidelines on complementary feeding

minimum dietary diversity. These include that infants have at

least four of the following food groups: grains, roots and

tubers; legumes and nuts; dairy products (milk, yogurt, cheese);

flesh foods (meat, fish, poultry and liver/organ meats); eggs;

vitamin A-rich fruits and vegetables; and other fruits and

vegetables. So, we need to highlight that if infants have delayed

introduction of the ‘potentially more allergenic’ foods such as

dairy products, eggs, fish and nuts, then their intake of four of

the seven above diet diversity food groups could be comprised.

There is also emerging evidence regarding the importance of

infant dietary diversity and prevention of allergy (2). Roduit

et al. (2) found an interesting association between an increased

diversity of food within the first year of life and reduced allergic

disease outcomes. They also found that increased infant food

diversity was associated with increased expression of a marker

for regulatory T cells (2). Infant solids introduction with high

diet diversity will benefit nutritional and feeding development

outcomes, as well as have a possible allergy prevention effect.

However, the principle of encouraging infant diet diversity is

more difficult to achieve if certain foods have delayed

introduction in infancy.

Eating up delayed introduction then spiting it out

After the American Academy of Pediatrics recommended

delayed introduction of ‘more allergenic’ foods in children’s

diets in the year 2000, new evidence emerged. Several observa-

tional cohorts began to publish results from 2004 to 2010 to

suggest that delayed introduction, beyond 6–10 months of age,

of some specific solid foods (oats, wheat, dairy foods, fish and

egg) was associated with increased risk of allergic disease (3–11).

Of specific relevance to our argument in this debate, with regard

to food allergy, one cohort study (12) found that delaying the

introduction of egg until 10–12 months (adjusted odds ratio, 1.6,

95%confidence interval (CI) 1.0–2.6) was associatedwith higher
risk of egg allergy compared with earlier introduction at 4–
6 months. For peanut, it was observed that infants in the United

Kingdomhave higher rates of peanut allergy and typically donot

consume peanut-containing foods during infancy, compared to

infants in Israel where the common age of introduction of peanut

is around 7 months (13).

Confidence to swallow with better tasting evidence

This new observational evidence initiated the commencement

of several randomized controlled trials (RCTs) investigating

the timing of introduction of the ‘more allergenic foods’ into

infant diets with food allergy outcomes. While most of these

RCTs targeted one specific food, the Enquiring about Toler-

ance (EAT) Trial (14) was unique in investigating the sequen-

tial introduction of cow’s milk protein (yoghurt), cooked hen’s

egg, peanut, white fish, sesame and wheat from 3 months,

compared to exclusive breastfeeding until around 6 months of

age. The EAT Trial participants did experience difficulties with

protocol compliance, only 32% of the intervention group

adhering to the trial protocol and having the primary outcome

measured, compared to 80% of the control group (14). This

poor compliance included difficulties in introduction of some

of the solid foods, in particular cooked egg, between 3 and

6 months of age, and highlights the need to ensure infant

developmental readiness to eat solid foods. However, in

support of our case in this debate, the EAT Trial per-protocol

results did find a beneficial effect of reduced food allergy of

2.4% (5/208) in the intervention group starting food introduc-

tion from 3 months of age compared to 7.3% (38/524) in the

control group of solid food introduction at 6 months of age
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Figure 1 Thisfiguresummarizes the

findings from randomized controlled

trials investigating the timing of

commencement of regular inclusion

ofpeanut and/or egg in infant diets on

food allergy outcomes: Enquiring

About Tolerance (EAT), Learning Early

About Peanut Allergy (LEAP), Beating

Egg Allergy Trial (BEAT), Hen’s Egg

Allergy Prevention (HEAP), Solids

Timing for Allergy Reduction (STAR)

and Starting Time of Egg Protein

(STEP) trials.
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(relative risk 0.33; 95% CI: 0.13–0.83; p = 0.01) (14). Thus, the

per-protocol evidence from the EAT Trial supports our ‘Pro’

argument that early introduction of food reduces food allergy.

Another interesting finding from the EAT trial (14) was that

the consumption of 2 g per week of peanut or egg-white

protein was associated with a significantly lower prevalence of

these respective food allergies than was associated with less

consumption. Hence, this raises the concept that induction of

oral tolerance to food allergens in infancy may be dose-

dependent. Many children take 10–15 exposures to new foods

before they will accept eating the food. Hence, to achieve

higher doses of foods into infant diets, it would seem logical

that exposure to these foods needs to start early from 4 to

6 months of age and these foods be given on a regular basis

multiple times per week.

The Learning Early About Peanut Allergy (LEAP) study

(15) commenced in 2006 and examined the regular inclusion of

peanut in the child’s diet commencing in infancy compared to

peanut avoidance until 5 years of age. Four RCTs, Beating

Egg Allergy Trial (BEAT) (16), Hen’s Egg Allergy Prevention

(HEAP) (17), Solids Timing for Allergy Reduction (STAR)

(18) and Starting Time of Egg Protein (STEP) (19), all focussed

on earlier regular egg inclusion in infant diets commencing at

4–6.5 months of age compared to the more common age of

introduction in these countries at 8–10 months of age.

By 2015, we had the first conclusive randomized controlled

trial evidence to know that the introduction of peanut-contain-

ing foods should commence during infancy and not be delayed

until 5 years of age (15). Now in 2016, we have systematic review

and meta-analysis evidence which concluded that early egg

introduction at 4–6 months was associated with reduced egg

allergy (risk ratio 0.56; 95%CI: 0.36–0.87; I2 = 36%; p = 0.009)

(20). In addition to this systematic review publication, the largest

double-blinded RCT (n = 820 infants) investigating the timing

of commencement of regular egg inclusion in infant diets was

also recently published (19). The STEP RCT found a 25% risk

reduction in egg allergy with early regular egg intake from 4 to

6.5 months compared with egg avoidance to 10 months of age,

although this did not achieve statistical significance. Figure 1

illustrates the findings from RCTs investigating the timing of

commencement of regular inclusion of peanut and/or egg in

infant diets on food allergy outcomes. Thus, it appears that all

but one (17) of these trials favour the earlier, compared to

delayed, introduction of the twomost common food allergens in

early childhood, egg and peanut.

Are some of us still chewing and not yet ready to

swallow?

So why not introduce potentially allergenic foods to infants

along with a variety of other healthy nutritious solid foods?

The worry remains that some infants will have allergic

reactions as observed in two of the RCTs where infants had

anaphylactic reactions to egg (17, 18). It is likely that these

infants would have had allergic reactions to egg ingestion

regardless of which age it was introduced. In the STAR Trial

(18), three infants had anaphylaxis to egg, one upon initial

ingestion of the study powder of pasteurized raw egg at

4 months of age (intervention group), but another infant

also had anaphylaxis to hard-boiled egg first eaten at

8 months of age (control group) and a third infant (also in

the control group) had an anaphylactic reaction to a

pasteurized raw egg challenge at 12 months of age. Hence,

severe reactions in this STAR trial were not just limited to

the intervention early egg introduction group. Of particular

interest is our finding that upon investigation of the early T-

cell responses to egg proteins in these infants in relation to

patterns of egg exposure and subsequent IgE-mediated egg

allergy, those 4-month-old infants, who subsequently devel-

oped egg allergy already, had significantly higher Th2

cytokine responses to multiple egg allergens, particularly

elevated IL-13 responses to ovalbumin (p = 0.004), ovomu-

coid (p = 0.012) and lysozyme (p = 0.003), and elevated IL-5

to the same antigens (p = 0.031, 0.04 and 0.003, respectively)

(21). IL-13 responses to ovalbumin and lysozyme, and IL-5

responses to lysozyme at 4 months significantly predicted egg

allergy at 12 months, and this did not appear to be modified

by timing of introduction of egg (21). Hence, these infants

appear to be already on the pathway to egg allergy before

4 months of age, even prior to commencement of egg in

solid foods.

What is the rest of the family eating?

Future research still needs to investigate intervention strategies

to reduce food allergy development in early life prior to the

commencement of complementary feeding. For some infants,

this ‘critical time’ may be in utero and/or the first few post-natal

months of life. We need more high-quality evidence on effects

of food allergens in maternal diets during pregnancy and

lactation, as well as the effects of food allergen environmental

exposures in early life.

Conclusion

Overall, the evidence has become clearer in the past few years.

When an infant is developmentally ready, it is far better to

introduce a variety of nutritious foods to ensure high diet

diversity, including the ‘more allergenic’ foods during infancy,

than to avoid them.
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Abstract

An odd way to introduce a counter argument to the debate perhaps. Early

introduction does reduce the risk of food allergy but only convincingly, so far, within

the surreal confines of the modus operandi of the LEAP study. No other study that

has had to grapple with the realities of parental adherence has achieved such stunning

results. On the basis primarily of LEAP, the USA is now recommending what

amounts to a screening programme. Nowhere near enough thought has been given to

the logistical issues of what is being proposed and the inexorable implications of

extrapolating LEAP to other allergenic foods. If it works for peanuts, why not

introduce all tree nuts in early infancy? Why not all allergenic foods? The long term

implications of wholesale shifts in infant diet remain distinctly uncertain.

Michael R. Perkin
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Only one study of the early introduction of allergenic food or

foods into an infant’s diet has produced truly compelling

results – the LEAP study (1, 2). The EAT study showed no

effect in the intention to treat analysis (3), neither did the

STAR study (4) nor did the HEAP study (5). And the

LEAP study truly did work – an 81% reduction in the

primary outcome of peanut allergy in the intention to treat

(ITT) analysis. An ITT analysis ‘avoids overoptimistic

estimates of the efficacy of an intervention resulting

from the removal of non-compliers by accepting that

non-compliance and protocol deviations are likely to occur

in actual . . . practice’ (6).

And here is the rub – the LEAP study did not allow

participating families the option of non-compliance. LEAP

families received weekly phone calls from 4 to 11 months of

age monitoring compliance and exhorting families in the

consumption group to keep eating and the avoidance group to

avoid, and these calls continued fortnightly from 12 to

30 months of age, and monthly from 30 to 60 months of

age. Thus, a family enrolling a 4-month old onto the LEAP

study were telephoned 104 times to remind them to eat or

avoid peanut. Hence, the overall rate of adherence to the two

assigned interventions was 92.0%. This is about as divorced

from ‘actual practice’ as is possible. The LEAP team have

rebuffed this by stating that mothers achieved the recom-

mended consumption level after only three phone calls, the

implication being that they were not being cajoled into

adherence. However, those same mothers were fully aware

that they were going to be phoned again and again and again

about their adherence, so an independent perspective might be

to say that resistance was futile.

What about the real world?

So, in essence, the LEAP study is a scientific proof of principle,

it says nothing about what would happen if you asked the same

high-risk participants to undertake the same intervention in

actual practice. Let us assume that, miraculously, the same level

of adherence was achieved, and hence, the results could be

extrapolated into the real world, would it make much of a

difference to the burden of peanut allergy that a country

experiences? The answer is a difference, but not the seismic shift

that one might be hoping to see.

Two centres have extrapolated the LEAP results to their pae-

diatric populations: Ireland and Australia. O’Connor and

colleagues calculated that there would be a substantial effect on

the incidence of PA in Irish children who met the two most

objective LEAP criteria of severe AD or egg allergy, with a

relative reduction in the incidence of PA of 71% (7). However,

the population-level effect is much less dramatic with only a

29% relative reduction, because LEAP-defined high-risk chil-

dren only produce a minority of cases of peanut allergy in Irish

children (488/1202 cases per annum).

Even the more optimistic Australian calculation, by Koplin

and colleagues, would still only result in just under half of

expected cases of peanut allergy (48% – 20 cases of PA instead

of 41 per 1000 children) being prevented when the LEAP data

were extrapolated to the HealthNuts population (8).

The difference between the Irish and Australian estimates

rests on the Australian’s determination that 16% of their

HealthNuts cohort would have met the enrolment criteria for

the LEAP study through either an egg allergy or severe eczema.

This compares with a figure of 4.8% of the Irish children being

eligible.

The latter is a much more realistic figure as the HealthNuts

egg allergy figure was based on raw egg allergy (9), and the

actual number of children that would be identified as being

eligible for the LEAP study intervention in real life would be

much lower as very few young children are exposed to raw egg.

Need to do it for ever

In the LEAP-On study, there were three new cases of peanut

allergy in the LEAP consumers who had been asked to avoid

peanut for 12 months. There were also three new cases of

peanut allergy in the avoidance group, and hence, there was no

statistical significance, but this belies an interesting observation

hidden in a supplementary table of the LEAP-On publication

(2). Not surprisingly, LEAP consumers were more circumspect

about stopping peanut consumption and per-protocol adher-

ence with stopping was only 69.3% in this group. Closer

inspection of the spectrum of adherence to the request to stop

eating peanut reveals a dose–response relationship between the

degree to which a mother listened to this advice and the

likelihood of her child having a peanut allergy (Fig. 1).

The question is – would these three cases have emerged if the

families had carried on feeding their child peanut? The answer

would seem obvious – it would not. Hence, far from the

conclusion of the LEAP-On publication that sustained

Figure 1 Adherence to LEAP-On recommendation to stop eating

peanut in LEAP consumers. This figure is based on the data given in

table S3 of the LEAP-On study publication (2). The column headings

in my figure are adulterations of the originals in the table, namely
1complete avoidance of peanut - per protocol (3 cases of peanut

allergy of 127 LEAP consumers); 2consumption of some peanut – per

protocol (1/63); and 3consumption of some peanut - not per protocol

(0/65). Per-protocol consumption was defined as: no more than 2 g

of peanut protein on six occasions over a period of 12 months with a

maximum of 1 event per month AND no more than 1 g of peanut

consumption on 12 occasions over a period of 12 months with a

maximum of two events per month.
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tolerance has been achieved, I believe lifelong consumption is

the reality of what has to be recommended.

Why just peanut? What about all the tree nuts? And

what about all the other principal allergenic foods?

Allergy to egg (10) and milk (11) is likely to be outgrown, so

there is an argument for saying why make wholesale changes to

the age at which these foods are introduced into the diet,

when allergy to these foods has such a good prognosis? Even

20% or so of children outgrow peanut allergy (12). However,

clearly the majority of children with allergy to peanuts, tree

nuts, fish or sesame are unlikely to outgrow these problems.

Hence, the logical extension of LEAP is leading to families I

see in clinic already asking why should they not be actively

introducing all the other tree nuts into their infant’s.

Presumably when they are 4–6 months of age. And then eat

them ad infinitum. Along with all the other principal allergenic

foods.

Nutritional implications of extrapolating LEAP to other

nuts

However, such an intervention is likely to have significant

nutritional consequences, the long-term impact of which is

unknown. Helen Brough has been leading the Pronuts study,

looking at the efficacy of introducing multiple nuts into a

child’s diet to induce tolerance. In the Pronuts study for child

11 years of age or older, consumption of 10 nuts/seeds at 13 g

per portion of each nut twice weekly results in 260 g of nuts

being consumed per week. This means that 14.1% (240/1700

kcals) of the child’s calories come from nuts alone. However,

for this precise reason, Pronuts has already had to be a

significant compromise compared with what the LEAP chil-

dren ate. Pronuts 1- to 4-year-olds ate 10 g of each nut per

week. LEAP infants ate the equivalent of 24 g of peanut per

week. Consuming the LEAP quantity of 10 nuts/seeds would

mean 240 grams of nuts per week, which would be 22% of a

1- to 4-year-olds 1000 kcal requirement.

International guidelines

The LEAP study has already prompted international

organizations to re-examine their allergy prevention advice.

A consensus communication was produced that was most

noteworthy for its circumspection: ‘Infants with early-onset

atopic disease, such as severe eczema, or egg allergy in the first

4–6 months of life might benefit from evaluation by an allergist

or physician trained in management of allergic diseases. . ..

Evaluation of such patients might consist of performing

peanut skin testing, in-office observed peanut ingestion, or

both. . ..’(13). The Australians have adopted a simple recom-

mendation that solids should start at around 6 months and not

before 4 months and that ‘all infants should be given allergenic

solid foods including peanut butter, cooked egg, dairy and

wheat products in the first year of life. This includes infants at

high risk of allergy’ (14).

So what age should do you really need to start at?

The USA have now gone further, producing an algorithm based

guideline for preventing peanut allergy. For infants with severe

eczema, egg allergy or both, one should ‘strongly consider’

evaluation by specific IgE and/or SPT and, if necessary, an oral

food challenge and based on test results, introduce peanut-

containing foods at between 4 and 6 months of age (15).

The rationale for recommending 4- to 6-month introduction

of peanut in high-risk infants in the new USA guidelines is

again an extrapolation arguably over and beyond what the

results show. LEAP participants were enrolled between 4 and

10 months of age. In fact, a recent publication based on an

analysis of the publicly available LEAP data claims that the

likelihood of being peanut tolerant was significantly higher

with peanut introduction between 6 and 10 months of age than

at 4–6 months of age (16).

This seems counter-intuitive given that children are not born

with positive skin prick tests and hence logically the earlier the

introduction the better. However, in making any statements in

this age range, it is worth remembering just how few infants

were enrolled onto the LEAP study at this age: 24 four-month-

old and 95 five-month-old infants. Thus, early age-specific

recommendations are being made on the basis of just 63 pre-

six-month-old consuming LEAP infants.

However, it is interesting to note if one goes back to the

original paper by du Toit, which led to the LEAP study being

initiated, that in the Kaplan–Meir estimate for the age at which

peanut was introduced (Fig. 1 of their paper) it can be seen

that virtually no Israeli chid had peanut introduced under

6 months of age (17).

Furthermore, it seems very likely that there is not a

panacea age at which all solids can be realistically introduced

and tolerance then ensue. EAT raised many heckles by

enrolling infants at 3 months, but in reality they started their

first solids as they turned 4 months. However, this was

already too late for seven participants who had enrolment

positive food challenges, five of whom fulfilled the study

primary outcome for food allergy (table S29A in the EAT

results paper). Given there is no realistic prospect of

commencing any earlier than the 3–4 months of EAT,

particularly in breastfed infants, it seems likely that food

allergy is not going to disappear entirely no matter what early

introduction regimen gets recommended.

Safety

The issue of safety is paramount. Both LEAP and EAT

suggested that the early introduction of peanut and other

allergenic foods was safe. However, clearly the early introduc-

tion of pasteurized raw whole hen’s egg powder in the STAR

study was not; 31% (15/49) of 4-month-old infants in the active

arm reacted to their pasteurized raw whole egg powder, 10 on

first exposure, one with anaphylaxis (4) and the early

introduction of pasteurized raw hen’s egg white powder in

the BEAT study was frankly, dangerous: 6% (23/406) of

infants were already sensitized (specific IgE ≥ 0.35 kU/l) at
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enrolment, 17 of whom underwent double blind challenge with

pasteurized raw egg white powder of whom 16 reacted, three

with anaphylaxis. In the active group, 2 of 142 (1.4%) were

allergic, both reacted at home on first exposure, one with

anaphylaxis (5). Hence, the choice of allergen vehicle appears

to be critical.

An algorithm based on measuring sensitization will be

impossible to implement

The new USA guidelines constitute a screening programme in

everything but name. It therefore seems timely to remember

what are the criteria by which a proposed screening pro-

gramme should be assessed (Table 1) (18). By no metric can the

undertaking of skin prick or specific IgE testing on all children

with egg allergy and/or severe eczema be considered easy, and

undertaking promptly the subsequently required food chal-

lenges on a systematic population-based scale I would argue is

near impossible.

So do the Irish who stated ‘. . .community implementation

would demand huge additional resources at all levels of health

care. Further studies need to be performed to assess many

unresolved aspects of peanut introduction’ (7).

And so do the Australians who concluded that ‘a population

programme aiming to identify and screen all infants at risk of

peanut allergy would pose major cost and logistic challenges

that need to be carefully considered’. The co-author of that

paper, one Gideon Lack (8).

That the LEAP screening algorithm being proposed is so

time critical has already been demonstrated with a case

report of a peanut skin prick test negative infant who

undertook his peanut challenge one month later and had

anaphylaxis (19). As the LEAP team responded, this was

much more likely to reflect the emergence of sensitization in

the intervening one month than the report author’s con-

tention that it was an anaphylactic reaction in a skin prick

negative child. Regardless, the LEAP team recommended

that consumption of peanut or, where necessary, a super-

vised oral food challenge should take place immediately on

the day the SPT is performed.

Is a societal change in consumption the only realistic

way for it to be effective?

Such a screening regimen is never going to be successfully

introduced at a society level, whether by the USA or anyone

else. The question therefore is what happens with the results of

the LEAP and EAT studies.

Here, I think the Australians are closer to being right. Israel,

which started this whole research enterprise off, does not

systematically screen its infants for latent peanut sensitization,

they simply nearly universally eat peanut by 1 year of age.

Surely therefore, if we are going to do anything, then we simply

should follow their footsteps and encourage active early

consumption. That this seems safe at a societal level is reflected

in the fact; there was not a single death from peanut allergy

when food allergy mortality in Israel between 2004 and 2011

was reviewed (20).

However, if what happens in Israel were universally prop-

agated, it seems inevitable that somewhere there will be a

fatality in an infant whose family will state that they were

introducing peanut earlier than they previously would have

done. The question is whether society will be able to acknowl-

edge that that is a price that almost inevitably will be paid for

preventing a much greater amount of food allergy morbidity

and mortality in older children and adults.
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