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Abstract
Background: This study aimed to investigate sensitization to eggs and other common 
allergenic foods, allergic symptoms, and fatty acid status among infants after intro-
ducing daily eggs as a complementary food for 6 months.
Methods: This secondary analysis used data from a randomized controlled trial of 500 
infants aged 6–9 months in Jouberton, South Africa, who were randomly assigned to 
receive one egg daily, n = 250 (treatment) or no egg, n = 250 (control) for 6 months. 
Clinical allergy symptoms were assessed with the Childhood Allergy and Immunology 
Research questionnaire. Infants were tested with a skin prick test for egg sensitization 
at baseline and at the end of the study for additional food allergens. The fatty acid 
composition was analyzed in whole blood at the endpoint.
Results: At the endpoint, egg sensitization was 1.9% in the egg intervention group and 
2.0% in the control group (aOR 0.936 [95% CI 0.229, 3.822]; p = .926) and all foods 
sensitization was 7.5% in the egg intervention group and 12.9% in the control group 
(aOR 0.515 [0.264, 1.005]; p = .052). There were no reported acute egg-related al-
lergy symptoms at baseline and midpoint in the two groups. The incidence of allergic 
disease during the study was 7.5% in the egg intervention group and 13.4% in the 
control group (aOR = 0.545 [95% CI: 0.283, 1.048]; p = .069). The total and long-chain 
polyunsaturated fatty acid omega-6/omega-3 ratios were higher in the intervention 
group (β = .173 [0.291, 2.898], p = .021 and β = .198 [0.149, 0.902], p = .007) with no 
effect on omega-3 fatty acid composition.
Conclusion: Complementary feeding with daily eggs may reduce overall allergic sen-
sitization to common allergenic foods.
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1  |  INTRODUC TION

Globally, pediatric allergic diseases are on the rise, especially in low- 
and middle-income countries, as reported by the Global Asthma 
Network (GAN) Phase 1.1 A survey among children (6–7 years) and 
adolescents (13–14 years) between 2015 and 2020 in 25 countries 
reported that over 9.1% of children (6–7 years) had asthma, 7.7% had 
rhino-conjunctivitis, and 5.9% had eczema.2 In Sub-Saharan Africa, 
the prevalence of allergic diseases is increasing.3 Food allergies are 
an emerging second wave of allergies for children due to modern 
lifestyles.4 The exact burden of food allergies is hard to ascertain 
because of differences in geographical areas, the population stud-
ied, methodologies used, allergens tested, and definitions used to 
determine food allergies, and many other factors affecting their 
prevalence.5 Generally, a rate of food allergies of up to 10% has 
been reported, but that is increasing in both developed and devel-
oping countries.5–9 In developing regions, food allergies are under-
recognized, with suboptimal diagnosis and management.10,11

South Africa is undergoing a so-called “food allergy epidemic” 
because of economic transition and the adoption of modern life-
styles and diets.12 A large food allergy study involving 1200 chil-
dren aged 12–36 months reported higher food sensitisation rates in 
urban areas (9.0%) compared to rural areas (2.8%), and 2.5% of urban 
children had challenge-proven food allergies.13 In 2014, a study in-
volving 100 children aged 6 months to 10 years with atopic dermati-
tis reported almost half of the children with challenge-proven food 
allergies.14 A pediatric anaphylaxis study conducted between 2014 
and 2016 involving 73 children under 14 years admitted at a South 
African public children's hospital, reported about 95% of admitted 
children with severe allergic reactions, had a known food trigger, of 
which the most common trigger was peanuts at 30.1%, followed by 
hen's eggs at 21.2%.15

Egg allergy is the most common food allergy in South Africa, with 
a prevalence of 1.9% for raw eggs.13 A study done in 2014 at a Cape 
Town pediatric hospital among 100 children between 6-month- to 
10-year-old children found that egg allergy was highest in children 
with atopic dermatitis, with about 54% sensitized to eggs and 25% 
having confirmed egg allergy.16 About 50% of children with an egg 
allergy usually have a spontaneous resolution by two to 9 years.6 In 
South Africa, 72.2% of children with an egg allergy outgrew their 
allergy by 5 years.17

Eggs introduced in the infants' diet between four to 6 months 
have been associated with a 40% lower risk of egg allergies (rela-
tive risk 0.60, 95% CI 0.44–0.82, p = .002) in a systematic review of 
six randomized controlled trials.18 The Healthnuts study, although 
it was an observational study, also found a reduced risk of egg al-
lergy confirmed by oral challenge with the early introduction of eggs 
between four to 6 months.19 However, a previous randomized con-
trolled trial in Ecuador, the first study that introduced one egg daily 
to infants from a low socioeconomic community between the ages 
of six and nine months for a period of 6 months, found no effect 
on egg allergy symptoms during the follow-up period.20 Likewise, a 
randomized controlled trial in Australia found no effect of the early 

introduction of eggs between the ages of 4 and 6 months on the risk 
of egg allergy at 1 year.21

Long-chain polyunsaturated fatty acids (LCPUFA), especially 
n-3 LCPUFA, are important in alleviating allergic reactions by mod-
ulating inflammatory responses.22–24 Diets rich in oily fish and fish 
oil, the main source of omega-3 LCPUFA, are not consumed in ad-
equate amounts in most complementary diets in low-income coun-
tries.25,26 In South Africa, a low consumption (17%) of energy-dense 
animal products like eggs, meat, and fish was reported among 6- to 
12-month-old infants.27 However, since eggs are readily available 
and affordable, they can be an alternative source of n-3 LCPUFA, 
including eicosapentaenoic acid (EPA) and docosahexaenoic acid 
(DHA). A randomized controlled trial in Ecuador reported improved 
DHA status in daily egg consumers.28 In the USA, infants who con-
sumed eggs in their complementary diets had a higher fatty acid sta-
tus, including DHA, compared to non-egg consumers.29

The Eggcel-growth study was a randomized controlled trial that 
hypothesized that daily egg consumption for 6 months would im-
prove linear growth (primary outcome) among infants aged six to 
9 months in a low socioeconomic community. The main finding was 
the lack of intervention effect on growth.30 To address a secondary 
objective, we investigated sensitization to eggs and other allergenic 
foods including cow's milk, fish, wheat flour, soya flour, peanuts, and 
corn flour, allergic symptoms, and assessed arachidonic acid (AA), 
DHA, EPA, and total n-6 and n-3 LCPUFA status among infants after 
introducing one egg per day as a complementary food for 6 months.

2  |  METHODS

2.1  |  Study procedure and outcomes

The design and primary outcomes of the trial have been described in 
detail elsewhere.30 In summary, the study took place in the peri-urban 
area of Jouberton, located within the greater Matlosana Municipality in 
Klerksdorp, South Africa, from 16th February 2021 to 21st December 
2021. Infants aged six to 9 months with no severe illnesses requiring 
hospitalization, weight-for-length Z-scores >−3, hemoglobin >7 g/
dL, no congenital abnormalities, or known allergies/sensitivities to 
eggs were included in the study. Additionally, mothers/caregivers/
legal guardians above the age of 18 years or not planning to relocate 

Key message

Early introduction of eggs during infancy may reduce 
allergic sensitization to common allergenic foods. These 
results provide evidence to incorporate the introduction 
of allergenic foods, such as eggs, into infants' diets before 
1 year into the South African infant feeding guidelines 
to improve food diversity and minimize the risk of 
sensitization to these foods.



    |  3 of 10NAKIRANDA et al.

from the study area were also included. Participants were randomly 
allocated to two groups in a 1:1 ratio using a randomization sequence 
generated with the RANNOR function in SAS software version 9.4. A 
dataset consisting of 500 tags (250 for each group) was created. These 
tags were paired with a sequence of pseudo-random numbers gener-
ated from a normally distributed variable. The random numbers were 
then sorted to produce a randomized list of codes and tags, which 
was used by a research assistant to assign 250 participants to each 
group. The intervention group (n = 250) received one chicken egg per 
day for 6 months, and the control group (n = 250) did not receive eggs; 
both groups were followed up for 6 months. The intervention group 
received a dozen eggs weekly, seven eggs for the infant, and five eggs 
for the rest of the family, whereas the control household received 5 kg 
of maize flour monthly and four dozen eggs after the study as an in-
centive for participation in the study. The mothers were educated on 
egg preparation methods, and the eggs were prepared according to the 
mothers' choice of cooking method, usually boiled, fried, or scrambled. 
The mothers were also trained to cook the eggs well for denaturation 
of possible allergic proteins and to prevent possible undesirable mi-
croorganisms from surviving. The intervention group had a compliance 
form for recording when the eggs were given/not given, and this data 
was collected weekly by the fieldworkers. The study was not blinded 
to the participants because of the nature of the food intervention but 
was blinded to the enumerators who measured child anthropometric 
variables and dietary intake, the laboratory staff, and the data analyst.

Egg intake was neither promoted nor prohibited in the control 
group. An egg intake estimation was therefore calculated for all study 
participants regardless of group to further explore associations of ac-
tual egg intake with morbidity in the total sample. A weekly food fre-
quency questionnaire (FFQ) conducted in both groups was used. It had 
four options: Every day, most days (4–6 days), once a week (1–3 days) 
and never. The options were scored as never = 0; 1–3 days = 2; 
4–6 days = 5; and every day = 7, which was then multiplied by the num-
ber of eggs eaten at a time (usually one egg, but also ½ or 2 eggs) and by 
the number of times eaten per day (usually once or twice).

Information on the infants' birthdates, birth weight, and 
length was transcribed from the infant health booklet. The socio-
demographic status, such as education, and mothers' age, were 
collected by the trained fieldworkers using a structured question-
naire at baseline. In addition, data on anthropometric status, dietary 
intake, and morbidity were collected. Breastfeeding data was re-
corded from a weekly FFQ. The Eggcel-growth study sample size 
powered for growth was described in detail elsewhere.30

2.2  |  Allergy symptoms and sensitization outcomes

History of allergy diagnosis by a medical practitioner and clinical allergy 
symptoms including acute food reactions (hives, angioedema, anaphy-
laxis, acute abdominal pain, vomiting and/or diarrhea; tightness in 
the throat, difficulty breathing, wheezing and/or noisy breathing) and 
delayed symptoms (allergic cough, wheezing, eczema, allergic rhinitis, 
and enlarged or removal of adenoids and/or tonsils) were assessed at 

baseline (enrolment), midpoint (after 3 months of intervention) and 
endpoint (after 6 months of intervention) with the Childhood Allergy 
and Immunology Research (CAIR) questionnaire.31

All infants were tested for egg allergen sensitization with a skin 
prick test (SPT) at baseline. The food allergens were procured from 
ImmunoSpec Pty (Ltd) (Midrand, South Africa). A trained nurse and/or 
trained research assistant inquired if the mother had given any antihis-
tamine in the past 2 days; for those infants who had not used antihista-
mines, a small amount of whole egg allergen extract was applied to the 
skin, either on the forearm or back, and then the skin was scratched to 
introduce the allergen. A positive control consisting of histamine and 
a negative control consisting of saline were placed alongside the aller-
gen for comparison. The presence of a wheal (raised, reddened bump) 
of >3 mm at the test site indicated a positive reaction. Infants with a 
positive SPT were excluded from the study. Those who were enrolled 
in the study had the oral egg challenge done on the same day with a 
small amount of cooked egg given to the infant for consumption; the in-
fants were monitored for allergy symptoms at the study site, and those 
who developed any signs of allergy were treated and excluded from the 
study. The mother/caregiver was then contacted on the second day to 
assess if the baby had any delayed reaction. The positive indication of 
clinical allergy symptoms together with a positive SPT confirmed egg 
allergy (no tolerance). A positive SPT without clinical symptoms con-
firmed sensitization with tolerance. However, since eggs were provided 
daily, which may cause tolerant sensitization to evolve into allergy, all 
babies with positive SPT to eggs were excluded. Babies who showed 
clinical symptoms of egg allergy during the study were tested again 
by SPT followed by an egg challenge test if positive. At the end of the 
study, the babies were tested again for egg sensitization, and mothers 
who consented to additional SPT had their infants tested for additional 
food allergens (cow's milk, cod fish, peanuts, wheat flour, soybean flour, 
maize flour) to determine if they were sensitized to any of those foods. 
The mothers received information and counseling on how to manage 
their sensitized/allergic baby and were referred to the pediatric clinic at 
the Department of Pediatrics at the Klerksdorp Hospital.

A child was classified as having allergic disease if diagnosed 
during the study (excluding baseline) by a medical practitioner and/
or if the child was sensitized as assessed by SPT at the endpoint of 
the study in combination with having any acute or delayed allergy 
symptoms during the study.

2.3  |  Whole blood dried blood spot fatty acid 
analysis

A trained nurse collected a capillary blood sample from a finger or heel 
prick at the endpoint. Two 50 μL volumes of whole blood were spot-
ted on EDTA-soaked dried blood spot (DBS) cards (Lipomic Healthcare) 
immediately after collection and dried. Total lipid fatty acids were ana-
lyzed at the CEN NWU chromatography laboratory.32 Briefly, one dried 
blood spot was punched from the DBS. The lipids were transmethyl-
ated with 2 mL methanol: sulfuric acid (95:5, v:v) by vortexing for 30 s 
and incubating at 70°C for 3 h to yield fatty acid methyl esters (FAMEs). 
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The resulting FAMEs were extracted with water and heptane. The sam-
ple was allowed to stand for a few minutes for the layers to separate. 
The supernatant containing FAMEs was extracted and aliquoted into a 
glass tube containing sodium sulfate to absorb any water and vortexed. 
The top heptane layer was then pipetted and aliquoted into a GC vial. 
FAMEs were analyzed with an Agilent Technologies 7890A gas chro-
matograph system equipped with an Agilent Technologies 7000B triple 
quad mass selective detector (Agilent Technologies). The gas chroma-
tography separation of FAMEs was carried out on an HP88 capillary 
column (100 m × 0.25 mm × 0.20 mm; Agilent) by using helium as the 
carrier gas at a flow rate of 2.2 mL/min. The gas chromatography injec-
tor was held at a temperature of 270°C, and the mass spectrometry 
source at 250°C. The injection volume of the sample solution was 1 μL 
using a split ratio of 1:20. The oven temperature was programmed from 
50°C to 170°C at 30°C/min, then from 170°C to 215°C at 2°C/min, 
and it rose at 4°C/min to 230°C. After that, the temperature was held 
isothermally at 230°C for 7 min. The total analysis time was 38.25 min. 
Mass spectrometry with 70 eV electron ionization was carried out 
in multiple reaction monitoring mode, with at least two transitions 
per compound. Quantification of FAME was done with Masshunter 
(B.06.00). FAME peaks were identified and calibrated against a stand-
ard reference mixture of 33 FAMEs (Nu-Check-Prep) and two single 
FAME standards (Larodan Fine Chemicals AB). Relative percentages 
of fatty acids were calculated by taking the concentration of a given 
fatty acid derivative as a percentage of the total concentration of all 
fatty acids identified in the sample, namely palmitic acid (16:0), palmi-
toleic acid (16:1n7), stearic acid (18:0), elaidic acid (18:1n9T), vaccenic 
acid (18:1n7T), oleic acid (18:1n9), vaccenic acid (18:1n7cis), linoleic 
acid (18:2n6), eicosanoic acid (20:0), gamma linolenic acid (18:3n6), 
alpha linolenic acid (18:3n3), eicosenoic acid (20:1n9), stearidonic 
acid (18:4n3), eicosadienoic acid (20:2n6), behenic acid (22:0), 20:3n3, 
dihomo-gamma-linolenic acid (20:3n6), mead acid (20:3n9), AA, erucic 
acid (22:1n9), EPA, lignoceric acid (24:0), docosatrienoic acid (22:3n3), 
nervonic acid (24:1n9), adrenic acid (22:4n6), osbond acid (22:5n6), do-
cosapentanoic acid (22:5n3), and DHA. Total n-3 PUFA was calculated 
as the sum of alpha linolenic, stearidonic, 20:3n3, EPA, docosatrienoic, 
docosapentanoic, and DHA, and total n-3 LCPUFA as the sum of steari-
donic, 20:3n3, EPA, docosatrienoic, docosapentanoic, and DHA. Total 
n-6 PUFA was calculated as the sum of linoleic, gamma linolenic acid, 
eicosadienoic, dihomo-gamma-linolenic, AA, adrenic, and osbond acid; 
and total n-6 LCPUFA as the sum of gamma linolenic acid, eicosadi-
enoic, dihomo-gamma-linolenic, AA, adrenic, and osbond acid.

2.4  |  Data analysis

Data was analyzed on an intention-to-treat basis, but for infants with 
missing data for allergy symptoms at midpoint or endpoint, the base-
line data was considered in a per-protocol analysis. Baseline charac-
teristics were described as counts and percentages for categorical 
data. Continuous data was described as median and 25th and 75th 
percentiles for non-normally distributed data and as mean with stand-
ard deviation for normally distributed data. Non-normally distributed 

data was log-transformed before statistical analysis. The effects of the 
intervention on allergy symptoms over the combined 6 months were 
assessed with multivariable logistic regression, adjusted for age and 
sex of the infant, baseline breastfeeding, and maternal age (years). 
Effects of the egg intervention at each time point were assessed using 
chi-square tests. Linear regression analysis, unadjusted and adjusted 
for age, sex, baseline breastfeeding, and maternal age, was performed 
to assess the association between the estimated egg intake, regardless 
of intervention group, with fatty acid status. p < .05 was considered 
significant for all inferential analyses.

2.5  |  Ethical approval

Ethical approval was granted by the Health Research Ethics 
Committee of North-West University (NWU-00452-19-A1), and 
the study was registered on Clini​calTr​ials.​gov (NCT05168085) on 
February 13, 2020. Goodwill permission was obtained from the 
South African National and Provincial Departments of Health, local 
clinics in the study area, and community leaders. Written informed 
consent was secured from all parents or legal guardians.

3  |  RESULTS

Figure 1 shows the flow of participants during the study. Six infants 
were excluded from the study due to sensitisation to eggs. Out of the 
446 infants who completed the study, endpoint SPT results for the 
egg were available for 415 (93%) and for 400 (90%) to other foods, as 
15 infants' mothers/caretakers declined additional food tests at the 
endpoint. Table 1 shows the baseline characteristics of the infants and 
mothers by treatment group. Similar proportions of infants in the in-
tervention group (58.0%) and the control group (55.2%) had previously 
consumed eggs or food containing eggs before the study. There was 
a high estimated adherence of 96.3% to daily egg intake by the egg 
group.30 The egg group had a median weekly egg intake of 7 eggs, 
while the control group had 0.5 eggs.33

3.1  |  Effect of 6 months egg intervention on 
reported allergy symptoms

Table 2 shows the effect of 6 months of egg intervention on egg al-
lergy among six- to nine-month-old infants.

There were no reported acute egg-related allergy symptoms at 
baseline and midpoint in the two groups. At the endpoint, 2 (0.8%) of 
the participants in the intervention group reported itching around the 
mouth after eating an egg with spices, but no symptoms when eggs 
were provided subsequently without the spices. Mothers/caregivers 
reported acute reactions like itching around the mouth to fish (12 in-
fants), fruit and vegetables (10 infants), spices (9 infants), infant cereals 
(9 infants), snacks (4 infants), milk and yoghurt (3 infants), chicken liver 
(1 infant), and cured meat (1 infant).

http://clinicaltrials.gov
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3.2  |  Effect of 6 months egg intervention on 
allergic sensitisation

Table 3 shows the effect of six months of egg intervention on al-
lergic disease and sensitisation among six-nine-month-old infants. 
The incidence of allergic disease during the study was 7.5% in the 
egg intervention group and 13.4% in the control group (aOR = 0.545 
[95% CI: 0.283, 1.048]; p = .069). At endpoint egg sensitisation was 

1.9% in the egg intervention group and 2.0% in the control group 
(aOR = 0.936 (95% CI: 0.229, 3.822; p = .926). At the endpoint, sen-
sitisation to all foods was 7.5% in the egg intervention group and 
12.9% in the control group (aOR = 0.515 [95% CI: 0.264, 1.005]; 
p = .052). No sensitisation to eggs was found in infants who pre-
sented with potential allergy symptoms and were tested with SPT 
during the study, thus none of them were tested with an egg chal-
lenge test during the study.

F I G U R E  1 Flow diagram of participation through the randomized controlled trial during the 6 months intervention.

Assessed for eligibility (n=534)

Midpoint (month 3, n=226) 
9 Lost to follow-up
7 Relocated
3 Died 
2 Not interested 
1 Travelled
1 Unknown reasons

Control group (n=250)
Baseline assessed

Declined additional 
SPT=4

Declined 
additional SPT=11

Endpoint (month 6, n=230)
7 Lost to follow-up
6 Relocated
3 Refused to eat the egg
2 Not interested 
1 Travelled
1 Unknown reasons

Baseline assessed

Excluded (n = 34)
20 Babies were not eligible for skin 
prick test

during screening
3   Babies were < 6-months or ≥ 9-
months
2   Mothers were < 18 years
2   Babies had developmental 
problems 

SPT=214 (egg), 203 (other 
foods)

Infants recruited (n=700)

SPT =201 (egg), 197 
(other foods)

Excluded (n=166) 
155 Not interested or cancelled 
appointment 
4  Contact number not 
reachable or address not    
found  
3  Relocated to another area
2 Mothers were < 18 years 
2 Caregivers not eligible to give 

t

Midpoint (month 3, n=233 
6 Relocated
5 Lost to follow-up
3 Refused to eat the egg
2 Not interested 
1 Travelled

Endpoint (month 6, 
n=216) 
17 Relocated
8 Lost to follow-up
3 Died 
2 Not interested 
2 Travelled
2 Unknown reasons

Characteristics
Egg group  
(n = 250) n (%)

Control group 
(n = 250) n (%)

Infant

Age (months) 6.5 (6.1, 7.7)a 6.6 (6.1, 7.5)

Female 133 (53.2) 125 (50.0)

Baseline breastfeeding rate 151 (60.4) 157 (62.8)

Previous consumption of egg or food 
with egg

145 (58.0) 138 (55.2)

HIV exposure 75 (30.0) 78 (31.2)

Mother

Age (years) 29 (23, 36) 27 (23, 33)

Married (legal or traditional) 34 (13.6) 22 (8.6)

Education (grade 10 or higher) 194 (77.6) 209 (83.6)

aData reported as median (25th, 75th percentile), all such values.

TA B L E  1 Baseline characteristics of 
infants and their mothers by treatment 
group.
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TA B L E  2 Effect of 6-month egg intervention on the number of 6- to 9-month-old infants with allergy symptoms.

Allergy symptoms

Baseline Midpoint Endpoint

Adjusted OR (95% CI) p-Valuea

Egg 
(n = 250) 
n (%)

Control 
(n = 250)  
n (%)

Egg 
(n = 233) 
n (%)

Control 
(n = 226)  
n (%)

Egg 
(n = 230) 
n (%)

Control 
(n = 216)  
n (%)

Acute food allergy 
symptomsb

7 (2.8) 6 (2.4) 8 (3.4) 11 (4.9) 12 (5.2) 12 (5.6) 1.142 (0.623, 2.091) .668

Acute egg allergy 
symptomsb

0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) – –

Delayedc allergy 
symptoms

53 (21.2) 51 (20.4) 49 (21.0) 48 (21.2) 67 (29.1) 61 (28.2) 1.101 (0.770, 1.576) .598

Cough 9 (3.6) 5 (2.0) 20 (8.7) 14 (6.2) 31 (13.5) 30 (14.0) 1.311 (0.840, 2.047) .233

Wheeze 4 (1.6) 5 (2.0) 5 (2.2) 4 (1.8) 6 (2.6) 3 (1.4) 1.554 (0.643, 3.753) .382

Eczema 38 (15.2) 38 (15.2) 29 (12.6) 34 (15.0) 37 (16.1) 28 (13.0) 1.042 (0.704, 1.542) .838

Runny nose/
sneezing

14 (5.6) 10 (4.0) 13 (5.7) 13 (5.8) 33 (14.3) 33 (15.3) 1.100 (0.709, 1.707) .670

Adenoids/tonsilitis 0 (0.0) 0 (0.0) 2 (0.9) 1 (0.4) 0 (0.0) 0 (0.0) 0.581 (0.046, 5.647) .507

Abbreviations: CI, Confidence interval; OR, Odds ratio.
aEffects of the intervention over the combined 6 months were assessed with multivariable logistic regression, adjusted for the age and sex of the 
infant, baseline breastfeeding, and maternal age (years). Effects of the egg intervention at each time point were assessed using chi-square tests, 
showing no significant differences. p < .05 was considered significant.
bAcute food allergy symptoms included symptoms occurring within 2 h of ingesting a food. Symptoms included swelling and itching of lips, hands or 
feet, itchy rash or welts (hives), swelling of any part of the body (angioedema); dizziness, passing out, collapse or pallor (anaphylaxis), acute abdominal 
pain, vomiting, diarrhea or tightness in the throat, difficulty breathing, wheezing and/or noisy breathing.
cDelayed allergy symptoms included persistent allergic cough, wheezing, and/or runny nose/sneezing without acute respiratory infection and/or 
eczema and/or enlarged or removed tonsils or adenoids.

Egg 
(n = 214) 
n (%)

Control 
(n = 201)  
n (%)

Total 
(n = 415) 
n (%)

Adjusted OR  
(95% CI) p-Value

Allergic disease 16 (7.5) 27 (13.4) 43 (10.4) 0.545 (0.283, 1.048) .069

Sensitisation

All foods 16 (7.5) 26 (12.9) 42 (10.2) 0.515 (0.264, 1.005) .052

Egga 4 (1.9) 4 (2.0) 8 (1.9) 0.936 (0.229, 3.822) .926

Cod fishb 3 (1.5) 5 (2.5) 8 (2.0) 0.410 (0.086, 1.960) .264

Wheatb 7 (3.4) 6 (3.0) 13 (3.3) 0.971 (0.310, 3.044) .959

Maizeb 2 (1.0) 5 (2.5) 7 (1.8) 0.213 (0.033, 1.385) .106

Cow milkb 5 (2.5) 9 (4.6) 14 (3.5) 0.540 (0.175, 1.666) .284

Peanutb 6 (3.0) 10 (5.1) 16 (4.0) 0.544 (0.191, 1.548) .254

Soyb 3 (1.5) 8 (4.1) 11 (2.8) 0.334 (0.085,1.313) .116

Note: Data were analyzed with multivariable logistic regression, adjusted for infant age and sex, 
baseline breastfeeding, and maternal age. p < .05 was considered significant and indicated in bold.
Abbreviations: CI, 95% confidence intervals; OR, odds ratios.
aEgg allergen – Intervention group – 214 infants tested; Control group – 201 infants tested.
bOther food allergens – Egg group – 203 infants tested; Control group-197 infants tested; 15 
infants declined additional food allergen tests.

TA B L E  3 Effect of 6-month egg 
intervention on allergic disease and 
sensitisation among 6- to 9-month-old 
infants.
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3.3  |  Effect of daily egg intake on whole blood 
fatty acid status

Table 4 shows the effect of daily egg intake on fatty acid status after 
six-month intervention period. The total whole blood n-6/n-3 PUFA 
and LCPUFA ratios were higher in the intervention group compared 
to the control group (p = .017 and p = .006). There was no effect of 
daily egg intake on omega-3 status.

4  |  DISCUSSION

In this study, we hypothesized that providing one egg a day for 
6 months would reduce sensitization to egg and other common al-
lergenic foods, and egg-related allergy symptoms, as well as improve 
the fatty acid status among six- to nine-month-old infants from a low 
socioeconomic community in South Africa.

Our study showed that the overall sensitization to common 
foods, including egg, cod, wheat, cow's milk, maize, peanut, and soy, 
was 10.2% at ages 12–15 months. This figure closely aligns with find-
ings from the South Africa Food Allergy (SAFFA) study, which re-
ported a food sensitization rate of 9.0% among urban South African 
toddlers aged 12–36 months.13 The present prevalence of food sen-
sitization in our study is also consistent with rates observed in high-
income countries.7–9

We observed sensitization to all foods tested after 6 months of 
follow-up tended to be lower in the intervention group compared 
to the control group. Although it was an observational study, a 
similar finding was reported among Taiwanese children introduced 
to allergenic foods, such as cow's milk, peanuts, and egg white, 
between six to 12 months. Specifically, for egg white, there was 

a significant reduction in sensitisation to other foods (cow's milk 
and peanut) at 12 months compared to those who did not con-
sume eggs.34 In addition, a Canadian Healthy Infant Longitudinal 
Development (CHILD) birth cohort study also reported that early 
introduction of allergenic foods, especially eggs, decreased the 
risk of sensitization to other tested foods as well (cow's milk and 
peanut) at 1 year.35 The reason for this finding is unclear, but we 
speculate this might have been linked to other theories; for ex-
ample, the leaky gut and altered gut microbiome associated with 
environmental enteric dysfunction (EED). Impaired intestinal 
permeability and gut microbiota disturbances have been linked 
to the development of food allergies.36 Prolonged egg consump-
tion for 35 weeks has been reported to enhance gut microbiota in 
children.37 In our study, we postulated that the 26 weeks of egg 
consumption might have improved gut microbial diversity and a 
possible improvement of intestinal barrier integrity and hence re-
duced allergic sensitization and symptoms.

We report no significant differences in acute food allergy and 
egg allergy symptoms in the two groups. This is in agreement with 
a clinical trial in Ecuador where infants who had daily egg provision 
showed no evidence of increased egg allergy symptoms and sensi-
tization and had similar egg-specific IgE levels in the egg and con-
trol groups.38 Similarly, other trials that investigated the effect of 
egg consumption during the complementary feeding period on egg 
allergy displayed no significant differences in IgE-mediated egg al-
lergy at 12 months.21,39–41 In our study, there was a lower incidence 
of overall allergic disease in the egg group than in the control group, 
but it was not statistically significant. Though it was an observational 
study, Hua et al. reported the introduction of egg white and yolk in 
infancy before 12 months was associated with a lower risk of atopic 
dermatitis.34 Other observational studies reported no significant 

TA B L E  4 Association of estimated egg intake regardless of group allocation with infant fatty acid status.

Fatty acid Egg group (n = 89) Control group (n = 101) p* Standardized β (95% CI) p**

Linoleic acid (LA, C18:2n6) 22.43 ± 3.3d4 21.97 ± 3.24 .340 0.886 (0.327,1.482) .210

Gamma-linolenic acid (GLA, C18: 3n6)a 0.04 (0.03, 0.07) 0.04 (0.03, 0.07) .882 0.002 (−0.103,0.106) .977

Alpha linolenic acid (ALA, C18:3n3)a 0.04 (0.02, 0.10) 0.04 (0.03, 0.08) .355 0.062 (0.066,0.177) .370

Arachidonic acid (ARA, C20:4n6) 7.12 ± 2.07 6.78 ± 2.27 .298 0.086 (−0.226,0.976) .220

Eicosapentaenoic acid (EPA, C20:5n3)a 0.10 (0.06, 0.15) 0.11 (0.07, 1.58) .633 −0.042 (−0.108,0.059) .588

Docosahexaenoic acid (DHA, C22:6n3) 1.72 ± 0.77 1.75 ± 0.58 .755 −0.014 (−0.203,0.167) .847

Total n-3 PUFA 2.37 ± 0.89 2.42 ± 0.67 .625 −0.029 (−0.267,0.177) .691

Total n-3 LCPUFA 2.29 ± 0.90 2.36 ± 0.67 .554 −0.35 (−0.277,0.166) .622

Total n-6 PUFA 31.41 ± 4.67 30.71 ± 4.42 .288 0.096 (−0.363,2.100) .166

Total n-6 LCPUFA 8.93 ± 2.32 8.69 ± 2.37 .481 0.062 (−0.369,0.945) .388

Total n-6 /n-3 PUFA ratio 14.92 ± 5.75 13.39 ± 3.13 .021 0.173 (0.291, 2898) .017

Total n-6/n-3 LCPUFA ratio 4.31 ± 1.64 3.80 ± 0.93 .007 0.198 (0.149, 0.902) .006

Note: Association of estimated egg intake irrespective of group allocation with fatty acid composition was analyzed using linear regression, 
*unadjusted and **adjusted for age, sex, baseline breastfeeding, and maternal age. Data reported as mean ± standard deviation (SD) or median (25th, 
75th percentile). p < .05 was considered significant and indicated in bold. n-3: omega-3, n-6: omega-6.
Abbreviations: LCPUFA, long-chain polyunsaturated fatty acid; PUFA, polyunsaturated fatty acid.
aNon-normally distributed data was log-transformed.
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associations between the age of introduction of the egg during the 
complementary feeding period and allergic diseases. For example, 
Turati et  al. found no significant association between the age of 
introduction of egg and atopic dermatitis at 24 months. Alma et al. 
found no significant association between the age of introduction of 
egg and allergic rhinitis at 4 years,42 and Roduit et al. found no asso-
ciation between the age of egg introduction and asthma at 6 years.43

Furthermore, our study observed a rise in food allergy symp-
toms from baseline to endpoint, possibly attributable to increased 
exposure to various foods as infants matured. We did not exclude in-
fants who were allergic to other foods apart from the egg. Although 
dietary diversity has been reported to be low in infants in South 
Africa,44 egg consumption has been found to have the potential to 
improve dietary diversity in this population.45,46

Eggs are also a source of n-3 fatty acids that may exert protec-
tive properties against allergy.47–49 We found whole blood n-6/n-3 
PUFA and n-6/n-3 LCPUFA ratios were higher in the intervention 
group, with no remarkable effect on total n-3 fatty acids, EPA, and 
DHA. We did not find an increase in the DHA levels, as was reported 
in other studies.28,29 This might be explained by the fact that the 
Ecuador study measured plasma DHA, and we used whole blood. 
The sensitivity to show changes in DHA status may differ between 
the different blood pools used. In addition, the eggs utilized in our 
study were not enriched with DHA, and the PUFA content of eggs 
is dependent on the chicken feeds, which normally provide n-6 (LA 
and oleic acid), and we speculate it is higher in South Africa due to 
high sunflower production. Although eggs contributed to both n-6 
and n-3, the conversion of ALA to DHA may have been low in these 
infants, as reflected by the n-6/n-3 ratio. The possible high linoleic 
acid in infants' diets inhibits the conversion of ALA to n-3 LCPUFA.50

Our results contribute to available evidence reported from a 
pooled analysis of studies, which found the early introduction of 
eggs to infants between four to 6 months of age was associated with 
a reduced risk of egg allergy.18 Numerous studies have also demon-
strated the protective effects of the introduction of allergenic foods, 
such as milk and eggs, between four to 6 months against allergic con-
ditions.51–53 Consequently, many international food allergy preven-
tion guidelines now recommend introducing well-cooked eggs and 
other allergenic foods into infants' complementary diets between 
four to 6 months of age to prevent the development of egg and food 
allergy.54,55 However, the South African Infant and Young Child 
Feeding (ICYF) guidelines currently advocate for the introduction of 
solid foods from 6 months of age without providing a clear consen-
sus on the timing for introducing allergenic foods.56

Our study had several strengths, including being a randomized 
controlled trial, which helped minimize the risk of potential con-
founders. SPT has a high sensitivity to screen for potential food al-
lergies. Nonetheless, we also had limitations in this study. SPT only 
tests IgE-mediated allergies, and therefore non-IgE-mediated food 
allergies could have been missed. There were no food challenges at 
the intervention endpoint to confirm food allergies, including no egg 
challenges. Additionally, there might have been over-reporting of al-
lergic cough and rhinitis symptoms due to confusion with respiratory 

symptoms, possibly infectious. Lastly, we did not analyze the fatty 
acid concentrations of the eggs used in the study.

In conclusion, our study provides additional evidence that early 
introduction of eggs in infancy may reduce overall allergic sensiti-
zation to common allergenic foods but has no effect on egg allergy 
symptoms. These results provide evidence to incorporate the early 
introduction of allergenic foods, such as eggs ideally between six 
to 9 months of age, into South African infant feeding guidelines to 
improve food diversification, which is low in this population and po-
tentially mitigate the risk of food sensitization.

AUTHOR CONTRIBUTIONS
Regina Nakiranda: Conceptualization; methodology; project 
administration; writing – review and editing; writing – origi-
nal draft; investigation; validation; data curation. Linda Malan: 
Conceptualization; methodology; supervision; resources; writing 
– review and editing; funding acquisition; investigation; data cu-
ration; project administration. Hannah Ricci: Conceptualization; 
investigation; writing – review and editing; project administration; 
methodology; validation. Herculina S. Kruger: Conceptualization; 
methodology; supervision; writing – review and editing; investi-
gation; validation. Arista Nienaber: Writing – review and editing; 
validation; supervision. Marina Visser: Writing – review and ed-
iting; project administration; methodology; validation; investiga-
tion. Cecile Cooke: Methodology; investigation; writing – review 
and editing. Cristian Ricci: Formal analysis; software; validation; 
visualization. Mieke Faber: Conceptualization; investigation; 
methodology; funding acquisition; writing – review and editing; 
supervision; validation. Cornelius M. Smuts: Funding acquisi-
tion; investigation; conceptualization; methodology; validation; 
supervision; resources; writing – review and editing; project 
administration.

ACKNOWLEDG MENTS
We thank the Douglas George Murray Trust for funding the study 
and the Organization for Women in Science for the Developing 
World (OWSD) for providing funding for the PhD study. We also 
acknowledge the Centre of Excellence for Nutrition (CEN) staff, in-
cluding Sr. Alida Anthony, Ms. Ronel Benson and Henriëtte Claasen, 
Thabang Phinda, Mamokete Pule, Mary Sennelo, and Elizabeth Wesi, 
for all the support during the study. We are grateful to the fieldwork-
ers for their hard work during the recruitment and follow-up of study 
participants, and we thank all our study participants for making this 
study possible.

FUNDING INFORMATION
The Douglas George Murray Trust, South Africa funded the study. 
The PhD was funded by the Organization for Women in Science 
for the Developing World (OWSD) and the Swedish International 
Development Cooperation Agency (Sida). The funders were not 
involved in the study design, data collection, analysis, interpreta-
tion, writing of the report or the decision to submit the article for 
publication.



    |  9 of 10NAKIRANDA et al.

CONFLIC T OF INTERE S T S TATEMENT
None.

PEER RE VIE W
The peer review history for this article is available at https://​www.​
webof​scien​ce.​com/​api/​gatew​ay/​wos/​peer-​review/​10.​1111/​pai.​
70062​.

ORCID
Regina Nakiranda   https://orcid.org/0000-0001-8057-2751 
Linda Malan   https://orcid.org/0000-0001-6609-0238 
Arista Nienaber   https://orcid.org/0000-0002-1013-6740 

R E FE R E N C E S
	 1.	 Ellwood P, Asher MI, Billo NE, et al. The global asthma network ra-

tionale and methods for phase I global surveillance: prevalence, se-
verity, management and risk factors. Eur Respir J. 2017;49:1601605.

	 2.	 García-Marcos L, Asher MI, Pearce N, et al. The burden of asthma, 
hay fever and eczema in children in 25 countries: GAN phase I 
study. Eur Respir J Eur Respir J. 2022;60:2102866.

	 3.	 Mvoundza Ndjindji O, Djoba Siawaya JF. Mapping allergic diseases 
in sub-Saharan Africa. Front Allergy. 2022;3:850291.

	 4.	 Prescott S, Allen KJ. Food allergy: riding the second wave of the 
allergy epidemic. Pediatr Allergy Immunol. 2011;22(2):155-160.

	 5.	 Sicherer SH. Epidemiology of food allergy. J Allergy Clin Immunol. 
2011;127(3):594-602.

	 6.	 Savage J, Johns CB. Food allergy: epidemiology and natural history. 
Immunol Allergy Clin N Am. 2015;35(1):45-59.

	 7.	 Warren CM, Jiang J, Gupta RS. Epidemiology and burden of food 
Allergy. Curr Allergy Asthma Rep. 2020;20(2):6.

	 8.	 Loh W, Tang MLK. The epidemiology of food Allergy in the global 
context. Int J Environ Res Public Health. 2018;15(9):2043.

	 9.	 Osborne NJ, Koplin JJ, Martin PE, et al. Prevalence of challenge-
proven IgE-mediated food allergy using population-based sam-
pling and predetermined challenge criteria in infants. J Allergy Clin 
Immunol. 2011;127(3):668-676. e1-2.

	10.	 Hossny E, Ebisawa M, El-Gamal Y, et  al. Challenges of manag-
ing food allergy in the developing world. World Allergy Organ J. 
2019;12(11):100089.

	11.	 Levin M, Gray C, Marrugo J. Food Allergy: international and devel-
oping world perspectives. Curr Pediatr Rep. 2016;4:129-137.

	12.	 Gray CL. Food Allergy in South Africa. Curr Allergy Asthma Rep. 
2017;17(6):35.

	13.	 Botha M, Basera W, Facey-Thomas HE, et al. Rural and urban food 
allergy prevalence from the south African food Allergy (SAFFA) 
study. J Allergy Clin Immunol. 2019;143(2):662-668.e2.

	14.	 Gray CL, Levin ME, Zar HJ, et al. Food allergy in south African children 
with atopic dermatitis. Pediatr Allergy Immunol. 2014;25(6):572-579.

	15.	 Chippendale SE, Reichmuth K, Worm M, Levin M. Paediatric ana-
phylaxis in South Africa. World Allergy Organ J. 2022;15(9):100666.

	16.	 Gray CL, Levin ME, du Toit G. Egg sensitization, allergy and com-
ponent patterns in African children with atopic dermatitis. Pediatr 
Allergy Immunol. 2016;27(7):709-715.

	17.	 Gray CL, Levin ME, du Toit G. Acquisition of tolerance to egg and 
peanut in African food-allergic children with atopic dermatitis. S Afr 
Med J. 2019;109:323-327.

	18.	 Al-Saud B, Sigurdardóttir ST. Early introduction of egg and the de-
velopment of egg Allergy in children: a systematic review and meta-
analysis. Int Arch Allergy Immunol. 2018;177(4):350-359.

	19.	 Koplin JJ, Osborne NJ, Wake M, et al. Can early introduction of egg 
prevent egg allergy in infants? A population-based study. J Allergy 
Clin Immunol. 2010;126(4):807-813.

	20.	 Iannotti LL, Lutter CK, Stewart CP, et  al. Eggs in early comple-
mentary feeding and child growth: a randomized controlled trial. 
Pediatrics. 2017;140(1):e20163459.

	21.	 Palmer DJ, Sullivan TR, Gold MS, Prescott SL, Makrides M. 
Randomized controlled trial of early regular egg intake to prevent egg 
allergy. J Allergy Clin Immunol. 2017;139(5):1600-1607.e2.

	22.	 Calder PC. The relationship between the fatty acid composition of im-
mune cells and their function. Prostaglandins Leukot Essent Fatty Acids. 
2008;79(3–5):101-108.

	23.	 Lee-Sarwar K, Kelly RS, Lasky-Su J, et al. Dietary and plasma poly-
unsaturated fatty acids are inversely associated with asthma and 
atopy in early childhood. J Allergy Clin Immunol Pract. 2019;7(2):529-
538.e8.

	24.	 Miles EA, Calder PC. Omega-6 and omega-3 polyunsaturated fatty 
acids and allergic diseases in infancy and childhood. Curr Pharm Des. 
2014;20(6):946-953.

	25.	 Michaelsen K, Dewey K, Perez-Exposito A, Nurhasan M, Lauritzen L, 
Roos N. Food sources and intake of n-6 and n-3 fatty acids in low-
income countries with emphasis on infants, young children (6–24 
months), and pregnant and lactating women. Matern Child Nutr. 
2011;7(Suppl 2):124-140.

	26.	 Briend A, Dewey KG, Reinhart GA. Fatty acid status in early life in 
low-income countries—overview of the situation, policy and research 
priorities. Matern Child Nutr. 2011;7(Suppl 2):141-148.

	27.	 Faber M. Complementary foods consumed by 6-12-month-old rural 
infants in South Africa are inadequate in micronutrients. Public Health 
Nutr. 2005;8(4):373-381.

	28.	 Iannotti LL, Lutter CK, Waters WF, et al. Eggs early in complementary 
feeding increase choline pathway biomarkers and DHA: a randomized 
controlled trial in Ecuador. Am J Clin Nutr. 2017;106(6):1482-1489.

	29.	 Papanikolaou Y, Fulgoni VL 3rd. Egg consumption in U.S. children is 
associated with greater daily nutrient intakes, including protein, lu-
tein + zeaxanthin, choline, α-linolenic acid, and Docosahexanoic acid. 
Nutrients. 2019;11(5):1137.

	30.	 Ricci H, Faber M, Ricci C, et  al. Effects of egg as an early comple-
mentary food on growth of 6 to 9-month-old infants: a randomised 
controlled trial. Public Health Nutr. 2023;27:1-29.e1.

	31.	 D'Vaz N, Meldrum SJ, Dunstan JA, et al. Postnatal fish oil supplemen-
tation in high-risk infants to prevent allergy: randomized controlled 
trial. Pediatrics. 2012;130(4):674-682. doi:10.1542/peds.2011-3104

	32.	 Liu G, Mühlhäusler B, Gibson R. A method for long term stabilisa-
tion of long chain polyunsaturated fatty acids in dried blood spots 
and its clinical application. Prostaglandins Leukot Essent Fatty Acids. 
2014;91(6):251-260. doi:10.1016/j.plefa.2014.09.009

	33.	 Nakiranda R, Malan L, Ricci H, et  al. Gastrointestinal and respi-
ratory morbidity when introducing eggs as complementary food: 
a randomised controlled trial in south African infants. Sci Rep. 
2024;14(1):25881.

	34.	 Hua M-C, Yao T-C, Liao S-L, et  al. Introduction of egg white and 
yolk to infant diets and early childhood atopic dermatitis. Nutrients. 
2023;15(6):1379.

	35.	 Tran M, Lefebvre D, Dai D, et al. Timing of food introduction and de-
velopment of food sensitization in a prospective birth cohort. Pediatr 
Allergy Immunol. 2017;28(5):471-477. doi:10.1111/pai.12739

	36.	 Poto R, Fusco W, Rinninella E, et al. The role of gut microbiota and 
leaky gut in the pathogenesis of food Allergy. Nutrients. 2023;16(1):92. 
doi:10.3390/nu16010092

	37.	 Suta S, Surawit A, Mongkolsucharitkul P, et al. Prolonged egg supple-
ment advances growing Child's growth and gut microbiota. Nutrients. 
2023;15(5):1143.

	38.	 Chapnick M, Diaz J, Boshara A, et al. Eggs introduced early in comple-
mentary feeding and egg specific IgE antibodies: a randomized con-
trolled trial in Ecuador. Curr Dev Nutr. 2021;5(Supplement_2):730.

	39.	 Palmer DJ, Metcalfe J, Makrides M, et al. Early regular egg exposure 
in infants with eczema: a randomized controlled trial. J Allergy Clin 
Immunol. 2013;132(2):387-392.e1.

https://www.webofscience.com/api/gateway/wos/peer-review/10.1111/pai.70062
https://www.webofscience.com/api/gateway/wos/peer-review/10.1111/pai.70062
https://www.webofscience.com/api/gateway/wos/peer-review/10.1111/pai.70062
https://orcid.org/0000-0001-8057-2751
https://orcid.org/0000-0001-8057-2751
https://orcid.org/0000-0001-6609-0238
https://orcid.org/0000-0001-6609-0238
https://orcid.org/0000-0002-1013-6740
https://orcid.org/0000-0002-1013-6740
https://doi.org//10.1542/peds.2011-3104
https://doi.org//10.1016/j.plefa.2014.09.009
https://doi.org//10.1111/pai.12739
https://doi.org//10.3390/nu16010092


10 of 10  |     NAKIRANDA et al.

	40.	 Bellach J, Schwarz V, Ahrens B, et  al. Randomized placebo-
controlled trial of hen's egg consumption for primary prevention in 
infants. J Allergy Clin Immunol. 2017;139(5):1591-1599.e2.

	41.	 Natsume O, Kabashima S, Nakazato J, et  al. Two-step egg intro-
duction for prevention of egg allergy in high-risk infants with ec-
zema (PETIT): a randomised, double-blind, placebo-controlled trial. 
Lancet. 2017;389(10066):276-286.

	42.	 Alm B, Goksör E, Thengilsdottir H, et al. Early protective and risk 
factors for allergic rhinitis at age 4½ yr. Pediatr Allergy Immunol. 
2011;22(4):398-404.

	43.	 Roduit C, Frei R, Depner M, et al. Increased food diversity in the 
first year of life is inversely associated with allergic diseases. J 
Allergy Clin Immunol. 2014;133(4):1056-1064.e7.

	44.	 Sayed N, Schönfeldt HC. A review of complementary feeding prac-
tices in South Africa. South Afr J Clin Nutr. 2020;33(2):36-43.

	45.	 Faber M, Malan L, Kruger HS, et al. Potential of egg as complemen-
tary food to improve nutrient intake and dietary diversity. Nutrients. 
2022;14(16):3396.

	46.	 Lutter CK, Caswell BL, Arnold CD, et  al. Impacts of an egg com-
plementary feeding trial on energy intake and dietary diversity in 
Malawi. Matern Child Nutr. 2021;17(1):e13055.

	47.	 MacLean E, Madsen N, Vliagoftis H, Field C, Cameron L. n-3 
fatty acids inhibit transcription of human IL-13: implications for 
development of T helper type 2 immune responses. Br J Nutr. 
2013;109(6):990-1000.

	48.	 Calder PC. n−3 polyunsaturated fatty acids, inflammation, and in-
flammatory diseases 2. Am J Clin Nutr. 2006;83(6):1505S-1519S.

	49.	 Miles EA, Calder PC. Can early Omega-3 fatty acid exposure re-
duce risk of childhood allergic disease? Nutrients. 2017;9(7):784.

	50.	 Ford R, Faber M, Kunneke E, Smuts CM. Dietary fat intake and red 
blood cell fatty acid composition of children and women from three 
different geographical areas in South Africa. Prostaglandins Leukot 
Essent Fatty Acids. 2016;109:13-21.

	51.	 Du Toit G, Roberts G, Sayre PH, et al. Randomized trial of peanut 
consumption in infants at risk for peanut allergy. N Engl J Med. 
2015;372(9):803-813.

	52.	 Snijders BE, Thijs C, van Ree R, van den Brandt PA. Age at first 
introduction of cow milk products and other food products in re-
lation to infant atopic manifestations in the first 2 years of life: the 
KOALA birth cohort study. Pediatrics. 2008;122(1):e115-e122.

	53.	 Zutavern A, Brockow I, Schaaf B, et al. Timing of solid food intro-
duction in relation to eczema, asthma, allergic rhinitis, and food and 
inhalant sensitization at the age of 6 years: results from the pro-
spective birth cohort study LISA. Pediatrics. 2008;121(1):e44-e52.

	54.	 Fleischer DM, Chan ES, Venter C, et al. A consensus approach to 
the primary prevention of food Allergy through nutrition: guidance 
from the American Academy of Allergy, asthma, and Immunology; 
American College of Allergy, asthma, and Immunology; and the 
Canadian society for Allergy and clinical Immunology. J Allergy Clin 
Immunol Pract. 2021;9(1):22-43.e4.

	55.	 Greer FR, Sicherer SH, Burks A, et al. The effects of early nutritional 
interventions on the development of atopic disease in infants and 
children: the role of maternal dietary restriction, breastfeeding, hy-
drolyzed formulas, and timing of introduction of allergenic comple-
mentary foods. Pediatrics. 2019;143(4):e20190281. doi:10.1542/
peds.2019-0281

	56.	 Department of Health. Infant and Young Child Feeding Policy. 2013 
https://​www.​gov.​za/​sites/​​defau​lt/​files/​​gcis_​docum​ent/​201409/​
infan​tfeed.​pdf

How to cite this article: Nakiranda R, Malan L, Ricci H, et al. 
Daily egg intake may reduce sensitisation to common 
allergenic foods among six- to nine-month-old south African 
infants: A randomized controlled trial. Pediatr Allergy 
Immunol. 2025;36:e70062. doi:10.1111/pai.70062

https://doi.org//10.1542/peds.2019-0281
https://doi.org//10.1542/peds.2019-0281
https://www.gov.za/sites/default/files/gcis_document/201409/infantfeed.pdf
https://www.gov.za/sites/default/files/gcis_document/201409/infantfeed.pdf
https://doi.org/10.1111/pai.70062

	Daily egg intake may reduce sensitisation to common allergenic foods among six- to nine-month-old south African infants: A randomized controlled trial
	Abstract
	1  |  INTRODUCTION
	2  |  METHODS
	2.1  |  Study procedure and outcomes
	2.2  |  Allergy symptoms and sensitization outcomes
	2.3  |  Whole blood dried blood spot fatty acid analysis
	2.4  |  Data analysis
	2.5  |  Ethical approval

	3  |  RESULTS
	3.1  |  Effect of 6 months egg intervention on reported allergy symptoms
	3.2  |  Effect of 6 months egg intervention on allergic sensitisation
	3.3  |  Effect of daily egg intake on whole blood fatty acid status

	4  |  DISCUSSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	PEER REVIEW
	ORCID
	REFERENCES


