
Citation: Faber, M.; Malan, L.;

Kruger, H.S.; Asare, H.; Visser, M.;

Mukwevho, T.; Ricci, C.; Smuts, C.M.

Potential of Egg as Complementary

Food to Improve Nutrient Intake and

Dietary Diversity. Nutrients 2022, 14,

3396. https://doi.org/10.3390/

nu14163396

Academic Editors: Pietro Vajro and

Zhiyong Zou

Received: 17 June 2022

Accepted: 11 August 2022

Published: 18 August 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

nutrients

Article

Potential of Egg as Complementary Food to Improve Nutrient
Intake and Dietary Diversity
Mieke Faber 1,2,* , Linda Malan 2, Herculina S. Kruger 2 , Hannah Asare 2 , Marina Visser 2,
Tshiphiri Mukwevho 2, Cristian Ricci 3 and Cornelius M. Smuts 2

1 Non-Communicable Diseases Research Unit, South African Medical Research Council,
Cape Town 7505, South Africa

2 Centre of Excellence for Nutrition (CEN), North-West University, Potchefstroom 2530, South Africa
3 Africa Unit for Transdisciplinary Health Research, North-West University, Potchefstroom 2530, South Africa
* Correspondence: mieke.faber@mrc.ac.za

Abstract: The original aim was to determine the effect of egg consumption on infant growth in a low
socioeconomic community in South Africa in a randomized controlled trial. Enrolment was, however,
prematurely stopped due to COVID-19 lockdown regulations. The resultant small sample (egg group
n = 70; control group n = 85) was followed up to assess the feasibility of egg consumption for eight
months in terms of dietary intake, egg usage and perceived effects of lockdown on child feeding. Egg
consumption remained low in the control group, <10% consumed egg ≥4 days/week at the follow-up
points. In the egg group, egg was frequently consumed at midpoint (daily 87.1%, 4–6 days 8.1%) and
endpoint (daily 53.1%, 4–6 days 21.9%). At endpoint, dietary intake of cholesterol and vitamin D was
higher, and intake of niacin and vitamin B6 lower in the egg group compared to the control group.
Dietary diversity was low, 36.2% of the egg group and 18.9% of the control group (p < 0.05) achieved
minimum dietary diversity at endpoint. No babies developed egg allergy or sensitization, and
adjusted regression analysis showed that frequency of egg intake was not related with the incidence
or duration of allergy-related symptoms. This study showed that frequent egg consumption can
contribute safely to complementary food for babies, especially in low- and middle-income countries.

Keywords: egg consumption; egg allergy; dietary intake; dietary diversity; infants

1. Introduction

Stunting, which affects 22.2% (149.2 million) of children below five years globally [1],
is associated with increased morbidity, mortality, loss of developmental potential, and poor
educational performance, as well as increased risks of chronic diseases in adulthood [2,3].
Stunting is caused by, among other, suboptimal breastfeeding, inappropriate complemen-
tary feeding practices, inadequate access to or use of different types of food and inadequate
intake of micronutrients [4].

Infants are susceptible to growth faltering, particularly between the age of 6 to
12-months, when they are introduced to complementary foods that are nutritionally inade-
quate and of low energy density [5]. In low- and middle-income countries (LMICs), the
complementary diet is often deficient in key micronutrients [6], essential amino acids [7]
and essential fatty acids [8], and only one in four children (aged 6–23 months) consume a
sufficiently diverse diet [9]. Some evidence further suggests that in some LIMCs, a large
proportion of energy intake in 6–24-month-old children is provided by snack foods and
sugar-sweetened beverages [10]. South Africa is no exception, with unhealthy foods, such
as sugar-sweetened beverages, sugary foods, and salty snacks, being introduced at a very
young age, and only 23% of 6–23-month-old children are given a minimum acceptable
diet [11]. The prevalence of stunting in children under five in South Africa is estimated at
27% [11].
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Micronutrient supplementation and fortification interventions are effective in reducing
the burden of undernutrition in children younger than five years in LIMCs [12]. Dietary
modification, focusing on dietary diversification and inclusion of micronutrient-rich foods
may, however, be a more cost-effective and long-term strategy to improve dietary intake
during infancy and early childhood [13]. Animal-source foods, such as eggs, meat, fish, and
dairy, are rich sources of multiple highly bioavailable micronutrients [14], and inclusion
of animal-source foods as part of the predominantly cereal-based complementary diet
in LIMCs is encouraged [7]. Consumption of animal source foods may improve child
growth [15], and there is some evidence suggesting that the provision of an egg a day for a
period of six months in babies older than six months reduces stunting [16].

Previously, early introduction of eggs and egg-containing foods was avoided because
of concerns for egg allergy [17]. Current recommendations, however, support the introduc-
tion of egg at the age of six months [18–20]. Studies have shown that in 6–23-month-old
children, the prevalence of egg consumption is considerably lower in Africa compared to
other regions in the world [21], with egg consumption in the richest households being three
to five times higher than in the poorest households [22]. In South Africa, egg is one of the
cheapest sources of animal-source proteins available to consumers [23,24].

Eggs are a good source of high-quality protein, micronutrients (e.g., choline, iron,
zinc, vitamin A, phosphorous, and iodine), and high-quality lipids, such as phospholipids
and polyunsaturated fatty acids [8], which are important for optimal brain and immune
development [25]. Despite the nutritional benefit of eggs being well documented [16,25,26],
there is limited evidence available regarding including egg during the early complementary
feeding phase to enhance child growth and development. We, therefore, aimed to study
the effect of providing one egg per day for a period of six months, beginning at the age of 6
to <9-months, on the growth, motor development, micronutrient, and morbidity status of
infants from a low socioeconomic community in South Africa. However, enrolment into
the study was prematurely stopped because of COVID-19 lockdown regulations. This was
necessary as the study could not continue as per protocol in terms of home visits to monitor
and collect data, as well as participants could not come to the study site for midpoint
assessments. We did, however, continue to provide eggs to the babies who were already
enrolled and collected information on morbidity symptoms to monitor allergic symptoms.
This study is, therefore, viewed as a preliminary study, with the aim to assess the feasibility
of daily egg consumption in terms of dietary intake and usage of egg, allergy symptoms,
and perceived effects of lockdown on child feeding and care.

2. Materials and Methods
2.1. Study Population

Study participants resided in the peri-urban Jouberton area in the greater Matlosana
Municipality, which is 200 km from the nearest metropolitan area (Johannesburg), South
Africa. Health facilities in the area report a monthly birth rate of approximately 250 normal
deliveries and 120 babies delivered by cesarean section. About 30 to 40 children per
month are admitted to hospital with severe acute malnutrition [27]. The District Health
Information System does not capture data on stunting prevalence in South Africa. However,
the results of a recent study conducted in this municipality showed a stunting rate of 28.5%
at the age of six months [28]. The unemployment rate in the area is 32.7% [27].

2.2. Study Design and Participants

The original study was designed as a randomized controlled trial with a parallel design.
Trained fieldworkers recruited potential study participants, mainly at the household level
but also through the clinics when infants were brought to the clinic for their 14-week
vaccination. Infants aged 6 to <9-months and residing in the study area were eligible to
take part in the study if their mother or legal guardian was 18 years or older, and was
planning to live in the study area for the next nine months, was born as a singleton, had no
known allergy or intolerance to egg, had no severe obvious congenital abnormalities, severe
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acute malnutrition (weight-for-length z-score (WLZ) < −3), severe anaemia (hemoglobin
<70 g/L), any disease referred for hospitalization by clinic staff, or was receiving special
nutritional supplements as part of feeding programs. Before enrolment and with written
informed consent from the mother, eligible infants were screened for acute malnutrition,
severe anemia, and egg allergy and sensitization.

Eligible infants whose mothers consented were enrolled in the study when they were
at least six-months but not yet nine-months-old. At enrolment, infants were randomly
allocated to either the egg or the control group, using a randomization sequence of pseudo-
random numbers generated by the RANNOR function of the SAS software package version
9.4. Given the nature of the intervention, it was not possible to blind participants to
the respective study group after enrolment, but it was blinded to those involved in the
laboratory, anthropometric, and dietary intake assessments.

Participants in the egg group received one large-sized grain-fed egg (grade 1) per
day, while participants in the control group received no treatment. Participants in the egg
group received a dozen eggs per week; seven eggs for the intervention baby, and the rest
for consumption by family members. All eggs were provided by the same supplier for the
duration of the study. As an incentive for the control group, the household received 5 kg
of maize meal per month during the trial (equivalent to the cost of weekly eggs given to
an intervention household), and one month’s supply of a dozen eggs per week after the
completion of the study.

The original sample size calculations were based on an expected effect size of higher
than 0.3 units for length-for-age z-score (LAZ) and a 50% reduction in stunting prevalence,
given a baseline prevalence of 27%. The required sample size was 250 babies per group,
allowing for a 25% drop-out rate.

Enrolment started on 13 February, 2020. Enrolment was stopped in March 2020, when
strict lockdown regulations were implemented due to COVID-19. At the time, 155 infants
had been enrolled, which is the final sample for this preliminary study. The study therefore
did not have the power to measure the effect on the main outcome (growth). Moreover,
during lockdown, research activities could not proceed as per protocol. Nonetheless, the
provision of eggs to the babies who were already enrolled continued, and allergy symptoms
were continuously monitored. The planned duration of the intervention was six months.
This was, however, extended to eight months due to COVID-19 and the different lockdown
levels and restrictions thereby instituted, to enable the study team to do the endpoint
assessments as per protocol. Although initially implemented as an RCT, we view this study
as a preliminary study, focusing on dietary intake, usage of egg and allergy symptoms.
The RCT was started over with a new cohort of 500 babies, and results will be published
elsewhere.

2.3. Intervention Procedures

Babies in the egg group were exposed to egg if they tested negative for egg sensitization
with a skin prick test and, if negative, consumed a small amount of egg, where after they
were monitored for allergy symptoms for at least 1.5 h during the baseline visit at the study
site. Mothers were informed about allergy symptoms and were given a small booklet with
recipe ideas and information on safe storage and handling of eggs. The mother/caregiver
was contacted on the second day to assess if the baby had any reaction.

Babies were gradually introduced to eggs during the first two weeks of the trial,
whereafter consumption of one egg per day was recommended. Initially, fieldworkers did
weekly home visits to deliver eggs and monitor adherence, morbidity, and dietary intake.
Due to COVID-19 lockdown regulations, delivery of eggs and data collection could not
continue as originally planned. With the assistance of a local NGO, eggs, maize meal, and
weekly monitoring forms were delivered to participant homes, and completed forms were
picked up monthly, while adhering to all COVID-19 safety rules and regulations. During
lockdown, there was no direct contact with the participants, and all monitoring activities
were done telephonically. The egg and the control group were treated the same.
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2.4. Research Procedures and Data Collection

Baseline and endpoint assessments were done at the study site and included anthro-
pometric measurements, blood sampling, and questionnaire data (dietary and allergy data).
Socio-demographic information and early breastfeeding and complementary feeding prac-
tices were collected by questionnaire at baseline. At midpoint (approximately three months
after baseline), questionnaire data (usual consumption of foods and perceived effect of
lockdown) were collected telephonically. Morbidity data were collected continuously with
a daily diary by the caretaker. Trained fieldworkers interviewed the mother or caregiver
(collectively referred to from here on forward as caregivers) in either English or the native
language (Setswana) of the area.

Sociodemographic information was collected using a structured questionnaire.
Anthropometric measurements were taken by fieldworkers who were trained according

to the WHO Training Course on Child Growth Assessment for infants [29]. Babies were
undressed and weighed to the nearest 0.01 kg using a calibrated digital infant scale (Seca
model 354; GmbH & Co. KG., Hamburg, Germany, maximum weight 20 kg). Recumbent
length was measured to the nearest 0.1 cm using an infantometer (Seca model 416, GmbH
& Co. KG., Hamburg, Germany). All measurements were done in duplicate, and if the
first two measurements differed by >0.05 kg for weight or by >0.3 cm for length, a third
measurement was done, and the average of the two closest values was used.

Anthropometric indexes (z-scores) were generated using WHO Anthro 2006 software.
Wasting was defined as WLZ less than −2 SDs, stunting as LAZ less than −2 SDs, and
underweight and overweight as weight-for-age z score (WAZ) less than −2 SDs or >2 SDs,
respectively.

Allergy questionnaire and skin prick test: Clinical allergy symptoms were assessed by
the Childhood Allergy and Immunology Research (CAIR) questionnaire, and all babies
were tested for egg allergy sensitization with a skin prick test and fed a teaspoon of cooked
egg if not sensitized. Acute allergy symptoms within 1.5 h of exposure together with
positive skin prick test were used to confirm egg allergy (no tolerance) and subsequent
exclusion from the study. A positive skin prick test without clinical symptoms confirmed
sensitization with tolerance. Since eggs were to be provided daily, which may cause tolerant
sensitization to evolve into allergy, all babies with positive skin prick tests to egg were
excluded. Mothers of allergic and sensitized babies were given information on how to
handle their sensitized/allergic baby and referred to the pediatric clinic at the local hospital.

A capillary blood sample was collected into a lithium heparin Microvette® CB 300
(Sarstedt) by means of a finger and/or heel prick due to the volume of blood needed which
is a maximum of 500 µL. Hemoglobin was measured on site using a portable Hb 201 +
HemoCue system (HemoCue Angelholm, Sweden) to determine anemia status.

Morbidity data: Information on infant morbidity (including allergy symptoms), such
as skin rashes, diarrhea, upper respiratory diseases, and episodes of fever, were collected
using a daily wellness/illness diary and questionnaire, which, until lockdown started,
were collected during weekly home-visits by the field workers. During lockdown, the
forms were delivered to participant homes and picked up monthly with the assistance of a
local NGO.

Breastfeeding and complementary feeding practices were collected retrospectively using a
structured questionnaire based on WHO guidelines for assessing infant and young child
feeding practices [30].

Usual consumption of foods over the past seven days was collected using unquantified
food frequency questions that had previously been used and tested for face validity in the
study population [31].

Dietary intake was determined using a single multiple pass 24-h dietary recall that
was administered to the primary caregiver of the infant. Portion sizes were estimated
using examples of food (e.g., savory snacks), food containers (e.g., infant foods, yogurt),
household utensils, food photographs, and the “dish-up and measure” method. The dietary
kit was used to assist the mothers/caregivers in quantifying the amount of food consumed
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by the infant the previous day. Portion sizes were converted to grams using the South
African Medical Research Council (SAMRC) Food Quantities Manual [32]. Breastmilk
intake was estimated as 675 mL [33]. All foods and drinks were coded according to the
South African Food Composition Database [34]. Food intake data were converted to energy
and nutrients using STATA software and the most recent South African food composition
database available at the time. Percentage of babies with micronutrient intakes below the
estimated average required (EAR) [35,36] was calculated.

The dietary diversity score (DDS) and the proportion of children consuming a diet
with minimum dietary diversity (at least five of the eight food groups during the 24-h recall
period) [37] were calculated using the 24-h recall food intake data.

2.5. Data Analysis

Data were analyzed using IBM SPSS for Windows, version 27 (SPSS Inc., Chicago, IL,
USA). Baseline characteristics of study participants are presented as frequencies (categorical
data) and means and standard deviations or medians and interquartile ranges (continuous
data). Groups were compared using either chi-square test (categorical data) or Mann–
Whitney U-test (continuous data). Association of frequency of egg intake with incidence
and duration of allergy symptoms within the total group were tested with logistic and linear
regression, respectively. The model was adjusted for age, sex, birth weight, frequency of
breastfeeding and formula intake, total energy intake, and education level of the caretaker.
A p-value < 0.05 was considered statistically significant.

2.6. Ethics

Ethical approval was obtained from the HREC of NWU (NWU-00452-19-A1). After
institutional ethical approval, the study was registered with the National Health Research
Database, and approval was sought from the Provincial Department of Health. The com-
munity’s approval to conduct the study was obtained through an engagement process
with relevant community-based structures. The study was registered at clinicaltrials.gov
(NCT05168085). The study was monitored by a data safety monitoring board (DSMB),
which consisted of a pediatrician, dietician/nutritionist, and a statistician. Infants identified
as having severe anemia (Hb < 70 g/L) and severe malnutrition (WLZ < −3) at each phase
of the data collection were to be referred to the clinic for further assessment and treatment.
Informed consent was obtained from the mothers of the infants before any study-specific
procedures were performed.

Babies with serious adverse events (SAEs) were referred to the Klerksdorp Hospital,
Department of Paediatrics. Mothers/caregivers were reimbursed for all travel costs to the
central study site if not transported to the study site by the research team.

3. Results

In total, 163 infants were screened at baseline, of whom 155 were enrolled (egg group
n = 70; control group n = 85). One infant was excluded because of egg allergy, and two
because of egg allergy sensitization as determined through the skin prick test. Of the
155 infants, 148 (95.5%) completed the study. Seven (4.5%) babies dropped out of the study
because they relocated (n = 5), traveled at the time of the exit survey (n = 1), or were lost to
follow-up (n = 1). For both groups, respectively, the age of the babies was 7.7 ± 0.9 months
at baseline and 16.1 ± 1.0 months at follow-up. None of the enrolled babies developed egg
allergy or egg allergy sensitization during the 8-month intervention period.

3.1. Baseline Characteristics of Study Participants

At baseline, 93.5% of the respondents were the mother of the baby (egg group 92.9%,
n = 65; control group 94.1%, n = 80), and 6.5% a caregiver, of whom all but two stayed in
the same household as the baby. Baseline characteristics of the study participants are given
in Table 1. At baseline, approximately two-thirds of the babies had already been introduced
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to egg (egg group 64.3%; control group 70.6%) and were breastfeeding (egg group 64.3%;
control group 68.2%).

Table 1. Baseline characteristics of the 155 participants at enrolment.

Characteristics Egg Group
(n = 70)

Control Group
(n = 85)

Infant characteristics
Sex: Male, n (%) 34 (48.6) 44 (51.8)

Female, n (%) 36 (51.4) 41 (48.2)
Age, months 7.7 ± 0.9 1 7.7 ± 0.9

Breastfeeding at enrolment, n (%) 45 (64.3) 58 (68.2)
Baby already introduced to egg, n (%) 45 (64.3) 60 (70.6)

Higher risk for allergy 2, n (%) 18 (26.1) 15 (18.3)

Anthropometric status
Length-for-age z-score (LAZ) −1.26 (−1.85, −0.60) 3 −1.37 (−2.07, −0.48)

Stunted (<−2 LAZ), n (%) 14 (20.0) 25 (29.4)
Weight-for-age z-score (WAZ) −0.42 (−1.25, 0.17) −0.61 (−1.51, 0.24)

Underweight (<−2 WAZ), n (%) 7 (10.0) 12 (14.1)
Weight-for-length z-score (WLZ) 0.54 (−0.40, 1.30) 0.24 (−0.62, 1.31)

Wasted (<−2 WLZ), n (%) 1 (1.4) 4 (4.7)
Overweight (>+2 WLZ), n (%) 8 (11.4) 14 (16.5)

Hemoglobin (Hb), g/L 110 ± 13 108 ± 12
Anemic (Hb <110 g/L), n (%) 32 (45.7) 42 (49.4)

Mother /caregiver characteristics
Age, y 30.2 ± 9.5 29.3 ± 6.7

Education, ≥Grade 10, n (%) 54 (78.3) 71 (83.5)
Married, n (%) 8 (11.4) 6 (7.1)

Household characteristics
Electricity at home, n (%) 59 (84.3) 75 (88.2)

Tap water at home, n (%) 4 65 (94.2) 79 (94.0)
Flush toilet at home, n (%) 65 (92.9) 74 (87.1)

Number of people in household 5 (4, 7) 6 (4, 7)
Number of child grants per household 2 (1, 3) 2 (2, 3)

1 Values are means ± SD (all such values); 2 Mother/caregiver reported previous reaction to food, angioedema,
hives, eczema or coughing or wheezing without baby having a cold or flu; 3 Values are medians, 25th and 75th
percentile in parenthesis (all such values); 4 Information missing for two households.

3.2. Dietary Intake
3.2.1. Energy and Nutrient Intake

The 24-h dietary recall was not completed for 11 (7.1%) babies at baseline and 16
(10.8%) babies at endpoint, due to the respondent not being able to recall all foods and
drinks consumed during the 24-h recall period as the baby was not in her full-time care the
previous day. Dietary data was therefore available for 144 babies (egg group n = 63; control
group n = 81) at baseline, and 132 (egg group n = 58; control group n = 74) at endpoint.

Energy, macronutrient, and micronutrient intakes, based on 24-h dietary recall data,
are presented in Table 2. At baseline, median energy and nutrient intakes did not differ
between the two groups, except for magnesium and potassium, which were higher in the
control group. At endpoint, nutrient intakes that differed between the two groups were
niacin and vitamin B6 (higher in the control group) and cholesterol and vitamin D (higher
in the egg group).
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Table 2. Energy, macronutrient, and micronutrient intakes at baseline and endpoint.

Nutrient Group 1 Baseline
Median (P25, P75)

Endpoint
Median (P25, P75)

Energy (kcal) Egg 690 (617, 839) 931 (767, 1090)
Control 736 (627, 895) 903 (733, 1098)

p-value 2 0.143 0.759

Protein (g) Egg 14.6 (10.5, 16.8) 26.6 (18.1, 35.0)
Control 15.9 (12.10, 21.6) 23.8 (18.4, 34.8)
p-value 0.138 0.633

Plant protein (g) Egg 3.6 (2.0, 5.7) 6.9 (51, 10.8)
Control 4.3 (2.2, 6.3) 8.8 (5.2, 12.4)
p-value 0.382 0.235

Animal protein (g) Egg 9.9 (8.0, 13.8) 18.1 (10.0, 26.0)
Control 11.2 (8.1, 14.3) 15.6 (9.4, 22.8)
p-value 0.349 0.255

Fat (g) Egg 32.1 (29.5, 35.5) 37.5 (24.1, 45.3)
Control 35.3 (29.6, 39.0) 33.2 (20.0, 40.3)
p-value 0.070 0.151

Saturated fat (g) Egg 14.0 (5.4, 15.2) 15.0 (6.5, 17.4)
Control 14.2 (6.4, 15.8) 11.6 (5.4, 16.3)
p-value 0.426 0.157

MU fat (g) Egg 11.7 (4.3, 12.4) 12.9 (6.6, 15.6)
Control 11.8 (4.8, 13.1) 10.7 (4.8, 14.2)
p-value 0.195 0.075

PU fat (g) Egg 3.6 (3.3, 4.2) 5.8 (4.1, 8.0)
Control 3.6 (3.3, 5.6) 5.5 (3.2, 7.6)
p-value 0.348 0.322

Cholesterol (mg) Egg 94.6 (8.4, 101.5) 256.0 (90.5, 382.6)
Control 94.5 (23.9, 105.7) 95.5 (27.8, 151.3)
p-value 0.702 <0.001

Carbohydrates (g) Egg 89.0 (75.4, 112.3) 126.5 (101.1, 145.4)
Control 93.2 (75.6, 119.5) 130.5 (101.6, 159.0)
p-value 0.330 0.336

Sugars (g) Egg 52.3 (18.6, 61.5) 49.0 (30.9, 64.8)
Control 53.4 (32.2, 61.9) 45.8 (23.9, 60.1)
p-value 0.418 0.239

Fiber (g) Egg 1.75 (1.16, 3.09) 4.96 (3.46, 7.74)
Control 2.14 (0.99, 3.54) 5.60 (3.72, 9.05)
p-value 0.664 0.217

Calcium (mg) Egg 402 (314, 554) 380 (244, 532)
Control 460 (325, 556) 380 (267, 578)
p-value 0.404 0.787

Iron (mg) Egg 6.51 (2.46, 9.35) 5.13 (3.27, 7.28)
Control 5.95 (2.97, 9.79) 5.63 (3.40, 8.36)
p-value 0.905 0.407

Magnesium (mg) Egg 49.1 (29.8, 74.7) 112.6 (85.6, 149.7)
Control 58.2 (38.5, 86.5) 122.9 (81.9, 159.8)
p-value 0.046 0.444

Phosphorous (mg) Egg 230 (161, 389) 460 (320, 637)
Control 328 (199, 457) 447 (364, 673)
p-value 0.068 0.880
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Table 2. Cont.

Nutrient Group 1 Baseline
Median (P25, P75)

Endpoint
Median (P25, P75)

Potassium (mg) Egg 649 (458, 933) 881 (604, 1044)
Control 764 (541, 1063) 875 (689, 1128)
p-value 0.011 0.582

Zinc (mg) Egg 3.27 (2.39, 5.10) 4.81 (3.31, 6.10)
Control 3.46 (2.46, 5.34) 4.82 (3.65, 7.13)
p-value 0.530 0.409

Copper (mg) Egg 0.42 (0.36, 0.50) 0.57 (0.45, 0.71)
Control 0.46 (0.39, 0.55) 0.55 (0.44, 0.67)
p-value 0.083 0.560

Vitamin A (µg RE) Egg 658 (516, 823) 552 (412, 762)
Control 676 (523, 891) 530 (352, 752)
p-value 0.428 0.567

Thiamin (mg) Egg 0.51 (0.32, 1.00) 0.67 (0.46, 0.95)
Control 0.61 (0.35, 0.87) 0.74 (0.49, 1.08)
p-value 0.834 0.267

Riboflavin (mg) Egg 0.60 (0.45, 0.93) 0.95 (0.60, 1.19)
Control 0.71 (0.46, 1.08) 0.97 (0.59, 1.65)
p-value 0.448 0.486

Niacin (mg) Egg 3.67 (2.59, 5.80) 6.85 (4.48, 9.49)
Control 4.03 (2.77, 5.82) 8.01 (5.82, 12.04)
p-value 0.594 0.040

Vitamin B6 (mg) Egg 0.43 (0.26, 0.59) 0.67 (0.49, 0.90)
Control 0.47 (0.29, 0.72) 0.84 (0.60, 1.13)
p-value 0.268 0.034

Folate (µg) Egg 98.1 (59.9, 177.6) 143.7 (102.3, 235.7)
Control 95.2 (63.5, 128.9) 157.1 (99.0, 233.1)
p-value 0.437 0.769

Vitamin B12 (µg) Egg 0.86 (0.50, 1.32) 1.63 (0.80, 2.43)
Control 1.05 (0.63, 1.71) 1.18 (0.71, 1.87)
p-value 0.402 0.199

Pantothenic acid (mg) Egg 2.33 (1.83, 3.16) 3.20 (1.91, 4.42)
Control 2.95 (2.03, 3.92) 2.72 (1.95, 4.31)
p-value 0.167 0.545

Biotin (µg) Egg 6.42 (2.29, 15.2) 14.82 (7.86, 25.22)
Control 7.48 (2.00, 16.4) 11.17 (6.83, 16.02)
p-value 0.810 0.070

Vitamin C (mg) Egg 71.7 49.3, 92.1) 35.1 (26.6, 62.4)
Control 67.3 (50.0, 99.8) 37.7 (29.4, 61.2)
p-value 0.589 0.515

Vitamin D (µg) Egg 3.27 (1.21, 6.57) 4.60 (1.00, 8.00)
Control 4.25 (1.56, 6.67) 0.98 (0.64, 4.93)
p-value 0.564 0.002

Vitamin E (mg) Egg 3.61 (1.45, 8.91) 3.56 (2.12, 6.32)
Control 3.27 (1.63, 7.07) 3.02 (1.64, 7.00)
p-value 0.659 0.533

Values are medians, 25th and 75th percentile in parenthesis. MU, monounsaturated; PU, polyunsaturated; RE,
retinol equivalents. 1 Baseline: egg group n = 63; control group n = 81; Endpoint: egg group n = 58; control group
n = 74; 2 p-values in bold indicate significant differences between the egg group and control group, Mann–Whitney
U test.

At endpoint, 62.1% of babies in the egg group and 14.9% in the control group ate egg
on the day of recall. Energy, macronutrient, and micronutrient intakes for those eating egg
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versus those not eating egg, regardless of the intervention group, are presented in Table 3.
Babies who ate egg on the day of recall had higher intakes of total protein, animal protein,
total fat, monounsaturated fat, polyunsaturated fat, cholesterol, phosphorous, vitamin B12,
pantothenic acid, biotin, vitamin D, and vitamin E.

Table 3. Energy, macronutrient, and micronutrient intakes at endpoint for babies who ate egg during
the 24-h recall period versus those who did not eat egg, regardless of treatment group.

Nutrient
Per

50 g Egg 1
Ate Egg (n = 47) No Egg (n = 85)

p-Value 2
Median (P25, P75) Median (P25, P75)

Energy (kcal) 308 985 (754, 1180) 899 (750, 1080) 0.282
Protein (g) 6.3 31.7 (23.7, 37.9) 22.3 (16.7, 29.0) <0.001

Plant protein (g) 0 7.9 (5.1, 12.4) 7.8 (5.2, 10.8) 0.520
Animal protein (g) 6.3 23.7 (15.8, 30.3) 13.3 (6.9, 19.6) <0.001

Fat (g) 5.1 38.2 (24.3, 49.9) 33.1 (19.4, 40.7) 0.026
Saturated fat (g) 1.5 15.0 (6.5, 18.1) 12.7 (5.0, 16.3) 0.069

MU fat (g) 2.0 13.55 (6.9, 15.9) 10.5 (4.4, 13.8) 0.006
PU fat (g) 0.7 6.6 (4.5, 9.3) 5.2 (3.3, 7.3) 0.005

Cholesterol (mg) 209.5 329.7 (277.6, 452.9) 86.1 (22.0, 108.6) <0.001
Carbohydrates (g) 0.6 125.3 (92.4, 145.9) 131.9 (105.2, 156.0) 0.197

Sugars (g) 0.6 45.9 (15.9, 65.5) 47.6 (27.4, 60.3) 0.702
Fiber (g) 0.0 4.95 (3.48, 7.71) 5.53 (3.37, 8.93) 0.434

Calcium (mg) 19.5 393 (242, 562) 382 (267, 571) 0.847
Iron (mg) 0.9 5.77 (4.03, 7.64) 4.89 (2.68, 8.06) 0.197

Magnesium (mg) 4.5 123.0 (910.7, 151.2) 115.8 (83.0, 156.5) 0.657
Phosphorous (mg) 96 564 (393, 710) 428 (302, 580) 0.003

Potassium (mg) 49 938 606, 1159) 861 (682,1049) 0.529
Zinc (mg) 0.57 5.03 (3.72, 6.25) 4.59 (3.32, 6.68) 0.440

Copper (mg) 0.06 0.62 (0.43, 0.72) 0.53 (0.45, 0.662) 0.130
Vitamin A (µg RE) 33 600 (330, 890) 530 (374, 682) 0.216

Thiamin (mg) 0.05 0.72 (0.50, 0.94) 0.71 (0.46, 1.05) 0.934
Riboflavin (mg) 0.19 0.99 (0.73, 1.61) 0.84 (0.54, 1.42) 0.098

Niacin (mg) 0.05 7.53 (5.11, 0.16) 7.64 (4.73, 11.6) 0.926
Vitamin B6 (mg) 0.02 0.71 (0.56, 0.97) 0.78 (0.57, 1.11) 0.324

Folate (µg) 17.5 147.7 (103.1, 225.3) 156.5 (99.9, 243.5) 0.546
Vitamin B12 (µg) 0.8 1.98 (1.45, 3.37) 0.95 (0.49, 1.59) <0.001

Pantothenic acid (mg) 0.74 3.81 (2.84, 4.88) 2.49 (1.79, 3.64) 0.001
Biotin (µg) 9.2 18.2 (13.7, 27.9) 8.4 (5.7, 14.3) <0.001

Vitamin C (mg) 0 33.9 (16.3, 64.2) 37.7 (31.8, 59.6) 0.140
Vitamin D (µg) 3.97 5.37 (4.27, 8.84) 0.80 (0.62, 2.91) <0.001
Vitamin E (mg) 1.73 4.78 (3.19, 8.05) 2.26 (1.42, 5.26) <0.001

Values are medians, 25th and 75th percentile in parenthesis; 1 kcal = 4.186 kJ; MU, monounsaturated; PU,
polyunsaturated; RE, retinol equivalents; 1 SAFOODS. SAMRC Food Composition Tables for South Africa [34];
2 p-values indicate significance of differences between the babies who ate egg during the 24-h recall period versus
those who did not eat egg, Mann–Whitney U test.

The percentage of babies with intake below the EAR for babies who ate egg during
the 24-h recall period versus those who did not eat egg, regardless of treatment group, is
shown in Figure 1. Significantly fewer babies who ate egg during the recall period had
inadequate intake of vitamin E, vitamin D, vitamin B12, and iron, while significantly fewer
babies who did not eat egg had inadequate intake of vitamin C.

Only two babies had a protein intake below the EAR. The median (25th and 75th per-
centiles) energy intake, expressed as a percentage of the estimated energy requirement [35],
was 128% (96%, 170%) for babies who ate egg during the recall period, and 124% (94%,
148%) for those who did not eat egg.
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Figure 1. Percentage of babies with intake below the Estimated Average Requirement (EAR) [35,36]
for babies who ate egg during the 24-h recall period versus those who did not eat egg, regardless of
treatment group.

3.2.2. Food Groups and Dietary Diversity

At endpoint, egg was consumed during the 24-h recall period by 62.1% of babies
in the egg group, versus 14.9% in the control group (p < 0.001), and double the number
of children in the egg group compared to the control group achieved minimum dietary
diversity (36.2% versus 18.9%, p = 0.026). (Table 4)

3.2.3. Frequency of Foods Consumed

The frequency of consumption during the week preceding baseline, midpoint and end-
point was recorded for selected foods items. Results are presented in Table 5. The midpoint
questionnaire was completed per phone for 129 participants. Not all the participants could
be reached by phone, explaining the smaller midpoint sample. Shifts in food intake were
observed from baseline (mean age 7.7 months) to endpoint (mean age 16.1 months), with
no obvious differences between the two groups. The percentage of babies who frequently
(at least four days/week) consumed formula milk, pureed baby foods, and infant cereals
decreased, while the percentage for maize meal porridge increased. The percentage of
babies who frequently ate vegetables or fruit remained very low across the study period.
The percentage of babies who consumed animal source at least once a week increased over
the study period. Liver was eaten at least once a week by approximately a quarter of the
babies at baseline and just under half of the babies at endpoint. At endpoint, approximately
a quarter of the babies frequently consumed sweets and salty savory snacks.
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Table 4. Proportion of babies who consumed any foods from the eight foods groups during the 24-h
recall period at baseline and endpoint.

Food Group Group Baseline (n) % Endpoint (n) %

Breast milk
Egg 42 (66.7) 34 (38.6)

Control 55 (67.9) 31 (41.9)
p-value 1 0.875 0.056

Cereals, roots, and tubers
Egg 61 (96.8) 58 (100)

Control 75 (92.6) 74 (100)
p-value 0.271 -

Legumes
Egg 3 (4.8) 2 (3.4)

Control 2 (2.5) 8 (10.8)
p-value 0.8751 -

Dairy
Egg 42 (66.7) 45 (77.6)

Control 55 (67.9) 60 (81.8)
p-value 0.875 0.621

Flesh foods
Egg 4 (6.3) 24 (41.4)

Control 7 (8.6) 37 (50.0)
p-value 0.875 0.324

Egg
Egg 7 (11.1) 36 (62.1)

Control 8 (9.9) 11 (14.9)
p-value 0.810 <0.001

Vitamin A-rich fruit and
vegetables

Egg 8 (12.7) 12 (20.7)
Control 12 (14.8) 11 (14.9)
p-value 0.716 0.965

Other fruit and
vegetables

Egg 22 (34.9) 23 (39.7)
Control 28 (34.6) 42 (56.8)
p-value 0.965 0.051

Adequate DDS 2
Egg 5 (7.9) 21 (36.2)

Control 5 (6.2) 14 (18.9)
p-value 0.680 0.026

DDS (mean ± SD)
Egg 3.0 ± 0.9 4.0 ± 1.2

Control 3.0 ± 0.9 3.7 ± 1.0
p-value 0.939 0.094

DDS: dietary diversity score; 1 Fisher exact test; 2 five or more of the eight food groups.

Table 5. Foods consumed during the week preceding baseline, midpoint and endpoint, expressed as
a percentage of babies for whom the food frequency questionnaire was completed.

Food Group Food Frequency of
Consumption Group 1 Baseline,

%
Midpoint

%
Endpoint

%

Formula milk feeds Formula milk Every day Egg 42.9 30.6 21.9
Control 43.5 32.8 19.8

Dairy
Milk ≥4 days/week Egg 10.0 12.9 18.8

Control 8.2 17.9 25.9

Yogurt ≥4 days/week Egg 4.3 11.3 14.1
Control 1.2 11.9 16.1

Baby foods
Pureed baby foods ≥4 days/week Egg 20.0 29.0 7.8

Control 23.5 17.9 5.0

Infant cereal ≥4 days/week Egg 61.4 46.8 7.8
Control 65.7 26.9 6.2
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Table 5. Cont.

Food Group Food Frequency of
Consumption Group 1 Baseline,

%
Midpoint

%
Endpoint

%

Cereals, roots, tubers

Instant maize porridge ≥4 days/week Egg 20.0 27.4 25.0
Control 10.6 37.3 29.6

Maize meal ≥4 days/week Egg 14.3 48.4 65.6
Control 20.0 55.2 72.8

Porridge, other
than maize

≥4 days/week Egg 2.9 11.3 18.7
Control 8.2 9.0 14.8

Breakfast cereal ≥4 days/week Egg 2.9 21.0 17.1
Control 5.9 16.4 19.7

Bread (commercial) ≥4 days/week Egg - 6.4 6.2
Control 4.7 8.9 13.6

Potato ≥4 days/week Egg 14.3 35.5 17.2
Control 14.1 19.4 18.5

Vegetables and fruit
Vegetables 2 ≥4 days/week Egg 4.3 9.7 4.7

Control - 6.0 9.9

Fruit 3 ≥4 days/week Egg 4.3 16.1 7.8
Control 4.7 13.4 12.3

Animal source foods

Chicken ≥1 day/week Egg 32.8 71.0 79.7
Control 34.1 61.2 82.7

Meat ≥1 day/week Egg 10.0 19.4 32.8
Control 5.9 23.9 37.0

Liver ≥1 day/week Egg 25.7 35.5 43.8
Control 30.6 35.8 48.1

Fish ≥1 day/week Egg 7.1 12.9 25.0
Control 9.4 26.9 29.6

Unhealthy foods

Sweets ≥4 days/week Egg 4.3 4.8 23.4
Control 2.4 4.5 27.2

Salty savory snacks ≥4 days/week Egg 7.1 19.4 25.0
Control 4.7 14.9 29.6

Fizzy drinks ≥4 days/week Egg 1.4 4.8 9.4
Control 2.4 7.5 18.5

Cordials (mix with water) ≥4 days/week Egg - 8.1 14.0
Control 2.4 3.0 8.6

1 Baseline: egg group n = 70; control n = 85; Midpoint: egg group n = 62; control n = 67; Endpoint: egg group
n = 64 control n = 81; 2 Vegetables eaten by at least 20% of babies: Cabbage (midpoint 26.4%, endpoint 24.8%);
carrot (baseline 21.9%, midpoint 27.9%, endpoint 24.8%); pumpkin (baseline 43.2%, midpoint 48.8%, endpoint
35.2%); 3 Fruit eaten by at least 20% of babies: Apple (endpoint 48.3%); banana (baseline 33.5%, midpoint 36.4%,
endpoint 46.0%); orange (midpoint 31.8%).

3.3. Egg Usage and Perceptions on Egg

The frequency of egg consumption during the week preceding baseline, midpoint
and endpoint is summarized in Table 6, and preparation and amount consumed for those
who ate egg in the previous week are summarized in Table 7. The percentage of babies
who frequently consumed eggs remained low in the control group across the study period,
with fewer than 10% of babies who consumed egg frequently (at least four days/week)
at the respective three time points. In the egg group, egg was frequently consumed by
most babies at midpoint (every day 87.1%, 4–6 days 8.1%) and endpoint (every day 53.1%,
4–6 days 21.9%). Egg was eaten either boiled, fried, or scrambled, and was frequently eaten
mixed with other food, particularly porridge or potato. In the egg group, egg was eaten
mostly one at a time and once a day.
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Table 6. Consumption of eggs during the preceding week, expressed as a percentage of babies for
whom the food frequency questionnaire was completed.

Food Group 1 Frequency of
Consumption

Baseline
%

Midpoint
%

Endpoint
%

Egg consumption
during the

previous week

Egg

Every day 1.4 87.1 53.1
4–6 days 4.3 8.1 21.9
1–3 days 41.4 4.8 15.6

Never 52.9 0 9.4

Control

Every day 4.7 9.0 4.9
4–6 days 4.7 10.4 9.9
1–3 days 35.3 41.8 45.7

Never 55.3 38.8 39.5
1 Baseline: egg group n = 70; control n = 85; Midpoint: egg group n = 62; control n = 67; Endpoint: egg group
n = 64; control n = 81.

Table 7. Preparation of eggs and amount eaten, expressed as a percentage of babies who ate egg
during the preceding week.

Food Group 1 Baseline
%

Midpoint
%

Endpoint
%

Preparation

Egg
Boiled 48.5 29.0 41.4

Scrambled 18.2 24.2 19.0
Fried 33.3 46.8 39.7

Control
Boiled 34.2 19.5 16.3

Scrambled 21.1 19.5 16.3
Fried 44.7 61.0 63.3

Food items added
during preparation

Egg Oil 30.3 29.0 31.0
Margarine 18.2 32.3 20.7

Control
Oil 30.3 46.3 57.1

Margarine 18.2 31.7 18.4

Mix egg with
other food 2

Egg Yes 9.1 75.8 51.7
Control Yes 23.6 40.5 32.7

Portion size
usually eaten

Egg

>1 egg - - 13.8
1 egg 60.6 80.6 86.2

1/2 egg 24.2 16.1 -
1/4 egg 15.2 3.2 -

Control

>1 egg - - 20.4
1 egg 50.0 78.0 69.4

1/2 egg 44.7 17.1 10.2
1/4 egg 2.6 2.4 -

<1/4 egg 2.6 2.4 -

Number of times
egg eaten per day

Egg
Once 87.9 87.1 84.5

2 times 9.1 9.7 12.1
3 times 3.0 3.2 3.4

Control
Once 84.2 66.7 83.7

2 times 10.5 26.2 14.3
3 times 5.3 4.8 2.0

1 Baseline: egg group n = 33; control n = 38; Midpoint: egg group n = 62; control n = 41; Endpoint: egg group
n = 58; control n = 49; 2 Egg was mixed mostly with porridge and potato; some ate egg with bread.

The caregivers’ perceptions regarding the usage of eggs were determined during the
exit interview. According to participants in the egg group, they like giving egg to the
baby (93.8%), the baby likes to eat egg (85.9%), and eggs are easy to store (93.8%) and
prepare (98.5%).
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For both groups combined, most participants agreed that eggs are affordable (95.1%)
and good for baby’s health (97.9%), and that all eggs are of the same quality (86.4%). When
asked whether they agreed that babies can eat raw egg, 52.8% disagreed, 18.0% were
undecided, and 29.2% agreed. Five (4.2%) participants said that there were traditional
beliefs regarding eating eggs. The benefits and risks of giving eggs to babies are summarized
in Table 8.

Table 8. Respondents’ perceptions regarding the benefits and risks of giving egg to the baby, expressed
as a percentage of respondents who completed the exit interview.

Total Group %

Benefits of giving egg to baby

Improves growth 22.3
Improves weight 12.9
Improves health 10.8
Provides protein 28.8

Provides vitamins/nutrients 8.7
Provide energy 2.9

Other 1 6.5
Don’t know 7.2

Risks of giving egg to baby
None 95.2

May cause allergy 3.4
Other 1.4

Best time to start giving egg to baby
Before 6 months 30.1

6 months 54.5
After 6 months 15.4

1 Range of answers: Baby enjoys it, improves appetite, improves memory, baby will be clever, good for the skin,
food for baby when there was no food available in household.

3.4. Effect of Lockdown on Feeding and Care of the Baby

Of the 129 participants who completed the midpoint questionnaire, 45 (34.9%) said
that lockdown affected the feeding of the baby, and 14 (10.9%) said that lockdown affected
the care of the baby. Feeding of the baby was affected due to a shortage of food [“Baby’s
food finished before month-end”] and lack of money to buy food [“Because I don’t have enough
money to buy food for the baby”]. Respondents also reported loss of income due to loss of
opportunities for informal vending [“Because I don’t have any income and we are not free to sell
some things”], loss of opportunities for part-time jobs [“We have struggled a lot because of lack
of money because the father used to go and do piece jobs”], and loss of salary [“Because now the
father’s salary is half ”].

The effect on the care of the baby was related mostly to the lack of access to routine
services at the clinic. Mothers were advised not to go to the clinic [“Because they said we must
not take the baby to the clinic”], or if they went to the clinic, they were sent home without
being attended to [“The baby had a fever so there was no money to buy flue medicine because
at the clinic they returned us”]. As a result, some of the babies missed their nine months
immunization [“Can’t take the baby to the clinic; they said they are not immunizing”; “The clinic
sisters returned us; I have also skipped 9 months”]

3.5. Allergy-Related Symptoms

The frequency of egg intake was positively associated with the duration of wheezing
in the unadjusted model (β = 0.413, p = 0.021), but not in the model adjusted for age,
sex, birth weight, frequency of breastfeeding and formula intake, total energy intake and
education level of the caretaker (β = −0.155, p = 0.580) (Table 9). There were two SAEs
during the study, one in each study group. The two SAEs were not related to the study.
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Table 9. Frequency of egg intake in relation to incidence and duration of allergy-related symptoms of
babies during the 8-month intervention 1.

Allergy-Related
Symptoms

Incidence, n (%)
Duration, Median (25th, 75th)

Association with Frequency of Egg Consumption
Unadjusted Adjusted 2

Total
(n = 155)

Egg Group
(n = 70)

Control Group
(n = 85)

Exp B 95% CI)/
β p-Value 1

(n = 155)

Exp B 95% CI)/
β p-Value 1

(n = 155)

Possible allergy reported
by caregiver 29 (4) 10 (3.0) 19 (4.4) 1.049 (0.896, 1.227); 0.553 0.790 (0.804, 1.180); 0.790

Eczema 15 (2) 7 (2.1) 8 (1.9) 0.991 (0.796, 1.234); 0.939 0.875 (0.667, 1.147); 0.334
Eczema duration (d) 5 (3, 8) 6 (3, 12) 7 (4, 50) 0.234; 0.489 0.836, 0.102

Other rash 9 (1) 4 (1.2) 5 (1.2) 1.119 (0.849, 1.474); 0.426 1.105 (0.752, 1.626); 0.611
Other rash duration (d) 7 (3, 11) 8 (4, 13) 3 (2, 11) −0.294; 0.443 −0.269; 0.797

Angioedema 2 (0.3) 1 (0.3) 1 (0.2) 0.961 (0.527, 1.754); 0.898 0.896 (0.472, 1703); 0.737
Wheeze 31 (4) 14 (4.2) 17 (3.9) 0.969 (0.830, 1.132); 0.690 0.978 (0.806, 1.185); 0.817

Wheeze duration (d) 11 (4, 28) 4.5 (3, 16) 15 (7, 28) 0.413; 0.021 −0.155; 0.580
1 Association of frequency of egg intake with incidence and duration of symptoms were tested with logistic and
linear regression, respectively. 2 Adjusted for age, sex, birth weight, frequency of breastfeeding and formula
intake, total energy intake, and education level of the caretaker.

4. Discussion

Due to premature cessation of enrolment and resultant small sample size, the study
was not powered to determine the effect of daily egg consumption on any of the primary
outcomes. Despite the small sample size, the results of the study show that frequent
egg consumption is feasible in infants. Egg intake was associated with higher protein,
cholesterol, and micronutrient intakes, the caregivers were positive towards feeding their
babies egg, and the frequency of egg intake was not related to incidence and duration of
allergy symptoms.

At endpoint, egg was eaten by 14.9% in the control group during the 24-h recall period.
This is very similar to the 12.1% reported for 1–<10-year-old children in a recent study in
South Africa [38] and slightly higher than the 8.9% reported for 6–11-months-old infants in
Eastern and Southern Africa [22]. Nearly a third of the babies in the egg group did not eat
egg during the 24-h recall period at endpoint. Egg was delivered to the households monthly
and it is possible that the household ran out of eggs before the endpoint measurements
were taken, primarily due to the general lack of food in the household during lockdown.
During midpoint, mothers reported loss of income and lack of money to buy food for the
household during lockdown. It may, however, also indicate babies becoming fatigued of
eating egg daily and a resultant decrease in adherence over the eight-month period.

Although few differences in nutrient intake between the egg and control groups were
observed at endpoint, the proportion of babies who consumed at least five of the eight food
groups that were used to calculate the dietary diversity score was double in the egg group
compared to the control group, suggesting that egg consumption did not replace other
foods and had the potential to increase dietary diversity, which is similar to the findings of
an egg intervention study that was done in Malawi [39]. Dietary diversity was, however,
low, with 36.2% of babies in the egg group and 18.9% in the control group achieving the
minimum dietary diversity at endpoint. Low dietary diversity is common in infants and
young children in South Africa [40]. Egg consumption should thus be promoted within the
context of a diverse diet.

Comparing nutrient intake at endpoint between the egg and control group showed
only a few significant differences between the two groups. However, when comparing
nutrient intake for babies that consumed egg during the recall period versus those who
did not at endpoint, babies who consumed egg had significantly higher intakes of various
nutrients, such as animal protein, PU fat, vitamin B12, and vitamin D, all which are critical
for child growth and development [41]. None of the children who consumed egg on the day
of recall had a vitamin B12 intake below the EAR. On average, 50 g of egg provides 0.8 µg
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of vitamin B12 [34], which is higher than EAR of 0.7 µg for 1–3-year-old children [35]. Eggs
are one of the few foods that naturally contain vitamin D [42]. Although dietary vitamin D
intake was significantly higher for children who consumed egg during the recall period
versus those who did not, dietary vitamin D intake was inadequate for more than 80% of the
children. A study in Malawi showed that a six-month egg intervention increased nutrient
intake and nutrient density of the complementary diet for several nutrients, although
nutrient deficiencies in the diet remained high [43].

To add variation in providing egg and avoid the baby becoming fatigued of eating
egg daily, mothers were encouraged to use different preparation methods and either feed
the baby mashed egg as such or mixed with the baby’s food. Egg was eaten either boiled,
fried, or scrambled and was frequently eaten mixed with other food, particularly porridge
or potato. Mothers were educated and reminded to always prepare the egg well-cooked
before feeding their babies.

Infants and young children should not be given raw egg. A 60% higher rate for allergy
to raw egg compared to cooked egg has been reported for 12 to 36-month-old children in
South Africa [44]. Furthermore, the consumption of raw egg can cause salmonella food
poisoning [45]. Just over half of the mothers disagreed that raw egg can be given to the
baby, the others were either undecided or agreed. This suggests that a strong education
campaign is needed through integrated interventions and social marketing campaigns.

Nearly two-thirds of babies had been introduced to egg before enrolment in the study,
indicating that most mothers viewed egg as suitable for infants. However, nearly a third
of the mothers thought that eggs should be given to babies before the age of six months,
which is not in line with the national and international guidelines, which promote exclusive
breastfeeding for the first six months [46]. Early introduction of complementary foods is,
however, widespread in South Africa [40].

Traditional beliefs regarding eating eggs do not seem to be a major issue, for instance, in
our study, only <5% of participants confirmed this belief. Lutter [39] argued that increasing
egg consumption in LIMCs is hampered by economic barriers rather than cultural barriers.
However, the majority of mothers in our study found eggs to be affordable. In addition,
eggs are considered one of the cheapest animal protein sources available to consumers in
South Africa [23,24].

Potential egg allergy in infants may be a concern [47]. A recent South African study
showed that between 1 and 2% Black African 12–36-month-old children are allergic to
egg depending on urban or rural living conditions [44]. It is encouraging that of the
163 screened infants, only one baby was excluded because of egg allergy and two because
of egg allergy sensitization, while none of the enrolled babies developed egg allergy or egg
allergy sensitization during the eight-month intervention period. Moreover, the frequency
of egg intake was not related to either incidence or duration of allergy symptoms, which is
in agreement with the results of a previous study [48]. There is currently consensus that
early introduction of eggs as complementary food does not increase the risk of allergy
incidence, as reflected in the revised guidelines of the American Academy of Pediatrics
in 2008 [49]. A recent systematic review and meta-analysis actually found that early
introduction of egg reduced the risk for egg allergy [18].

The results of the study should be interpreted within the limitations of the small size,
and self-reported data (dietary intake and morbidity). Furthermore, a 24-h recall is based
on memory and portion sizes are estimated. Both under- and over-reporting can thus occur.
Although multiple 24-h recalls may have been preferable, the aim of the dietary intake data
was to describe the mean (or median) intakes at the group level, in which case a single 24-h
recall per participant is acceptable [50]. Breastmilk intake was estimated using average
age-specific published values [33], which is common practice in dietary assessment [51,52].
A further limitation is that delivery of eggs to children in the egg group was done monthly,
and monitoring adherence was compromised by the strict lockdown regulations due to
COVID-19 at the time of the study. Nonetheless, the study provides valuable information
on the feasibility of frequent inclusion of egg in the complementary diet of babies.
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In conclusion, egg intake was associated with higher protein and micronutrient intakes,
and caregivers were positive towards feeding their babies egg. The frequency of egg intake
was not related to the incidence or duration of allergy symptoms. This study, therefore,
showed that frequent egg consumption can contribute safely to complementary food for
babies, especially in LIMCs.

Author Contributions: Conceptualization, C.M.S.; methodology, C.M.S., M.F., L.M., H.S.K. and C.R.;
formal analysis, M.F. and L.M.; investigation, C.M.S., H.A., L.M., M.V. and T.M.; data curation, H.A.,
L.M., M.F. and H.S.K.; writing—original draft preparation, M.F. and L.M.; writing—review and
editing, M.F., L.M., C.M.S., H.A., H.S.K. and M.V.; project administration, C.M.S., H.A., M.F.; funding
acquisition, C.M.S. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the DG Murray Trust.

Institutional Review Board Statement: This study is affiliated to the Eggcel-growth study that has
been granted ethical clearance by the Human Research Ethics Committee of North-West University
(NWU-00452-19-A1). This study was also approved by the Health Research Ethics Committee of
North-West University (NWU-00258-21-A1).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: As required by the Health Research Ethics Committee of the North-
West University, South Africa, the researchers signed confidentiality agreements in which they agreed
‘not to disclose confidential information to anyone other than North-West University unless required
to do so by law or by court order’. Participant consent forms were also clear for the purposes of
data usage. Permission to obtain the data can be obtained from the North-West University Health
Research Ethics Committee, Prof Wayne Towers: wayne.towers@nwu.ac.za.

Acknowledgments: We acknowledge and appreciate the involvement and input from Ria Laubscher
for converting food intake data to nutrient data, and the fieldworkers and study participants.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. UNICEF (United Nations Children’s Fund); WHO (World Health Organization); WB (The World Bank Group). Levels and Trends

in Child Malnutrition: Key Findings of the 2021 Edition. Available online: https://data.unicef.org/resources/jme-report-2021/
(accessed on 11 June 2022).

2. Black, R.E.; Victora, C.G.; Walker, S.P.; Bhutta, Z.A.; Christian, P.; de Onis, M.; Ezzati, M.; Grantham-McGregor, S.; Katz, J.;
Martorell, R.; et al. Maternal and child undernutrition and overweight in low-income and middle-income countries. Lancet 2013,
382, 427–451. [CrossRef]

3. Victora, C.G.; Adair, L.; Fall, C.; Hallal, P.C.; Martorell, R.; Richter, L.; Sachdev, H.S.; Maternal Child Undernutrition Study Group.
Maternal and child undernutrition: Consequences for adult health and human capital. Lancet 2008, 371, 340–357. [CrossRef]

4. UNICEF (United Nations Children Fund). Improving Child Nutrition: The Achievable Imperative for Global Progress. 2013. Available
online: https://www.unicef.org/publications/files/Nutrition_Report_final_lo_res_8_April.pdf (accessed on 4 March 2019).

5. Dewey, K.G. The challenge of meeting nutrient needs of infants and young children during the period of complementary feeding:
An evolutionary perspective. J. Nutr. 2013, 143, 2050–2054. [CrossRef] [PubMed]

6. Bailey, R.L.; West, K.P., Jr.; Black, R.E. The epidemiology of global micronutrient deficiencies. Ann. Nutr. Metab. 2015, 66
(Suppl. S2), 22–33. [CrossRef]

7. Parikh, P.; Semba, R.; Manary, M.; Swaminathan, S.; Udomkesmalee, E.; Bos, R.; Poh, B.K.; Rojroongwasinkul, N.; Geurts, J.;
Sekartini, R.; et al. Animal source foods, rich in essential amino acids, are important for linear growth and development of young
children in low- and middle-income countries. Matern. Child Nutr. 2021, 18, e13264. [CrossRef]

8. Michaelsen, K.F.; Dewey, K.G.; Perez-Exposito, A.B.; 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.
Mater. Child Nutr. 2011, 7, 124–140. [CrossRef]

9. Gatica-Domínguez, G.; Neves, P.A.R.; Barros, A.J.D.; Victora, C.G. Complementary feeding practices in 80 low- and middle-
income countries: Prevalence of and socioeconomic inequalities in dietary diversity, meal frequency, and dietary adequacy. J.
Nutr. 2021, 151, 1956–1964. [CrossRef]

10. Pries, A.M.; Filteau, S.; Ferguson, E.L. Snack food and beverage consumption and young child nutrition in low- and middle-
income countries: A systematic review. Matern. Child Nutr. 2019, 15 (Suppl. S4), e12729. [CrossRef]

11. NDoH (National Department of Health); Stats SA (Statistics South Africa); SAMRC (South African Medical Research Council); ICF
(Inner City Fund). South Africa Demographic and Health Survey 2016: Key Indicator Report, 2017. Pretoria and Rockville, Mary-

https://data.unicef.org/resources/jme-report-2021/
http://doi.org/10.1016/S0140-6736(13)60937-X
http://doi.org/10.1016/S0140-6736(07)61692-4
https://www.unicef.org/publications/files/Nutrition_Report_final_lo_res_8_April.pdf
http://doi.org/10.3945/jn.113.182527
http://www.ncbi.nlm.nih.gov/pubmed/24132575
http://doi.org/10.1159/000371618
http://doi.org/10.1111/mcn.13264
http://doi.org/10.1111/j.1740-8709.2011.00302.x
http://doi.org/10.1093/jn/nxab088
http://doi.org/10.1111/mcn.12729


Nutrients 2022, 14, 3396 18 of 19

land. Available online: https://www.statssa.gov.za/publications/Report%2003-00-09/Report%2003-00-092016.pdf (accessed on
10 January 2020).

12. Tam, E.; Keats, E.C.; Rind, F.; Das, J.K.; Bhutta, A.Z.A. Micronutrient supplementation and fortification interventions on health and
development outcomes among children under-five in low- and middle-income countries: A systematic review and meta-analysis.
Nutrients 2020, 12, 289. [CrossRef]

13. Blasbalg, T.L.; Wispelwey, B.; Deckelbaum, R.J. Econutrition and utilization of food-based approaches for nutritional health. Food
Nutr. Bull. 2011, 32 (Suppl. S1), S4–S13. [CrossRef]

14. Neumann, C.; Harris, D.M.; Rogers, L.M. Contribution of animal source foods in improving diet quality and function in children
in the developing world. Nutr. Res. 2002, 22, 193–220. [CrossRef]

15. Asare, H.; Rosi, A.; Faber, M.; Smuts, C.M.; Ricci, C. Animal-source foods as a suitable complementary food for improved
physical growth in 6 to 24-month-old children in low- and middle-income countries: A systematic review and meta-analysis of
randomised controlled trials. Br. J. Nutr 2022. Online ahead of print. [CrossRef] [PubMed]

16. Iannotti, L.L.; Lutter, C.K.; Stewart, C.P.; Riofrío, C.A.G.; Malo, C.; Reinhart, G.; Palacios, A.; Karp, C.; Chapnick, M.; Cox, K. Eggs
in early complementary feeding and child growth: A randomized controlled trial. Pediatrics 2017, 140, e20163459. [CrossRef]

17. Fiocchi, A.; Assa’ad, A.; Bahna, S. Food allergy and the introduction of solid foods to infants: A consensus document. Ann.
Allergy Asthma Immunol. 2006, 97, 10–21. [CrossRef]

18. Al-Saud, B.; Sigurdardóttir, S.T. Early introduction of egg and the development of egg allergy in children: A systematic review
and meta-analysis. Int. Arch. Allergy Immunol. 2018, 177, 350–359. [CrossRef]

19. Caffarelli, C.; Giannetti, A.; Rossi, A.; Ricci, G. Egg allergy in children and weaning diet. Nutrients 2022, 14, 1540. [CrossRef]
20. Levin, M.; Goga, A.; Doherty, T.; Coovadia, H.; Sanders, D.; Green, R.J.; King, S. Allergy and infant feeding guidelines in the

context of resource-constrained settings. J. Allergy Clin. Immunol. 2017, 139, 455–458. [CrossRef]
21. Lutter, C.K.; Iannotti, L.L.; Stewart, C.P. The potential of a simple egg to improve maternal and child Nutrition. Matern. Child

Nutr. 2018, 14 (Suppl. S3), e12678. [CrossRef]
22. White, J.M.; Bégin, F.; Kumapley, R.; Murray, C.; Krasevec, J. Complementary feeding practices: Current global and regional

estimates. Matern. Child Nutr. 2017, 13 (Suppl. S2), e12505. [CrossRef]
23. Nkukwana, T.T. Global poultry production: Current impact and future outlook on the South African poultry industry. S. Afr. J.

Anim. Sci. 2018, 48, 869–884. [CrossRef]
24. SAPA (South African Poultry Association). South African Poultry Association 2019 Industry Profile. 2019. Available online:

http://www.sapoultry.co.za/pdf-docs/sapa-industry-profile.pdf (accessed on 25 May 2022).
25. Iannotti, L.L.; Lutter, C.K.; Bunn, D.A.; Stewart, C.P. Eggs: The uncracked potential for improving maternal and young child

nutrition among the world’s poor. Nutr. Rev. 2014, 72, 355–368. [CrossRef] [PubMed]
26. Waters, W.F.; Gallegos, C.A.; Karp, C.; Lutter, C.; Stewart, C.; Iannotti, L. Cracking the egg potential: Traditional knowledge,

attitudes, and practices in a food-based nutrition intervention in highland Ecuador. Food Nutr. Bull. 2018, 39, 206–218. [CrossRef]
27. Stats SA (Statistics South Africa). Demographic Information: City of Matlosana Local Municipality. 2018. Available online:

https://municipalities.co.za/demographic/1193/city-of-matlosana-local-municipality (accessed on 11 March 2019).
28. Matsungo, T.M.; Kruger, H.S.; Faber, M.; Rothman, M.; Smuts, C.M. The prevalence and factors associated with stunting among

infants aged 6 months in a peri-urban South African community. Public Health Nutr. 2017, 20, 3209–3218. [CrossRef] [PubMed]
29. WHO (World Health Organization). Training Course on Child Growth Assessment; World Health Organization: Geneva,

Switzerland, 2008.
30. WHO (World Health Organization). Indicators for Assessing Infant and Young Child Feeding Practices, Part 2: Measurement; World

Health Organization: Geneva, Switzerland, 2010. Available online: http://apps.who.int/iris/bitstream/10665/44368/1/978924
1599757_eng.pdf (accessed on 10 January 2017).

31. Rothman, M.; Faber, M.; Covic, N.; Matsungo, T.; Cockeran, M.; Kvalsvig, J.; Smuts, C. Infant development at the age of 6 months
in relation to feeding practices, iron status, and growth in a peri-urban community of South Africa. Nutrients 2018, 10, 73–85.
[CrossRef]

32. SAFOODS. SAMRC Food Quantities Manual for South Africa, 3rd ed.; South African Medical Research Council: Cape Town, South
Africa, 2018.

33. World Health Organization. Complementary Feeding of Young Children in Developing Countries: A Review of Current Scientific
Knowledge. WHO/ NUT/98.1; World Health Organization: Geneva, Switzerland, 1998.

34. SAFOODS. SAMRC Food Composition Tables for South Africa, 5th ed.; South African Medical Research Council: Cape Town, South
Africa, 2017.

35. Otten, J.J.; Meyers, L.D.; Hellwig, J.P. Dietary Reference Intakes: The Essential Guide to Nutrient Requirements; National Academies
Press: Washington, DC, USA, 2006.

36. Institute of Medicine. Dietary Reference Intakes for Calcium and Vitamin D. Institute of Medicine; The National Academies Press:
Washington, WA, USA, 2011. Available online: https://www.nap.edu/search/?term=DRIMAR (accessed on 20 January 2018).

37. WHO (World Health Organization); United Nations Children’s Fund (UNICEF). Indicators for Assessing Infant and Young Child
Feeding Practices: Definitions and Measurement Methods; World Health Organization: Geneva, Switzerland; The United Nations
Children’s Fund (UNICEF): New York, NY, USA, 2021.

https://www.statssa.gov.za/publications/Report%2003-00-09/Report%2003-00-092016.pdf
http://doi.org/10.3390/nu12020289
http://doi.org/10.1177/15648265110321S102
http://doi.org/10.1016/S0271-5317(01)00374-8
http://doi.org/10.1017/S0007114522000290
http://www.ncbi.nlm.nih.gov/pubmed/35109944
http://doi.org/10.1542/peds.2016-3459
http://doi.org/10.1016/S1081-1206(10)61364-6
http://doi.org/10.1159/000492131
http://doi.org/10.3390/nu14081540
http://doi.org/10.1016/j.jaci.2016.09.039
http://doi.org/10.1111/mcn.12678
http://doi.org/10.1111/mcn.12505
http://doi.org/10.4314/sajas.v48i5.7
http://www.sapoultry.co.za/pdf-docs/sapa-industry-profile.pdf
http://doi.org/10.1111/nure.12107
http://www.ncbi.nlm.nih.gov/pubmed/24807641
http://doi.org/10.1177/0379572118763182
https://municipalities.co.za/demographic/1193/city-of-matlosana-local-municipality
http://doi.org/10.1017/S1368980017002087
http://www.ncbi.nlm.nih.gov/pubmed/28879827
http://apps.who.int/iris/bitstream/10665/44368/1/9789241599757_eng.pdf
http://apps.who.int/iris/bitstream/10665/44368/1/9789241599757_eng.pdf
http://doi.org/10.3390/nu10010073
https://www.nap.edu/search/?term=DRIMAR


Nutrients 2022, 14, 3396 19 of 19

38. Senekal, M.; Nel, J.; Malczyk, S.; Drummond, L.; Steyn, N.P. Provincial Dietary Intake Study (PDIS): Micronutrient intakes of
children in a representative/random sample of 1- to <10-year-old children in two economically active and urbanized Provinces in
South Africa. Int. J. Environ. Res. Public Health 2020, 17, 5924. [CrossRef]

39. Lutter, C.K.; Caswell, B.L.; Arnold, C.D.; Iannotti, L.L.; Maleta, K.; Chipatala, R.; Prado, E.L.; Stewart, C.P. Impacts of an egg
complementary feeding trial on energy intake and dietary diversity in Malawi. Matern. Child Nutr. 2021, 17, e13055. [CrossRef]

40. Sayed, N.; Schönfeldt, H.C. A review of complementary feeding practices in South Africa. S. Afr. J. Clin. Nutr. 2020, 33, 36–43.
[CrossRef]

41. Papanikolaou, Y.; Fulgoni, V. Egg consumption in Infants is associated with longer recumbent length and greater intake of several
nutrients essential in growth and development. Nutrients 2018, 10, 719–730. [CrossRef]

42. Schmid, A.; Walther, B. Natural vitamin D content in animal products. Adv. Nutr. 2013, 4, 453–462. [CrossRef]
43. Caswell, B.L.; Arnold, C.D.; Lutter, C.K.; Iannotti, L.L.; Chipatala, R.; Werner, E.R.; Maleta, K.M.; Stewart, C.P. Impacts of an egg

intervention on nutrient adequacy among young Malawian children. Matern. Child Nutr. 2021, 17, e13196. [CrossRef]
44. Botha, M.; Basera, W.; Facey-Thomas, H.E.; Gaunt, B.; Gray, C.L.; Ramjith, J.; Watkins, A.; Levin, M.E. Rural and urban food

allergy prevalence from the South African Food Allergy (SAFFA) study. J. Allergy Clin. Immunol. 2019, 143, 662–668. [CrossRef]
[PubMed]

45. CDC. Salmonella and Eggs. 2022. Available online: https://www.cdc.gov/foodsafety/communication/salmonella-and-eggs.
html (accessed on 25 May 2022).

46. World Health Organization. Infant and Young Child Feeding. Available online: https://www.who.int/news-room/fact-sheets/
detail/infant-and-young-child-feeding (accessed on 12 June 2022).

47. Gray, C.L. Food Allergy in South Africa. Curr. Allergy Asthma Rep. 2017, 17, 35. [CrossRef] [PubMed]
48. Palacios, A.M.; Gallegos, C.A.; Waters, W.F.; Malo, C.; Lutter, C.; Stewart, C.P.; Reinhart, G.A.; Iannotti, L.A. Egg and dairy

consumption were not associated with allergic reactions or allergy-like symptoms in 6 to 9 month-old infants from rural Cotopaxi,
Ecuador. FASEB J. 2016, 30, 674–713.

49. Greer, F.R.; Sicherer, S.H.; Burks, A.W. American Academy of Pediatrics Committee on Nutrition; American Academy of Pediatrics
Section on Allergy and Immunology. Effects of early nutritional interventions on the development of atopic disease in infants and
children: The role of maternal dietary restriction, breastfeeding, timing of introduction of complementary foods, and hydrolyzed
formulas. Pediatrics 2008, 121, 183–191.

50. FAO. Dietary Assessment: A Resource Guide to Method Selection and Application in Low Resource Settings; Food and Agriculture
Organization of the United Nations: Rome, Italy, 2018.

51. Campbell, R.K.; Hurley, K.M.; Shamim, A.A.; Shaikh, S.; Chowdhury, Z.T.; Mehra, S.; Wu, L.; Christian, P. Complementary food
supplements increase dietary nutrient adequacy and do not replace home food consumption in children 6–18 months old in a
randomized controlled trial in rural Bangladesh. J. Nutr. 2018, 148, 1484–1492. [CrossRef] [PubMed]

52. Onifade, O.M.; Pringle, K.G.; Rollo, M.E.; Collins, C.E.; Schumacher, T.; Rae, K.M.; Gomeroi Gaaynggal Advisory Committee.
Dietary intake of Indigenous Australian infants and young children in the Gomeroi gaaynggal cohort. Nutr. Diet. 2021, 78,
386–396. [CrossRef] [PubMed]

http://doi.org/10.3390/ijerph17165924
http://doi.org/10.1111/mcn.13055
http://doi.org/10.1080/16070658.2018.1510251
http://doi.org/10.3390/nu10060719
http://doi.org/10.3945/an.113.003780
http://doi.org/10.1111/mcn.13196
http://doi.org/10.1016/j.jaci.2018.07.023
http://www.ncbi.nlm.nih.gov/pubmed/30096388
https://www.cdc.gov/foodsafety/communication/salmonella-and-eggs.html
https://www.cdc.gov/foodsafety/communication/salmonella-and-eggs.html
https://www.who.int/news-room/fact-sheets/detail/infant-and-young-child-feeding
https://www.who.int/news-room/fact-sheets/detail/infant-and-young-child-feeding
http://doi.org/10.1007/s11882-017-0703-4
http://www.ncbi.nlm.nih.gov/pubmed/28470372
http://doi.org/10.1093/jn/nxy136
http://www.ncbi.nlm.nih.gov/pubmed/30184222
http://doi.org/10.1111/1747-0080.12673
http://www.ncbi.nlm.nih.gov/pubmed/33908693

	Introduction 
	Materials and Methods 
	Study Population 
	Study Design and Participants 
	Intervention Procedures 
	Research Procedures and Data Collection 
	Data Analysis 
	Ethics 

	Results 
	Baseline Characteristics of Study Participants 
	Dietary Intake 
	Energy and Nutrient Intake 
	Food Groups and Dietary Diversity 
	Frequency of Foods Consumed 

	Egg Usage and Perceptions on Egg 
	Effect of Lockdown on Feeding and Care of the Baby 
	Allergy-Related Symptoms 

	Discussion 
	References

