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1.Abstract

The aim of this study is to establish an age appropriate gut microbiota
composition among healthy Egyptian preschool- to school-aged children
(3 - 9 years) from the urban Giza governorate. The molecular profiles of 7
predominant gut microbiota constituents were determined by quantitative
RT-PCR (gPCR). Group-specific primer pairs targeting the 16S rRNA
gene were designed for the identification of the Bacteroides fragilis
group, Bifidobacterium  spp.,  Clostridium  leptum  subgroup,
Enterobacteriaceae, Faecalibacterium praunitzii, Lactobacilli spp. and
Prevotella group The results showed that the relative abundances of the
phyla Actinobacteria, Bacteroidetes, Firmicutes, and Proteobacteria
averaged 17.3, 23.0, 46.4 and 13.29%, respectively. The ratio of
Firmicutes (Sum of Clostridium leptum subgroup +Faecalibacterium
praunitzii + Lactobacilli spp)/ Bacteroidetes (Bacteroides fragilis +
Prevotella group) averaged 1.52+0.19. The average genome numbers of
the four bacterial taxa were significantly higher in boys (P<0.05) than in
age-matched girls. The mean genome copies of 4 fecal microbiota were
higher among children with older siblings in the same household
(P<0.05) than among unrelated children. Significant familial transmission
of Bifidobacterium spp. was found across family brothers and sisters
(0.1<P>0.05) compared to unrelated children

2. Keywords: Egyptian children - Genomic faecal DNA - Q-RT- PCR-
Bifidobacterium spp - Faecalibacterium praunitzii -
Firmicutes/Bacteroidetes ratio- Familial siblings

3. Introduction

Neonates from a healthy pregnancy are born sterile [1-3]; by days 4 - 7,
the gut is colonized by Enterobacteria and Streptococcus, both of which
generate a low redox environment, allowing strict anaerobic bacterial
species to flourish [4,5]. Several factors affect this process, such as
gestational age6, delivery mode [7,8] breast feeding [9,10] contribution of
maternal microbiota and other factors. At 1 week after birth,
Bifidobacterium species are present at low concentrations in the faeces,
but they become one of the dominant population groups in the infant gut
at 3 months of age [11]. The early development of the infant microbiome
with non-pathogenic [commensal] microbiota is vital [12] and coincides
with critical periods of central nervous system and gut-brain axis
development [13]. Breast milk itself contains microbiota, including
Bifidobacterium, Streptococcus, and Lactobacillus species [14-16], and
its composition is dynamic, changing over time. Currently, discriminative
molecular signatures have been provided for distinguishing breastfed
[BF]

versus formula-fed [FF] infants based on combinations of host gene sets
[17]. The faecal microbiota profile of healthy full-term, vaginally
delivered, exclusively breast-fed (FTVDBF) infants is currently the
standard for a healthy infant microbiota and is a target for improving
infant formulas [18]. Bifidobacteria longum is notably abundant in the
stool of breast fed infants, representing up to 90% of the total microbiota,
and its gene copies in healthy young children were in 3.5-fold excess
compared to adults [19,20]. Bifidobacteria longum has enzymes suited to
extracting energy from human milk fucosylated oligosaccharides [21] and
producing short-chain fatty acids [SCFAs], which lower the pH in the
colon, allowing them to outcompete pathogenic bacteria such as E. coli
and Clostridium perfringens [22]. During the weaning process and the
introduction of complementary and family solid foods, there is major
diversification in the composition of the gut microbe community
associated with the dominance of Bacteroides [23]. Infants from rural
Africa, where the diet is dominated by starch, fibre and plant
polysaccharides, had faecal microbiota abundant in the Actinobacteria
(10.1%) and Bacteroidetes (57.7%) phyla, while in European children,
whose diets are rich in sugar, starch and animal protein, the respective
abundance levels of these phyla are reduced to just 6.7 and 22.4% [24].

The intake of high dietary fibre thickens the mucus layers in the colon
due to long-term microbial colonization [25], while low dietary fibre is
associated with the erosion of the colonic mucus barrier and defects in the
intestinal tight-junction proteins [26].The gut microbiota plays a major
role in regulating mucosal and systemic immunity particularly secretory
IgA (SIgA), which assists in limiting the exposure of the epithelial cell
surface to bacteria and mediates the binding of bacterial SIgA receptors
[27]. The healthy gut microbiome undergoes a more prolonged
development compositional and functional qualities after the first 1 to 3
years of life3 [28]. At weaning and after the introduction of solid foods,
the gut are enriched with gene coding allowing the utilization of a larger
variety of carbohydrates, vitamin synthesis and xenobiotic degradation
[29]. Gut microbiota maturity and microbiota-for-age Z score (MAZ)
have been developed, based on a microbial signature of 25 bacterial taxa
that were discriminant for age and healthy growth [30]; infants with
severe acute malnutrition had a less-mature microbiota than their
respective age-matched healthy mates. Another study identified 45
healthy mature anaerobic gut microbiota (HMAGM) by metagenomics
and culturomics in Senegalese healthy children, but the faeces of children
with kwashiorkor were enriched with the potentially pathogenic
Streptococcus gallolyticus [31]. Recently, an ecogroup of 15 covarying
bacterial taxa was identified in the guts of 3-to 5-year-old healthy
Bangladeshi children; this bacterial taxon could be applicable to healthy
children from other low-income countries [32]. Another feature of severe
acute malnutrition was the early depletion in gut Bifidobacterium
longum, a typical maternal probiotic [33]. The gut microbiota of 7-to 12-
year-old children was characterized by its richness with genes supporting
development, while the gut communities of adults were enriched with
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genes associated with inflammation [34]. There is still no agreement on
the age at which the paediatric phylogenetic composition of the bacterial
communities reaches the respective adult. According to one study, this
varied between the 3- or 4-year period after birth [35], 4- to 8-year-old
children [36], the teenage years or even later ages [37]. Dutch children
aged between 2 and 18 years showed intraindividual microbial dynamics,
particularly for bacteria with enzymes degrading carbohydrates such as
Bifidobacterium, Clostridium clostridioforme and Faecalibacterium
prausnitzii [38]. Geography- and country-specific microbial signatures
have been implicated as one of the major environmental factors in
shaping the microbiota composition [39] and characterizing the gut
microbiome between different regions within specific populations, such
as Europe and Africa24 and the US and Egypt [40]. Normal, healthy gut
microbiota is characterized by gut colonization resistance (CR), which
disfavours colonization by enteric pathogens [41]. Disturbance of the
microbiota and high growth levels of pathogens disrupt colonization
resistance (CR). Currently, the appropriate application of omics
techniques for identifying microbial ecology supplemented with computer
science is able to identify more than>80% of individuals, whereby gene-
level codes are more robust to temporal variation than taxon-level codes
[42]. There is accumulating evidence on the presence of familial
transmission of selected gut microbiota communities among members
inhabiting the same household compared to respective patterns among
unrelated subjects [43].

The present study aims to establish age — appropriate gut microbiota
composition among healthy Egyptian preschool to school aged children
(3 - 9 years) from urban Giza governorate and to study the impact of
family cohabitation on the transmission of gut microbiota communities.

4. Methods
Study design and Participants

Thirty-five Egyptian boys and girls with a mean age of 7 years (3 — 9
years) were recruited from the kindergartens and primary schools of a
single urban Giza governorate. The study protocol received approval
from the Medical Research Ethics Committee of the National Research
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Center. The protocol was fully explained to the mothers of all children,
and written informed consent was obtained from them before
participation in the trial. All children in the present study were delivered
at full term (range, 37 to 42 weeks). Exclusion criteria were defined as
any symptoms that were likely related to digestive tract disease and/or
intake of antibiotics during the three months prior to the start of the trial.
The birth date of each child was recorded from the birth certificate to
calculate the age. The anthropometric measurements included weight
with light clothing to the nearest 10 grams. Height was measured with a
device with a headboard and a fixed measuring tape, marked in
millimeters. The numerical values of weight and height were plotted on
the appropriate weight and height chart. Growth was evaluated by
comparing individual measurements to reference standards, represented
by percentile curves on a 2006 WHO growth charts. Data related to
socioeconomic characteristics for each child were assessed using a
questionnaire sheet and included data related to the parents’ education
and family size and data related to the hygienic condition of the house.
Faecal samples were frozen at —20°C immediately after collection. After
frozen transport, the samples were stored at —80°C within 72 h after
delivery until DNA extraction.

Faecal DNA Extraction. Faecal specimens (150 mg) were promptly
removed from the frozen sample, and complete DNA extraction was
performed as described earlier [44] using a ZR faecal DNA isolation kit
(DNA Mini Prepkit Catalogue No. D6010, Zymo Research, Ohio, USA)
following the manufacturer’s protocol. The extraction was completed
under simultaneous multidirectional beating in a FastPrep 24 instrument
(MP Biomedicals, Ohio, USA) for 40 S.
Genomic DNA quantification was based on the absorbance measurement
at a wavelength of 260 nm using a Nanodrop 1000 Spectrophotometer
(Thermo Fisher Scientific, Waltham, MA). Genomic solution containing
50 pg ml—1 double-stranded DNA had an OD260 of 1.0 and was stored at
-70°C. The DNA concentration was adjusted to 10 ng pl-1lon the day of
amplification.
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Target taxon | Primer Primer sequences Amplicon size Annealing T Reference
Bacteroides g-Bfra-F | ATAGCCTTTCGAAAGRAAGAT 495 53 [92]
g-Bfra-R | CCAGTATCAACTGCAATTTTA
Bifido g-Bifid-F | TCGCGTC(C/T)GGTGTGAAAG 243 62 [93]
g-Bifid- | CCACATCCAGC(A/G)TCCAC
R
Clostridium | sg-Clept- | GCACAAGCAGTGGAGT 239 55 [92]
F
sg-Clept- | CTTCCTCCGTTTTGTCAA
R3
Enterobacter | EN - F CATTGACGTTACCCGCAGAAGAAG | 195 57 [94]
iaceae C
EN-R CTCTACGAGACTCAAGCTTGC
Faecalibacter | Fpra-F CCATGAATTGCCTTCAAAACTGTT 142 71 [95]
iumpraunitzi
i Fpra-R GAGCCTCAGCGTCAGTTGGT
Lactobacillus | Lab-F AGCAGTAGGGAATCTTCCA 341 53 [93]
group
Lab-R CACCGCTACACATGGAG
Prevotella g-Prevo- | CACRGTAAACGATGGATGCC 513 62 [92]
F
g-Prevo- | GGTCGGGTTGCAGACC
R

Table 1: 16S rRNA gene-targeting taxon-specific primers sequences their annealing temperature and sizes of PCR product analyzed by quantitative

PCR technique
F = Forward primer ; R = Reverse primer

Table 1 lists the sequences of each primer pair targeting 16S rRNA of the
following bacterial groups/ species: Bacteroides fragilis group,
Bifidobacterium spp., Clostridium leptum subgroup, Enterobacteriaceae,
Faecalibacterium praunitzii, and Lactobacillus group and Prevotella spp.
The following six pure bacterial groups and species were obtained from
the American Tissue culture collection [ATCC] and were used for
bacterial identification: Bacteroides fragilis, Bifidobacterium ATCC
15707T, Clostridium leptum, Enterobacteriaceae, Faecalibacterium
prausnitzii DSM 17677, Lactobacillus spp and Prevotella nigrescens
jem12250. The bacterial cultures were grown anaerobically in an
atmosphere of 80% N2 - 20% CO2 at 37°C. The purity of the cultures
was checked by inspecting the colony morphology after anaerobic growth
on BHI medium and cellular morphology with Gram staining. The cells
were suspended in buffer and centrifuged, and pellets (approximately 109
bacterial cells) were used for the extraction and purification of DNA
using an RTP Bacteria DNA Mini Kit (Invitek, Berlin; Germany). The
extracted genomic DNA was stored at -70°C until use. Just before
measurement, a dilution series from 2.0 x 10 to 2.0x108 colony-forming
units/ul PCR was performed. DNA amplification and detection by
quantitative polymerase chain reaction were performed using Power
SYBR Green PCR Master Mix (Applied Biosystems, USA) in optical-
grade 96-well plates in a total volume of 20 pL. The PCR master mix
contained the following ingredients: 10 uL. of PCR master mix (Applied
Biosystems, USA); 0.8 uL each of the appropriate forward and reverse

primers; 2puL of faecal genomic DNA template or pure bacterial DNA and
6.4ul. DNAse-free water. Melting curves for genomic DNA were
generated by a real-time PCR system (Light Cycler 480 Roche) provided
with fluorescent lamps at an excitation wavelength of 465 nm and an
emission wavelength of 510 nm, and the instructions from the
manufacturer were followed.
Real-time PCR: Initial heat activation 5 min/95°C, 2-step cycling
denaturation 10 s/ 95°C, combined annealing/extension 30 s/60°C and the
number of cycles was 35-40. The gPCR standard curves were
constructed for each primer pair using the abovementioned serial
dilutions of bacterial genomic DNA of known concentration. The gPCR
data were converted to the estimate of log10 total genome copies from
each bacterial taxon present in one gram faecal wet weight using the
appropriate software program.

Data Analyses. Numerical data are presented in Whisker boxplots
showing median and interquartile ranges. T-tests were used to compare
the distribution of values between the groups. Analysis of variance was
carried out to determine the effect of familial cohabitation and the
presence of older siblings within the same family on the abundances of
each taxon. Differences between mean values were considered significant
when P < 0.05.

5. Results

The participating children were normal with respect to their growth,
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expressed as WAZ with a mean value of 0.72+0.51 (range -1.57 to 3.1)
and a mean HAZ value of 0.43+0.49 (range -1.26 to 3.7). Figure (1)
illustrates the % relative abundance levels of the four bacterial phyla
Actinobacteria, Bacteroidetes, Firmicutes and Proteobacteria. The phyla

Bacteroidetes [B] and Firmicutes [F] were the 2 most dominant phyla in
the common core gut, with a mean F/B ratio of 1.52+0.19, and the ratio
was not affected by sex or age group.
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Relative abundance (%)

123 456 7 8 91011121314151617 18192021 222324252627 2829303132333435

M Actinobacteria  m Bacteroidate M Firmicutes Proteobacteria
Fig 1 -The % Relative Abundance levels of the four Bacterial Phyla
Logyy genome copies / ¢
wet feces
Phylum Family Genus / Species Detection | Average+S | 25" , | Adult | Average/Adult
, % D 50" , | s* s * 100
75th
Actinobacteri | Bifidobacterium Bifidobacterium 100 10.0+0.15 9.44; |72 +|>100
a 10.18 | 1.7
10.68
Bacteroidetes | Bacteroidaceae Bacteroidefragilis 94 9.45+0.24 8.43; |81 +|>100
9.47; |05
10.79
Prevotellaceae Prevotella group 97 6.43+0.30 5.00; [9.0 +| 714
6.38; | 1.1
7.03
Lactobacillaceae Lactobacillus spp 100 8.01+0.21 7.13; |83 =965
7.81; |0.3
8.99
Firmicutes Cl. cluster IV Clleptum group 100 9.96+0.15 9.33; |99 +|>100
10.05 | 0.6
10.67
Ruminococcaceae | Faecalibacteriumpraunitzi | 100 9.7+0.12 9.12; |94 +|>100
i 9.83; | 0.3
10.33
Proteobacteri | Enterobacteracea | Enterobacteriaceae 100 8.37+0.22 7.70; |94 %89
a e 8.56; | 0.3
9.21

Table 2 presents the abundance of the 7 studied bacterial taxa in the faeces of 35 children
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Table (2) presents the abundance of the 7 studied bacterial taxa in the
faeces of 35 children. Five taxa were detected in all children, whereas the
Bacteroides and Prevotella groups were detected in 94 and 97% of the
child population, respectively. The Actinobacteria phylum was
represented by the most abundant Bifidobacterium genus, averaging
7.4+1.7 log10 genome copies/g faeces, and members of this genus were
the most frequently encountered taxa in all children. The faecal profile
was also rich in the Clostridium leptum group and Faecalibacterium
praunitzii. F Boxes indicate 25th to 75th percentiles, with mean relative
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abundances marked as lines and whiskers indicating the range
(minimum/maximum) from the boxes. With regard to age group, the
mean genome copies of Bifido- bacterium spp. were higher in younger
children <5 years than among their older mates >5 years.
Enterobacteriaceae behaved in a similar manner. The genome copies of
Faecalibacterium praunitzii were significantly higher in children >5 years
old than in those <5 years old. In boys, the genome copies of two taxa,
Clostridium leptum and Faecalibacterium, were significantly higher
(P<0.05) than their respective genome copies in girls.
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Figure 2 illustrates the Whisker box plots of the studied taxa classified according to age group and sex.

The presence of older siblings cohabiting within the same household was
associated with significantly higher faecal bacterial counts of Bacteroides,
Bifidobacterium, Clostridium leptum and Faecalibacterium in the

respective younger brothers and sisters (P<0.05) compared with those
from unrelated families (Figure 3).

=]

log10 genome copies/g stool

R !

W with olders sibling
W o clder sibling
- =01 ANOVA adjusted for age

=T

Microbial Groups

The diversity in Bifidobacterium between brothers and sisters from the
same family was lower than the respective diversity among unrelated

children,suggesting transmission of a number of Bifidobacterium strains
across family members (Figure 4).
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Prevotella
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Lactobacilli
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Enterobacteriaceae
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Fig 4- Transmission of a number of Bifidobacterium strains across family members

Multivariate analysis of the confounding effect of familial cohabitation
(11 families versus 10 unrelated children) and the presence of an older
sibling within the same family on bacterial taxa after age adjustment
showed a modest significant difference (0.1<P>0.05). Figure (5 is a

o
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dendrogram for the complete linkage hierarchical clustering of the faecal
samples from families cohabiting brothers and sisters versus unrelated
children. Despite many taxa being shared between children, their
distribution differed substantially.
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Fig.5-Dendrogram for the complete linkage hierarchical clustering

6. Discussion

The early paediatric period shapes the composition of the gut microbiota
depending on infant transitions, which remain relatively stable in
adulthood. Accordingly, a healthy host-microorganism balance must
optimally perform metabolic and immune functions and prevent disease
development [45]. Species richness is a major marker for gut health
because high bacterial richness and diversity reflect ecosystem stability
and resilience [46]. The identification of a dominant set of phylotypes and
core microbiome bacterial taxa shared by the majority (> 95%) of healthy

children is extremely important and highly warranted [29,34,47]. The
field of microbiome research has evolved rapidly over the past few
decades and is driven by highly sophisticated technology development,so-
called multi-omics [48]. High-throughput isolation(culturomics) of gut
bacteria followed by MALDI-TOF mass spectrometry with an optimized
database [49] succeeded in the identification of 174 (45%) bacterial
species in the human gut [50]. Currently, an estimate of 386 bacterial
species are the global human gut microbiome and have been identified
mainly by culture-independent next-generation sequencing targeting
bacterial 16S. The % relative abundances of the phyla Bacteroidetes,
Firmicutes, Actinobacteria and Proteobacteria of 23:46:17:12,
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respectively (Figure 1), differ from the % relative abundances of
63.7:22:10.1:0.8 reported among BurkinoFaso children and 27.3:52:7:6.7
reported among Italian children [51]. The Firmicutes/Bacteroidetes ratio
averaged 1.52+0.19 in the present study, differing from the respective
ratios of 0.47 £ 0.05 reported among BurkinoFaso children [51] and 0.69
(0.39-1.32) among Ukrainia children [52]. The F/B ratio increased
linearly from 2.6 +1.83 to 7.7+7.1 among lean and obese Italian children,
respectively [53], but the large variation in the ratio makes it an
inappropriate robust marker for obesity. At the weaning period, the
abundance of Bacteroides spp. Increases [54]; these bacteria break down
complex xylan, mannan and xyloglucan and produce the SCFA
propionate [50]. The phylum Firmicutes is represented by the gram-
positive bacterium Faecalibacterium prausnitzii of the family
Ruminococcaceae, which was abundant in the faeces of our children,
reflecting a healthy gut [22] because a heavy load of pathogenic microbes
led to its depletion [55]. Faecalibacterium prausnitzii ferments dietary
fibre, producing the SCFA butyrate via the butyryl-CoA pathway [56].
Butyrate is a health-promoting molecule because it is a fuel source for
enterocytes and colonocytes [57]; it increases mucin synthesis [54],
which changes bacterial adhesion [58]; it plays an important role in the
maintenance of gut barrier function [59,60]; it is an anti-inflammatory
agent and inhibits the activation of the transcription factor NF-xB [61].
The high abundance of Lactobacilli spp. in the faeces of present children
is also an indicator of a healthy gut [62]. Lactic acid, the fermentation
intermediate of lactobacilli, is a cross-feeding substrate for the colonic
bacteria Eubacterium hallii to produce either butyrate or propionate
[63,64]. Eubacterium hallii accounts for 2 — 3% of the human faecal
community, and its capacity for the production of the SCFAs butyrate and
propionate via metabolic cross-feeding lead to lowering the pH of the
colonic milieu to approximately 5.5. At this pH, the growth of colonic
Bacteroides spp. is selectively inhibited, and members of the Firmicutes
phylum become dominant because they are not sensitive to acidic pH
values [65]. Actinobacteria, represented by Bifidobacterium spp. are
gram-positive, rod-shaped, anaerobic commensals, and the ‘infant type’
Bifidobacterium breve and B. infantis may reach 90% of the gut
microbiota of healthy breastfed infants [66-69], with a dramatic decline
when a milk-based diet is discontinued [70]. The abundance of
Bifidobacterium spp. in 3-year-old children is several-fold higher than
that in American adult from the same location [71]. B. bifidum is the only
strain capable of metabolizing gut mucins, suggesting that it has a role in
adulthood [72]. Swedish children 4 — 5 years old presented with high
concentrations of Bifidobacterium, averaging 11.45 genome copies per g
of faeces [73]. Japanese school children aged 7 to 11 years also harboured
a high abundance of Bifidobacterium and fewer potentially pathogenic
bacteria than age-matched mates from other Asiatic countries, suggesting
a unique Japanese living environment and dietary pattern [74, 75]. The
proportions of Actinobacteria in healthy and malnourished Bangladesh
children were 6 and 1%, respectively [76]. No Bifidobacterium could be
detected in the gut microbiota of the selected ethnic Guangzhou Chinese
group [66]. Bifidobacteria could not be detected in the gut microbiota of
Finnish preschool children following the administration of macrolide
antibiotics, and the reduced count remained for up to 2 years after the
macrolide course [77]. In Germany, the short-term use of broad-spectrum
antibiotics abolished members of the genus Bifidobacterium within the
180-day study time frame, and antibiotic resistance gene (resistome)
carriage modulated the recovery processes [78]. The maintenance of a
healthy gut by Bifidobacteria is due to its effect on reinforcement of the
host intestinal barrier, competitive exclusion of pathogens, and
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modulation of the immune response [79].

The relatively high abundance of Enterobacteriaceae among our children
is consistent with our earlier finding indicating a potential higher load of
pathogenic microorganisms in the gut of Egyptian children, probably
attributed to dietary unhygienic food preparation or other confounding
factors[40]. A higher relative abundance of all Proteobacteria species
(32%) was reported in the guts of 2- to 3-year-old malnourished
Bangladesh children than in their age-matched healthy controls[76].
Latest findings identifies Proteobacteria phyla as possible microbial
signature of inflammatory bowel disease but also in extraintestinal
diseases including lung diseases, such as asthma and chronic obstructive
pulmonary disease [80]. The overall adult-like gut microbiota in the
present study was arbitrarily estimated by comparing their abundances
with their respective abundances among Egyptian adults (24 years old)
[44]. In the last column of table (2), the colonization of the gut microbiota
reported among adults was set = 100; the relative colonization of 5 gut
bacteria among the studied children varied between 43 and 80% of the
respective adult abundances. The abundances of Bifidobacterium spp. and
Clostridium groups were exceptions and exceeded 100% of the respective
adult values. This finding is consistent with an earlier finding from the
US81 and differs from a Dutch study, which indicated that the gut
microbiota composition of 7-year-old children showed overall adult-like
behavior[82].

The present study showed significant transmission or shared inferred
genotypes for Bifidobacterium strains within the gut microbiomes of
brothers and sisters cohabiting the same household [Figure 4]. This
finding is consistent with a Japanese study, which showed transmission of
Bifido longum strains across family members [43] and between selected
individual sets of twins cohabitating for decades [83].

The present study showed increased gut microbial richness in children
with older siblings (Figure 3), which is attributed to the positive impact of
exposure to non-pathogenic microbes with older siblings on increased gut
microbial richness and prevention of allergic diseases [84, 85]. Sex
hormones were reported to play a role in shaping the gut microbiota
composition between males and females at puberty [86] and in young
Tanzanian boys and girls with different labours with regard to foraging
[87]. The higher abundances of the taxa Clostridium and
Faecalibacterium in the faeces of our studied boys compared to their
respective abundances in the girls (P<0.05) could partially be interpreted
as the impact of gender-specific immune differences in the gut microbiota
composition between boys and girls [88]. Currently, there is no
agreement on the sex differences in gut microbiota composition among
the different populations [89].
For the past decade, the scientific community has been blessed with a
wealth of knowledge about the gut microbial community structure and
function and the specific contributions of geographical differences, race
and ethnicity to the variations in the gut microbiome among children [29].
However, data on gut microbiome composition in African and Middle
Eastern children are scant except for the work done on children from
Burkina Faso [47] and Senegal [31]. Accumulating evidence has shown
adverse effects of oral administration of micronutrient powder [MNP]
containing a high dosage of iron to African infants and children on the
abundances of Bifidobacterium and Lactobacilli in their colon, with
increased abundance in pathogenic Enterobacteriaceae [90]. Other drastic
effects on the gut included decreased faecal butyrate SCFA production
and inflammation of the gut, which led to the development of stable
degraded microbiota as a result of persistent stressors [91] and increased
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mortality rates. These catastrophic results are typical examples of the
risks of advertising and marketing globalized new products without any
consideration of the delicate and unique structure of African ancient
microbial communities of the gut microbiota. Sophisticated equipment
and tools using throughput cultoromics and 16S rRNA gene amplicon
sequencing require a well-equipped molecular laboratory and well-trained
hands, which are beyond the capacity in low-income countries such as
Egypt. Species- specific PCR primers combined with the application of
real-time quantitative PCR (qPCR) were used in the present study for the
specific detection and quantification of gut microbiota.This study was
limited by the small sample size (35 children), which did not allow for
enough statistical power to assess associations of interest. Despite these
limitations, the samples were collected from a similar age, single
geography-economy strata (all children from urban Giza from modest
economic strata, which are supposed to be the key factors influencing gut
microbiota composition). The number of variables in our analysis was
reduced as much as possible. Considering the pilot nature of the study,
the results provide a rough picture of the dynamic microbial community.
The study describes patterns of the gut microbiota and provides valuable
insight into their normal developmental changes among children 3 — 9
years old in this region; thus, it contributes to the limited knowledge of
microbial variability in children. This study is replicated in a much larger
population with an emphasis on dietary patterns under investigation to
explore the structural and functional configurations of the gut microbiota
of early school-age children. Such information is crucial for developing
new intervention strategies to restore symbiosis to modulate the microbial
community and to promote better health at various stages of life.
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