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GUT MICROBIOME PROFILE IN ZINC DEFICIENT INFANTS
USING NEXT GENERATION SEQUENCING
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ABSTRACT

OBJECTIVE: To find out the self-motivated cadence of intestinal microbiota by
zinc obtainability with help of next generation sequencing.

METHODS: This cross-sectional study was conducted on infants aging |-4
months from Peshawar, Pakistan. Out of 50 infants enrolled in study, data of 46
healthy infants [23 breast-fed (BF) and 23 formula-fed (FF)] were available for
final analysis. Their blood and stool samples were collected and analyzed for
zinc and fecal DNA extraction, for metagenomic shot gun sequencing using next
generation.

RESULTS: Mean age of infants was 78.40+35.88 days. Actinobacteria,
Bacteroidetes, Firmicutes and Proteobacteria are the four dominating major phyla
found in the gut microbiota of the sample population. In breast-fed infants, mean
plasma zinc was 0.138=0.118 mg/L whereas, in formula-fed infants it was
0.120=+0. 026 mg/L. Correlation of zinc levels with gut microbes revealed that
Phylum Bacteroidetes was very low in breast-fed while in formula-fed infants it
was negligible to an extent that cannot be correlated with zinc. It was also
observed that there is abundance of Proteobacteria (BF: r=-0.276, p=0.264) and
(FF: r=-0.043, p= 0.873) in both the zinc deficient groups whereas, Firmicutes
contentwas (BF:r=0.392, p=0.207) and (FF: r=-0.030, p= 0.905).

CONCLUSION: Both breast-fed and formula-fed infants had low gut
microbial diversity due to low zinc levels emphasizing the need to address and
rectify this problem. The improved zinc status of the infants will enable the
researchers to establish and ascertain the association of zinc status with the
diversity of microbiome.

KEY WORDS: Plasma zinc (Non-MeSH); Gut Microbiota (MeSH); Breast
feeding (Non-MeSH), Formula-fed infants (Non-MeSH).
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INTRODUCTION

Infant gut at the time of birth
immediately get colonized by the
microbes during the process of birth,
although it is now known that in utero,
the environment is not completely
sterile. Infants' microbial colonization is a
highly dynamic process as it is affected
from the environment to which they are
exposed. Among the colonizers of
infants' gut, mother-microbes are the first
one that shape and seeds infants'
intestine.' Infants' intestinal microbiome
are contributed from the mother's
vagina, skin, stool and then mother milk.
Mother milk, human milk oligosaccha-
rides, and infant's microbiome are linked
in a triad with one another? In breast-fed

infants, mother milk microbes have an
important role in the formation of
intestinal microflora. On the other hand
formula milk is deprived of maternal
antibodies, complex oligosaccharides
and skin microbes.’ Studies have
reported that skin related taxa like
Staphylococcus, Corynobacteria, Gemella
and. Propionibacterium were the most
predominant and consistent candidates
of breast-fed infants which signifies the
more intense and frequent contact of
mothers skin with the breast-fed infants.*
The gut microbiome of breast-fed and
formula-fed infants differs greatly. During
the first six months of life, the relative
abundances of Firmicutes and Bacteroi-
detes, carbohydrates metabolic pathways
facilitated by microbes and overall
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bacterial diversity continuously increases
in breast-fed as compared to non-breast-
fed infants.” Literature supports the fact
that bacterial species richness is more
pronounce in non breast-fed infants than
in breast-fed infants.’

Large gut is the main reservoir that
inculcate largest count of microbes in
humans as compared to other bacterial
recess like mouth, skin, ear and vagina.’
Following birth , the human milk is the
main modulator of the gut microbial
colonization.” Alpha diversity is lower in
breast-fed than in formula-fed infants,
and at the age of 3-4 months on formula
the infants had high microbial diversity.
The gut microbiome of an infant start
maturing with the initiation of breast
feeding as mother milk inoculate new
microbial communities within the gut of
neonates.’ The formula milk is concerned
to impair the immune system of an infant
and develops metabolic syndromes in
adult life.” It is evident from literature
that the breast milk microbiome varies
from colostrum to late lactational phases,
maternal health status and gestational
age."" Few dominating genera in breast
milk are Streptococcus, Staphylococcus,
Pseudomonas, Serratia, Ralstonia,
Corynebacterium, Propionibacterium,
Bradyrhizobiaceae, and Sphingomonas. "
It has been observed that human milk
oligosaccharides act as prebiotics and
nourish the specific microbial colonies of
Bifidobacterium in infant gut, they inhibit
the growth of pathogenic organisms
enhancing inflammatory and immunolo-
gical responses.” Formula feeding is
associated with high bacterial diversity,
increased count of Provetella, C.defficil,
E.coli and Bacteroides fragilis and
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decrease count of Bifidobacterium."*

Zinc is an essential mineral for cellular
functions. Over 300 known enzymes and
approx. 1000 transcription factors are
dependent on zinc for their proper
functioning." It has got role in maturation
of immune system, part of genetic
enzymes, role in keratinization and also
serves as a cofactor in many enzymatic
processes.” Zinc also plays important
role in various biochemical pathways,
affecting majority of the organ systems
like gastrointestinal tract, central nervous
system, skin, reproductive system and
skeletal system requiring an optimum
content of zinc in the body. The causes of
zinc deficiency can be dietary, increased
losses and inadequate absorption. In
infants, zinc deficiency is manifested by
increase episodes of pneumonia, diarrhea
and malaria.” For 0-6 months infants the
daily dietary requirement for zincis 2 mg/d
at the age of 7-12 months it is increased
two folds." For newborns and infants up
to six months of life breast milk is
considered to be a complete nutrition as
it provides essential nutrients for infants
growth and development.” During early
phases of lactation, the zinc concentra-
tion is highest in the breast milk and starts
declining until the 3" month of infancy.
Due to this limiting level during first 3
months, it has been observed that zinc is
the first limiting nutrient in human breast
milk.” There is scarce information avai-
lable in the literature as to whether these
limited levels of zinc have any impact on
the gut microbiome. Therefore, this study
was undertaken to determine the rela-
tionship, if any, between the zinc status
and diversity of gut microbiome in infants
from Peshawar, Khyber Pakhtunkhwa
Pakistan and to compare the gut microbial
metabolism with European cohort.

METHODS

This was a cross-sectional study, carried
out in Peshawar, Khyber Pakhtunkhwa
Pakistan. The study was approved by the
Khyber Medical University Ethics board
(KMU-Ethics Board) on 27th of October
2016 for a period of 4 years under the
study reference number DIR/KMU-
EB/PZ/000316. This study was started in
October2017and endedinMarch2018.

Based on median difference of 14.3
mmol/kg total short chain fatty acids

between breast-fed and formula-fed
infants at 2 months of age and considering
margin of error of 5%, total of 25 infants
are required in each group (total n=>50).
The study was explained to the mothers
in local language. The mothers of all the
participants gave written informed
consent.

Healthy infants, aging 1-4 months were
enrolled in this study having no clinical
sign of any illness (Figure I). They were
predominantly either on breast feeding
or formula feeding. Each patient was
screened using a health check question-
naire to rule out conditions related to
changes in physiology of the gut which
can alter gut microbiota composition and
metabolic activity such as medications,
gut surgeries, systemic use of prebiotics
and probiotics, specifically exclusion
criteria were: use of antibiotics in the past
4 weeks (infants as well a feeding
mothers), infants having persistent
diarrhea, systemic use of pre- or probio-
tics (defined as a daily use of prebiotics or
probiotics). The use of certain complex
polysaccharides (prebiotics) or live
cultures of bacteria (probiotics) have also
been shown to alter the metabolic activity
and gut microbial diversity. Therefore,
infants who were prescribed with or using
probiotic were excluded from the study.

Anthropometric assessment of
enrolled infants and mothers

Weight and length measurement of an
infant was performed once. Infant
crown-heel length was measured once
by using headpiece and foot piece both
applied perpendicular to the hard surface
and non-stretch tape was used to
measure the length in centimeters. Head
circumference was measured at a level
passing from supraorbital protuberance
anteriorly and occipital protuberance
posteriorly using non-stretch tape to the
nearest O0.lcm. Infant's weight was
determined by using Beurer Digital Baby
Scale (BY-80) in kilograms. Height of the
mothers was measured with a portable
stadiometer with the head in horizontal
Frankfort plane. Mid upper arm circum-
ference was measured to the nearest
0.lcm using a plastic measuring tape.
Weight of the mother was measured by
Beurer digital scale “GS 200 Allium” to
the nearest 00gm.

Mothers of the infants

Only mothers of the recruited participants
were included in this study. The aim of
their optional recruitment was to analyze
their plasma zinc levels and then look for
effect of zinc deficient and zinc sufficient
state on gut microbiota and differences of
bacterial community structure and
metabolic activity with their infants
(breast-fed infants). Dietary information
was also collected from the mothers
through 24-hour dietary recall (food
intake during 24hrs).

Blood sampling and stool sampling

The blood samples and the fecal sample
of the infants were taken and subjected to
plasma zinc assay, Perklin-Elmer double
beam atomic absorption spectro-
photometer, model AAS-700, with a
deuterium lam for background correction
was used to measure concentration of
Zinc. Fecal DNA extraction was done by
following the standard protocols using
Qigen ministool kit [not correct], the next
generation sequencing was carried out by
llumina MiSeq sequencer®. Shot gun
metagenomic sequencing was performed
to analyze the bacterial population. All
the metagenomic work and analyses were
carried out at Rehman Medical Institute
(RMI) genomic center, Reshawar, Pakistan.

Next generation sequencing

Microbiome Helper Standard Operating
procedures were followed to process
the shot gun metagenomic data. The raw
metagenomic reads were examined by
using Fast QC tool. To ensure the quality
control on metagenomic sequencing
data, knead data tool was applied to trim
the content of host genome to exclude
the high ratio of host to bacterial reads.
This tool was applied to perform in silico
separation of bacterial reads from
contaminated host reads. Read trimming
and filtering of low-quality reads was
done through Trimmomatic tool. As it is
an efficient preprocessing, which could
correctly handle paired-end data.”
Bowtie2 is an ultrafast and memory
efficient tool for aligning sequencing
reads to long reference reads. It supports
gapped, local, and paired-end alignment
modes.” MetaPhalan2, a computational
tool for profiling the composition of
microbial communities from metage-
nomic shot gun sequencing data. For
taxonomic profiles, the processed reads
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TABLE I: CORRELATION OF PLASMA ZINC WITH DIFFERENT
TAXONOMIC RANKS OF GUT MICROBIOTA

Breast-fed infants zinc Formula-fed infants
Variables levels zinc levels
Pearson Pearson
. P-value . P-value
correlation correlation
Actinobacteria 0.173 0.466 -0.084 0.741
Phylum % Proteobacteria -0.276 0.267 -0.043 0.873
Firmicutes 0.392 0.207 -0.030 0.905
Bacteroidetes 0.103 0.869 ) )
Gammaproteobacteria -0.275 0.270 -0.066 0.814
Epsilonproteobacteria ) ) ) )
o Negativicutes 0.973 0.149 -0.709 0.075
Order % [ cil -0.239 0.536 -0202 0423
Bacteroidia 0.103 0.869 * *
Clostridia * * 0.245 0.639
Gammaproteobacteria -0.275 0.270 -0.066 0.814
Epsilonproteobacteria ) ) ) )
Class % Negativicutes 0.973 0.149 -0.709 0.075
Bacilli -0.239 0.536 -0.202 0.423
Bacteroidia 0.103 0.869 * *
Clostridia * * 0.245 0.639
Bifidobacteriaceae 0.064 0.807 0.177 0.455
Enterobacteriaceae -0.066 0.814 0.160 0.732
Ruminococcaceae -0.095 0.879 ) )
Bacteriodaceae * ) * *
Family % | Coriobacteriaceae -0.259 0.621 * *
Lactobacillaceae -0.158 0.842 * )
Streptococcaceae -0.110 0.721 -0.739 0.153
Leuconostocaceae -0.228 0.772 ) )
Veillonellaceae -0.614 0.142 0.981 0.003t
Bifidobacterium 0.177 0.455 0.064 0.807
Escherichia -0.254 0.309 -0.250 0.432
Collinsella ) ) 0.577 0.308
Genra % Veillonella 0.981 0.019* -0.937 0.226
Lactobacillus ) ) -0.820 0.089
Klebsiella -0.098 0.902 0.492 0.262
Streptococcus -0.430 0.394 -0.037 0.900
Bacteroides -0.092 0.908 * *
Bifiobacterium_longum 0.233 0.338 0.051 0.850
Bifidobacterium_bifidum 0.006 0.993 0.146 0.707
Escherichia unclassified 0.616 0.104 -0.468 0.204
Escherichia_coli -0.263 0.325 -0.114 0.789
Species % Bifidobacterium breve 0.250 0.589 -0.202 0.575
Collinella_unclassified ) ) 0.702 0.504
Klebsiella_pneumonia -0.454 0.700 0.905 0.280
Klebsiella unclassified ) ) 0.940 0.060
Streptococcus_salivarius -0.310 0.611 -0.097 0.752
Subdoligranulum ) ) -0.095 0.879

*the microbes were not present in the detectable amounts and hence could not be correlated with zinc level

were further subjected to MetaPhalan2.
A unique clade-specific marker is used to
detect the taxonomic clades present in
samples of microbiome and estimating
the relative abundance of microbiome.™

Statistical analysis

All the results of microbes from NGS
analysis were arranged and organized
on Excel sheet along with plasma zinc of
infants from both the groups.
Concentra-tion of gut microbiota was

expressed in percentage of microbes.
Zinc levels in BFl were found to be
0.138+0.118 mg/L whereas in FFI it
was observed to be 0.1200=+
0.026mg/L. Descriptive statistics was
applied for comparison between the
groups and to find out correlation and
association of plasma zinc of infants with
got microbes. All the data were
expressed as mean=SD. Pearson
correlation was applied to explore any
association and correlation of plasma

zinc levels of infants with gut microbial
diversity in both the groups at all levels.
P-values of less than 0.05 were
considered significantly different.

RESULTS

Out of 75 infants identified, fifty infants
were enrolled in study. Data of 46 infants
were available for final analysis (figure 1).
Mean age of infants was 78.40+35.88
days.

Overall phylogenetic profile of the
gut microbiota in Pakistani healthy
infants

Overall a total number of 55, 08374
sequencing reads were generated with
an average of |, 14757 reads per sample
were analyzed and were classified into
Phyla- Species level taxa.

Gut microbiota Profile in breast-fed
and formula-fed infants

It was observed that at Phylum levels the
two groups in case of Actinobacteria and
Proteobacteria were not significantly
different. Whereas, Firmicutes in both
the groups significantly vary with
p=0.001. Which means that formula-fed
infants harbour more Firmicutes than
breast-fed infants. On the other hand,
Bacteroides were marginally significant
with p=0.098 in both the groups. When
class of the microbes were compared
between the groups it was found that
Actinobacteria, Gammaproteobacteria,
Negativicutes were not significantly
different in both the groups. However,
Bacilli were significantly higher
(p=0.007) in formula-fed infants when
compared with 23 breast-fed infants, as
shown in our recently published data
from the same project.” When order
levels microbes were compared between
the groups it was observed that Bifido-
bacteriales were higher insignificantly in
formula-fed infants, Enterobacteriales,
Coriobacteriales, Lactobacillales , except
Coriobacteriales all were higher in
formula-fed infants in comparison with
breast-fed infants. Nevertheless, Seleno-
monadales were significantly higher
p=0.037 in formula-fed infants. While
comparing the % means of Bifidobac-
teriaceae it was observed that they are
insignificantly higher in formula-fed
infants. However, Enterobacteriaceae,
Coriobacteriaceae and Lactobacillaceae
were not significantly different between
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Saddar

Door to door sampling at Hayatabad / Peshawar

\ 4

75 infants identified
(14 months of age)

\ 4

10 Infants excluded due to consent refusal by
parents

|5 Infants excluded for antibiotic use

\ 4

50 infants participated

\ 4

04 Infants data was excluded due to non-availability of

certain parameters

\ 4

46 Infant’s data was available for final analysis

Figure |: Flow chart of participant screening

the two groups. Whereas, Streptoco-
ccaceae were significantly higher
p=0.033 in formula-fed infants. Similarly,
Veillonellaceae were also found to be
marginally significant p=0.070 in
formula-fed infants when compared with
breast-fed infants. Bifidobacterium and
Klebsiella were higher in formula-fed
infants but were unable to achieve the
level of significance. Escherichia were
comparatively higher in breast-fed
infants. Wherever, VWeillonella and
Lactobacillus were almost present
equally in both groups. On the other
hand, Streptococcus% were significantly
higher p= 0.031 in formula-fed infants.
Bifiobacterium_longum, Bifidobacterium
_bifidum, Bifidobacterium_breve was
comparatively similar in both groups.
Escherichia_unclassified was insignificantly
higher in formula-fed infants. Similarly,
Veillonella_unclassified and Klebsiella_
pneumonia, was also higher in formula-
fed infants with no significant p-value.
Presence of Streptococcus salivarius
was significantly higher (p=0.029) in
formula-fed infants as compared to
breast-fed infants (data given in Table I|
of our recently published article from
the same project).”

Correlation of Gut microbiota Profile
with plasma zinc of infants

Correlation of plasma zinc of infants were
performed at all the levels of gut microbial
profile from phyla to species but surpri-
singly it was observed the correlation at

all the levels were insignificant.
Correlation and association could not
attain the significant level in most of the
cases results summarizedintable .

DISCUSSION

The literature survey reveals that this
study is the first attempt to ascertain the
relationship between plasma zinc of
infants and gut microbiota and to evaluate
the effect of plasma zinc levels on gut
microbiota. Results showed that all the
infants were zinc deficient. The zinc
levels in both breast-fed and formula-fed
infants were low. The primary risk factors
of zinc deficiency are the insufficient
dietary zinc intake and poor bioavaila-
bility”* The environment of gut micro-
biome is indispensable for zinc
metabolism. Recent literature from
animal model revealed that zinc
deficiency very badly affect the gut
microbial diversity and leads to reduction
in overall taxonomic richness.™
Actinobacteria, Bacteroidetes, Firmicutes
and Proteobacteria are the four
dominating major phyla of gut
microbiome.” While analyzing the
association of low zinc levels with gut
microbes it was observed that phylum
Bacteroidetes was found to be very low
in both breast-fed and formula-fed
infants. Whereas the ratio of Firmicutes
to Proteobacteria was also low in both
the groups. Similar results were shared
by Reed S, etal. in 2015 in a study carried

out on broiler chick (Gallus gallus).™

At family level Bifidobacteriaceae and
Enterobacteriaceae were higher in both
the groups endorsing the results of Reed
S, et al. 2015 The population of
microbial families like Bacteriodaceae,
Coriobacteriaceae, Prevotella, Campylo-
bacteriaceae, Streptococcaceae and
Veillonellaceae were lesser in breast-fed
infants having low levels of plasma zinc. In
formula-fed zinc deficient subjects,
Streptococcaceae were higher while
Ruminococcaceae, Bacteriodaceae,
Leuconostocaceae %, Lactobacillaceae,
Lachnospiraceae and Veillonellaceae all
were low. Reed et al in 2018* reported
that zinc sufficient broiler chicks (Gallus
gallus) harbor Ruminococcaceae in their
gut. Therefore, it can be assumed that
zinc insufficiency states lead to
Ruminococcaceae deficiency in the gut.
At genus level in breast-fed zinc deficient
group Bifidobacterium and Escherichia
% were elevated whereas, Collinsella,
Veillonella, Enterococcus, Morganella,
Akkermansia, Bacteroides and Prevotella
allwere presentin very little amount. The
formula-fed zinc deficient group had
higher count of Bifidobacterium and
lesser number of Escherichia in
comparison with Bifidobacterium.
However, Veillonella, Streptococcus %,
Bacteroides, Leuconostoc, Subdoligra-
nulum, Megaspheare, Clostridia and
Blautia were drastically low in this group.
Similar result was reported by Reed S, et
al. 2015 regarding Clostridia from their
experimental model (Gallus gallus),”
other genera not investigated in their
study. This can be related to the fact that
chick microbiota is not much diverse as
compared to humans. At species level
Bifiobacterium_longum, Bifidobacterium
_bifidum were found to be higher in both
formula-fed and breast-fed infants,
whereas Klebsiella_pneumonia,
Klebsiella_unclassified and Streptococcus
_salivarius were low in comparison with
the former. Furthermore, Collinella
unclassified, Lactobacillus gasseri,
Klebsiella oxytoca, Ruminococcus,
Escherichia unclassified, Escherichia coli,
Bifidobacterium breve, Veillonella
unclassified, Subdoligranulum, Leuco-
nostoc lactis, Megasphaere unclassified,
Lactobacilli ruminis were negligibly
detected in these zinc deficient infants.
Ruminococcus was reported to signify
zinc sufficient state by Reed S, et al. in
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2018.*This supports our finding that zinc
deficiency affects Ruminococcus count.

CONCLUSION

The findings of this study provide a
gateway for direct comparison of gut
microbial diversity of infants from
Pakistan with European cohort. Our
study for the first time disclosed the
primary colonizer of healthy infant's gutin
Pakistani population by shot gun next
generation sequencing. Data of the
present study revealed that both breast-
fed and formula-fed infants had low gut
microbial diversity due to low zinc levels
emphasizing the need to address and
rectify this problem. The improved zinc
status of the infants will enable the
researchers to establish and ascertain the
association of zinc status with the
diversity of microbiome. Extensive rese-
arch is required in humans as they have
very diverse microbiome as compared to
any other experimental model.
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