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Introduction

Caesarean section

Rising trends and indication of Caesarean section in Indonesia

Ali Sungkar?!, Ray Wagiu Basrowi??

1. Department of Obstetric Gynecology, Medical Faculty, Universitas Indonesia

2. QOccupational Medicine Division, Department of Community Medicine, Medical Faculty,
Universitas Indonesia

3. Danone SN Indonesia

Abstract

The rate of Caesarean delivery is rising dramatically worldwide, and also nationally. The number of
Caesarean births exceeds the WHO recommended rate. This study aims to provide an overview of
current increasing trend of Caesarean section, including elective procedure, and its risk. A review
was conducted using online database, surveillance reports, and national surveys to identify studies
with topics of prevalence, trend, indications, and risks of Caesarean delivery. Overall, there is an
increase of Caesarean section in global, Asia, and Indonesia setting. We found an increase of 8%
from 2013 to 2018 based on population survey, and increase of elective Caesarean surgery,
particularly in tertiary care. We listed the possible health risks in short term, long term among
mothers and child. Advanced maternal age, higher socio-economic status, higher educational level,
residing in urban area, and ownership of health insurance were found to be factors associated with
maternal choice on Caesarean delivery. The information presented is important to raise awareness
among policy makers aimed to develop a national strategy in reducing the rate of Caesarean
delivery.

Keywords: Caesarean section, prevalence, C-section indication, gut dysbiosis, synbiotic

progressively worldwide in the last decades,
including those in the middle-lower income
countries.?? The World Health Organization (WHO)

(C-section) is a life-saving pag gyggested that a national C-section rates should

surgical procedure for both mother and the baby
when pregnancy and birth complications occur. It
has been recorded in the history as a procedure to
save the fetus from a dying mother, even before the
introduction of anesthesia.! However, in the modern
era, the use of C-section is no longer limited to
emergency indications. It is a popular alternative to
vaginal delivery. The rate has been increased
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not exceed 10-15% as the higher rate would not
reduce maternal and neonatal mortality rates.*
Nevertheless, recent evidences have shown that
most countries have higher C-section rates than the
WHO recommended rate, e.g. 40.5% in Latin
America and the Caribbean region, 32.3% in
Northern America, 25% in Europe, and 19.2% in
Asia. In Indonesia, the trend is similar, with
increasing C-section rate from 2% in 1986 to 16% in
201223

Nowadays, with the increased attention to
patient’s autonomy and shared decision making,
women could express their preference for C-section,
even without any medical indications. Fear of labor
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pain is the most common reason for elective surgical
delivery.> Other determinants include previous
negative birth experiences, maternal age, economic,
social and cultural factors. It has been estimated
about 3.6% of about 18.5 million C-section around
the world are carried out without any medical
indications.’

Even with the advanced surgical technic, C-
section procedure is not without complications. A
multi-country survey had been carried out and found
increased risks of C-section without indications for
severe maternal outcome.!® There has been debate
about the short-term and long-term risks of C-
section, such as risk of miscarriage and stillbirth,
placenta previa, placenta accreta in the subsequent
pregnancy, and risk of childhood asthma.!!

Early interventions are proposed during
pregnancy to reduce unnecessary C-section. WHO
recommends various support programs, e.g.
childbirth training workshop, psychosocial couple-
based prevention program, nurse-led applied
relaxation training program, and psychoeducation
for women with fear of labor. Educational
interventions identified to be effective in reducing
C-section and increasing vaginal delivery.!?

With the implementation of national health
insurance in Indonesia, there has been concern
towards the increase of C-section. Basic Health
Research (Riset Kesehatan Dasar/Riskesdas) in
2018 recorded about 17.6% of all births were
delivered through C-section, higher than the WHO
recommended rate at population level.!> The high
number of C-section delivery also contributing to
the financial burden to BPJS, as the national
insurance agency.!* Nevertheless, there has been any
studies that summarized the evidences in this This
study aims to provide a review on the trend of C-
section in Indonesia, factors contributing to elective
C-section, and the risks of C-section.

Methods

We identified articles through multiple channels,
including surveillance reports or national surveys,
United Nations report, and articles from electronic
search database, e.g. PubMed, Cochrane, and
Google Scholar. We also include those national
publication from relevant institutions, e.g. Ministry
of Health, Healthcare and Social Security Agency

(Badan Penyelenggara Jaminan Sosial-
Kesehatan/BPJS-Kesehatan), Health Research and
Development Agency (Badan Penelitian dan
Pengembangan Kesehatan/Balitbangkes), and other
national-based data from non-profit organizations.
Literatures reported C-section rate in single
institution or single area were excluded. We
considered studies that provide nation-wide
estimates, regional or multi-country estimates.

We reviewed all articles which included the
following topics of prevalence, trend, indications,
and risks of C-section, particularly in Indonesian
setting. Articles were either in English or Indonesian
language, and not limited to publication year.
Studies included prospective, retrospective, trials,
observational study, systematic review, and meta-
analysis.

Results and Discussion

The result of this review is classified into three main
topics: 1) Prevalence and trend of C-section; 2)
Indications of C-section; and 3) Risks and
intervention to reduce risks of C-section.

Prevalence and trend of C-section

Data presented in Table 1 are C-section in global,
regional, and national estimates. At global level,
Bertran identified the lowest rate in Africa (7.3%)
and highest in Latin America and the Carribeans
(40.5%). Nevertheless, the study found that the
average increase rate was the highest in Asia (6.4%
per year), compared to other regions, e.g. Africa
(4.0%), Europe (3.4%), Latin America and the
Carribeans (2.6%), and North America (1.6%).
Study by Festin et al'> estimated the C-section
rate from four countries in South East Asia and
collected the data from hospital. While Verma et al
obtained the data from 9 countries in South and
South East Asia countries. The lowest C-section rate
was found in Timor Leste, i.e. 1.51%. Meanwhile,
the highest was found in Bangladesh (58.54%) for
institutional birth, and Maldives (31.78%) for both
institutional and non-institutional birth.!

We obtained the data for national estimate from

research articles and nation-based population
survey. Basic Health Research in 2010, 2013, and
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2018 estimated the C-section rate between 9.8% to
17.6%, lowest in 2013, but then increased almost
double in 2018. This number was higher than study
done by Festin et al,!> whom collected the data from
hospital. Overall, we observed an increasing trend of
C-section use in national, regional, and global level.

Indications of C-section

The decision to perform a C-section should be based
on what is best for the mother and child. We should
consider the risks and benefit for the mothers,
including previous experience of C-section or
complicated pregnancy. The standard and globally
accepted C-section offering pathway available
through a recommendation from NICE and RCOG.
In RCOG guideline (2015), planned vaginal birth
after C-section (VBAC) has success rate of 72-
75%.2° Hence, clinician and patients should be
aware that there is higher risk of uterine rupture for
mothers with two or more previous surgical
delivery. Additionally, VBAC is contraindicated in
women with placental localization, previous uterine
rupture or classical caesarean scar. RCOG also noted
breech presentation as primary indication for 10% of
all C-section, placenta previa for 3% and multiple
pregnancy for 1%. The guideline also recommended
women with HIV-positive and women with Herpes
Simplex Virus infection to be offered with C-section
to prevent mother-to-child transmission of maternal
infection.?!

WHO proposed the use of Robson classification
system to assess, monitor, and compare C-section
rate between health facilities.?> Using Robson,
health providers would be able to identify the groups
of women which contribute the most and least for C-
section. Vogel et al** had identified that group 1 and
3 of Robson classification contributed the most to C-
section rate among moderate human development
index groups. Women in term gestation (= 37
weeks), nulliparous, with singleton and cephalic
pregnancy in spontaneous labor is considered as
group 1. While group 5 has similar characteristics,
except that women are multiparous and had
experienced C-section. The overall C-section rate
was 28.4% in 2004-2008 to 32.4% in 2010-2011.

While in Indonesia, a national survey has not
been performed using Robson classification.
Nevertheless, Sungkar et al>* had performed it in

tertiary health center in Indonesia, and found that
group 10 contributed the most. Group 10 (women
with single cephalic, < 37 weeks’ gestation and
previous scar) hold the largest group (28.1%),
followed with group 1 (17.6%) and 3 (15.2%). A
study held in public hospital in Indonesia assessed
the indication of C-section between 2017 and 2018.
The study reported having previous C-section as the
main maternal indication (25.2%) and fetal distress
among fetal indication (54.1%). When maternal and
fetal indications are combined, severe preeclampsia
and fetal distress were found to be the most common
indications.?> Other study conducted in one public
hospital and one private hospital in 2011 obtained
similar result for fetal indication, with fetal distress
as the main indication.?® While for maternal
indication, premature rupture of membrane and
preeclampsia were found to be significant factor
related to C-section. Beside those indications, failed
induction of labor also found to be one of the
contributors.?’

This Robson classification can be used to
understand which group contribute the most to C-
section; however, we could not identify the
underlying indication for performing C-section. A
hospital-based analysis in South-east Asia, as part of
SEA-ORCHID project, identified the reasons for C-
section, with the most common indications were
malpresentation,  previous  C-section,  and
cephalopelvic disproportion.!> Nevertheless, in that
study, it was noted that maternal request was also the
main reason found merely in Indonesia, and not in
the other three countries, i.e. The Philippines,
Malaysia, and Thailand.

C-section by maternal request

The American College of Obstetricians and
Gynecologists stated that C-sections performed in
the absence of medical indications are considered as
maternal request.? Women who voluntarily choose
this delivery method should understand its potential
risks and benefits. The risks might not be apparent
in the first delivery, but would increase in the
subsequent delivery. For instance, repeated C-
sections would increase the likelihood of placenta
accreta, placenta previa, and other risks related to
maternal mortality and morbidity.?®? International
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data estimates roughly about 4 to 18% of all C-
sections were performed on demand.*® No specific
prevalence data on C-section by maternal request in
Indonesia. Nevertheless, National Health and
Demographic Survey revealed an increasing trend of
C-section from 1991 to 2007. We have not obtained
specific data regarding C-section by maternal
request in Indonesia. Nonetheless, Festin et al found
that it was commonly performed in tertiary hospital
in Indonesia.!®

Factors affecting women’s choice on C-section

Evidences found several factors related with
women’s choice on C-section. A cohort study in
Sweden among 357 mothers mentioned fear of
childbirth as the main reason (64%), followed with
anxiety for the infant’s health (28%) and complex
pregnancy condition among their relatives (20%).3!
A systematic review has also been conducted to
understand the reasons for elective C-section.
Similar reasons were found in the result, such as fear
of labor pain, fear of child birth, anxiety of their
children’s health, urinary incontinence, vaginal
trauma, previous traumatic experience in birth
delivery, lack of emotional support, etc.3?

We also looked at the characteristics of women
who choose C-section. Jenabie et al** found the
following factors to be significant, e.g. advanced
maternal age, education level, parity, maternal
obesity, household income, number of children and
marital age. An analysis among Indonesian women
also considered the socio-economic status,
educational level, area of residence (urban versus
rural), employment, and ownership of health
insurance, to be the factors of maternal choice for C-
section. Verma et al'® analysed the determinants of
C-section in Indonesia and found urban residence
(adjusted OR: 2.78; 95% CI: 2.53-3.07), maternal
age (adjusted OR: 1.07; 95% CI: 1.06-1.08), and
educational level (adjusted OR: 3.95; 95% CI: 2.03-
7.69) as significant factors. This result also aligned
with study done by Sihombing et al.>* Additionally,
Sihombing et al** also considered that women with
maternal gestation age >42 weeks, multiple
pregnancy and maternal height < 145 cm were more
likely to have C-section.

Risks of C-section

The risks associated with C-section can be divided
into short-term, long-term, and future risk; and
whether it affects the mother and/or the child. The
Table 2 summarized the potential health risks that
occur in C-section procedures.

There are limitations to this review. The articles
were not identified through a systematic searching
strategy. Useful information and unpublished
studies might have been missed. The role of medical
staff as birth attendant also need to be reviewed as
the decision making of C-section also part of the role
of medical practitioner.’” Nevertheless, we try to
include information from trustworthy and reliable
sources, including those published from government
website. We aim for studies which have best
methodology, i.e. systematic review and meta-
analysis. Nevertheless, we did not perform critical
appraisal for the included articles.

Conclusion

This literature review pointed out the increasing
trend of C-section all over the world, and
particularly in Indonesia. There have not been any
studies in Indonesia that monitor the utilization of C-
section using national data, and therefore, we could
not conclude which group contributed the most to C-
section based on Robson classification system.
There are wide range of health risks associated with
C-section procedure towards mother and child.
Research should be conducted in the future to
explore the main drivers that influence Indonesian
women’s decision making for childbirth. The
process of coming to a decision for C-section is not
easy, and the role of husband and family might be
important in Indonesian context. Moreover, further
exploration on C-section pattern in Indonesia using
Robson classification system would give a
comparable situation regarding C-section trend to
international audience. It would also provide an
audit and feedback system to the government of
Indonesia in understanding the current maternal
healthcare services.
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Table 1. C-section estimate rate at global, regional, and national level

Year of data n of Global estimate (%) Regional estimate (%) National estimate = Source
collection countries (%)
1990-2014 150 18.6 (6.0-27.2) Asia: 19.2 (1.7-47.5) N/A 2)
South-eastern: 14.8 (1.7—
32.0)
2000-2015 169 2000: 12.1 (10.9-13.3) 2000: 13.4 (11.0-15.9) N/A 17
2015:21.1 (19.9-22.4) 2015: 28.8 (26.3-31.2)
2002-2016 9 N/A 11.8 (1.51-31.8) 11.6* (16)
21.1°
2005 4 N/A 26.6 (19.1-34.8) 29.6° (15)
2010 1 N/A N/A 15.32 (18)
2013 1 N/A N/A 9.8? (19)
2018 1 N/A N/A 17.6* (14

Table 2. Risks of C-section

Risks OR (95% CD) Reference
Short-term*
Post-partum infection 2.83 (1.58-5.06) (34)
Hemorrhage 0.52 (0.48-0.57) (34)
Maternal death 3.10(1.92 —5.00) (34)
Thromboembolism 3.7 (3.0-4.6) 3%
Long-term
Urinary incontinence 0.56 (0.47-0.66) an
Pelvic organ 0.29 (0.17-0.51) an
Fecal incontinence 1.04 (0.73-1.48) an
Child
Childhood asthma 1.20 (1.15-1.25) (306)
Subsequent pregnancy
Uterine rupture 25.81 (10.96-60.76) an
Hysterectomy 3.85(1.04-14.02) (11)
Placenta accreta 2.95 (1.32-6.60) an
Placenta previa 1.74 (1.62-1.87) an
Placental abruption 1.38 (1.27-1.49) an
Antepartum hemorrhage 2.43 (0.81-7.34) an
Postpartum hemorrhage 0.72 (0.55-0.95) an

Note: Short-term risk was assessed for cesarean section without indication.
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Abstract

Over the last two decades, the C-section rate has increased worldwide. It is understood that
colonization patterns of intestinal microbiota in infant delivery in C-section vary from those that
were delivered vaginally. These different microbial pattern and diversity will impact and respond to
immune and dysbiosis-related diseases. This article examined the effect of C-section on gut
microbiota in children.

Recent findings: Newborns are influenced by various factors, including mode of delivery, feeding,
nutrition, hospitalization, antibiotic and host gene. Several studies have shown that infants with C-
section have lower Bifidobacterium while others have shown lower abundance of
Enterobactericeae and Bacteroides in infants with C-section compared to infants born vaginally.
Although the mode of delivery is only one factor that influences infant microbiota composition,
studies conclude that reduced microbial exposure during the C-section is important because it can
affect dysbiosis several years after birth. Good microbiota is a key source of microbial-driven
immune regulation, changes in normal patterns of bacterial colonization can alter the immune
development outcome and may predispose to certain immune-related disorders later in life.
Summary: The composition and concentrations of intestinal microbiota between vaginally and C-
section born infants are significantly different. Among C-section infants, gut microbiota is
associated with lower diversity and therefore induces dysbiosis, which can affect immune
development and may predispose to some immune disorders, i.e. allergies in particular. Nutritional
approach with pre-, probiotics, and/or synbiotics can have a promising effect early in life in

preventing gut dysbiosis.

Keywords: Caesarean section, children, gut microbiota, dysbiosis, synbiotic, probiotic, prebiotic

contains 10'*bacteria, the body’s largest numbers of
microbiota compared to certain human bodies such
as skin, vagina, mouth and ears. Gut microbiota

The term “microbiota’ refers to the number of all  ;oexists with host in a homeostatic relationship and
microbial colonies living in or on the human body. has bidirectional interaction with the immune

The human gut, primarily the large intestine, system. In the first year of life, the production of gut

microbiota is a complex process and an important
process in the human life cycle as it plays a key role
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in immunological and metabolic processes, thereby
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The pioneering bacteria colonizing infant
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(symbiosis).? Tissier published the idea in 1900 that
fetuses are sterile in wutero and microbial
colonization begins later during and after birth, this
is recognized for centuries. In comparison, studies
have shown that uterine microbiota is associated
with healthy term pregnancies and there is potential
for placental barrier bacterial transmission. Recent
studies have detected bacteria from healthy
newborns in placenta tissue, umbilical cord blood,
amniotic fluid, meconium and fetal membranes with
no sign of infection or inflammation.?

The human bowel is easily colonized by a large
variety of microbes and is distinctive in
composition, but over 95% can be allocated to four
main phylas: Firmicutes, Bacteroidetes,
Actinobacteria and Proteobacteria.® The formation
of microbiota starts at birth and plays an important
role in host immune system maturation, defending
against pathogens and providing nutrients.*
Influenced by many factors, the diversity and
colonization patterns of infant gut microbiota
include pregnancy, mode of delivery (vaginal vs
Caesarean section), diet (breast milk vs formula),
sanitation, and antibiotic treatment.’

The newborns’ first big exposure to microbes
happens during birth and significantly influenced by
delivery methods.> The skin, gut, oral and
nasopharyngeal cavities of the vaginally-born
neonates are initially seeded by Lactobacillus spp,
which resembles maternal vaginal microbiota. The
absence of Lactobacillus spp and dominance of
specific skin and environmental microbes such as
Staphylococcus, Streptococcus or Propionibacteria
is found in infants delivered by Caesarean section
(C-section).®” These initial microbiota evolve over
time and are adapting to the body and formed by the
availability of different nutrients. Recent study
showed that although the difference between
delivery modes gradually decreased at 4 months and
12 months of age, C-section-born infants remained
have more heterogeneous gut microbiota compared
to the vaginally-born.?

The rate of C-section has been increasing
worldwide over the last two decades. It is observed
that intestinal colonization patterns of infant
delivery in C-section vary from those that were
vaginally delivered. However, the relationship
between these trends and delivery mode is still
unclear. Various colonization patterns and diversity

of the intestinal microbiota can impact and respond
to immune development and also with several
illnesses associated with changes of the intestinal
microbiota (dysbiosis).® Thus, this article analyzes
the relationship of Caesarean section (C-section)
delivery and its effect on the gut microbiota of
children.

Methods

This article reviewed how C-Section affect gut
microbiota and its effect on children. We focus on
gut microbiota, the difference between different
delivery method on gut microbiota, and how it affect
children’s health. Articles included in this review are
from several electronic database i.e Pubmed,
Medline and Google Scholar with the key words
“mode of delivey”, ‘“ceasarean section”, “gut
microbiota”, “dybiosis”, “prebiotics”, “probiotics”
and “synbiotics”. Articles included are the one in
English or Indonesia language and published from
April 2010 until April 2020.

Results and Discussion
Gut microbiota within the first 100 days of life

The sterility of uterus and microbial colonization of
newborn is generally recognized since 1900. This
view is based on the fact that microbial analyses in
pregnancy-related samples were conducted only in
cases of suspected infection. It is also discussed as
culture studies have shown that microbes are found
in placenta, amniotic fluid, fetal membrane,
umbilical cord blood and meconium.?

Nearly half of the umbilical cord samples and all
of the meconium samples contain bacteria from
cultivable sources such as  Enterococcus,
Streptococcus, Staphylococcus and
Propionibacterium, as well as human placental
bacteria Bifidobacterium and Lactobacillus.* The
mechanism by which gut bacteria enter human
uterus is not fully understood. Several studies have
shown that certain bacteria from the maternal
digestive tract can spread in healthy host to extra
digestive locations. The mechanism consists of
dendritic cells and CD18" cells that may take non-
pathogenic bacteria from the intestinal lumen and
transport them to other locations.” However,
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dendritic cells may open tight intersections between
intestinal epithelial cells, send dendrites out of the
epithelium and directly sample bacteria without
damaging the epithelial barrier. It has also been
shown that small numbers of dendritic intestinal
cells can maintain live commensal bacteria in
mesenteric lymph nodes for several days. Dendritic
cells and/or macrophages, once within the lymph
nodes, can spread elsewhere because lymphocytes
circulate in the associated lymphoid system.®!° This
hypothesis is confirmed by a study which found
Enterococcus faecium in amniotic fluid and
meconium following sterile C-section of pregnant
mice previously inoculated with the bacteria.? This
could be transferred to the fetus via the bloodstream.
A recent research has also found that microbiota is
present in human placenta and has shown that it can
be the route for maternal oral bacteria to be given to
fetus like microbiota in the oral cavity.!! The
microbial interaction in prenatal life is thus seen, but
previous studies have not used techniques to
quantify the number of bacterial cells and to
differentiate accurately between DNA, dead cells,
living cells and active cells that make it difficult to
identify placental microbiota or pregnancy risk
factors.!! It requires further research to validate the
presence, amount and effect of intrauterine
microbiota on the health of children.

Post-natal microbial interaction is higher and
extensive during birth and breastfeeding than in
prenatal life. Newborns’ first exposure to microbes
happens during the birth process and may differ
according to delivery method. Lactobacillus spp is
dominant in vaginally-delivered newborns but
different species are present in each newborn
because of various motherly vaginal microbiota.
Newborns therefore continue to live exposed to
various bacterial species, depending on interaction
with vaginal flora. In comparison, C-section born
children = showed  various  Staphylococcus,
Streptococcus, Clostridium or Propionibacterium
colonization. This indicates that early colonization
benefits bacterial communities associated with each
mode of delivery.®!?

In newborns, gut microbiota has a low diversity
and characterized by the relative prevalence of the
phyla Proteobacteria and Actinobacteria. The
colonization begins first with optional anaerobic
species, followed by the creation of compulsory

anaerobes organisms such as Bifidobacterium,
Bacteroides and Clostridium. Full-term breast-fed
infants show dominance of compulsory anaerobic
bacteria, such as Bifidobacteria in the gut, while
premature infants show lower bacteria but lower
facultative anaerobes such as Enterobacteriaceae
and Enterococcaceae. In addition, the proliferation
and dominance of other bacteria, such as Firmicutes
and Bacteroidetes diversify the microbiota. Finally,
by the end of the first year of life, children microbial
profile start to resemble that in adult, and by 2-3
years of life have developed their signature
microbial profile.>!3

Newborn microbiota is a complex ecosystem
that is influenced by various factors such as delivery
mode, feeding/dieting, medication, hospitalization
and host gene. Demographic factors such as gender,
gestational age and postnatal age also contribute in
the development of gut microbiota. These
contributing factors have been identified in several
studies, and most have shown that interaction
between host-microbial products and their different
factors play an important role in infant health and
immune development processes.!*1#

Impact of C-section and gut dysbiosis in children

There are many factors influencing the production of
gut microbiota such as delivery mode, diet, genetics,
health status, gestational age, etc. Breast milk
encourages intestinal microbiota production by
adding probiotics and prebiotics and providing
protection to pathogens. Lactobacillus,
Bifidobacterium,  Staphylococcus,  Bacteroides,
Enterococcus, Streptococcus and Clostridium are
several examples of breast milk bacteria. These
bacteria are evident in breast milk and neonatal
feces, which indicate wvertical transmission of
bacteria through breastfeeding. Full-term infants
that are exclusively breastfed tend to have more
Bifidobacterium, but less diverse gut microbiota
compared to formula-fed infants. When children are
exposed to solid food, the gut microbiota pattern
shifts towards adult microbiota pattern at around 12
months of age.!?

The use of antibiotics will alter the microbial
diversity and affect the health of children. Short-
term use of antibiotics will significantly affect the
colonization and diversity of gut microbiota. Good

World.Nutr.Journal | 10



microbiota diversity has been shown to decrease
significantly in the first three weeks of life in infants
with longer-term antibiotics treatment, compared
with infants exposed to short-term antibiotics. In
infants, it is shown that after antibiotic treatment, the
colonization pattern of Bifidobacterium decreases
while Proteobacteria increases. Preterm infants are
often delivered through C-section and the use of
antibiotics in this situation is common. In this case,
the evolving pattern of microbiota may be associated
with a serious intestinal disorder, such as neonatal
necrotizing enterocolitis (NEC).!3

Initial microbial exposure occurs during and
shortly after birth, as described. The newborn’s first
high exposure to microbes occurs during childbirth
and relies heavily on mode of delivery.!® In infants
born vaginally and via the C-section, different
bacterial colonization occurs. Vaginal bacteria are
transmitted from mother to child during vaginal
birth, primarily Lactobacilli, while infants born with
C-section have microbial pattern resembling
environmental microbes.®®!2 It is known that in
infants born with C-section, the gut microbiota in the
first week of life is less diversed compared with
those delivered vaginally. Nevertheless, the pattern
of colonization of its phylum is not affected by the
mode of delivery. Some studies have shown lower
Bifidobacterium and Enterobactericeae in C-section
infants compared with those delivered vaginally.
Meanwhile, Clostridium genus is more common in
C-section delivered infants. Four studies have
indicated that the Bacteroides phylum was less
diversed among infants delivered in C-section
within the first week, and two studies have shown
that there is no significant difference within the
Firmicute phylum between C-section and vaginally-
delivered infants.?

C-section has saved many lives but has become
overperformed, often with no or weak indications,
over the last decades. In creating “good” gut
microbiota profile, the existence of
healthy/abundant diversity plays a decisive role.
Increased C-section rate, prematurity, antibiotics
usage, improvements in feeding and the
environment, may have affected gut microbiota. The
transformation of microbial communities at risk of
dysbiosis (microbial imbalance). Microbiota plays a
key role via symbiosis in humans (controllable
benefits), which may lead to short-term

inflammation that leads to children’s gastrointestinal
disorders. Several studies have shown that dysbiosis
of children coincides with emerging immune
changes (asthma), inflammatory bowel disease and
metabolic (obesity) disorders.!®

A balanced relationship between the host
microbiota and the immune system is essential for a
homeostatic toward pathogenic attack and avoid
inflammation. Infants with dysbiosis gut foster a
strong T-helper (Th)-1 bias, which makes the
immune system susceptible to inflammation hence
secreting cytokines Interleukin (IL)-12 and
Interferon (IFN)-y. This inflammation affects tissue
and tissue repair, disturbing the normal immune
system, potentially leading to  long-term
consequences such as inflammatory bowel disease
(IBD), allergy and autoimmune disease.’

C-section born infants have a lower diversity of
microbiota compared with vaginally born infants,
especially on Bacteroides colonization. B. fragilis
which significantly higher in infants born vaginally,
has been shown to have an anti-inflammatory role
by acting on T cells. B. fragilis produces surface
polysaccharide A (PSA), a microorganism-
associated molecular pattern (MAMP) that is
recognized by toll-like receptor 2 (TLR 2) on T cells.
Engagement of TLR2 and PSA leads to T cell
induction and limits Th-17 response which will
promote tolerance and immunosuppression in the
gut.> Appropriate microbial stimulation during
infancy is required to develop Thl-like and T-cell
response. Difference in infants gut microbiota could
shape later immune responsiveness, influencing Thl
maturation may impact on immune mediated
disease.!” Lower microbial diversity might explain
why infants born by C-section are associated with
the development of allergy and asthma, type-1
diabetes, and obesity.>!*!7

Gut dysbiosis and its impact on health

Inadequate transfer of maternal microbiome to
infants born through C-section may lead to impaired
immunological development. Although mode of
delivery is only one factor that influences the
composition of infant microbiota, studies conclude
that reduced microbial exposure during C-section is
important because it may cause dysbiosis several
years after birth. Gut microbiota is an important key
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source of microbial-driven immune regulation.
Alterations of the normal bacterial colonization
patterns may change the outcome of immune
development and may predispose to certain
immune-related disorders later in life, such as
allergy, obesity or diabetes. !

The development of the newborn immune
system depends on the gut microbiota composition
in early life. Hypothesis on microbial deprivation
syndrome in economically-developed countries and
its association with high incidence of multiple
sclerosis, type-1 diabetes and Crohn’s disease has
been proposed.!® Low-diversity microbiota leads to
insufficient T-cell induction with regulatory and/or
Thl-like properties to counteract Th2 response in
induced allergies. Early exposure to diverse gut
microbiota is important as the distribution of
specific microbial species in immune maturation.
Repeated exposure to new microbial antigens may
enhance the development of immune response
through Th1-like responses.!” A study using culture-
independent  bacterial molecular  techniques
concludes low gut microbiota diversity during
childhood in children with eczema or sensitization.'*
Indeed, a number of cross-sectional epidemiological
studies showed differences in the composition and
activity of gut microbiota among healthy and atopic
children. Asthma incidence was also linked to
abnormal microbiota in pediatric populations.’ A
study reported that gut microbiota depletion at 3
months of age was found in subjects with atopy and
wheeze. In this group, biosynthesis of lipo-
polysaccharides and short-chain fatty acid (SCFA)
acetate is also reduced.’

Gut microbiota also contributes to the
production of SCFA in fat tissues to the formation
of triglycerides block through fermentation of
indigestible polysaccharide-derived plants.
Kalliomaki?® found lower intestinal Bifidobacterium
and higher concentration of Staphylococcus aureus
at 6 and 12 months in obese children compared to
children with normal weight. Alterations in early
exposures to microbiota (such as C-section
delivery), lack of breastfeeding, maternal pregnancy
BMI, and infants antibiotics, may alter the diversity
of microbiota and may influence the risk of
overweight in later childhood.

Aberrant gut microbiota colonization can affect
the immune system in adulthood, making it more

susceptible to certain diseases. Persistent increases
in natural killer cells can only be prevented by
neonatal colonization of the microbiota, and
microbiota also drives the generation of T cell that
control  inflammation. IgA  secretion and
inflammatory cytokine profiles are also influenced
by gut microbiota. This conclude that immune
disturbance may be caused by altered gut
microbiota, which explains the increased risk of
autoimmune disorders in adulthood.!®

C-section, gut dysbiosis and allergies

The most common chronic disease in childhood is
allergic diseases. Allergic disease is an immune-
mediated disease that has increased considerably
over the past decades with a high increase in C-
section deliveries. ? There are reports that there is a
risk of developing allergic disease, allergic rhinitis,
asthma and asthma-related hospitalization, and food
allergy, whereas there was no association with
inhalant atopy and eczema/atopic dermatitis.>!*? As
already mentioned, gut microbiota plays an
important role in improving immune system
development and maturation. Gut dysbiosis has been
shown to be associated with atopic children in
several studies. Allergic infants have been found to
have less Bifidobacterium colonization than in non-
allergic infants. 2> Reduced exposure to microbial
antigens to the gut explain immune system
dysregulation. To develop a more balanced immune
phenotype, appropriate microbial stimulation during
childhood, including maturation of Thl-like
responses and appropriate development of
regulatory T-cell response is required. The
imbalance in gut microbiota has affected the Thl
ripening pathway showing that children born
through C-section have lower levels of Th-1
chemokines CXCL 10 and CXCL 11.!7 A study by
Kalliomaki first showed the difference between
Bifidobacteria and Clostridia in newborns. Diversed
and balanced gut microbiota are important for
normal functioning of the immune system.?* Other
study also showed that in term of gut microbiota
composition, nutritional intervention might also
play a role on gut microbiota development and
showed specific benefit including economic
effectiveness.?
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C-Section delivery is a risk factor for the
development of allergies and has been linked to
reduced relative abundance and diversity of
Bacteroides in first year of life.!”-?>2¢ High
Bifidobacterium content is considered to lead to
better ~immune system development and
maturation.” A meta-analysis shows that C-section
delivery has a lower diversity of gut microbiota
during the first 3 months of life. At the colonization
level, Bifidobacterium and Bacteriodes genera in
vaginally delivered infants seem to be significantly
more frequent compared to C-section delivered
infants.® The presence of Bacteroides was associated
with high levels of chemokines associated with Th1
in infancy at 1 month. C-section is associated with
lower bacterial diversity as described above and
lower circulating levels of chemokines are
associated with Th1 in infancy.!” Moreover, Ly et al.
showed that C-Section delivered infants are
characterized by increased cytokine IL-13
production from stimulated cord blood cells.?® This
suggests higher incidence and severity of asthma
and atopy caused by gut dysbiosis in these C-section
infants.

Intervention of gut dysbiosis with synbiotics

The importance of intestinal composition in health,
especially during early life, suggests that microbial
interventions may be an effective strategy for
potential adverse health outcomes. Some possible
strategies have been employed in the effort to
achieve a healthy balance of good intestinal
microbiota such as vaginal seeding, environmental
exposure, and supplementation.?’ The
supplementation of prebiotics and/or probiotics is
widely studied. Probiotics are live microorganisms
that provide hosts with sufficient health benefits
when administered. The mechanism of these
probiotics’ positive effects remains unclear.
Prebiotics is a non-digestible nutritional fiber, which
has a positive physiological effect for the host by
selectively stimulating a small number of
indigenous bacteria to increase their growth or
activity. Prebiotics is known to boost the growth of
beneficial bacteria Lactobacillus and Bifidobacteria
in the upper gastrointestinal tract. Prebiotics produce
short fatty acids, lactic acids and acetic acids in such
bacteria, which improve host metabolism, the

immune system and the gastrointestinal function.
The immune and metabolic systems combined with
special prebiotics and probiotics (called synbiotics)
supplements is thought to have synergistic beneficial
effects.?®

Breast milk, as the gold standard for infant
nutrition, not only provides nutrients to the infant
but is also a source of probiotics (microbiota) and
prebiotics (HMOs) contributing to the establishment
of the ideal infant gut microbiota.”? While
breastfeeding, each milliliter of human milk
introduces about 10° to 10° bacterial cells into the
body.?%3! Breast milk microbiota is dominated by
Staphylococcus, Streptococcus, Propionibacterium
and Bifidobacterium. The transfer of these
microorganisms into the neonatal gut is thought to
protect against infections and contribute to the
maturation of the immune system.*%*2 Human milk
also contains up to 15 g/L of oligosaccharides,
whereas only trace amounts are usually found in
cow’s milk. These human milk oligosaccharides
(HMO) act as growth substrates for beneficial gut
microbiota such as Bifidobacteria.>?

Nutritional intervention with pre-, probiotics
and/or synbiotics may be a cost-effective approach
to early life dysbiosis and its correlation with
allergic  conditions. Evidence of prebiotic
supplementation of infant formula with a specific
mixture of short-chain galacto-oligosaccharides
(scGOS) and long-chain fructo-oligosaccharides
(IcFOS) resulting in an intestinal microbiota
enriched with Bifidobacterium.?’ Knol et al**
research has shown that adding 0.8g/100ml of
prebiotic scGOS/IcFOS in the infant formula
enhances the bifidobacterial growth and changes in
small, breast-fed infant fatty acids, lactate and pH.
Moreover, a randomized clinical trial demonstrated
that administration of this specific prebiotic mixture
early in life continues to be protective against
eczema development at 6 months and even against
allergic events up to 5 years, in healthy high-risk
infants based on family history of allergy.*>-’

Existing publications show that intestinal
microbiota is typically low in Bifidobacteria and
Lactobacilla compared to healthy infants in infants
with allergic conditions.?” Several studies have
shown conflicting results of the presence of
Bifidobacteria and their relationship to lower risk
for developing allergic diseases. Ismail and
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colleagues assessed the association between various
species of Bifidobacterium and subsequent eczema
and atopic sensitization. Bifidobacterium breve at 1
week and 3 months of age were shown to be
associated with a lower risk of eczema development
and sensitization at 12 months of age.’® Probiotics
supplementation  intervention  together  with
extensively hydrolyzed casein formula resulted in
cow's milk protein tolerance that reduced incidence
of allergic manifestations, including eczema and
asthma, in children with cow’s milk allergy. In other
research synbiotics provide supporting evidence in
reducing the risk of symptoms of asthma and the use
of asthma medication in children who receive
synbiotics with extensively hydrolyzed formula
(eHF). These infants also have higher
Bifidobacterium and lower Clostridium levels.?’
Research shows the retarded colonization of
Bifidobacterium spp in infants born through C-
section by modifying gut microbiota with synbiotics

supplement. Early supplementation  with
scGOS/IcFOS and Bifidobacterium breve (B. breve)
M-16V  (synbiotics) led to  immediate

Bifidobacterium colonization, which suggests that
the first three months of the life represent an
opportunity for quick recovery.?’” One study showed
protective effect in dysbiosis of mice with food
allergy treated with B. breve M16-V.*® A recent
study has shown that B. breve abundance was
correlated with protection from development of
eczema and childhood immune sensitivity.*® Chua et
al’s>® pioneering evidence has shown that
supplementation with scGOS/IcFOS and B. breve
M16-V in C-section-born infants allows rapid
colonization of bifidobacteria from the first days of
life and offers promising nutritional intervention in
dysbiosis. In this study, synbiotic mixture was able
to re-establish the delayed colonization in elective
C-section delivered infants from the first days of
life, and remained significant until 2 months of age.
Synbiotics created a favorable gut ecosystem milieu
that contributes in preventing colonization of fast-
growing opportunistic pathogens and potentially
reduce the development of skin disorders, especially
eczema in early life in C-section delivered infants.

World Allergy Organization (WAO) recommends
using probiotics to children at high risk of
developing allergy, and also provided conditional
recommendation for prebiotic supplementation in

non-exclusively breastfed infants regardless of their
allergic risk.2>#%4! Although it wasn’t supported
with a strong certainty of evidence, prebiotic
supplementation may place a relatively higher value
on possible prevention of allergies and a relatively
lower value on additional cost of prebiotic
supplementation in not exclusively breastfed
infants.*!  The benefits of human milk
oligosacharides (HMOs) intervention were also
widely studied and considered safe for infant
nutrition, including for gut microflora development
of C-section born babies.*> Thus the use of
prebiotics on top of probiotics, or in a form of
synbiotics, in early life may be beneficial to
compensate for intestinal microbiota disorders, but
more study is needed on the benefits of patient
outcomes, particularly in terms of allergic outcomes.

Conclusion

The intestinal microbiota is a very complex entity
and there are a lot more to learn about the underlying
processes that shapes microbiota development,
interactions with the host, and the role of specific
microbes in health and disease. The first major
infant exposure that affects gut microbiota is during
and shortly after birth, especially related to mode of
delivery and breastfeeding. There is a significant
difference in the diversity and quantities of gut
microbiota between infants born through vaginal
and C-section delivery. Gut microbiota in C-section
infants is less diversed, and therefore causing
dysbiosis. Gut microbiota is the main source of
microbial control by T lymphocytes and gut
dysbiosis can alter immune developments and
predispose to some immune disorders later in life
including allergy, atopy, obesity, diabetes,
inflammatory bowel diseases and other autoimmune
diseases. The use of pre- and probiotics, or in the
form of synbiotics, offers a promising benefit for gut
dysbiosis especially in C-section born infants as a
cost-effective strategy to prevent metabolism and
immune disorders.

World.Nutr.Journal | 14



Conflict of Interest

Authors declared no conflict of interest regarding
this article.

Open Access

This article is distributed under the terms of the
Creative Commons Attribution 4.0 International
Licence
(http://creativecommons.org/licenses/by/4.0/),
which permits unrestricted use, distribution, and
reproduction in any medium, provided you give
appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons
license, and indicate if changes were made.

Reference

1. Wopereis H, Oozeer R, Knipping K, Belzer C, Knol
J. The first thousand days—intestinal microbiology of
early life: establishing a symbiosis. Pediat Allerg
Imm-UK. 2014;25(5):428-38.

2. Rodriguez JM, Murphy K, Stanton C, Ross RP,
Kober OI, Juge N, et al. The composition of the gut
microbiota throughout life, with an emphasis on
early life.  Microb  Ecol  Health  Dis.
2015;26(1):26050.

3. Tamburini S, Shen N, Wu HC, Clemente JC. The
microbiome in early life: implications for health
outcomes. Nat Med. 2016;22(7):713.

4. Belkaid Y, Harrison OJ. Homeostatic immunity and
the microbiota. Immunity. 2017;46(4):562-76.

5. Marques TM, Wall R, Ross RP, Fitzgerald GF, Ryan
CA, Stanton C. Programming infant gut microbiota:
influence of dietary and environmental factors. Curr
Opin Biotech. 2010;21(2):149-56.

6. Dominguez-Bello MG, Costello EK, Contreras M,
Magris M, Hidalgo G, Fierer N, et al. Delivery mode
shapes the acquisition and structure of the initial
microbiota across multiple body habitats in
newborns. PNAS. 2010;107(26):11971-5.

7. Béckhed F, Roswall J, Peng Y, Feng Q, Jia H,
Kovatcheva-Datchary P, et al. Dynamics and
stabilization of the human gut microbiome during the
first year of life. Cell Host Microbe. 2015;17(5):690-
703.

8. Rutayisire E, Huang K, Liu Y, Tao F. The mode of
delivery affects the diversity and colonization pattern
of the gut microbiota during the first year of infants'

0.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

life: a systematic review. BMC Gastroenterol.
2016;16(1):86.

Rescigno M, Urbano M, Valzasina B, Francolini M,
Rotta G, Bonasio R, et al. Dendritic cells express
tight junction proteins and penetrate gut epithelial
monolayers to sample bacteria. Nat Immunol.
2001;2(4):361-7.

Fernandez L, Langa S, Martin V, Maldonado A,
Jiménez E, Martin R, et al. The human milk
microbiota: origin and potential roles in health and
disease. Pharmacol Res. 2013;69(1):1-10.

Aagaard K, Ma J, Antony KM, Ganu R, Petrosino J,
Versalovic J. The placenta harbors a unique
microbiome. Sci Transl Med. 2014;6(237):237ra65-
ra65.

Dominguez-Bello MG, De Jesus-Laboy KM, Shen
N, Cox LM, Amir A, Gonzalez A, et al. Partial
restoration of the microbiota of cesarean-born infants
via vaginal microbial transfer. Nat Med.
2016;22(3):250.

Cong X, Xu W, Romisher R, Poveda S, Forte S,
Starkweather A, et al. Focus: Microbiome: Gut
microbiome and infant health: Brain-gut-microbiota
axis and host genetic factors. Yale J Biol Med.
2016;89(3):299.

Garcia MCS, Yee AL, Gilbert JA, Dsouza M.
Dysbiosis in children born by caesarean section. Ann
Nutr Metab. 2018;73(3):24-32.

Greenwood C, Morrow AL, Lagomarcino AJ, Altaye
M, Taft DH, Yu Z, et al. Early empiric antibiotic use
in preterm infants is associated with lower bacterial
diversity and higher relative abundance of
Enterobacter. Pediatrics. 2014;165(1):23-9.
Francavilla R, Cristofori F, Tripaldi ME, Indrio F.
Intervention for dysbiosis in children born by C-
section. Ann Nutr Metab. 2018;73(3):33-9.
Jakobsson HE, Abrahamsson TR, Jenmalm MC,
Harris K, Quince C, Jernberg C, et al. Decreased gut
microbiota  diversity, delayed Bacteroidetes
colonisation and reduced Thl responses in infants
delivered by caesarean section. Gut. 2014;63(4):559-
66.

Sandall J, Tribe RM, Avery L, Mola G, Visser GH,
Homer CS, et al. Short-term and long-term effects of
caesarean section on the health of women and
children. Lancet. 2018;392(10155):1349-57.

Renz H, Brandtzaeg P, Hornef M. The impact of
perinatal immune development on mucosal
homeostasis and chronic inflammation. Nat Rev
Immunol. 2012;12(1):9-23.

Ajslev T, Andersen C, Gamborg M, Sgrensen T, Jess
T. Childhood overweight after establishment of the
gut microbiota: the role of delivery mode, pre-

World.Nutr.Journal | 15



21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

pregnancy weight and early administration of
antibiotics. Int J Obesity. 2011;35(4):522-9.

Van Nimwegen FA, Penders J, Stobberingh EE,
Postma DS, Koppelman GH, Kerkhof M, et al. Mode
and place of delivery, gastrointestinal microbiota,
and their influence on asthma and atopy. J Allergy
Clin Immunol. 2011;128(5):948-55. e3.

Eichenfield LF, Tom WL, Chamlin SL, Feldman SR,
Hanifin JM, Simpson EL, et al. Guidelines of care for
the management of atopic dermatitis: section 1.
Diagnosis and assessment of atopic dermatitis. J Am
Acad Dermatol. 2014;70(2):338-51.

Martin R, Nauta A, Ben Amor K, Knippels L, Knol
J, Garssen J. Early life: gut microbiota and immune
development in infancy. Benef  Microbes.
2010;1(4):367-82.

Botteman MF, Munasir Z, Sulistomo AW,
Horodniceanu EG, Bhanegaonkar AJ, Ji X, et al.
Economic value of atopic dermatitis prevention via
partially-hydrolyzed whey-based infant formula
(PHF-W) use in high-risk, non-exclusively breastfed,
Indonesian urban infants: results of a cost-
effectiveness model. World Nut J. 2019;2(2):43-55.
Chua MC, Ben-Amor K, Lay C, Goh AE, Chiang
WC, Rao R, et al. Effect of synbiotic on the gut
microbiota of cesarean delivered infants: a
randomized, double-blind, multicenter study. J
Pediatr Gastr Nutr. 2017;65(1):102-6.
Abrahamsson TR, Wu RY, Jenmalm MC. Gut
microbiota and allergy: the importance of the
pregnancy period. Pediatr Res. 2015;77(1-2):214-9.
Fox A, Bird JA, Fiocchi A, Knol J, Meyer R,
Salminen S, et al. The potential for pre-, pro-and
synbiotics in the management of infants at risk of
cow's milk allergy or with cow's milk allergy: An
exploration of the rationale, available evidence and
remaining questions. World Allergy Organ.
2019;12(5):100034.

Moya-Pérez A, Luczynski P, Renes IB, Wang S,
Borre Y, Anthony Ryan C, et al. Intervention
strategies for cesarean section—induced alterations in
the  microbiota-gut-brain  axis.  Nutr  Rev.
2017;75(4):225-40.

Moossavi S, Miliku K, Sepehri S, Khafipour E and
Azad MB. The Prebiotic and Probiotic Properties of
Human Milk: Implications for Infant Immune
Development and Pediatric Asthma. Front Pediatr.
6:197

Heikkilda MP, Saris PE. Inhibition of Staphylococcus
aureus by the commensal bacteria of human milk. J
Appl Microbiol 2003; 95:471-478.

Boix-Amoro6s A, Collado MC, Mira A. Relationship
Between Milk Microbiota, Bacterial Load,

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Macronutrients, and Human Cells During Lactation.
Front Microbiol. 2016;7:492.

Jost T, Lacroix C, Braegger C, Chassard C.
Assessment of Bacterial Diversity in Breast Milk
Using Culture-Dependent and Culture-Independent
Approaches. Br J Nutr. 2013 Oct;110(7):1253-62.
Plaza-Diaz J, Fontana L and Gil A. Human Milk
Oligosaccharides and Immune System Development.
Nutrients. 2018; 10:1038.

Knol J, Scholtens P, Kafka C, Steenbakkers J, Gro S,
Helm K, et al. Colon microflora in infants fed
formula with galacto-and fructo-oligosaccharides:
more like breast-fed infants. J Pediatr Gastr Nutr.
2005;40(1):36-42.

Moro, G., et al, A mixture of prebiotic
oligosaccharides reduces the incidence of atopic
dermatitis during the first six months of age. Archives
of Disease in Childhood. 2006. 91(10): p. 814-9.
Arslanoglu, S., et al., Early dietary intervention with
a mixture of prebiotic oligosaccharides reduces the
incidence of allergic manifestations and infections
during the first two years of life. J Nutr. 2008.
138(6): p. 1091-5.

Arslanoglu, S., et al, Early neutral prebiotic
oligosaccharide = supplementation reduces the
incidence of some allergic manifestations in the first
5 years of life. J Biol Regul Homeost Agents. 2012.
26(3 Suppl): p. 49-59.

Ismail IH, Boyle RJ, Licciardi PV, Oppedisano F,
Lahtinen S, Robins-Browne RM, et al. Early gut
colonization by Bifidobacterium breve and B.
catenulatum differentially modulates eczema risk in
children at high risk of developing allergic disease.
Pediat Allerg Imm-UK. 2016;27(8):838-46.

Li N, Yu Y, Chen X, Gao S, Zhang Q, Xu C.
Bifidobacterium breve M-16V alters the gut
microbiota to alleviate OVA-induced food allergy
through IL-33/ST2 signal pathway. J Cell Physiol.
2020.

Fiocchi A, Pawankar R, Cuello-Garcia C, Ahn K, Al-
Hammadi S, Agarwal A, et al. World Allergy
Organization-McMaster University Guidelines for
Allergic Disease Prevention (GLAD-P): Probiotics
Cuello-Garcia CA, Fiocchi A, Pawankar R,Yepes-
Nufiez JJ, Morgano GP, Zhang Y, Ahn K, et al.
World Allergy Organization-McMaster University
Guidelines for Allergic Disease Prevention (GLAD-
P): Prebiotics

Hegar B, Wibowo Y, Basrowi RW, Ranuh RG,
Sudarmo SM, Munasir Z, et al. The Role of Two
Human Milk Oligosaccharides, 2'-Fucosyllactose
and Lacto-N-Neotetraose, in Infant Nutrition.
Pediatr  Gastroenterol — Hepatol Nutr. 2019
Jul;22(4):330-40.

World.Nutr.Journal | 16



World Nutrition Journal |eissN 2580-7013

Received 25 August 2020,
Accepted 24t September
2020

Link to DOI:
10.25220/WNJ.V04.52.0003

Journal Website:
www.worldnutrijournal.org

Introduction

Immune development of children born from Caesarean section

Zakiudin Munasir!, Levina Chandra Khoe?

1. Department of Pediatric, Medical Faculty, Universitas Indonesia-Cipto Mangunkusumo National
Hospital, Indonesia
2. Department of Community Medicine, Medical Faculty, Universitas Indonesia

Abstract

Several studies results have shown that mode of delivery affects the health of children, and recent
studies showed that elective Caesarean section (CS) is associated with aberrant short-term immune
responses in the newborn infant and an increased risk of developing immune disorders. This article
focused on the effect and role of the C-section on the immune development in children. Begin at
pregnancy, the infant's immune system is activated and develops years after birth. In this article we
find that cesarean delivery mode will influence the offspring's immune system by disrupting the
intestinal tract's bacterial colonization, different levels of birth adaptive stress, and altering gene
expression epigenetic regulation. Some studies have found that gut microbiome composition plays
a significant role in the development of immune system along with other factors such as
diet/lifestyle, antibiotic use, formula feeding, vaccination with life vaccine, and pathogen exposure.
In early life, disrupted colonization induced dysbiosis that was associated with lower Bifidobacteria
and higher counts of C. difficile. These findings are related to infant immune disease and allergy.
Dysbiosis following C-section has a huge effect of developing altered immune system, and this
microbiome imbalance can be controlled by nutritional support such as maternal breast milk or the
use of different combinations of prebiotics and probiotics (synbiotic) which could be beneficial for
the immune and metabolic system.

Keywords: Caesarean section, gut dysbiosis, allergy, immunity, synbiotic

to 15% of deliveries, C-section may be indicated.
However, 37 of 60 developed countries currently

Caesarean section (C-section) is a surgical
procedure developed to prevent or treat life-
threatening maternal or fetal complications such as
antepartum hemorrhage, fetal distress, abnormal
fetal presentation, and hypertensive disease.! The
number of C-section in the US has risen by up to
48% since 1996.2 The WHO recommends that in up
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surpassing this guideline and taking women
undergoing pre-labor, elective C-section without a
clear medical indication may present risks to the
child.?>? Simultaneously with the increase of rising
C-section levels, there has been an increasing
number of autoimmune and allergic diseases.*
Possible mechanisms for these associations may
include lower and untimely activation of the fetal
immune system due to lack of stress response caused
by contraction of the uterus and fetal hypoxia,® and
alteration of the bacterial colonization of the infant’s
gut after C-section.?

Dysbiosis occurs when there is irregular
colonization of the body intestine, also considered to
be a mismatch between commensal and pathogenic
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microbes.’ Intestinal bacterial flora is critical for
immune growth, and children with atopic diseases
have been shown to have lower gut levels of
Bacteroides and Bifidobacterium species than
children without atopic disease. Bifidobacteria are
associated with reduced risk of atopic disease in
children. C-section has been shown to disrupt and
change the development of bacterial intestinal flora
in infants. This may, in turn, alter development of
the immune system and increase the risk of atopic
disease in children.®

Uterus contraction and fetal hypoxia during
childbirth cause a stress response in both the mother
and the fetus, raising the substantial levels of cortisol
and catecholamine in newborns. Multiple studies
show a low level of cortisol and catecholamine in the
absence of contraction in the C-section delivery,
variations in levels of stress hormones at birth may
alter the immune responses and influence the
immune system later in life.>” Cortisol may remove
uterine preleukemic clones.” There is also evidence
of altered DNA methylation patterns that are
important to immune regulation after C-section.”-8

Methods

This article focused on how the delivery mode
affects the neonate's immune system. This analysis
was prepared by conducting a search to identify
related journals and articles published in 2010 until
before April 2020 in several electronic databases,
i.e. Pubmed and Medline. The search terms included
variants of "delivery mode," "cesarean section,"
"immune system," "allergy," "asthma," "diabetes,"
"celiac disease," "allergy to food," "prebiotic" and
"probiotic" Additional articles were found by
manual search, either in English or Indonesian, from
manual references cited in relevant reviews.

Results and Discussion
Immune development in early life

Immune activation starts from insemination as the
first immune system exposure to paternal
alloantigens. Likewise, it contains paternal immune
cells and substances, such as estrogen and
testosterone, prostaglandins and various signaling
molecules, including IL-8, TGF-b, and IFN-C. It

also promotes the transfer and expansion of
regulatory T cells (Treg) and promotes the activation
and proliferation of dendritic cells (DCs) in
responsive cells. Treg is probably involved in T-
cells suppression of the mother's effector that
promote the success of pregnancy. B cells secrete
antibodies that once shield paternal antigens found
in the trophoblast on the fetal-maternal interface.
The phenotypes of immune cell function, i.e. DC,
turning or remaining unchanged and thus tolerant,
are modulated by a wide range of molecules formed
or secreted by the trophoblast itself, such as the
human chorionic gonadotropin (hCG), Heme
Oxygenase-1 (HO-1), Regulated on activation,
normal T cell expressed and secreted (RANTES),
and pregnancy-specific  glycoprotein  (PSG).?
Additionally, cell-secreted molecules such as Gal-1
secreted by uterine Natural Killer cells (uNKs) and
uterine Mast Cells (uMCs) can have a positive effect
on trophoblast physiology while making maternal T
cells become receptive or remain to the fetus. These
findings suggest that seminal plasma plays an
important role in the uterine system preparation for
the embryo implantation.”!°

A labor will stimulate immune response within
the uterine cavity which will be absent in the case of
elective  C-sections.  The  production  of
proinflammatory  cytokines in the uterine
environment such as interleukin (IL)-1p, IL-6, IL-8
and tumour necrosis factor-a (TNF-a) is thought to
be responsible for an activation of the fetal immune
system during labor. This reflects the increased of
leukocytes in neonates’ circulation.!!

As in all mammals, fetal immune production has
been observed at 3-4 weeks of gestation, where the
pluripotent erythroid and granulomacrophage
progenitors can be found in human embryo’s yolk
sac. These primitive cells migrate to the liver, which
becomes the main haemopoiesis site at 5+6 weeks of
gestation, thereby increasing the size of the liver and
increasing the number of nucleated cells. A discrete
granulocyte/macrophage population is growing at
this time.!? Nevertheless, the neutrophil will not be
noticed until the end of the third trimester. As a
result, newborn and, in particular, premature infants
have impaired neutrophil activity, putting the child
at risk of bacterial infections.!?

In the uterus, the fetus has an immune system
that is tolerant to maternal alloantigens. The
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mother’s uterine natural killer (uNKs) cells,
immature dendritic cells (iDCs), T cells and
macrophages help to modulate the uterine
environment in order to support successful
pregnancy.!* This system will continue after birth
when the enormous exposure to environmental
antigens, many of which are derived from intestinal
commensal bacteria, calls for a rapid change in order
establish distinct immune responses that are
appropriate for the infant in early life.!?

The immune system is not fully functioning at
birth and therefore infants are at an elevated risk of
infection. After birth, infants are moving from the
sterile environment of the womb to the wider world,
exposed to a wide range of diseases they have never
experienced and have no protection against. The
‘hygiene hypothesis’ theory postulates that early life
preparation of the immune system arising from
essential immune modulatory exposures helps to
stimulate regulatory mechanisms that protect against
infectious diseases and allergy.'”

The definition of allergy has also evolved over
the years, and currently, it is considered an umbrella
term for an immune defect resulting in the lack of
tolerance to usually harmless antigens.!® Tolerance
is antigen-specific and the loss of tolerance in
allergies seems to be related to the timing, rate and
context of environmental exposures in early life,
including bacterial colonization of the infant gut. !
Specific early microbial intestinal exposure is
thought to significantly reduce the incidence of
inflammatory, autoimmune and atopic diseases
further fuel the scientific view that microbial
colonization plays an important role in regulating
and fine-tuning the immune system throughout
life.!»!® As a major part of the mucosal immune
system, the gut-associated lymphoid tissue (GALT)
has M cells that collect small particles and
effectively transport them from the intestine to
organized lymphoid tissue and cause mucosal
immune reaction. '8

The innate and adaptive immune system

Microorganisms that successfully enter the body
will be immediately recognized by the cells and
mechanisms of the innate immune system within
hours of an antigen-specific response being

developed by the adaptive immune system a few
days later.'®!°, Innate immune cells are commonly
located along with physical barriers such as skin and
mucous membranes, where they release defensive
biomolecules such as defensins and complements.
Upon pathogen identification, dendritic cells and
macrophages (often known as antigen-presenting
cells, APCs) are activated to phagocytose the
invader, digest, and process pieces (antigens) on the
cell surface in the form of major histocompatibility
complex (MHC) molecules.?’ Adaptive cells include
T-cells that primarily target intracellular microbes,
along with B-cells that produce antibodies, most of
which target extracellular pathogens. Innate
immunity is primarily involved in the initial control
of microbes. Adaptive defense is mainly concerned
with the final clearance of the invader. Adaptive
immunity also maintains certain cells as immune
memory cells; these antigen-experienced memory
cells do not need the same degree of innate immune
support for secondary infection with the same (or
similar) pathogen and react much faster and more
efficiently.!

child’s

Impact of C-section immune

development

on

For the postnatal development of the immune
system, it is important to microbially colonize the
infant gut gastrointestinal tract. C-Section delivered
infants, either lacked or displayed a slow
colonization of one of the main intestinal phylums,
the Bacteroidetes, because the infant does not enter
the mother's birth canal. Therefore, the delayed
colonization leads to low-diversity of the intestinal
microbiota, which leads to a lack of regulatory T cell
and/or Th1-like responses to avoid Th2 domination.
In addition, the dysbiosis in the C-section children is
associated with lower circulation of CXCL10 and
CXCLI11 chemokines related to Th-1 when the risk
of allergies increases.5

The "hygiene hypothesis" was introduced in
1989 when researchers argued that the increase in
allergic diseases was due to a lack in microbial
exposure due to improved sanitization practices
following a low incidence of early childhood allergy
infection.?!’ Modern medicines and changes in
sanitation and public health have led to an era of
unprecedented cleanliness and the near eradication
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of previously common pathogens. However, these
improvements coincided with the rise of
autoimmune diseases and other immune disorders.
Strachan and others indicated that a certain amount
of microbial stimulation is required to prevent
disease.’> Microbiome includes both pathogens and
commensals, which play a role in immune
development.

In addition to exposure to parasites outside the
body, as many as 100 trillion microbes colonize
barrier sites within our body, most of which are in
the intestine, indicating how the gut serves as one of
the major organ in which the immune system is
developed. The composition of the microbiome is
dynamic and strongly affected by external factors
such as mode of birth, diet/lifestyle, antibiotic usage,
vaccination, formula feeding and pathogen
exposure. This process is necessary to educate the
immune system on how to respond to a wide range
of stimuli encountered. Given the intricate
communication between the gut microbiota and
immune system, which plays a role in the
development of  tolerance and  immune
programming, disruption of the diversity and/or the
function of the microbiota referred to as dysbiosis
may increase risk of immune disorders such as
allergy.?!

There are significant shifts in the makeup of the
intestinal microbiota during early life. The intestines
are sterile at birth. Within a few hours, the bacteria
will begin to appear in the feces. The bacteria
colonizing the infant intestine during the first days
of childhood derive mainly from the mother and the
environment. The mode of transmission is therefore
the key determinant of intestinal microbiota.??
Vaginal infant microbiota (<24 h postpartum)
resembles the vaginal microbiota of the mother and
is common across various body habitats (skin, oral,
nasopharynx, birth canal, and feces), whereas in
neonates born by C-section is identical to the skin
microbiota of the mother.5?>2> The C-section was
correlated with lower Bifidobacteria counts, lower
colonization rates and counts of B. fragilis species,
and higher counts of C. difficile.?* Infants with a
higher number of Bifidobacteria species at 1 month
of age have higher rates of salivary IgA, which also
correlates with allergic symptoms defense.” The
additional prophylactic antibiotic given in C-section
may also lead to aberrant microbial colonization in

the infant intestine and may increase susceptibility
to metabolic disease in later life.?¢ C. difficile was
also the single gut microbe investigated that was
associated with an increased risk for asthma, but this
association was restricted to those children with
atopic parents.?

Another research stated that there is a lack of
stress hormones in the infant born by the C-section.
Contraction and oxygen hypoxia during vaginal
delivery are known to promote the development of
stress hormones such as catecholamine and
cortisol.>*” Cortisol elevation at birth is a predictor
of hypothalamic-pituitary-adrenal axis activation of
the immune system, lung and organ maturation, and
neurogenesis. Vaginal delivery and its effects on
elevating glucocorticoids have been associated with
increased maturation of the organs, including the
intestine. These two stress hormones, on the other
hand, are less present in infants born by C-section
before labor.> Another experimental study showed
that the use of synthetic oxytocin, antibiotics or
infants delivered by the C-section had higher global
DNA methylation in the cord blood cells, and this
neonatal epigenetic modification has implications
for the wellbeing of the offspring.?® Higher global
DNA methylation could be involved in silencing the
pathway that controls the balance between T-helper
type 1 and 2 cells, which could lead to a higher risk
of developing immune diseases.?” Further studies on
this hypothesis are needed.

Health risks associated with altered immune
development on child born by C-section

Recent studies have shown that C-section delivery
has been associated with short-term aberrant
immune responses in newborn infants and a higher
risk of developing immune diseases such as asthma,
allergies, neonatal respiratory disease, type 1
diabetes, celiac disease and malignancy.>?%30 As
mentioned, C-section delivery may alter immune
development by three means: (1) disrupting bacterial
colonization of the intestines; (2) mounting poor and
inadequate stress response; and (3) altering
epigenetic regulation of gene expression through
DNA methylation.?
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Respiratory system

The risk of respiratory morbidity after elective CS is
mainly related to gestational age in terms of
neonates, but it also shows that the lack of work in
elective CS may explain reduced production of
catecholamines (also in preterm infants).>?’ This
lack of hormones altered the lung adaptation and the
associated clinical symptoms such as benign
intermittent tachypnea, chronic neonate pulmonary
hypertension, pulmonary air leakage and
hypoxemia.?’

Asthma, allergic rhinitis and food allergy

There are reports that there is a risk of developing
allergic disease, allergic rhinitis, asthma and asthma
hospitalization and food allergy, whereas there was
no association with inhalant atopy and
eczema/atopic  dermatitis.>>3!  Almqvist et al®
reported the outcome of a cohort study in 2012 in
which there was an increased risk of asthma and
asthma diagnosis during the follow-up year in
children born with a C-section. Increased risk of
asthma medication in the emergency-born, but not
elective, category suggests that there is no causal
effect due to vaginal microflora. A more likely
explanation should be sought in the emergency C-
section. Changed immune function in infants
delivered by C-section compared to vaginal delivery
is documented by reduced production of cytokines
involved in neonatal immunity, in this respect
increased levels of IL-13 and IFN-supposed
associated with atopy.?” The frequent presence of C.
difficile in the feces at 1 month post-partum by C-
section delivery has an association with the
development of wheeze, eczema, and sensitization
to food allergens in the first 2 years of life.?

A recent cohort study from Mitselou N et al*?
using a large population database, shown an
increased risk of food allergy in children born
through elective or emergency Caesarean delivery
compared to those delivered vaginally. This positive
association aligned with the theory that exposure to
vaginal microflora might reduce the risk of offspring
atopic manifestations. The altered composition of
the intestinal flora involves these improvements to
the immune response to a more atopic profile. The
colonization of intestinal microbes appears to

stimulate a non-allergic Th1 reaction of the immune
system while IgE synthesis seems to be
downregulating. C-Sectional children are seemed to
have weak immune recognition, especially when
born to an allergic mother to foods that are supposed
to be tolerated.>*

Type-1 diabetes mellitus

Recent studies have shown that children born in the
C-section are at more than 20% higher risk of
childhood-onset type 1 diabetes mellitus relative to
those born per-vaginam.? Other studies have shown
that increased type 1 diabetes mellitus is associated
with altered development of the immune
system.?’3>3¢ In addition, it has been previously
suggested that children with decreased early-life
exposure to microorganisms may be at increased
risk for type 1 diabetes.?’

Gastrointestinal disease

Bacterial flora of the newborns plays a role in the
development of celiac disease. Studies showed a
positive association between elective C-section and
development of celiac disease, but not for an
emergency C-section.’>¥” However, the incidence of
inflammatory bowel disease has not been affected
by the mode of delivery.> Maternal microbial and
immune status, infant nutrition and antibiotic
exposure affect the development of the intestinal
microbiome and therefore the development of the
immune system. Dysbiosis can lead to immune-
mediated diseases, including allergies and
necrotizing enterocolitis (NEC).?

Malignancy

There are indications of an increased risk of cancer
(leukemia,®” neuroblastoma, testicular cancer) in
children born by elective C-section compared to
vaginal delivery. Although these correlations have
not been verified or refuted in other studies.’

Impact of C-section on risk of developing allergy
In this study, mode of delivery was correlated with

early childhood asthma and allergy. Children born in
the C-section were at an increased risk of developing
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childhood asthma, food allergy perhaps associated
with risk for allergic rhinitis and atopic dermatitis.
Although the mechanisms are not fully understood,
it could involve the confounder such as maternal
smoking, socioeconomic status or family history of
asthma.*? Microflora plays a number of critical roles
in the intestinal colonization and production and
homeostasis of the immune system. Some of the
strongest data linking dysbiosis and allergies are
epidemiological associations with conditions that
cause dysbiosis— particularly C-section.®

The predominant sources of microbes for the
initial colonization of GIT after birth are maternal
microbiota, especially during birth delivery, and
infant diet (breast versus formula feeding).??> The
mode of delivery is a key factor that shapes the
developing infant microbiota and, in this regard,
infants delivered by the C-section have been
reported to have an enteric microbiota that differs
from infants delivered by the vagina, both in time of
colonization and in composition. The modified
microbiota may have an immunomodulatory effect
that increases the child's susceptibility to poor
immune recognition of foods that should be
tolerated by food-specific IgE found in infants
delivered by C-section.®*

Nutrition intervention to reduce risk of developing
allergy

Nutritional measures are key to early-life immune
functioning by impacting the gut barrier through
strengthening the intestinal microbiota and immune
tolerance.?® Breast milk promotes the colonization
and maturation of the infant gut microbiome, as it
contains beneficial bacteria such as Staphylococcus,
Streptococcus, Serratia, Pseudomonas,
Corynebacterium, Ralstonia, Propionibacterium,
Sphingomonas and Bradyrhizobiaceae. Breast milk
definitely contributes to stimulate the growth of the
microbiota strain specific to the gut Bifidobacterium
found in the intestines of nursing infants along with
Bacteroides and it can have an important effect on
the development of immune tolerance and genomic
capacity for metabolizing the human milk
oligosaccharides (HMOs).2*4 As a prebiotic,
HMOs have effects and benefits in the alteration of
the intestinal microbiota, pathogens' counter-
adhesive effects, epithelial cell response modulation

and immune system growth. HMOs are therefore
beneficial in the treatment of dysbiosis in
breastfeeding children. Moreover, some studies
have shown that the role of nutrition intervention
could also play in gut microbiota production for un-
breastfed babies.*!#?

Some clinical and preclinical studies
demonstrate that synbiotics can prevent certain
allergic diseases. This contributed to the use of
synbiotic to compensate for early microbial bowel
disruptions.* World Allergy Organization (WAO)
recommended using probiotics to avoid food allergy
in pregnant women at high risk of having an allergic
infant, women who breastfeed infants with high risk
of developing allergy and infants with high risk of
developing allergy.** Prebiotic supplementation also
recommended by WAO panel to prevent allergy in
not-exclusively breastfed infants regardless of their
allergic risk. However for the prebiotic
recommendation is conditional and need a further
strong certainty of evidences.*

In the JULIUS study conducted by Chua et al,*
the effect synbiotics on the gut microbiota has been
determined in infants born by C-section.The result
has shown that supplementation with specific
synbiotic mixture (a mixture of short-chain galacto-
oligosaccharides (scGOS) and long-chain fructo-
oligosaccharides (IcFOS) and B.Breve M16-V in C-
section-born infants allows rapid colonization of
Bifidobacteria from the first days of life and offers
promising nutritional intervention in dysbiosis.
Furthermore, safety follow-up showed a
significantly lower incidence of reported skin-
related disorders and atopic dermatitis among those
treated with this synbiotic compared to the control
group.

A randomized study of 90 exclusively atopic
dermatitis (AD) at large-formula (eHF) plus
synbiotic (a mixture of scGOS and LcFOS and
Bifidobacterium breve M-16 V) showed significant
modulation of the intestinal microbiota, with high
percentages of bifidobacteria and lower percentages
of Clostridium litusebrense/Clostridium
histolyticum and Eubacterium rectale/Eubacterium.
The synbiotic impact was sustained for one year
following and the incidence of symptoms such as
asthma and the use of asthma medications was
significantly reduced.*’ Potential role of synthesized
human milk oligosaccharides (HMOs) has been
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studied recently and are considered safe for infant
nutrition to support microflora development.*®

In addition to this, future approach that provide
combination of synbiotic and hydrolyzed formula
might be modulate immune system in infants to
support tolerance development. Hydrolyzed formula
still contains certain protein fractions of different
sizes. Some of them may have a role in inducing oral
tolerance as recently shown in a study in
combination of prebiotic mixture of scGOS and
IcFOS lowering sensitization against cow’s milk-
specific IgG1 and higher level of dendritic and Treg
cell, demonstrating its immune tolerance-inducing
capacity.* This indicates that the use of synbiotic in
early life may be beneficial to compensate for gut
microbiota dysbiosis, but more study is needed on
the benefits of patient outcomes, particularly in
terms of allergic outcomes.

Conclusion

Birth process can be a critical time point that decides
the immune function of the offspring in later life.
The mode of delivery has been associated with
several infant conditions. Studies have shown that
C-section has been associated with immune and
allergic diseases caused by altered immune
development compared to vaginal delivery. The
potential mechanism for the C-section affecting the
development of the immune system may be the
alteration of bacterial colonization that causes
dysbiosis or may be associated with adverse birth
stress reactions and epigenetic modification of gene
expression in the immune system. Moreover,
dysbiosis causes immune imbalances and is thought
to cause allergy, and synbiotic use may improve the
immune condition of children.

Conflict of Interest

Authors declared no conflict of interest regarding
this article.

Open Access

This article is distributed under the terms of the
Creative Commons Attribution 4.0 International
Licence
(http://creativecommons.org/licenses/by/4.0/),

which permits unrestricted use, distribution, and
reproduction in any medium, provided you give
appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons
license, and indicate if changes were made.

Reference

1. Boerma T, Ronsmans C, Melesse DY, Barros Al,
Barros FC, Juan L, et al. Global epidemiology of use
of and disparities in caesarean sections. Lancet.
2018;392(10155):1341-8.

2. Neu J, Rushing J. Cesarean versus vaginal delivery:
long-term infant outcomes and the hygiene

hypothesis. Clin Perinatol. 2011;38(2):321-31.

3. Cho CE, Norman M. Cesarean section and
development of the immune system in the offspring.
Am J Obstet Gynecol. 2013;208(4):249-54.

4. Huang L, Chen Q, Zhao Y, Wang W, Fang F, Bao Y.
Is elective cesarean section associated with a higher
risk of asthma? A meta-analysis. J Asthma.
2015;52(1):16-25.

5. Houghteling PD, Walker WA. From birth to
‘immuno-health’, allergies and enterocolitis. J Clin
Gastroenterol. 2015;49(0 1):S7.

6. Jakobsson HE, Abrahamsson TR, Jenmalm MC,
Harris K, Quince C, Jernberg C, et al. Decreased gut
microbiota  diversity, delayed Bacteroidetes
colonisation and reduced Thl responses in infants
delivered by caesarean section. Gut. 2014;63(4):559-
66.

7. Wang R, Wiemels JL, Metayer C, Morimoto L,
Francis SS, Kadan-Lottick N, et al. Cesarean section
and risk of childhood acute lymphoblastic leukemia
in a population-based, record-linkage study in
California. Am J Epidemiol. 2017;185(2):96-105.

8. Franz MB, Poterauer M, Elhenicky M, Stary S,
Birner P, Vinatzer U, et al. Global and single gene
DNA methylation in umbilical cord blood cells after
elective caesarean: a pilot study. Eur J Obstet
Gynecol Reprod Biol. 2014;179:121-4.

9. Munoz-Suano A, Hamilton AB, Betz AG. Gimme
shelter: the immune system during pregnancy.
Immunol Rev. 2011;241(1):20-38.

10. Zenclussen AC. Adaptive immune responses during
pregnancy. Am J Reprod Immunol. 2013;69(4):291-
303.

11. Francino MP. Birth mode-related differences in gut
microbiota colonization and immune system
development. Ann Nutr Metab. 2018;73(3):12-6.

12. Bhattacharya N, Stubblefield PG. Human Fetal
Growth and Development: First and Second
Trimesters: Springer; 2016.

World.Nutr.Journal | 23



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Simon AK, Hollander GA, McMichael A. Evolution
of the immune system in humans from infancy to old
age. P Roy Soc B-Bio Sci.
2015;282(1821):20143085.

PrabhuDas M, Bonney E, Caron K, Dey S,

Erlebacher A, Fazleabas A, et al. Immune
mechanisms at the maternal-fetal interface:
perspectives and challenges. Nat Immunol.

2015;16(4):328-34.

Wopereis H, Oozeer R, Knipping K, Belzer C, Knol
J. The first thousand days—intestinal microbiology of
early life: establishing a symbiosis. Pediat Allerg
Imm-UK. 2014;25(5):428-38.

Haahtela T, Holgate S, Pawankar R, Akdis CA,
Benjaponpitak S, Caraballo L, et al. The Biodiversity
Hypothesis and Allergic Disease: World Allergy
Organization Position Statement. World Allergy
Organ J. 2013 Jan 31;6(1):3

Benedetto AD, Kubo A, Beck LA. Skin Barrier
Disruption: A Requirement for  Allergen
Sensitization? J Invest Dermatol. 2012 Mar;132(3 Pt
2):949-63

Martin R, Nauta A, Ben Amor K, Knippels L, Knol
J, Garssen J. Early life: gut microbiota and immune
development in infancy. Benef  Microbes.
2010;1(4):367-82.

Turvey SE, Broide DH. Innate immunity. J Allergy
Clin Immunol. 2010;125(2 Suppl 2):S24-S32.
Goenka A, Kollmann TR. Development of immunity
in early life. J Infection. 2015;71:S112-S20.

Shu S-A, Yuen AWT, Woo E, Chu K-H, Kwan H-S,
Yang G-X, et al. Microbiota and Food Allergy. Clin
Rev Allerg Immu. 2019;57(1):83-97.

Houghteling PD, Walker WA. Why is initial
bacterial colonization of the intestine important to the
infant’s and child’s health? J Pediatr Gastr Nutr.
2015;60(3):294.

Dominguez-Bello MG, Costello EK, Contreras M,
Magris M, Hidalgo G, Fierer N, et al. Delivery mode
shapes the acquisition and structure of the initial
microbiota across multiple body habitats in
newborns. PNAS. 2010;107(26):11971-5.
Dominguez-Bello MG, De Jesus-Laboy KM, Shen
N, Cox LM, Amir A, Gonzalez A, et al. Partial
restoration of the microbiota of cesarean-born infants
via vaginal microbial transfer. Nat Med.
2016;22(3):250.

Van Nimwegen FA, Penders J, Stobberingh EE,
Postma DS, Koppelman GH, Kerkhof M, et al. Mode
and place of delivery, gastrointestinal microbiota,
and their influence on asthma and atopy. J Allergy
Clin Immunol. 2011;128(5):948-55. e3.

Mueller NT, Whyatt R, Hoepner L, Oberfield S,
Dominguez-Bello MG, Widen E, et al. Prenatal

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

exposure to antibiotics, cesarean section and risk of
childhood obesity. Int J Obesity. 2015;39(4):665-70.
Boutsikou T, Malamitsi-Puchner A. Caesarean
section: impact on mother and child. Acta Paediatr.
2011;100(12):1518-22.

Dahlen HG, Kennedy HP, Anderson CM, Bell AF,
Clark A, Foureur M, et al. The EPIIC hypothesis:
intrapartum effects on the neonatal epigenome and
consequent health outcomes. Med Hypotheses.
2013;80(5):656-62.

Martino D, Prescott S. Silent mysteries: epigenetic
paradigms could hold the key to conquering the
epidemic of allergy and immune disease. Allergy.
2010;65(1):7-15.

Sevelsted A, Stokholm J, Bennelykke K, Bisgaard H.
Cesarean section and chronic immune disorders.
Pediatrics. 2015;135(1):¢92-¢8.

Eichenfield LF, Tom WL, Chamlin SL, Feldman SR,
Hanifin JM, Simpson EL, et al. Guidelines of care for
the management of atopic dermatitis: section 1.
Diagnosis and assessment of atopic dermatitis. J Am
Acad Dermatol. 2014;70(2):338-51.

Almgqvist C, Oberg AS. The association between
caesarean section and asthma or allergic disease
continues to  challenge. Acta  Paediatr.
2017;103(4):349-51

Mitselou N, Hallberg J, Stephansson O, Almqvist C,
Melen E, Ludvigsson JF. Cesarean delivery, preterm
birth, and risk of food allergy: Nationwide Swedish
cohort study of more than 1 million children. J
Allergy Clin Immunol. 2018 Nov;142(5):1510-14.¢2.
Molloy J, Allen K, Collier F, Tang MLK, Ward AC,
Vuillermin P. The potential link between gut
microbiota and IgE-mediated food allergy in early
life. Int J Environ Res Public Health.
2013;10(12):7235-56.

Torrazza RM, Neu J. The developing intestinal
microbiome and its relationship to health and disease
in the neonate. Am J Perinatol. 2011;31(1):S29-S34.
Vehik K, Dabelea D. Why are C-section deliveries
linked to childhood type 1 diabetes? Diabetes.
2012;61(1):36-7.

Marild K, Stephansson O, Montgomery S, Murray
JA, Ludvigsson JF. Pregnancy outcome and risk of
celiac disease in offspring: a nationwide case-control
study. Gastroenterology. 2012;142(1):39-45. €3.
Ipci K, Altintoprak N, Muluk NB, Senturk M, Cingi
C. The possible mechanisms of the human
microbiome in allergic diseases. Eur Arch Oto-
Rhino-L. 2017;274(2):617-26.

Renz H, Holt PG, Inouye M, Logan AC, Prescott SL,
Sly PD. An exposome perspective: Early-life events
and immune development in a changing world. J
Allergy Clin Immunol 2017; 140:24-40.

World.Nutr.Journal | 24



40.

41.

42.

43

44,

45.

Mueller NT, Bakacs E, Combellick J, Grigoryan Z,
Dominguez-Bello MG. The infant microbiome
development: mom matters. Trends Mol Med.
2015;21(2):109-17.

Vandenplas Y, Munasir Z, Hegar B, Kumarawati D,
Suryawan A, Kadim M, et al. A perspective on
partially hydrolyzed protein infant formula in
nonexclusively breastfed infants. Korean J Pediatr.
2019;62(5):149.

Botteman MF, Munasir Z, Sulistomo AW,
Horodniceanu EG, Bhanegaonkar AJ, Ji X, et al.
Economic value of atopic dermatitis prevention via
partially-hydrolyzed whey-based infant formula
(PHF-W) use in high-risk, non-exclusively breastfed,
Indonesian urban infants: results of a cost-
effectiveness model. World Nut J. 2019;2(2):43-55.
Moya-Pérez A, Luczynski P, Renes IB, Wang S,
Borre Y, Anthony Ryan C, et al. Intervention
strategies for cesarean section—induced alterations in
the  microbiota-gut-brain  axis.  Nutr  Rev.
2017;75(4):225-40.

Fiocchi A, Pawankar R, Cuello-Garcia C, Ahn K, Al-
Hammadi S, Agarwal A, et al. World Allergy
Organization-McMaster University Guidelines for
Allergic Disease Prevention (GLAD-P): Probiotics

Cuello-Garcia CA, Fiocchi A, Pawankar R,Yepes-
Nufiez JJ, Morgano GP, Zhang Y, Ahn K, et al.
World Allergy Organization-McMaster University

46.

47.

48.

49.

Guidelines for Allergic Disease Prevention (GLAD-
P): Prebiotics

Chua MC, Ben-Amor K, Lay C, Goh AE, Chiang
WC, Rao R, et al. Effect of synbiotic on the gut
microbiota of cesarean delivered infants: a
randomized, double-blind, multicenter study. J
Pediatr Gastr Nutr. 2017;65(1):102-6.

Van der Aa L, Heymans H, Van Aalderen W, Sillevis
Smitt J, Knol J, Ben Amor K, et al. Effect of a new
synbiotic mixture on atopic dermatitis in infants: a
randomized-controlled trial. Clin Exp Allergy.
2010;40(5):795-804.

Hegar B, Wibowo Y, Basrowi RW, Ranuh RG,
Sudarmo SM, Munasir Z, Atthiyah AF, Widodo AD,
Supriatmo , Kadim M, Suryawan A, Diana NR,
Manoppo C, Vandenplas Y. The Role of Two
Human Milk Oligosaccharides, 2'-Fucosyllactose
and Lacto-N-Neotetraose, in Infant Nutrition.
Pediatr  Gastroenterol — Hepatol Nutr. 2019
Jul;22(4):330-40.

Boyle, R., et al., Prebiotic-supplemented partially
hydrolysed cow’s milk formula for the prevention
of eczema in high-risk infants: a randomized
controlled trial. Allergy. 2016.71:701-10.

World.Nutr.Journal | 25



World Nutrition Journal |eissN 2580-7013

Caesarean delivery mode and its impact on children’s growth and

cognitive development

Rini Sekartini', Levina Chandra Khoe?

1. Department of Pediatric, Medical Faculty, Universitas Indonesia-Cipto Mangunkusumo National

Received 25 August 2020,
Accepted 15t September 2.
2020

Hospital, Indonesia

Department of Community Medicine, Medical Faculty, Universitas Indonesia

Link to DOI: Abstract

10.25220/WNJ.V04.52.0004

Journal Website:
www.worldnutrijournal.org

There is an increasing concern on the potential risk of Caesarean birth on child health outcomes.
This study aims to present the current available evidences on the effect of Caesarean section on
child’s growth and development. Literature searching were done on several online databases to

identify articles which discussed the effect of Caesarean birth on child’s body weight, length,
nutritional status, cognitive development, memory, learning ability, and intelligence quotient.
Several studies showed positive association between Caesarean and risk of overweight and obesity
in childhood, adolescence, and adulthood. While, there has not been sufficient evidences to
confirm the association between C-section and child’s cognitive outcomes.

Keywords: Caesarean section, children, cognitive, growth and development

Introduction

Concerns have been raised due to increasing number
of Caesarean deliveries towards the health of mother
and baby. There are evidences that linked Caesarean
section (C-section) with child health outcomes.!-?
Data from 150 countries from year 1990 to 2014
recorded the rate of global C-section was 18.6%. In
Indonesia, the Basic Health Research (2018) found
about 17.6% of all births were delivered by C-
section.® This number exceeds the standards of the
World Health Organization, as increase in C-section
rate above 10% had no association with the
reduction of maternal, neonatal, and infant mortality
rates.*>
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Initially, C-section was introduced to save mothers
and infant’s lives. This surgical delivery is important
and necessary if used according to medical
indications. Unfortunately, many C-sections were
performed no longer on the basis of medical
indications. Maternal request contributed the most to
the rising trend of C-section.® The most common
reason was fear of birth. Hence, medical indications
for maternal and infants were not the top priority
reasons. Mothers should be informed with all
possible risks and benefits of C-section before
making decision on birth mode.

The difference birth mechanism between vaginal
delivery and C-section could possibly affect child’s
health. C-section is considered an unnatural birth
mode, in which it lack the birth canal compression
and involves surgical procedures that might reduce
the early mother-child interaction.” In recent years,
researchers have done many investigations to
understand the possible adverse effect of C-section
on child growth and development.
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This article is part of Series on Caesarean Section.
We aimed to describe the potential health risks of C-
section on child growth and cognitive development.
In regards to child behavior, it will be discussed in a
separate article.

Methods

We identified articles through various sources, such
as online database (PubMed/Cochrane), surveys and
reports from international organization or national
institutions. We searched for the effect of C-section
on child growth (body weight, length, nutritional
status), and development (cognitive, memory,
learning ability, intelligence quotient). We aim for
studies with best methodology, i.e. systematic
review and meta-analysis.

Results and Discussion
C-section and child growth

It has been hypothesized that Caesarean birth mode
is associated with the changes in gut flora of infants.
The pattern of gut microbiota in early life affects the
composition of microbiota in the long run.® Shao et
al conducted a cross-sectional study testing 596
healthy babies and assessed the composition of gut
microbiota between those vaginally delivered and C-
section. The study found that birth mode is a
significant factor in the difference of infant’s gut
flora.® Gut microbiota samples from babies
delivered vaginally were dominated with
Bifidobacterium species; while these were found
much less in Caesarean babies. Enterococcus
species and other bacteria associated with hospital
environment were found in substantially high
amount in those born through C-section. The
differences are significant in the first three months
of life, and slowly disappear after 6 months.!”
Nonetheless, the early microbial colonization could
have long-life implications in which it increases the
risk of developing allergic diseases and disrupts the
development pathway.!!!? The birth mode is not the
only factor, breastfeeding, the introduction of solid
food, and the use of antibiotics are other
confounders affecting the infant’s gut colonization
in the first year of life.!3:!4

Gut microbiota have an important role in
maintaining human health. The alteration of
microbial gut colonization in the early life could lead
to various immunologic diseases,
neurodevelopmental disorders, and also obesity. An
animal study revealed that microbiota increase
nutrient uptake, including degradation of
indigestible diet, and promotes fat storage, a
possible mechanism leading to energy storage and
obesity.!> The pattern of early microbial gut
colonization could affect the risk of overweight and
obesity in later childhood. A healthy human gut
colonization is characterized by high amount of
Bacteroides species and higher bacterial diversity.'®
While an obese human gut microbiome has more
Clostridium and Lactobacillus species.!” Caesarean
babies have an altered gut microbiome with
domination of bacteria found in hospital
environment (e.g. Enterobacter, Haemophilus,
Staphylococcus species), and less of Bacteroides
species, Lactobacillus, Bifidobacterium species
(which commonly found in vaginally delivered
babies).'® This altered microbiome is associated
with the risk of overweight and obesity in Caesarean
babies. Table 1 summarized some evidences
(systematic review/meta-analysis) related to risk of
overweight and obesity in childhood and later life.

Overall, the studies showed positive association
between Caesarean birth mode and risk of
overweight and obesity in childhood, adolescence,
and adulthood. The pooled ORs showed in general
increased odds of overweight and obesity among
children above 2 years old. Nevertheless, we should
be aware that risk of obesity is not merely induced
by birth mode, but also influenced by genetic and
environmental factors, e.g. diet pattern, lack of
physical activities, and socio-economic condition.

C-section and child’s cognitive development

The intestinal microbiome affects not only the
immune system and nutritional status of human, but
also the neurodevelopment. A growing body of
evidences demonstrates the importance of gut-brain-
axis, a bi-directional communication between
gastrointestinal tract and central nervous system.
The interaction is facilitated  through
immunological, neural, and endocrine pathway.
Studies linked the development of neurological
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disorders due to alteration in gut microbiota.?’
Several mechanisms in which microbiota plays role
in neurological disorders have been proposed. The
alteration of gut microbiota affects the level of
cytokine and stimulate inflammatory response.
Microbiota could also elicit signals to the vagal
nerve directly, which link to the brain. In addition,
gut microbiota can activate hormone response which
provides communication pathway to the brain.?*
These indicate the initial gut colonization holds
important process in infant’s brain development.

As explained in the previous section, the
delivery mode contributes to the variation in infant’s
gut microbiota. Caesarean babies have less diversity
of microbes and less exposed to maternal
microbes.? The birth mode, aside from other factors
(e.g. gestational age, fetal distress, use of antibiotics
in utero) accounts for the alteration of gut microbiota
in Caesarean babies. Table 2 showed a summary of
evidences linking C-section and child’s cognitive
development (memory, IQ, linguistic). Nonetheless,
we could not find the highest level of evidence, i.e.
systematic  review/meta-analysis. Hence, we
presented several observational studies in Table 2.

Studies compared between planned C-section or
maternal request with vaginal delivery and assessed
the outcome, i.e. cognitive ability, learning ability,
intelligence quotient, in preschool or school-aged
children. One study found significant negative
association between C-section and child’s cognitive
ability (numeracy, reading, grammar at age 8-9).

Table 1. Risk of overweight/obesity in childhood and beyond

The study also found the significant relationship
between breastfeeding, obesity, and autism
spectrum disorder with cognitive outcomes. A
review also mentioned that the role of breastfeeding
even in the specific working mothers’ population
should be empowered as the benefits of exclusive
breastfeeding to support growth and development of
babies were well established.? Hence, even though
the study adjusted these confounding factors, there
were still unexplained factors that could influence
child’s cognitive ability. Other studies did not able
to show any clear relationship between C-section
and cognitive outcomes. Therefore, we cannot
support the notion that Caesarean babies had
delayed cognitive development compared with
vaginal delivered babies.

Conclusion

Our review identified evidences that assessed the
potential risks of C-section on child growth and
especially on cognitive development. Based on the
current available evidences, positive association was
found between Caesarean birth and risk of
overweight/obesity in childhood, and continued to
adolescence, and adulthood. While, in terms of
cognitive ability, there has not been sufficient
evidences to confirm the association between C-
section and child’s cognitive outcomes.

Author Year n included Risk in children Risk in adolescents Risk in adults
studies
Li HT et al®® 2013 9 3-8 years old: 9-18 years old: >18 years old:
1.32 (1.15-1.51) 1.24 (1.00-1.54) 1.50 (1.02-2.20)
Sutharsan R et al*° 2015 14 <5 years old: 5-18 years old: >18 years old:
1.15 (0.94-1.40) 1.09 (0.91-1.30) 1.28 (1.02-1.34)
Kuhle S et al?! 2015 28 2-18 years old: N/A N/A
134 (1.18-1.51)
Keag OE et al*? 2018 6 Overweight at 3—  Obesity at 6-15 Obesity at 20-28

13 years old:

1.22 (1.06-1.41)
Obesity at 5 years
old:

1.59 (1.33-1.90)

years old:
1.45 (1.15-1.83)

years old:
1.34 (1.25-1.44)

Note: all studies assessed in the systematic review/meta-analysis were observational/longitudinal studies.
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Table 2. Summary of evidences linking C-Section and children’s cognitive development (memory, 1Q, linguistic)

Author Publication Study n of Location Groups Age group Outcomes
Year Design participants
Hanrahan M 2019 Cohort 8,845 UK Normal 3—11 yearsold  Delay in verbal
et al”’ delivery vs for verbal cognitive
planned CS cognitive ability:
ability 0.65 (0.45—
5-11 yearsold  0.94)
for visual- Delay in
spatial visual-spatial
cognitive cognitive
ability ability:
1.55 (1.07-
2.25)
Polidano C et 2017 Cohort 3,666 Australia  Vaginal 4 to 9 years old  Difference in
al®® delivery vs CS numeracy
ability:
-0.095 (0.034)*
Fox NSetal® 2017 Cohort 354 US Planned vaginal 2 years old Learning
delivery Vs disability:
planned CS -0.5%
(p=0.902)
Khadem N et 2010 Cross- 372 Iran Vaginal 6—7 years old Intelligence
al30 sectional delivery vs CS quotient:
-0.61 (p=0.46)
LiHTetal® 2011 Cohort 4,144 China Spontaneous Preschool Full scale IQ:
vaginal delivery children 1.6 (-1.3-4.5)
vs CS on Verbal 1Q:
maternal 2.3 (-0.8-5.5)
request Performance
1Q:
0.6 (-2.0-3.3)

Note: *statistically significant (p<0.05)
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neurodevelopment among children
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Abstract

In regards to the rising rate of Caesarean birth globally, there is concern about the risk of Caesarean
birth in children. However, the effect of Caesarean delivery towards the child brain and
neurodevelopment is not well understood. We reviewed articles from online database with topics
related to the relation between Caesarean delivery mode and brain development or
neurodevelopment or behavior and emotional development. Several studies discussed how birth
mode could affect brain structural connectivity through neural and hormone changes. Some studies
also assessed possible effect on child’s psychological development. The result showed differences
in child’s brain development between caesarean and natural delivery in the early life, but not in the
long run. Additionally, there was no significant association between birth mode and emotional
problem.

Keywords: Caesarean section, children, brain development, neurodevelopment, behavior and
emotional

was estimated that 21.1% of the world’s births were
occurred through C-section in 2015, increased

In general, birth delivery can be divided into three
categories: natural unassisted delivery, assisted
delivery, and caesarean delivery. It is commonly
known that Caesarean section (C-section) holds
important role in saving lives of mothers and infants
under certain medical conditions, e.g. labor dystocia,
fetal malpresentation, fetal distress, etc. Therefore,
the use of C-section for birth delivery is inevitable.
However, in present times, mothers could request
for C-section, even without any medical indications.
And apparently, it becomes increasingly popular. It
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almost double from 12.1% in 2000.! The rate of C-
section on maternal request is also growing.
Analysis based on the WHO Global Survey on
Maternal and Perinatal Health (2004-2008)
1dentified the rate of C-section was 25.7%, and about
1% of them were without medical indications.? In
Norway population-based study, 5% of the
deliveries were occurred through elective C-
section.> Another study using Swedish Registry also
identified a three-fold increase of C-section on
maternal request in 10-year period.* Similar
situation was found in Indonesia, where about 3.7%
of Caesarean deliveries in tertiary hospitals were by
maternal request.’

Even though C-section delivery is sometimes
necessary and lifesaving, it can also bring negative
consequences for mothers and infants. The short-
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term health risk includes post-partum infection,
hemorrhage, venous thromboembolism, or even
maternal death.®® There are also long-term risks for
the mothers, child, and subsequent pregnancies.’
The World Health Organization (WHO) gave
statement on C-section delivery rate and
acknowledging that the effect of C-section on
pediatric outcomes are still unclear.!? Castillo-Ruiz
reported an unexpected effect on neonatal brain
development and behavior in mice delivered through
C-section.!! The rates of cell death in the brain were
either unchanged or increased at C-section delivery,
contrary to vaginal delivered mice, which exhibited
an abrupt, transient decrease in cell death. Some
human studies also suggested the possible effect of
Caesarean birth method on child’s cognitive,
emotions, and behaviour.'?> 13

Nevertheless, there is no doubt that we also
found healthy children born through C-section
delivery. It is also important to note that various
factors influenced children’s growth and
development, not merely the birth mode. Little is
known about the effect of birth mode on child’s
neurodevelopment and cognitive behavior. This
review aims to provide an overview on the available
evidences, exploring how C-section mode could
affect brain development in short- and long-term.

Methods

We focus on the effects of C-section delivery mode
on children’s brain development,
neurodevelopment, cognitive, and behavior. Studies
on the effects of C-section on children’s health, such
as obesity, allergy, asthma, were excluded. We only
included articles that were published in a peer-
reviewed scientific journal. Articles were identified
from electronic database, i.e. PubMed, Cochrane,
and Google Scholar. The searching strategies
included terms related to Caesarean, brain
development, neurodevelopment, behavior and
emotional development. Articles were either in
English or Indonesian language, and not limited to
publication year.

Results and Discussion

C-section delivery mode and brain development

There are clearly differences between vaginal
delivery and C-section delivery, but the question is
how do these differences affect health outcomes in
infants? Natural born infant experienced hormonal
surge through labor process. Mother’s body is
naturally prepared for delivering infant, with
increasing level of estrogen, oxytocin, prostaglandin
activity, beta-endorphins, and prolactin receptors.
The infant’s body also experiences changes to be
fully matured. Buckley'* noted some possible
impacts of planned birth on the infant’s brain, e.g.
reduced brain maturity and brain-hormone. It is well
understood that premature infant has higher risk for
brain injury because of the lack of oxygen. About 5
to 10% of infants born before 32-weeks had
significant brain impairment, e.g. cerebral palsy, and
more than half developed cognitive or behavior
disorders.!>-!® Nevertheless, there still lack of
evidence on how elective C-section delivery which
commonly occurs between the gestation age of 37 to
39 weeks could have impact on the infant’s brain.
Clinical  guidelines recommended C-section
delivery on maternal request to be performed after
39 weeks due to risk of respiratory complications,
however, no sufficient evidences related to risk of
brain immaturity before the gestation age of 39
weeks.!?

Neonates delivered through C-section have
lower concentration of stress hormone that may
affect the hypothalamic-pituitary-adrenal (HPA)
axis, which latter could have implications on
neonatal cardiovascular and autonomic nervous
system development. Castillo-Ruiz identified a
surge in vasopressin among mice with vaginal
delivery, and a relatively small increase among those
delivered through C-section. The concentration of
circulating vasopressin is almost 100-fold higher in
infants born by vaginal delivery compared to C-
section.?’ It is assumed that these high concentration
of vasopressin acts as natural analgesia in infants
born by vaginal delivery. The circulating levels of
vasopressin is generally link with concentrations in
the central nervous system, and it is reported to
decrease neuronal apoptosis in cell culture.

Aside from hormonal effects, Deoni et al*!
performed a cohort study towards two-week-old
neonates, three-months to 5-year old, and 8-year old
children to observe their brain structural and
functional connectivity. The result indicated

World.Nutr.Journal | 33



significant differences in the first three years, then it
was gradually decreased and became unobservable
beyond the age of three. The two-week-old infants
born by vaginal delivery had higher 4-10% of mean
fractional anisotropy, compared to those by C-
section. Infant at three-month-old born by vaginal
delivery also had better myelination in the frontal,
temporal, parietal, and occipital white matter,
compared to those delivered by C-section. Hence,
the study found no significant differences brain
structural connectivity between vaginal and C-
section delivery in the older children (7.5 to 8.5
years old). There are possibility that breastfeeding
and other environmental exposures, e.g. nutrition,
sleep duration, screen-time, contribute to children
neurodevelopment.

C-section and its relation to behavior and
emotional development

There are theoretical assumptions that Caesarean
delivery disrupts the normal change in infant’s life
and potentially cause traumatic experience that latter
affect the child’s psychology. The child might be
prone to the issue of separation and abandonment.?
Nonetheless, these were all assumptions and not
based on clinical evidence. Kelmanson et al'? did a
case control study comparing 5-year old children
born through C-section on maternal request with
those vaginal delivery. He found significant
difference in terms of anxiety/depression, sleep
problems, and internalizing problems. Another
study by Huang et al?* confirmed these potential risk
of emotional and behavioral problems among
children born via C-section delivery. He compared
children born through C-section on maternal
request, C-section with medical indications,
emergency C-section, and vaginal delivery. Those
delivered prior to 39-weeks on maternal request had
the highest risk for emotional problems (RR: 3.48;
95% CI: 1.68-7.22) and total difficult problems
(RR: 2.17; 95% CI: 1.18-4.02). Nevertheless, study
by Rutayisire et al** showed different result. He
conducted a cross-sectional study among 8,900 pre-
schoolers in China and found no significant
association between emotional problems and mode
of delivery (RR: 1.06; 95% CI: 0.90-1.24).

In regards to its impact on cognitive and
behavioral outcome, C-section delivery could have

been linked with the alteration of infant’s gut
microbiota which could affect the memory, mood,
and cognition.?>-2° It has been hypothesized that the
central and enteric nervous system has bidirectional
communications, known as gut-brain-axis. Different
gut microbiota has been found in children born
through C-section compared with vaginal delivery,
not only in the early life, but also beyond infancy.
Study by Salminen et al?’ found significantly higher
Clostridium species in normally delivered children
than Caesarean born. The study observed about 60
children aged 7 year old. Animal studies showed that

gut  microbial colonization affects  brain
development, particularly in stress reactivity,
anxiety-like behavior’®, and brain memory

dysfunction. Possible mechanisms include changes
in neurotransmitter and brain-derived neurotropic
factors, modulation of enteric sensory afferents, and
mucosal immune activation.?”-32

Even though the direct causation between
disturbed gut microbiota and child’s behavioral
development has not been established, there are
assumptions that it influences children’s cognitive
disorder, such as autism spectrum disorders (ASD)
and attention deficit hyperactivity disorder
(ADHD). Study by Rutayisire et al** found no
differences in emotional problems, but significant
result in behavioral problems, i.e. higher risk for
total strength and difficulties questionnaire (OR:
1.27; 95% CI: 1.10-1.46) and pro-social behavior
(OR: 1.27; 95% CI:1.12-1.45). Another study by
Mackay et al** also found the risk of special
education needs in children with Caesarean delivery.
Specifically, he observed a dose-dependent
relationship between risk of SEN with younger
gestation age. Higher risk was found at preterm
delivery i.e. the adjusted odds ratio for SEN at 37-
39 weeks was 1.16 (95% CI: 1.12-1.20), at 33-36
weeks was 1.53 (95% CI: 1.43-1.63), at 28-32
weeks was 2.66 (95% CI: 2.38-2.97), and at 24-27
weeks was 6.92 (95% CI: 5.58-8.58). Nonetheless,
the association between Caesarean delivery and
behavioral disorders are still in debate. Curran et al**
analyzed a large cohort study in UK and found no
association between planned C-section and ASD
(aOR: 0.58; 95% CI: 0.19-1.79) or ADHD (aOR:
0.54, 95% CI: 0.18-1.64). He also did a systematic
review and calculated a pooled odds ratio of 1.23
(95% CI: 1.07-1.40) for ASD and OR of 1.07 (95%
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CI: 0.86—1.33) for ADHD.?> A recent systematic
review on the association of C-section with risk of
neuro-developmental and psychiatric disorders also
obtained similar result.’® The findings revealed a
significant association with increased odds for ASD
(OR: 1.33; 95% CI: 1.24-1.41) and ADHD (OR:
1.17; 95% CI: 1.07-1.26) among Caesarean infants.
However, the study did not find significant
association with depression, tic disorders or
affective and non-affective psychoses. Even though
the associations were significant, the numbers were
relatively small, considering the prevalence of ASD
was about 1% and ADHD was 7%. In addition, the
statistical heterogeneity was high, i.e. 1>=69.5% for
ASD and 1=79.2% for ADHD. Possible
confounders, such as genetics, environmental factor,
indication for C-section may contribute to this
heterogeneity. It is also importantly to consider
future reviews and researches related to economic
burden on specific child’s neurodevelopment
condition and its link with nutritional
intervention.’”-*® The role and knowledge of health
care practitioners also point that need to be taking
into consideration in order to keep the management
of infants born with C-section will get the proper
nutritional intervention and management in the early
life. The knowledge update in this particular subject
is required.’%#0

Conclusion

Our review found a growing body of evidences that
support the association between C-section delivery
and child’s neurodevelopmental. The short-term
effects were observed in the difference of brain
development in the early life. Nevertheless, the
long-term effects on child’s emotional and
behavioral problems were not yet conclusive. Future
research should consider the genetic and
environmental factors that could influence the
emotional and behavioral development of a child. In
addition, better understanding on how C-section
affects the gut-brain-axis and whether the effect
would last in the long run should be explored.

Conflict of Interest

Authors declared no conflict of interest regarding
this article.

Open Access

This article is distributed under the terms of the
Creative Commons Attribution 4.0 International
Licence
(http://creativecommons.org/licenses/by/4.0/),
which permits unrestricted use, distribution, and
reproduction in any medium, provided you give
appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons
license, and indicate if changes were made.

Reference

1. Boerma T, Ronsmans C, Melesse DY, Barros AJD,
Barros FC, Juan L, et al. Global epidemiology of use
of and disparities in caesarean sections. Lancet
2018;392:1341-8.

2. Souza JP, Giilmezoglu A, Lumbiganon P, et al.
Caesarean section without medical indications is
associated with an increased risk of adverse short-
term maternal outcomes: the 2004-2008 WHO
Global Survey on Maternal and Perinatal
Health. BMC Med 2010;8:71.

3. Sterksen HT, Garthus-Niegel S, Adams SS, Vangen
S, Eberhard-Gran M. Fear of childbirth and elective
caesarean section: a population-based study. BMC
Pregnancy Childbirth 2015;15:221.

4. Karlstrom A, Radestad I, Eriksson C, Rubertsson C,
Nystedt A, Hildingsson 1. Cesarean section without
medical reason, 1997 to 2006: a Swedish register
study. Birth 2010;37:11-20.

5. Festin MR, Laopaiboon M, Pattanittum P, Ewens
MR, Henderson-Smart DJ, Crowther CA, and The
SEA-ORCHID Study Group. Caesarean section in
four South-East Asian countries: reasons for, rates,
associated care practices and health outcomes. BMC
Pregnancy Childbirth 2009;9:17.

6. National Institute for Health and Clinical Excellence
(2011) Caesarean Section (NICE Clinical Guideline
132). Available
at: https://www.nice.org.uk/guidance/CG132 [Acces
sed 8th May 2020].

7. Mascarello KC, Horta BL, Silveira MF. Maternal
complications and cesarean section without
indication: systematic review and meta-analysis. Rev
Saude Publica 2017;51:105.

8. Blondon M, Casini A, Hoppe KK, Boehlen F,
Righini M, Smith NL. Risks of venous
thromboembolism after caesarean sections: a meta-
analysis. CHEST 2016;50:572-96.

World.Nutr.Journal | 35



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Keag OE, Norman JE, Stock SJ. Long-term risks and
benefits associated with cesarean delivery for

mother, baby, and subsequent pregnancies:
Systematic review and meta-analysis. PLoS
medicine 2018;15: €1002494.

https://doi.org/10.1371/journal.pmed.1002494
WHO Statement on caesarean section rates. World
Health  Organization = Human  Reproduction
Programme, 10 April 2015.Reprod Health Matters
2015 May; 23(45):149-50.

CastilloRA, Mosley M, Jacobs AJ, Hoffiz YC, Forg
er NG. Birth delivery mode alters perinatal cell death
in the mouse brain. Proc Natl Acad Sci USA
2018,115:11826-31.

Kelmanson IA. Emotional and behavioural features
of preschool children born by Caesarean deliveries at
maternal request. European Journal of
Developmental Psychology 2013;10:6, 676-
90, DOI: 10.1080/17405629.2013.787024

Adler SA, Wong-Kee-You AMB. Differential
attentional responding in caesarean versus vaginally
delivered infants. Atten Percept Psychophys.
2015;77:2529-39.

Buckley SJ. Executive Summary of Hormonal
Physiology of Childbearing: Evidence and
Implications for Women, Babies, and Maternity
Care. J Perinat Educ. 2015;24:145-53.
doi:10.1891/1058-1243.24.3.145

Miller SP, Ferriero DM, Leonard C, Piecuch R,
Glidden DV, Partridge JC, et al. Early brain injury in
premature newborns detected with magnetic
resonance imaging is associated with adverse early
neurodevelopmental outcome. J
Pediatr 2005;147:609-616.

Marlow N, Wolke D, Bracewell MA, Samara M.
Neurologic and developmental disability at six years
of age after extremely preterm birth. N Engl J
Med 2005;352:9-19.

Walsh MC, Hibbs AM, Martin CR, Cnaan A, Keller
RL, Vittinghoff  E, et al. Two-year
neurodevelopmental outcomes of ventilated preterm
infants treated with inhaled nitric oxide.J
Pediatr 2010;156:556-561

Back SA, Miller SP. Brain injury in premature
neonates: A primary cerebral dysmaturation
disorder? Ann Neurol 2014;75:469-86.

NICE Clinical Guideline. Caesarean Section.
National Institute of Clinical Excellence April 2004
(http://guidance.nice.org.uk/
CG13/Guidance/pdf/English)

Wellmann S, Biithrer C. Who plays the strings in
newborn analgesia at birth, vasopressin or
oxytocin? Front Neurosci 2012;6:78.
doi:10.3389/fnins.2012.00078

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

. Deoni SC, Adams SH, Li X, et al. Cesarean Delivery
Impacts Infant Brain Development. Am J
Neuroradiol. 2019;40:169-77.

Verny TR, Weintraub P. Tomorrow’s baby: The art
and science of parenting from conception through
infancy. 2002. New York, NY: Simon & Schuster
Huang K, Yan S, Wu X, Zhu P, Tao F. Elective
caesarean section on maternal request prior to 39
gestational weeks and childhood psychopathology: a
birth cohort study in China. BMC Psychiatry
2019;19(1):22.

Rutayisire E, Wu X, Huang K, Tao S, Chen Y, Tao
F. Childhood emotional and behavior problems and
their associations with cesarean delivery. Rev. Bras.
Psiquiatr. [Internet]. 2018 June
[cited 2020 June 15]; 40(2): 145-153. Available
from:
http://www.scielo.br/scielo.php?script=sci_arttext&
pid=S1516-

44462018000200145&Ing=en. Epub Oct 02,
2017.  http://dx.doi.org/10.1590/1516-4446-2016-
2152.

Galland L. The gut microbiome and the brain. J Med
Food. 2014;17(12):1261-1272.

Cryan JF, Dinan TG. Mind-altering microorganisms:
the impact of the gut microbiota on brain and
behaviour. Nature Reviews Neuroscience 2012,
13:701-12.

Salminen S, Gibson GR, McCartney AL, Isolauri E.
Influence of mode of delivery on gut microbiota
composition in seven year old children. Gut
2004;53:1388-9.

Diaz Heijtz R, Wang S, Anuar F, et al. Normal gut
microbiota modulates brain development and
behavior. Proc Natl Acad Sci USA 2011;108:3047-
52.

Marilia Carabotti, Annunziata Scirocco, Carola
Severi, Carola Severi. The gut-brain axis:
interactions between enteric microbiota, central and
enteric nervous systems. Ann  Gastroenterol
2015;28:203-209.

Diaz Heijtz R, Wang S, Anuar F, Qian Y, Bjorkholm
B, Samuelsson A, et al. Normal gut microbiota
modulates brain development and behavior. Proc
Natl Acad Sci USA 2011; 108:3047-52.

Gareau MG, Wine E, Rodrigues DM, Cho JH, Whary
MT, Philpott DJ, et al. Bacterial infection causes
stress-induced memory dysfunction in mice. Gut
2011 Mar; 60:307-17.

Kunze WA, Mao YK, Wang B, Huizinga JD, Ma X,
Forsythe P, Bienenstock J. Lactobacillus reuteri
enhances excitability of colonic AH neurons by
inhibiting calcium-dependent potassium channel
opening. J Cell Mol Med 2009; 13:2261-70.

World.Nutr.Journal | 36



33.

34.

35.

36.

MacKay DF, Smith GCS, Dobbie R, Pell JP.
Gestational Age at Delivery and Special Educational
Need: Retrospective Cohort Study of 407,503
Schoolchildren. PLoS Med 2010;7: €1000289.
Curran EA, Cryan JF, Kenny LC, Dinan TG,
Kearney PM, Khashan AS. Obstetrical mode of
delivery and childhood behavior and psychological
development in a British cohort. J Autism Dev Disord
2016;46:603-14.

Curran EA, O'Neill SM, Cryan JF, Kenny LC, Dinan
TG, Khashan AS, Kearney PM. Research review:
Birth by caesarean section and development of
autism  spectrum  disorder and  attention-
deficit/hyperactivity disorder: a systematic review
and meta-analysis. J Child Psychol Psychiatry 2015;
56:500-8.

Zhang T, Sidorchuk A, Sevilla-Cermefio L, et al.
Association of Cesarean Delivery with Risk of
Neurodevelopmental and Psychiatric Disorders in
the Offspring: A Systematic Review and Meta-
analysis. JAMA New Open. 2019;2:¢1910236.

37.

38.

39.

40.

Botteman MF, Munasir Z, Sulistomo AW,
Horodniceanu EG, Bhanegaonkar AJ, Ji X, et al.
Economic value of atopic dermatitis prevention via
partially-hydrolyzed whey-based infant formula
(PHF-W) use in high-risk, non-exclusively breastfed,
Indonesian wurban infants: results of a cost-
effectiveness model. World Nut J. 2019;2(2):43-55
Lamsal R, Zwicker JD. Economic evaluation of
interventions for children with neurodevelopmental
disorders: opportunities and challenges. App! Health
Econ Health Policy. 2017;15(6): 763—72

Bardosono S, Hildayani R, Chandra DN, Basrowi
RW, Wibowo Y. The knowledge retention after
continuing health education among midwives in
Indonesia. Med J Indones [Internet]. 2018Sep.9
[cited 2020Aug.7];27(2):128-33.

Ahmed M, Pai B, Reynolds T. Retention of
knowledge of the Paediatric Life Support guidelines.
J Coll Physicians Surg Pak. 2012;22(3):194-5.

World.Nutr.Journal | 37



World Nutrition Journal |eissN 2580-7013

Received 26 August 2020,
Accepted 24t September

Benefit of synbiotic intervention in Caesarean section born infants
and children: A nutritional perspective
Saptawati Bardosono?, Dian Novita Chandra’

1. Department of Nutrition, Medical Faculty, Universitas Indonesia-Cipto Mangunkusumo National
General Hospital, Jakarta, Indonesia

2020

Abstract

Link to DOI:
10.25220/WNJ.V04.52.0006

Journal Website:
www.worldnutrijournal.org

The benefit to have infants being delivered physiologically through vagina is amongst others to get
maternal microbes transmission that will affect host immunity and metabolic development.
However this mode of delivery is not always the choice to infants for several reasons. Therefore, it
raises questions whether there is a need to give specific intervention to the caesarean section (C-
section) born infants and children for their optimal growth and development, i.e. provision of
nutrients with or without pre-, pro- or synbiotics. Nutritional intervention is certainly important to
support growth and development of all children, especially those born by C-section. However, in
addition, to anticipate perturbation in the gut microbiota there is a need to prepare the C-section
born infant through translocation from the mother’s intestinal microbiota, early initiation of
breastfeeding and/or synbiotic supplementation formula. The superiority of synbiotic compare to
prebiotic or probiotic alone is that synbiotic thought to have synergistic beneficial effects on the
immune and metabolic systems in which it can compensates the delayed Bifidobacterium
colonization modulates the production of acetate and the acidification of the gut in C-section born
infants. However, we still need to find consistent evidence & recommendation in the world on
synbiotic for children in general and specifically for the C-section born infant & children.
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Introduction

of Dblood Dbrain barrier will result to
neuroinflammation and will cause abnormal
neuronal/brain development. On the other hand,

Pregnancy is triggering maternal inflammation due
to several physiological changes which results in
prenatal stress. In addition, the absence of vaginal
microbiota caused by Caesarean section (C-section)
delivery mode will alter infant’s gut microbiota, or
so called dysbiosis. There are several theoretical
outcomes of dysbiosis, in which through the increase
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dysbiosis will result to gastro-intestinal dysfuntion
or leaky gut that will impair the parasympathetic
system function (i.e. vagus nerve) and will cause
cognitive and behavioral deficits. While through
metabolic disorder caused by dysbiosis, there will be
disturbed cross-talk innate immune system and
dysregulation of systemic (adaptive) immune
system that will result to allergy and autoimmunity.!

How could mode of delivery increase the risk of
poor child growth and development? Although there
is limited evidence on the association between C-
section birth and linear growth and/or brain
development, a retrospective cohort study among
mothers having children aged 6—24 months old in
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Ghana found that compared to the C-section infants,
vaginally delivered infants were 1.8 times more
likely to receive adequate neonatal feeding, and after
controlling for potential confounding factors, there’s
a significant increment by 0.121 standard units on
linear growth as measured by height-for-age
(HAZ).2 On the other hand, a cross-sectional study
done in East China found that 67.3% were born by
C-section, in which 15.7% of those preschool
children aged 3—6 years old were obese. And, after
adjusted for parental factors, child characteristics
and family income, the odd of overweight and
obesity was 1.35 and 1.25 respectively.?

Furthermore, in relation to brain development, a
retrospective study in Arkansas Children’s Hospital
and Brown University USA found that by using
diffusion tensor imaging, myelin water fraction
imaging, voxel-based morphometry, and/or resting-
state functional magnetic resonance imaging
(fMRI), C-section delivery may influence infant
brain development. * To evaluate the relation
between C-section birth and child cognitive
development, a longitudinal study of Australian
children aged 4 to 9 years revealed that C-section-
born children perform significantly below by up to a
tenth of a standard deviation in national numeracy
test score at age 8—9 years compared to vaginally-
born children” To explore the mechanism on how C-
section delivery could affect child growth and
development in relation to gut microbiota, there is
an impact of external factors on the intestinal
microbiota of the infant that might explain the
mechanism from prenatal to adult-like microbiota
through delivery mode at birth, type of feeding
especially at the first week and first months. ¢
Finally, this article aims to find an appropriate
solution or intervention to promote optimal growth
and development of the C-section-born infants and
children in the perspective of nutrition and gut
microbiota balance.

Nutritional intervention to support growth and
development of children born by C-section

It is widely agreed that human breastmilk is the gold
standard as the first and main food for infants since
born to be exclusively provided during the first six
months and being continued up to 24 months of age.
Breast milk provides complete nutrients to support

child growth and development, regardless of
difference in the route of delivery. Besides having
all essential nutrients, breastmilk also consists of
immune-components, hormones, HMOs (human
milk oligo-saccharides, and microbiota. The HMOs
as prebiotic and microbiota as probiotic, or synbiotic
in breastmilk are important on their function to
influence on the infant gut microbiota for its long-
term health benefits, e.g. lung health. Figure 1
shows the hypothetical pathway on the association
of HMOs as prebiotics and microbiota as probiotic
to affect infants’ gut microbiota and lung health.”

However, not all infants are being fortunate for
having the breast milk, but instead will have its
substitute, i.e. milk formula. To be updated, the milk
formula is continued to be designed to mimic the
breast milk, i.e. by 1) decreasing its protein content
without changing plasma amino acid profile in
preventing obesity; 2) supplemented with cow’s
milk lactoferrin; 3) having long-chain PUFA
(omega-3 and pmega-6) to promote insulin
sensitivity, prevention of obesity and dyslipidemia;
4) addition of milk fat globule membrane (MFGM)
from cow’s milk to add on to the plant oil; 5)
supplementation of prebiotic (FOS and GOS) to
have a bifidogenic effect; and/or 6) supplemented
with probiotic in which there is no report on its
harmful effects.?

The use of pre-, pro- and synbiotic in infant
formula is done through research and innovation by
using technological advances along with the
development of knowledge about the component of
breast milk. However, the evidence about its clinical
efficacy is limited to recommend as a routine use in
infant formula. Therefore, further research is needed
to be able to establish their benefits for health.” This
recommendation is also considered to the
inconsistency evidence, i.e. from 1) the negative
finding of a prospective, randomized, double-blind
controlled study among full term infants with
diagnosed cow’s mild allergy (CMA) who received
synbiotic supplemented amino acid-based formula
(AAF) that showed similar growth to the AAF
without synbiotics;!'? to the positive finding from a
randomized, double-blind, multicenter study on the
effect of synbiotic on the microbiota of caesarean
delivery infants in which supplementation with
short-chain galacto-oligosaccharides/long-chain
fructo-oligosaccharides  and  Bifidobacterium
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breveM-16V compensates the delay
Bifidobacterium colonization in C-section-delivered
infants and modulates the production of acetate and
the acidification of the gut. Physiologically, it
reveals as indicator of gut health, emulate those
observed in vaginally born infants.!!

Superiority of synbiotic compare to prebiotic or
probiotic intervention alone on C-section born
children

There are things to consider regarding to the needs
to provide synbiotic intervention. Several studies
showed the effects of antibiotic treatment in the pre-
natal period and early post-natal life in the gut
microbiota, as well as on the risk of wheeze and
asthma. While it also evidence that there are
maternal factors influencing the composition of
breast milk microbiota, and among others is C-
section. All of those will induce dysbiosis condition
and increase the risk of allergy.!?

The dysbiosis in children born by C-section is
influenced by several factors, i.e. extremes of
maternal body mass index (BMI), preterm birth,
extremes of infants’ size, infection, and gestational
diabetes. The impact of microbial dysbiosis caused
by C-section delivery is linked with an increased risk
of inflammatory bowel disease (IBD) and a wide
range of autoimmune, allergic and metabolic
condition, as shown in Figure 2.'3

What are the potential for pre-, pro- or synbiotics
in the management of infants at risk of dysbiosis?
The use of prebiotic is due to its potential effect in
selectively utilized by host microorganisms
conferring a health benefit. While probiotic as live
organisms has it potential when administered in
adequate amount confer a health benefit on the host.
Furthermore, synbiotic as a mixture of pre- and
probiotics potentially affects the host by improving
the survival and implantation of live microbial
dietary supplements in the gastrointestinal tract,
improving the health of the host.!* It has been
recommended that during pregnancy, a probiotic
treatment may represent an effective strategy to
promote a healthy microbial composition in C-
section born infants, while also to give prebiotic
supplementation in infants exposed to early-life
microbial perturbation, such as a C-section born
infant. Furthermore, the combination of pre- and

probiotics or synbiotics is thought to have
synergistic beneficial effects on the immune and
metabolic systems.!> Thus, synbiotic should have a
greater effect than the prebiotic or probiotic alone as
shown in Figure 3 on the mechanism of action and
their effects.!®

Regarding to the mechanism of action, then
while providing the synbiotic intervention to the C-
section born infants and children, we should
consider to give nutritional modulation of maternal
microbiota that might influence the development of
the infant gastrointestinal tract. Using a hypothetical
model, we can learn how maternal microbiota and
microbial products could be transferred from mother
to the fetal and neonatal gastrointestinal tract. It
shows that dendritic cells can cross the paracellular
space of the intestinal epithelium to take up bacteria
directly from the intestine lumen. Following to that
action then circulation of lymphocytes within the
mucosal associated lymphoid tissue allows the
maternal gastrointestinal tract microbiota to reach
distant mucosal surfaces, including those found in
the genitourinary and respiratory tracts, lactating
mammary gland, salivary and lachrymal glands, as
shown in Figure 4.7

This explanation inspires us to manipulate the
maternal gastrointestinal microbiota composition
through the use of pro-, pre or synbiotic and its
subsequent impacts for the health of the newborn.
To confirm the hypothesis, an Indonesian study can
show the effect of probiotic provided to pregnant
women since the 3™ trimester can be found in the
colostrum and the 3-month breast milk.!®

Finally, regarding to the composition of
symbiotic, although we have already been informed
on the properties of several microorganism
considered as probiotics (such as Lactobacillus and
Bifidobacterium), and prebiotics (such as
oligosaccharides, i.e. FOS and GOS), however we
still need further information on its combination as
a synbiotic. So far, the most used and already
marketed synbiotics are mixtures of
oligosaccharides FOS and GOS with probiotics
bacterial strain L. plantarum, L. paracasei, L.
rhamnosus, B. bifidum or B. lactis that have been
selected for the functional activities in the context of
a specific combination formulation with
prebiotics.!” Several studies that showed a synbiotic
combination of L. casei and dextran prevented the
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cedar-pollen induced onset of nasal and ocular
symptoms, and a combination of potato starch and
L. rhamnosus reduced a disease score of atopic
dermatitis, showing that there are specific
synergistic effects of a combination of certain
synbiotics. Therefore, future research should
provide clinical evidence of certain combination
formulation of synbiotics, especially to overcome
dysbiosis resulted by the C-section.

Conclusion

Beside breast-feeding, translocation from the
mother’s intestinal microbiota and synbiotic
supplementation  are amongst  nutritional

intervention to support growth and development of
C-section born infants and children. Regarding to
the fact that synbiotic is thought to have synergistic

Maternal

beneficial effects on the immune and metabolic
systems by  compensated the  delayed
Bifidobacterium colonization in C-section born
infants and modulates the production of acetate and
the acidification of the gut, therefore, symbiotic for
children in general and specifically for C-section
infants and children may have an impact on healthy
young children gut microbiota, although further
research is certainly needed.
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Abstract

Women's decision on birth mode should consider its risks and benefits, including long-term risks of
Caesarean section among children. This study aims to present the current available evidences on
the risks of Caesarean towards childhood allergy and how an obstetrician could prevent this
outcome through nutrition and education. We searched articles from several online databases
about the link between Caesarean, childhood allergy, and prenatal intervention. There were
significant risks of childhood asthma and food allergy, but it was still unclear for allergic rhinitis and
atopic dermatitis. Nutritional intervention could be done for pregnant women with consumption
of probiotics and vitamin D supplementation. In addition, prenatal education is necessary to
prepare better childhood outcomes.

Keywords: Caesarean section, prenatal education, children, obstetrician

Introduction

There is an increasing number of Caesarean
deliveries throughout the world, including in
Indonesia. In 2018, the rate of Caesarean delivery in
Indonesia was 17.6%,! slightly higher than World
Health Organization (WHO) recommendation rate
which was around 10-15%.? Initially, Caesarean
section (C-section) is performed due to life-
threatening conditions towards mother and/or fetus.
However, in present times, women have options to
request for C-section, not necessarily related to
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medical indications. It is assumed that Caesarean
delivery on maternal request (CDMR) is rising and
contributes to the high rate of C-section. In US, the
CDMR is estimated at 2.5% of all births.> In
Indonesia, there had not been any studies which
estimated the nation-based CDMR rate.
Nevertheless, a study conducted in tertiary hospitals
in Indonesia found that approximately 3.7% were
performed on maternal request.*

The potential health risks of C-section in the
short- and long-term, for mother, child, and
subsequent pregnancies, have been widely
discussed. Women who birth by C-section have
higher = risk  for  post-partum  infection,
thromboembolism, and even death, as short-term
risk.> While in the long run, there are increasing
risks of subfertility, ectopic pregnancy, placenta
previa, placenta accreta, placental abruption, uterine
rupture, and stillbirth, in subsequent pregnancy.®
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Additionally, children born by C-section have
higher risk for asthma, overweight, obesity, and type
1 diabetes.® Nevertheless, C-section is not the only
factor that contributes to child’s allergy. Maternal
factors, such as maternal obesity, gestational weight
gain, maternal allergy, antibiotic use, and type of
food consumption by the child, also modulate the
risk of allergy in offspring.’

These health risks must be effectively delivered
to mothers before deciding on the birth delivery
mode. Prenatal care holds important role in
preparing childbearing women for birth and to teach
them about risks and benefits of C-section.
Obstetricians play a key role in prenatal care, in
giving advice and intervention to prevent
unnecessary childhood outcomes in women
choosing C-section method.

This article is part of Series on Caesarean
Section. We aimed to describe the potential health
risks of C-section on childhood allergy and the role
of obstetrician in preventing this poor outcome by
doing nutrition and education interventions.

Methods

We identified articles through various channels, e.g.
international surveys and reports, national database,
along with articles from electronic search engine.
We searched for the frequency and trends of
childhood allergy among those delivered via C-
section, and also prenatal intervention to prevent it.
Given the possibility of limited data, we include all
type of articles and did not limit the publication year
in our searching.

Results and Discussion

This review is classified into three main topics: 1)
Risks of C-section towards childhood allergy; 2)
Nutritional intervention; and 3) Prenatal education
to prevent childhood allergy in infants born through
C-section.

Risks of C-section on childhood allergy

Allergic disorders affect more than 30% of the
children, and the prevalence of these diseases has
been on the rise in recent years.® Major allergic
diseases include asthma, rhinitis, atopic eczema,

food allergy, and acute urticaria. These allergic
diseases are complex multifactorial disorders,
resulting from the combination of genetic and
environmental factors.” Positive family history is
one of the major risk factors for childhood allergic
disorders. A child with maternal asthma has an odd
risk of 2.26 (95% CI: 1.24-3.73) to develop
childhood asthma, and higher risk (OR: 2.30; 95%
CI: 1.17-4.52) if both parents had asthma.!® Similar
with other allergic diseases, if only father or mother
had atopic dermatitis, the prevalence rate ratio was
1.9 (95% CI:0.3-11.8) and 1.5 (95% CI:0.4-5.5).
The risk would increase to 2.3 (95% CI:0.4-13.7) if
both parents affected.!!

There is a hypothesis that the composition of gut
flora in babies delivered through Caesarean are
different than those through vaginal deliveries.!>!3
This could affect the initial colonizing events in
infant’s  intestine, = which  could prolong
immunological immaturity and potentially increase
the risk of childhood allergic disorders. Caesarean
babies undergo different procedure from babies born
through vaginal deliveries. They are not directly
exposed to maternal flora, therefore there is
reduction of colonization in some bacteria, such as
Bacteroides  fragilis and Bifidobacteria, and
increase in Clostridia and Firmicutes.'?

Colonization rate of Bifidobacterium-like
bacteria and Lactobacillus-like bacteria reached the
rates of vaginally delivered infants at 1 month and
10 days, respectively. Infants born by Caesarean
deliveries were significantly less often colonized
with bacteria of the Bacteroides fragilis group
compared with infants born through vaginal
deliveries.'* At 6 months the rates were 36% and
76%, respectively (p=0.009). The balance between
Bifidobacterium and Clostridium species may affect
immuno-physiological — development, with a
heightened risk for disease associated with fewer
Bifidobacterium and more Clostridium."

Our search found seven articles that discussed
the association between delivery mode and
childhood allergies. Table 1 presented the risk of
developing asthma, allergic rhinitis, atopic
dermatitis, and food allergies among children born
by C-section. The highest risk with significant
association was found in childhood asthma,
followed with food allergy. While the risk for
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allergic rhinitis and atopic dermatitis were still
unclear. The articles searched are listed in Table 1.

Nutritional intervention

Nutrients from mothers are transported to the fetus
across the placenta, including food allergens.?**
There is assumption that maternal diet during
pregnancy could affect fetal immune development.
Intake of relevant dietary supplements, avoidance
specific food allergens, and overall dietary pattern of
pregnant mothers should be carefully considered.
The World Allergy Organization guideline
recommends the use of probiotics in pregnant
women at high risk for allergy in their children.?
However, guidelines from US National Institute of
Allergy and Infectious Disease?® and the European
Society for Pediatric, Gastroenterology,
Hepatology, and Nutrition (ESPHGAN) do not
support this.?” The Australasian Society of Clinical
Immunology and Allergy (ASCIA) recommends the
consumption of oily fish up to 3 serves per week
during pregnancy to prevent eczema.?

We searched for articles that include any
maternal diet to prevent further eczema or asthma or
allergic diseases in the offspring. Various type of
diet was analyzed to determine the association with
risk of allergy, i.e. prebiotics, probiotics, omega-3-
fatty-acid, vitamin D supplementation, and
avoidance of food allergens. In Table 2, we
presented the effect of food supplement or nutrition
intervention during maternal pregnancy towards the
risk of childhood allergy. Overall, positive
association was found between the use of probiotics
and reduction risk of eczema or atopic dermatitis,
with RR/OR below 1 (protective effect) for all
included studies. Other positive correlation was seen
in the consumption of prebiotic, omega-3-
polyunsaturated-fatty-acid with food sensitization,
fish oil, Mediterranean diet, zinc, vitamin D and E
supplementation with the reduction risk of allergy in
children. No evidence shows vitamin B and C
supplementation, and avoidance of antigenic foods
can reduce risk of allergy in children. Nevertheless,
our review did not provide a thorough assessment on
the specific type and amount of these nutrients.

There are still more rooms to be explored in this
field.

An association between low serum Vitamin D
levels and the development of allergic diseases had
been reported but this may not be causal. Besides
that, in terms of allergic prevention, vitamin D
supplementation may have no role in the primary
prevention of allergic diseases. Moreover, increased
Vitamin D supplementation in pregnant women did
not confer protection against allergic diseases in
their children had been reported by two recent
randomized trials.*> The articles searched can be
seen in Table 2.

Educational intervention

Understanding the risk of Caesarean delivery and its
possible effects upon mother and child is one of the
basic knowledges that pregnant women should
know. There are various non-clinical interventions,
with health education as the core intervention to
reduce birth with C-section.’® Risks and benefits of
Caesarean delivery should be informed before
decision on birth mode is taken. Chen et al noted that
health education provided by Obstetrician could
reduce the risk of elective C-section from 66.8% to
53.7%.%" Numerous studies also found that effective
prenatal education would lead to better preparation
for childbirth, including to reduce unnecessary C-
section.’” Other factors that also need to be taken
into consideration for future review and researcher
are related to the population of working mothers.®
Economic burden of C-section born babies were also
other health related indicator that need to be consider
as points to be further discuss and analyzed in the
future researches and reviews.>*-%

We acknowledge that there are limitations to this
review. The knowledge and competency
development among birth attendants, including
midwives and obstetric gynecologist are points that
need to be thoroughly reviewed in order to get the
full perspective on how medical practitioners could
also plays role in mother’s decision making on
delivery mode. The viewpoints, knowledge update
as well as education retention were mandatory to be
discussed in future research.®!6? The articles were
not identified through a systematic searching
strategy. Useful information and unpublished
studies might have been missed. Nevertheless, we
aim for studies which have best methodology, i.e.
systematic review and meta-analysis. Additionally,
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we did not perform critical appraisal for the included
articles, and thus, we did not know the quality of
these studies.

Conclusion

This review presents the potential risks of C-section
on childhood allergies. Obstetrician holds a key role
in providing information on nutrition and health
education for pregnant mothers. Childhood asthma
and food allergy were found to have positive

Table 1. Risk of Caesarean delivery on childhood allergy

association with C-section delivery mode.
Consumption of probiotics, prebiotic, omega-3-
polyunsaturated-fatty-acid, fish oil, Mediterranean
diet, zinc, vitamin D and E supplementation are
considered to be effective in reducing childhood
allergies. However, further research still need to be
done to understand the complex mechanism of how
C-section could induce childhood allergies, and
more interventions could be explored to prevent
them.

Author Publication Study Design Respondents QOutcome
Year OR/RR (95% CI)

Asthma

Chu S et al'¢ 2017 Cross-sectional 17,571 children 1.63 (1.18-2.24)

Renz-Polster Hetal'” 2005 Retrospective cohort 8,953 children 1.24 (1.01-1.53)

Huang L et al'® 2014 Meta-analysis 26 studies Overall risk: 1.16 (1.14 —1.29)
Elective CS: 1.21 (1.17-1.25)
Emergency CS: 1.23 (1.19-1.26)

Darabi et al'’ 2019 Meta-analysis 37 studies Overall risk: 1.20 (1.15-1.25)
Elective CS: 1.23 (1.20-1.26)
Emergency CS: 1.18 (1.07-1.29)

Bager P et al® 2008 Meta-analysis 26 studies 1.18 (1.05-1.32)

Allergic rhinitis

Chu S et al'¢ 2017 Cross-sectional 17,571 children 1.18 (1.00-1.40)

Loo EXL et al?! 2017 Prospective cohort 1,237 pregnant Infant aged 18 months:

mothers Adjusted OR: 0.8 (0.4-1.4)

Infant aged 36 months:
Adjusted OR: 0.8 (0.5-1.2)
Infant aged 60 months:
Adjusted OR: 0.9 (0.6-1.5)

Bager P et al® 2008 Meta-analysis 26 studies 1.23 (1.12-1.35)

Atopic dermatitis

Renz-Polster Hetal'” 2005 Retrospective cohort 8,953 children 0.94 (0.75-1.19)

Bager P et al?° 2008 Meta-analysis 26 studies 1.03 (0.98-1.09)

Food allergy

Renz-Polster Hetal'” 2005 Retrospective cohort 8,953 children 1.34 (0.54-3.29)

Bager P et al® 2008 Meta-analysis 26 studies 1.32 (1.12-1.55)

Koplin J? 2008 Systematic review 4 studies Increased risk of IgE mediated

sensitization to food allergy in
children born by CS
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Table 2. Effect of maternal diet during pregnancy to reduce allergy risk in children

Author Publication Study Respondents Risk of Risk of Risk of food Risk of
Year design eczema/ asthma/wheeze allergy / allergic
atopic sensitization rhinitis
dermatitis
Probiotics
Garcia-Larsen V. 2018 Meta- 89 trialsand  0.78 (0.68-
etal® analysis 92 0.90)
observational
studies
Zuccotti G et 2015 Meta- 17 studies, 0.78 (0.69-
al’? analysis 4755 0.89)
children
Cuello-Garcia 2015 Meta- 29 studies 0.71 (0.60-  0.94 (0.72-1.23)  1.08(0.73- 0.86
CA et al’! analysis 0.84) 1.59) (0.44-
1.70)
Li L et al*? 2019 Meta- 28 studies 0.67 (0.54-
analysis 0.82)
Zhang Getal®* 2016 Meta- 17 trials, 1.01 (0.66-
analysis 2947 infants 1.55)
Azad MB etal®* 2013 Meta- 20 trials Asthma:
analysis 0.99 (0.81-1.21)
Wheeze: 0.97
(0.87-1.09)
Dang D et al®® 2013 Meta- 14 studies 0.69 (0.62-
analysis 0.78)
Pelucchi C et 2012 Meta- 14 studies 0.79 (0.71-
al’ analysis 0.88)
Prebiotics
Cuello-GarciaC 2017 Meta- 6 studies 0.68 (0.40-  0.37(0.17-0.80)  0.28 (0.08-
etal’! analysis 1.15) 1.00)
Dang D et al®® 2013 Meta- 3 studies 0.80 (0.54-
analysis 1.18)
Omega-3-polyunsaturated fatty acid (fish oil)
Garcia-Larsen V. 2018 Meta- 89 trials and Sensitization
etal® analysis 92 to egg: 0.55
observational (0.40-0.76)
studies Sensitization
to peanut:
0.62 (0.40-
0.96)
Best KP37 2016 Meta- 10 cohorts 0.53 (0.35- Sensitization
analysis and 5RCTs  0.81) to egg: 0.55
(0.39-0.76)
Sensitization
to any food:
0.59 (0.46-
0.76)
Gunaratne AW3® 2015 Systematic 8 trials Risk of any
review allergy
below 36
months:
0.66 (0.41-
0.98)
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Author Publication Study Respondents Risk of Risk of Risk of food Risk of
Year design eczema/ asthma/wheeze allergy / allergic
atopic sensitization rhinitis
dermatitis
Risk > 36
months:
0.96 (0.84-
1.09)
VahdaniniaM et 2019 Meta- 10 RCTs Sensitization
al® analysis to egg:
0.54 (0.32-
0.90)
Sensitization
to peanut:
0.62 (0.40-
0.96)
Klemens CM et 2011 Meta- 5RCTs 0.35(0.15-0.79)  Sensitization
al¥ analysis to egg:
0.33 (0.16-
0.70)
Mediterranean Diet
Biagi C et al*! 2019 Systematic 5 cohort Persistent
review studies, 2 wheeze:
Cross- aOR: 0.22
sectional (0.08-0.58)
Atopic wheeze:
aOR: 0.30
(0.10-0.90)
Current wheeze:
OR: 0.71 (0.53-
0.97)
Zhang Y etal*? 2019 Meta- 18 Wheeze < 12
analysis observational months:
studies 0.92 (0.88-0.95)
Asthma:
1.01 (0.94-1.09)
Current wheeze:
0.76 (0.45-1.29)
Nurmatov U et 2011 Meta- 62 studies 0.22 (0.08-0.58)
al® analysis
Vitamin D
Shen SY etal* 2018 Meta- 4 studies Asthma at <5
analysis years:
0.89 (0.77-1.04)
Wheeze:
0.66 (0.53-0.82)
Yepes-Nuiiez JJ 2017 Systematic 1 RCT 0.96 (0.57-  1.12(0.50-2.54) 1.92(0.57- 0.76
etal® review 1.61) 6.50) (0.31-
1.85)
Beckhaus AAet 2015 Meta- 5 cohort 0.58 (0.38-0.88)
al* analysis studies
Li W et al?’ 2019 Meta- 6,068 0.68 (0.55-0.83)
analysis participants
Venter C et al® 2020 Meta- 17 RCTs, 78 0.72 (0.56-0.92)
analysis observational
studies
VahdaniniaM et 2017 Meta- 5 RCTs 0.81 (0.67-0.98)
al® analysis
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Author Publication Study Respondents Risk of Risk of Risk of food Risk of
Year design eczema/ asthma/wheeze allergy / allergic
atopic sensitization rhinitis
dermatitis
Nurmatov U et 2011 Meta- 62 studies 0.56 (0.42-0.73)
al® analysis
Fish consumption
Zhang Getal®® 2017 Meta- 1 RCT, 13 0.88 (0.75-  Wheeze: 0.95
analysis cohort 1.04) 0.94 (0.83-1.07) (0.62-
studies Asthma: 1.45)
0.94 (0.75-1.18)
Song H et al®! 2017 Meta- 15 0.87 (0.75-1.02)
analysis prospective
studies
Avoidance of antigenic foods
Kramer MS et 2012 Systematic 2 trials 1.01 (0.57- 2.22(0.39-
al®? review 1.79) 12.67)
Vitamin E
Wu H et al>? 2018 Meta- 10 studies Asthma:
analysis 0.97 (0.95-1.00)
Wheeze:
0.65 (0.56-0.75)
Beckhaus AAet 2015 Meta- 7 cohort 0.54 (0.41-0.71)
al* analysis studies
Nurmatov U et 2011 Meta- 62 studies 0.68 (0.52-0.88)
al®¥ analysis
Vitamin A
Beckhaus AAet 2015 Meta- 7 studies 0.76 (0.46-  0.97 (0.68-1.37)
al* analysis 1.26)
Vitamin B
Beckhaus AAet 2015 Meta- 4 cohort Folic acid Folic acid (B9)
al* analysis studies (B9): 0.91 (0.49-1.68)
0.91 (0.76-
1.09)
Vitamin B2
0.86 (0.74-
1.01)
Crider KS etal® 2013 Meta- 5 studies Folic acid:
analysis 1.01 (0.78-1.30)
Vitamin C
Beckhaus AAet 2015 Meta- 6 cohort 0.95 (0.69-  0.99 (0.48-2.04)
al’ analysis studies 1.31)
Zinc
Beckhaus AAet 2015 Meta- 6 cohort 0.57 (0.40-0.81)
al* analysis studies
Fruit intake
Seyedrezazadeh 2014 Meta- 2 cohort, 13 Wheeze:
Eetal® analysis Cross- 0.81 (0.74-0.88)
sectional Asthma:
0.84 (0.79-0.89)
Vegetable intake
Seyedrezazadeh 2014 Meta- 1 cohort, 10 Wheeze:
Eetal® analysis Cross- 0.89 (0.81-0.98)
sectional Asthma:

0.88 (0.82-0.95)

World.Nutr.Journal | 51



Conflict of Interest

Authors declared no conflict of interest regarding
this article.

Open Access

This article is distributed under the terms of the
Creative Commons Attribution 4.0 International
Licence
(http://creativecommons.org/licenses/by/4.0/),
which permits unrestricted use, distribution, and
reproduction in any medium, provided you give
appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons
license, and indicate if changes were made.

Reference

L.

2.

Agency of Health Research and Development
(Indonesia). Basic Health Research 2018

World Health Organization. WHO Statement on
Caesarean Section Rates. Geneva; 2015

The American College of Obstetricians and
Gynecologists. Cesarean delivery on maternal
request. Committee Opinion No. 761 Year 2019.
Festin MR, Laopaiboon M, Pattanittum P, Ewens
MR, Henderson-Smart DJ, Crowther CA, and The
SEA-ORCHID Study Group. Caesarean section in
four South-East Asian countries: reasons for, rates,
associated care practices and health outcomes. BMC
Pregnancy Childbirth. 2009;9:17.

Mascarello KC, Horta BL, Silveira MF. Maternal
complications and cesarean section without
indication: systematic review and meta-analysis. Rev
Saude Publica. 2017;51:105. doi:10.11606/S1518-
8787.2017051000389

Keag OE, Norman JE, Stock SJ. Long-term risks and
benefits associated with cesarean delivery for
mother, baby, and subsequent pregnancies:
Systematic review and meta-analysis. PLoS Med.
2018;15:€1002494.

Fujimura T, Lum SZC, Nagata Y, Kawamoto S,
Oyoshi MK. Influences of maternal factors over
offspring allergies and the application for food
allergy. Front Immunol. 2019;10:1933.

Chad Z. Allergies in children. Paediatr Child Health.
2001;6:555-66. doi:10.1093/pch/6.8.555

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Holloway JW, Yang IA, Holgate ST. Genetics of
allergic  disease.J Allergy  Clin  Immunol.
2010;125:S81-S94.

Arshad SH, Kurukulaaratchy RJ, Fenn M, Matthews
S. Early life risk factors for current wheeze, asthma,
and bronchial hyperresponsiveness at 10 years of
age. Chest. 2005;127:502-8.

LeeJT, Lam ZC, Lee WT, Kuo LCT, Jayant V, Singh
G, et al. Familial risk of allergic rhinitis and atopic
dermatitis  among  Chinese  families in
Singapore. Ann Acad Med Singapore. 2004;33:71-4.
Salminen S, Gibson GR, McCartney AL, Isolauri E.
Influence of mode of delivery on gut microbiota
composition in seven year old children. Gut. 2004;
53:1388-9.

Bjorksten B. Effects of intestinal microflora and the
environment on the development of asthma and
allergy. Springer Semin Immunopathol. 2004;
25:257-10.

Arboleya S, Suarez M, Fernandez N, Mantecon L,
Solis G, Gueimonde M, de los Reyes-Gavilan C, G:
C-section and the Neonatal Gut Microbiome
Acquisition: Consequences for Future Health. Ann
Nutr Metab. 2018;73(suppl 3):17-23.

Gronlund MM, Lehtonen OP, Eerola E, Kero P.
Fecal microflora in healthy infants born by different
methods of delivery: permanent changes in intestinal
flora after cesarean delivery. J Pediatr Gastroenterol
Nutr. 1999: 28:19-25

Chu S, Zhang Y, Jiang Y, Sun W, Zhu Q, Wang B,
Jiang F, et al. Cesarean section without medical
indication and risks of childhood allergic disorder,
attenuated by breastfeeding. Sci Rep 2017;7: 9762.
Renz-Polster H, David MR, Buist AS, Vollmer WM,
O’Connor E, Frazier EA, et al. Caesarcan section
delivery and the risk of allergic disorders in
childhood. Clin Exp Allergy. 2005;35:1466-72.
Huang L, Chen Q, Zhao Y, Wang W, Fang F, Bao Y.
Is elective cesarean section associated with a higher
risk of asthma? A meta-analysis. Journal of Asthma.
2014;52:16-25.

Darabi B, Rahmati S, HafeziAhmadi MR, Badfar G,
Azami M. The association between caesarean section
and childhood asthma: an updated systematic review
and meta-analysis. Allergy Asthma Clin Immunol.
2019;15:62. Published 2019 Oct 29.

Bager P, Wohlfahrt J, Westergaard T. Caesarean
delivery and risk of atopy and allergic disesase:
meta-analyses. Clinical & Experimental Allergy
2008;38:634-42.

Loo EXL, Sim JZT, Loy SL, Goh A, Chan YH, Tan
KH, et al. Associations between caesarean delivery
and allergic outcomes: Results from the GUSTO

World.Nutr.Journal | 52



22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

study. Ann Allergy Asthma Immunol.
2017;118(5):636-8.

Koplin J, Allen K, Gurrin L, Osborne N, Tang MLK,
Dharmage S. Is caesarean delivery associated with
sensitization to food allergens and IgE-mediated
food allergy: A systematic review. Pediatric Allergy
and Immunology. 2008;19:682-7.

Harding JE. The nutritional basis of the fetal origins
of adult disease. Int J Epidemiol. 2001;30:15-23
Szepfalusi Z, Loibichler C, Pichler J, Reisenberger
K, Ebner C, Urbanek R. Direct evidence for
transplacental ~ allergen transfer. Pediatr  Res.
2000;48:404-7.

Fiocchi A, Pawankar R, Cuello-Garcia C, Ahn K, Al-
Hammadi S, et al. World Allergy Organization-
McMaster University Guidelines for Allergic
Disease Prevention (GLAD-P): Probiotics. World
Allergy Organ J. 2015; 8: 4. pmid:25628773

Boyce JA, Assa'ad A, Burks AW, Jones SM,
Sampson HA, Wood RA, et al. Guidelines for the
diagnosis and management of food allergy in the
United States: report of the NIAID-sponsored expert
panel. J Allergy Clin Immunol. 2010; 126: S1-58
Braegger C, Chmielewska A, Decsi T, Kolacek S,
Mihatsch W, Moreno L, et al. Supplementation of
infant formula with probiotics and/or prebiotics: A
systematic review and comment by the ESPGHAN
committee on nutrition. J Pediatr Gastroenterol
Nutr. 2011; 52: 238-250

Australasian Society of Clinical Immunology and
Allergy guidelines for infant feeding and allergy
prevention. 2016. Available from:
https://www.allergy.org.au/images/pcc/ASCIA_Gui
delines_infant feeding and allergy prevention.pdf
Garcia-Larsen V, lerodiakonou D, Jarrold K, Cunha
S, Chivinge J, Robinson Z, et al. Diet during
pregnancy and infancy and risk of allergic or
autoimmune disease: A systematic review and meta-
analysis. PLoS Med. 2018;15:¢1002507. Published
2018 Feb 28. doi:10.1371/journal.pmed.1002507
Zuccotti G, Meneghin F, Aceti A, Barone G,
Callegari ML, Di Mauro A, et al. Probiotics for
prevention of atopic diseases in infants: systematic
review and meta-analysis. Allergy. 2015;70:1356-71.
Cuello-Garcia CA, Brozek JL, Fiocchi A, Agarwal
A, Zhang Y, Schunemann HJ, et al. Probiotics for the
prevention of allergy: A systematic review and meta-
analysis of randomized controlled trials. J Allergy
Clin Immunol. 2015;136:952-61.

Li L, Han Z, Niu X, Zhang G, Jia Y, Zhang S, et al.
Probiotic Supplementation for Prevention of Atopic
Dermatitis in Infants and Children: A Systematic
Review and Meta-analysis. A4m J Clin Dermatol.
2019;20:367-77.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Zhang GQ, Hu HJ, Liu CY, Zhang Q, Shakya S, Li
ZY. Probiotics for Prevention of Atopy and Food
Hypersensitivity in Early Childhood: A PRISMA-
Compliant Systematic Review and Meta-Analysis of
Randomized Controlled Trials. Medicine
(Baltimore). 2016;95:€2562.

Azad MB, Coneys JG, Kozyrskyj AL, Field CJ,
Ramsey CD, Becker AB, et al. Probiotic
supplementation during pregnancy or infancy for the
prevention of asthma and wheeze: systematic review
and meta-analysis. BMJ. 2013;347:f6471.

Dang D, Zhou W, Lun ZJ, Mu X, Wang DX, Wu H.
Meta-analysis of probiotics and/or prebiotics for the
prevention of eczema. J Int Med Res. 2013;41:1426-
1436.

Pelucchi C, Chatenoud L, Turati F, Galeone C, Moja
L, Bach J, et al. Probiotics supplementation during
pregnancy or infancy for the prevention of atopic
dermatitis: a  meta-analysis.  Epidemiology.
2012;23:402-14.

Karen P Best, Michael Gold, Declan Kennedy, James
Martin, Maria Makrides, Omega-3 long-chain PUFA
intake during pregnancy and allergic disease
outcomes in the offspring: a systematic review and
meta-analysis of observational studies and
randomized controlled trials, Am J Clin Nutr.
2016;103:128-43.

Gunaratne AW, Makrides M, Collins CT. Maternal
prenatal and/or postnatal n-3 long chain
polyunsaturated fatty acids (LCPUFA)
supplementation for preventing allergies in early
childhood.  Cochrane  Database  Syst Rev.
2015;:CDO010085. Published 2015 Jul 22.
Vahdaninia M, Mackenzie H, Dean T, Helps S. -3
LCPUFA supplementation during pregnancy and
risk of allergic outcomes or sensitization in offspring:
A systematic review and meta-analysis. Ann Allergy
Asthma Immunol. 2019;122:302-13.e2.

Klemens CM, Berman DR, Mozurkewich EL. The
effect of perinatal omega-3 fatty acid
supplementation on inflammatory markers and
allergic diseases: a systematic review. BJOG.
2011;118:916-25.

Biagi C, Nunzio MD, Bordoni A, Gori D, Lanari M.
Effect of Adherence to Mediterranean Diet during
Pregnancy on Children's Health: A Systematic
Review. Nutrients. 2019;11:997.

Zhang Y, Lin J, Fu W, Liu S, Gong C, Dai J.
Mediterranean diet during pregnancy and childhood
for asthma in children: A systematic review and
meta-analysis of observational studies. Pediatr
Pulmonol. 2019;54:949-61.

Nurmatov U, Devereux G, Sheikh A. Nutrients and
foods for the primary prevention of asthma and

World.Nutr.Journal | 53



44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

allergy: systematic review and meta-analysis. J
Allergy Clin Immunol. 2011;127.

Shen SY, Xiao WQ, Lu JH, Yuan MY, He JR, Xia
HM, et al. Early life vitamin D status and asthma and
wheeze: a systematic review and meta-
analysis. BMC Pulm Med. 2018;18:120. Published
2018 Jul 20.

Yepes-Nufiez JJ, Brozek JL, Fiocchi A, Pawankar R,
Cuello-Garcia C, Zhang Y, et al. Vitamin D
supplementation in primary allergy prevention:
Systematic review of randomized and non-
randomized studies. Allergy. 2018;73:37-49.
Beckhaus AA, Garcia-Marcos L, Forno E, Pacheco-
Gonzalez RM, Celedon JC, Castro-Rodriguez JA.
Maternal nutrition during pregnancy and risk of
asthma, wheeze, and atopic diseases during
childhood: a systematic review and meta-analysis.
Allergy. 2015;70:1588-1604.

Li W, Qin Z, Gao J, Jiang Z, Chai Y, Guan L, Ge Y,
et al. Vitamin D supplementation during pregnancy
and the risk of wheezing in offspring: a systematic
review and dose-response meta-analysis. J Asthma.
2019;56:1266-73.

Venter C, Agostoni C, Arshad SH, Ben-Abdallah M,
Du Toit G, Fleischer DM, et al. Dietary factors
during pregnancy and atopic outcomes in childhood:
a systematic review from the European Academy of
Allergy and Clinical Immunology [published online
ahead of print, 2020 Jun 10]. Pediatr Allergy
Immunol. 2020;10.1111/pai.13303.

Vahdaninia M, Mackenzie H, Helps S, Dean T.
Prenatal Intake of Vitamins and Allergic Outcomes
in the Offspring: A Systematic Review and Meta-
Analysis. J Allergy Clin Immunol Pract. 2017;5:771-
8.e5.

Zhang GQ, Liu B, Li J, Luo CQ, Zhang Q, Chen JL,
et al. Fish intake during pregnancy or infancy and
allergic outcomes in children: A systematic review
and meta-analysis. Pediatr Allergy Immunol.
2017;28:152-61.

Song H, Yang L, Jia C. Maternal vitamin D status
during pregnancy and risk of childhood asthma: A
meta-analysis of prospective studies. Mol Nutr Food
Res. 2017;61:10.1002/mnfr.201600657.

Kramer MS, Kakuma R. Maternal dietary antigen
avoidance during pregnancy or lactation, or both, for
preventing or treating atopic disease in the child.
Cochrane Database Syst Rev.
2012;2012:CD000133.

Wu H, Zhang C, Wang Y, Li Y. Does vitamin E
prevent asthma or wheeze in children: A systematic

54.

55.

56.

57.

58.

59.

60.

61.

62.

review and meta-analysis. Paediatr Respir Rev.
2018;27:60-8.

Crider KS, Cordero AM, Qi YP, Mulinare J,
Dowling NF, Berry RJ. Prenatal folic acid and risk of
asthma in children: a systematic review and meta-
analysis. Am J Clin Nutr. 2013;98(5):1272-1281.
doi:10.3945/ajcn.113.065623

Seyedrezazadeh E, Pour Moghaddam M, Ansarin K,
Reza Vafa M, Sharma S, Kolahdooz, F. Fruit and
vegetable intake and risk of wheezing and asthma: a
systematic review and meta-analysis. Nutrition
Reviews. 2014;72:411-28.

World Health Organization. WHO recommendations
non-clinical interventions to reduce unnecessary
caesarean  sections. Geneva: World Health
Organization. 2018. Downloaded from:
https://apps.who.int/iris/bitstream/handle/10665/275
377/9789241550338-eng.pdf

Chen I, Opiyo N, Tavender E, Mortazhejri S, Rader
T, Petkovic J, et al. Non-clinical interventions for
reducing unnecessary caesarean section. Cochrane
Database of Systematic Reviews. 2018;9.

Basrowi RW, Sastroasmoro S, Sulistomo AW,
Bardosono S, Hendarto A, Soemarko DS. Challenges
and Supports of Breastfeeding at Workplace in
Indonesia. Pediatr Gastroenterol Hepatol Nutr.
2018 Oct;21(4):248-56.

Botteman MF, Munasir Z, Sulistomo AW,
Horodniceanu EG, Bhanegaonkar AJ, Ji X, et al.
Economic value of atopic dermatitis prevention via
partially-hydrolyzed whey-based infant formula
(PHF-W) use in high-risk, non-exclusively breastfed,
Indonesian urban infants: results of a cost-
effectiveness model. World Nut J. 2019;2(2):43-55
Petrou S, Khan K. An overview of the health
economic implications of elective caesarean section.
Appl Health Econ Health Policy. 2013;11(6):561-
576. doi:10.1007/s40258-013-0063-8

Bardosono S, Hildayani R, Chandra DN, Basrowi
RW, Wibowo Y. The knowledge retention after
continuing health education among midwives in
Indonesia. Med J Indones [Internet]. 2018Sep.9
[cited 2020Aug.7];27(2):128-33.

Jolien J, Yves J. Cesarean Section in the Delivery
Room: An Exploration of the Viewpoint of
Midwives, Anaesthesiologists, and Obstetricians. J
Pregnancy. 2018;2018:1017572.

World.Nutr.Journal | 54



World Nutrition Journal |eissN 2580-7013

Received 25 August 2020,
Accepted 15t September
2020

Link to DOI:
10.25220/WNJ.V04.52.0008

Journal Website:
www.worldnutrijournal.org

Introduction

Perspective of Caesarean section delivery and its health risks on
children among Indonesian pediatricians

Ray Wagiu Basrowi'", Tonny Sundjaya?, Nova Lidia Sitorus®, Bertri Maulidya Masita*

1. Danone SN Indonesia

Abstract

An increasing trend of C-section delivery In Indonesia was found from 2% in 1986 to 16% in 2012.
This delivery method was introduced to save women and their newborn baby’s life. On the other
side, it can increase short and long-term health risks for children. This study aims to assess and give
an overview of the perspective on pediatrician as medical specialist in managing children of the C-
section delivery history. A survey was conducted on 89 Indonesian Pediatricians using an online
questionnaire. It was found that most pediatrician chose combination partial hydrolyze milk
combined with synbiotic (a combination of prebiotic and probiotic) combination as nutrition
intervention to decrease the allergy risk on children with C-section delivery mode, and there is a
need to emphasize information about short and long-term health effects of C-section, especially in
causing gut dysbiosis and its mechanism, information on non-medical causes of gut dysbiosis to
increase awareness of recommending right symbiotic to decrease allergy risk in children with C-
section history.

Keywords: C-section, allergy, synbiotic, infants, pediatrician

Indonesia, an increasing trend from 2% in 1986 to
16% in 2012 was found.* From Indonesia’s Basic
Health Research (Riset Kesehatan

Caesarian Section, or often called as C-section
delivery mode was introduced to save women and
their newborn baby’s life and become a major
obstetric intervention in the late nineteenth century,
from life-threatening pregnancy and child-birth
related complications.! In C-section delivery mode,
infant is not in contact with maternal vaginal and
enteric contents.> According to the World Health
Organization (WHO), a global incremental
percentage of C-section about 10-15% in both
developed and developing countries since 1985.° In

Corresponding author:
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Danone SN Indonesia

Email: ray.basrowil @danone.com

Dasar/Riskesdas), C-section was found to be
increasing from 9.8% in 2013 to 17.6% in 2018 from
all childbirths.>¢

Despite the fact that the aim of C-section
delivery mode is to save lives and reducing the
maternal and neonatal mortality rate from life-
threatening pregnancy and child-birth, it has health
risks that can be seen directly (short term health
risks) and long term health consequences on
children health.” Short term health risks include
altered immune development,’” reduced intestinal
gut microbiome,”!% and increased likelihood of
allergy and asthma.”!! For the long term, it was
founded that C-Section to be associated with a
greater possibility of late childhood obesity”-!! and
possibly influence child cognitive development.”:!2
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Ideally, C-section should be performed when
medically necessary.
The colonization of gut microbiota has an important
role in the development of immune system in
infants’ early life,>*!* some of the microbiota
colonization associated with allergy that linked to
infection so both may share protective environment
interaction.!>!* However, the initial gut microbiota
of infants born by C-section differed from a vaginal
delivery.!®13  C-section delivery may cause a
dysbiosis of the gut microbiota which challenges the
normal development of an immune system and can
be associated with an increased risk of developing
an allergy.”!4

The consequences of C-section delivery mode
might have an impact on the First 1,000 Days of
life.!> Good nutrition during pregnancy and early
childhood plays a foundational role in enabling a
child to grow, develop and reduce disease risk.'®!7

This survey aimed to explore the perspective of
pediatricians as a medical specialist in managing
children born via C-section that related to the C-
Section delivery mode and its health risks on
children.

Methods

An online survey was conducted to 89 pediatricians
from March to April 2020, using Google-form
survey platform and distributed through email and
followed up with direct interview. Respondents
were recruited from Danone HCPs (Health Care
Practitioners) database and obtain informed consent
regarding the purpose and ethical consideration of
the study.

The questionnaire consists of 12 multiple choice
questions, divided to 4 demographic questions and 8
questions related to C-section delivery history and
its health risks on children. Knowledge and attitude
were also explored.'®! This questionnaire was
adapted and referred to previous study, and
addressing 5 topics such as C-section impact on
children, gut dysbiosis cause, gut dysbiosis effect,
the importance of 1000 days of life, synbiotic
effect.”-!%14 The data presented in descriptive report.

Results

All of the 89 respondents participated in this survey
were pediatricians, 43% of them had less than 5
years of service and majority (63%) worked in
government affiliated hospital. Most of the
respondents (93%) reported that they have consulted
on children with C-Section delivery history in the
last 3 months, and mostly (65%) received C-section
patient consultation for more than 10 patients. The
demographic characteristics of the respondents can
be seen in Table 1.

The understanding of respondent on the impact
of C-section toward future health of babies varies
from altered immune system (56%) and potential
risk of gut dysbiosis (43%) (Figure 1). In Figure 2,
most of respondents (77%) understand that babies
born with C-section will potentially have bigger risk
of allergy in later life. However, as shown in Figure
3, on the further question related to the other cause
of gut dysbiosis apart of C-section, respondents
aware that antibiotic usage (55%), pollution
exposure (35%) and obesity (10%) were also
potential causative factors.

Table 2 shows that majority of respondents
(91%) were aware on an increased risk of allergy
due to gut dysbiosis, as they were also aware that
both allergy risk and gut dysbiosis could potentially
caused by C-Section delivery method (82%).
Specifically on the nutrition intervention, 71% of
respondents agree to recommend the partial
hydrolyzed formula with synbiotic could potentially
decrease risk of allergy among infants born with C-
section and not exclusively breastfed.

Discussion

Studies showed that the increased rate of Caesarean
section delivery in the last decades potentially
contributed to the rising allergy epidemic.”!!
Finding of our survey showed that the pediatricians
in Indonesia also understand this potential risk and
even aware the underlying mechanism which was
include the potential gut dysbiosis in digestive
system and its link to the immune system
development. Recent studies showed that C-section
is associated with delayed colonization gut
microbial which is aberrant short-term immune
responses to the newborn infant, which was also a
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greater risk of developing an immune disease such
as asthma, allergies, laryngitis and
gastroenteritis.”>!® Children born by Caesarean
delivery had a higher possibility in developing food
allergy compared with children who were born
vaginally.’

Study revealed that a baby born vaginally have
produced more cytokines implicated in neonatal
immunity also their intestinal microbiota plays a role
in the development of immune system in early life.!°
However, it is still unknown whether C-section
causes a long-term effect on the immune system of
the offspring that contributes to compromised future
immune health.® Therefore, it is prudent to
understand the consequences of C-section for
children among pediatricians to reduce the burden of
pediatricians in its diagnosis and treatment.

Theoretically, the first initial gut microbiota was
transferred from mother to infant through the birth
channel, ideally via vaginal.'%!3 The early
establishment of gut microbiota is required to
develop the immune system of newborn infant.!>!4
However, the initial gut microbiota of infants
delivered by C-section differed from vaginally
delivered infants and resemble the skin microbiota
(such as Staphylococcus, Acinetobacter) rather than
the mothers’ vaginal microbiota (Lactobacillus).>*!°
Differences in the delivery mode in terms of gut
microbiota colonization may explain the higher risks
of allergy in infants born by C-section as compare to
born vaginally because they had a different
composition of protective bacteria.!*'* Moreover,
infants born by C-section also lacked of the early
initiation of breast milk or colostrum which
supposed to be the best source of gut micro biota
development factors,%-10:13

Our study found that the respondents recognized
antibiotic use, pollution exposure and obesity can
cause gut dysbiosis. Previous research has suggested
that antibiotic usage in early life was associated with
the development childhood allergy and asthma,
moreover, from cohort study reported that 65%
children had received at least one antibiotic
prescription during the first year of life?’. Antibiotic
can disturb the gut microbiota, possibly perturbing
the developing immune system. It impacts on early
immune developing that will increase the risk of
immunologic problem like an allergy.®%! There are
number studies examined the antibiotic exposure

increased the risk of pediatric atopic or asthma.®?!
Current medical care promotes the use of antibiotics
have to change the pattern of infectious disease and
bacterial exposure in infancy that the use of
antibiotics should be reduced.

Currently, there is growing evidence that air
pollution (i.e. smoke) is a risk of the factor of
development allergy or asthma symptoms in
children.?? A study reported that maternal who
exposure to air pollutant during pregnancy, is
associated with an increased risk of allergic disease.
The results stated that childhood allergic diseases
are triggered by air pollution in third trimesters
pregnancy, it might the transmission of maternal
microbiota has impeded.?? The link of obesity and
gut dysbiosis have shown that breast milk from
obese mothers contains differed various microbial
than normal-weight mothers.’

Understanding the effects of gut dysbiosis
among infants born by C-section is key for potential
nutrition intervention, including supplementation
prebiotic, probiotic or synbiotic formula.®!3 Most
respondents recognized that the use of synbiotic can
reduce the allergy risks in children with C-section
history, they also acknowledged the importance of
proper nutrition intervention on the first thousand
days of life among children with C-section history
to prevent fatal allergy. A previous study proved
that the formula supplemented with synbiotic
(scGos/IcFos and Bifidobacterium breve M16-V) has
opportunities to modulate the gut health and reduce
severity of atopic dermatitis in infants born via C-
section'*. Also another study confirmed the
synbiotic can reduce atopic dermatitis severity and
reduce the symptom of asthma in 1 year follow-up
the infants®>.

Given the uncertainty of predicting risk for
allergy in the early life of children, prevention is of
utmost importance. Pediatrician in this study agreed
to recommend the partial hydrolyzed milk that
combined with synbiotic to decrease allergy risk for
infants born via C-section who were not breastfed.
The combination of prebiotic and probiotic is able to
compensate for the infants to restore the delayed
Bifidobacterium colonization. Previous studies
indicate that some allergies can be obviated by using
synbiotic.!3?32* The aspect of cost-effectiveness and
health economics review should also need to be
taken into account when it comes to nutrition
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intervention.?>?¢ Therefore the perspective of

respondents of this study toward synbiotic with the
partial hydrolyzed milk to infants born via C-section
is evidence-based and rational with existing studies.

Nevertheless, we identify that the limited
numbers of respondents, which was less than 100
participants, was the major limitation of this study.
The subjectivity of respondents may as well
interfere the objectivity of the study through online
survey-based. The knowledge competency as well
as updated education program should also need to be
considered in future research, as study showed that
retaining medical staff’s knowledge and quality of
care through training on specific skills is strongly
needed and potentially influence the skill and
competency.?’-?8 It is important to conduct better
structured survey with bigger sample size to identify
the in-depth perspective, understanding and
knowledge of Indonesian pediatricians toward C-
section and its impact to long-term health.

Table 1. Demographic characteristic of respondents

Conclusion

Overall, the knowledge and understanding of
pediatricians toward C-section methods and its
impact on long-term health of children were mainly
recognizing the aspect of increased risk of allergy
and potential gut dysbiosis. Although other factors
such as antibiotic use and pollution should also be
considered. Given the recent increase in C-section
cases and the threat posed by gut dysbiosis and
allergy-induced in infants, it is essential that better
intervention made in the provision of care for infants
born via C-section. Opportunities for improvement
available as acknowledge by the pediatrician in
using combination partial hydrolyzed milk
combined with synbiotic as a nutrition intervention
to decrease the allergy risk on children with C-
Section delivery mode who were not breastfed.

Variables Pediatricians
n %

Length of services

<5 years 38 43

5-10 years 22 25

10-15 years 12 13

>15 years 17 19
Affiliation

Private hospital 56 63

Government hospital 33 37
Ever consulted children with C-Section history in the last 3 months

Yes 86 97

No 3 3
Number of children with C-section history consulted per months

<10 patients/ month 31 35

>10 patients/month 58 65

Table 2. Knowledge and attitude of children’s health risk and C-section delivery history
Variables Pediatricians
n %

Knowledge on increase of allergy risk in children due to Gut dysbiosis

Yes 81 91

No 6 7
Don’t know 2 2
Knowledge of allergy risk and gut dysbiosis caused by children with
C-section delivery history

Yes 73 82

No 15 17

Don’t know 1 1
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Table 2. Knowledge and attitude of children’s health risk and C-section delivery history (continued)

Variables Pediatricians
n %
Importance of nutrition on first 1000 days and allergy risk in children
Yes 87 98
No 1 1
Don’t know 1 1

C-Section baby without breastfeed and usage of partial hydrolyzed
milk combined with synbiotic to decrease allergy risk in children

Yes 63 71
No 14 16
Doubt/ uncertain 10 11
Don’t know 2 2

m Gut Dysbiosis

m Altered immune
development

Obesity Risk and NCD

Figure 1. Knowledge of health risk of children with C-section history

= Allergy
m Infection
Autoimmune, ex : celiac

m Blank

Figure 2. Knowledge on impact of children with C-section history to digestive and immune systems
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= Antibiotic usage

m Pollution exposure, ex :
smoke

Obesity

Figure 3. Knowledge on other causes of gut dysbiosis other than C-Section
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