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Abstract

Detection Of Sars-COV-2 Spesific Iga Antibody In The Human Milk Of Covid-19 Vaccinated
Lactating Women

Ineci, Suheda Nur
M.Sc., Department of Medical Microbiology and Clinical Microbiology
Supervisor: Prof. Dr. Huseyin Kaya Ster

February, 2023, 95 Pages

In November 2019, COVID-19, caused by SARS-CoV-2, spread beyond the
world, and women with vaccines developed to prevent it can pass the antibodies they
have gained after the vaccine to their infants as passive immunity by breastfeeding. In
this study, we aimed to see the transfer of SARS-CoV-2 specific IgA antibody to
infants from breast milk collected from each of the mothers who were hospitalized in
the Near East University Hospital, who received the COVID 19 vaccine. Of the 23
samples, 4 (17.4%) were vaccinated with CoronaVac and 19 (82.6%) with
Pfizer/Biontech, and the breast milk sIlgA value for Coronavac was 0.24+0.13. The
sIgA value for the Pfizer/Biontech group was found to be 1.84+2.17, and the IgA value
in breast milk increased after vaccination. We provided the Anti-SARS-CoV 2 ELISA
IgA kit for our study. To use the ELISA method, 30 ml of breast milk was collected
from 23 patients in the Near East University Hospital.

Key Words: IgA, SARS-CoV-2, passive immunity, vaccine, breast milk.
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Ozet
Covid-19 Asis1 Olan Emziren Kadinlarin Insan Siitiinde Sars-COV-2 Spesifik IgA Antikor Tespiti
Ineci, Suheda Nur

Yuksek Lisans, Tibbi Mikrobiyoloji ve Klinik Mikrobiyoloji Anabilim Dal

Damisman: Prof. Dr. Huseyin Kaya Suer

Subat, 2023, 95 Sayfa

Kasim 2019°da, SARS-CoV-2’nin neden oldugu Covid-19 diinyanin Gtesine
yayildi ve bunu 6nlemek icin gelistirilen asilart olan kadinlar, as1 sonras1 kazandiklari
antikorlar1 emzirme yontemiyle bebeklerine pasif bagisiklik olarak aktarabilirler.

Bu calismada, Kovid 19 asis1 olmus, Yakin Dogu Universitesi Hastanesi'nde
yatmakta olan annelerin herbirinden toplanan anne sitiinden bebeklere SARS-CoV-2
spesifik IgA antikorunun aktariminin goriilmesini amagladik. 23 6rnekten 4’1 (%17,4)
CoronaVac, 19°u (%82,6) Pfizer/Biontech ile agilanmig olup Coronavac i¢in anne siitii
slgA degeri 0.2440.13 olarak bulunmustur. Pfizer/Biontech grubu i¢in sIgA degeri
1.84+2.17 bulunmus olup as1 sonrasi anne siitiinde IgA degeri artmistir. Calismamiz
icin Anti-SARS-CoV 2 ELISA IgA Kkitini temin ettik. ELISA yontemi kullanilmak

iizere, Yakin Dogu Universitesi Hastanesi’ndeki 23 hastadan 30 ml anne siitii topland.

Anahtar Kelimeler: IgA, SARS-CoV-2, pasif immiinite, as1, anne siitii.
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CHAPTER |

Introduction

In December 2019, Wuhan, China, saw a series of serious unusual
respiratory illnesses that later spread to neighboring cities (Xiong et al., 2020).
Soon later, experts reached the conclusion that the new coronavirus is to blame
for the illness. This novel coronavirus resembled the SARS-CoV which was the
reason to cause the SARS outbreak in between 2002 and 2003 (Peret et al., 2003).
The condition brought on by this virus is known as severe acute respiratory
syndrome coronavirus-2 (SARS-CoV-2/ 2019-nCoV/ COVID-19) by the World
Health Organization (WHO). A beta coronavirus, such as this one, can cause
ilinesses like SARS and MERS (Chan et al., 2015; Elfiky et al., 2017; Shreen et
al., 2020).

Since the beginning of the pandemic, supportive measures have been the
backbone of therapy; more than one hundred vaccine candidates are now through
various stages of clinical testing to prevent COVID-19. mRNA vaccines (Pfizer-
BioNTech [Comirnaty], and Moderna), replication-defective adenoviral vector
vaccines (Johnson & Johnson's Janssen, and AstraZeneca), sub-unit/protein-
based vaccines (Novavax), DNA vaccines, and inactivated vaccines (Valneva,
and Sinovac-CoronaVac) are some of the vaccine candidate types that are
currently under research (Kaur & Gupta, 2020; Ura et al., 2020).

The term "immune system™ refers to a group of cells, substances, and
mechanisms that work to defend the skin, respiratory passages, digestive tract,
and other organs against external antigens including viruses, cancerous cells,

poisons, and microbes (organisms like bacteria, fungus, and parasites). The
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immune system may be conceptualized into two lines of defense: innate and
acquired immune system (Marshall et al., 2018). The humoral immune response
is the basic component of acquired immunity against viral infections. Success of
the vaccination is thought to be significantly influenced by the rate of production,
size, and duration of the antibody-mediated humoral immune response that arises
against the various viral proteins of SARS-CoV-2. The primary purpose of most
vaccines is the stimulation of neutralizing antibodies due to their potential to
reduce disease severity (Plotkin,2020).

One of the five principal immunoglobulins, immunoglobulin A (IgA), is
essential for maintaining mucosal homeostasis in the gastrointestinal, respiratory,
and genitourinary tracts. In this capacity, IgA serves as the dominant antibody of
immunity (Breedveld & Van Egmond, 2019). It plays a critical part in the body's
defense against antigens being the second most prevalent immunoglobulin type
(Mkaddem et al., 2014).

Human milk has long been known to offer health advantages. It has been
shown that human milk, as opposed to formula feeding, lowers morbidity and
mortality, mostly because infections, including as respiratory infections, are less
common (Lamberti et al., 2013). An infant's immune system is still developing
throughout the first six months of life, which limits its capacity to mount a potent
immunological response. Fortunately, the mother passes these antibodies to the
child through human milk. The most common antibody found in human milk,
secretory immunoglobulin A (IgA), is essential for mucosal immunity as a first

line of defense against many illnesses (Schlaudecker et al., 2013).
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This study aims to investigate the presence of SARS-CoV-2 specific IgA
immunoglobins in human milk of breastfeeding women following vaccination.

The ELISA method was used to obtain the results.
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CHAPTER II

Literature Review

2.1. Coronavirus disease 2019 (COVID-19)

A worldwide outbreak of serious critical respiratory infection (SARI)
occurred in the spring of 2003 (K. L. E. Hon et al., 2003; Sonja, 2020; K. L. Hon,
2009). The World Health Organization created the name SARS and classified the
relevant coronavirus SARS-CoV. Winter 2019 had seen the commencement of a
SARI outbreak in Wuhan, China, which quickly spread worldwide. Another new
coronavirus was found to be the perpetrator; Due to illness's similarities to SARS-
CoV, the WHO gave the name for it SARS-CoV-2, or in other word, coronavirus
sickness, as it was known in 2019 (COVID-19). The COVID-19 sickness often
has modest symptoms, but it can occasionally be fatal and cause severe morbidity.
A recently discovered coronavirus called SARS-CoV-2 is connected to SARS
and MERS (K. L. Hon et al., 2020).

SARS-CoV-2 is a member of the family Coronaviridae's Betacoronavirus
genus. The members of this genes are, human coronavirus (HCoV)-HKUL,
human coronavirus (HCoV)-OC43, Middle East respiratory disease (MERS)
coronavirus (MERS-CoV), and SARS-CoV-1 (Chan et al., 2015). SARS-CoV-2
is included in the Sarbecovirus subgenus of SARS-related coronaviruses, together
with the closely related bat coronavirus RaTG13 and SARS-CoV-1 (Zhou et al.,
2020).

A membrane surrounds with an average diameter between 75 and 150 nm
contains the single-stranded positive-sense RNA from the SARS-CoV-2 genome.
Petrosillo stated that due to the spikes of glycoprotein that coat its membrane,

coronaviruses resemble crowns (corona is the Latin word for crown or garland).
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Over 30 K nucleotides make up the SARS-CoV-2 genome. This virus and the
SARS-CoV share more than 85% of their homology (Petrosillo et al., 2020). The
spike (S) surface glycoprotein, membrane (M), envelope (E), and nucleocapsid
(N) proteins are the four main structural proteins converted by the SARS-CoV-2
viral genome (MA, 2020).

Each patient's COVID-19 sickness presents with a unique set of
symptoms, however the most prevalent clinical signs throughout the disease's
many phases are fever, exhaustion, cough, expectoration, anorexia, sputum
production, and shortness of breath (Xu et al., 2020; Nanshan Chen et al, 2020).
Additionally, less frequent symptoms such a sore throat, headache, disorientation,
hemoptysis, shortness of breath, and chest tightness have also been seen (Wu &
McGoogan, 2020; Han et al., 2020). Minor symptoms like nausea, vomiting,
diarrhea, and gastrointestinal complications have also been described (Pan et al.,
2020). Children and adults both experienced the same COVID-19 signs and
symptoms, albeit often the severity of the symptoms was lower than it was in the

adult patients (zhou, 2020; Anandh, 2020).

2.2. SARS-COV-2 Vaccines

To stop SARS-CoV-2 infection in communities throughout the world,
vaccination is the most crucial step in managing this global pandemic, in addition
to the significance of enforcing strategies for infection prevention and public
health to prevent or minimize the spread of SARS-CoV-2. Immune system
activation after vaccination results in the development of SARS-CoV-2

neutralizing antibodies (Cascella & Dulebohn, 2022).
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The majority of vaccinations work by injecting genetic material that
encodes for the glycosylated spike (S) protein, a key stimulator of the host
immune response. The kind of nucleic acid utilized and the method of delivery

vary (Majumder & Minko, 2021).

2.2.1. The Moderna COVID-19 (Mrna-1273) Vaccine

A messenger RNA (MRNA)-based vaccination against coronavirus illness
is the COVID-19 Vaccine Moderna (COVID-19). The body may elicit an immune
reaction and store that knowledge in memory immune cells thanks to the host
cells are instructed by the mRNA to produce S-antigen protein that is unique to
SARS-CoV-2. The study participants who received the full doses of vaccination
(2 doses) and had negative baseline SARS-CoV-2 status showed an effectiveness
rate of around 94% after an average time break between the two doses of two
months. The information examined at this time supports the conclusion that
Covid-19 Vaccine Moderna has more known and prospective advantages than
known and possible disadvantages (FT filgotinib, 2020).

The recommended schedule of the vaccine doses:

2 doses (100 pg, 0.5 mL each) with a interval of 28 days.

Recommended for age, 18 years of age and above (FT filgotinib, 2020).

2.2.2. The Pfizer BioNTech (BNT162b2) COVID-19 vaccine

A COVID-19 mRNA vaccine is called BNT162b2. A two-dose course of
BNT162b2 administered 21 days apart in the randomized vaccination study
provided 91% protection (95% Confidence Interval (Cl): 89 to 93%). After seven

days from the second dose against symptomatic SARS-CoV-2- Based on a
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standard follow-up of six months, the patients who are above 16 years old had
infection with the ancestral strain (Thomas et al., 2021) . In general, 90 to 100%
vaccination effectiveness was seen across subgroups that were classified by age,
sex, race, body mass index, and comorbidities. A longer inter-dose interval of 12
weeks increases immunogenicity in terms of neutralizing antibodies (Parry et al.,
2021), demonstrating that extended inter-dose intervals will produce a positive
immunological response, especially in older persons.

Interval between dose 1 and dose 2:

In comparison to the manufacturer-recommended 3-4-week interval, the
efficacy of the vaccine was much stronger against both infection and
hospitalization when the period between doses was extended, at 7-8 weeks
(Imamura et al., 2021). Compared to a 4-week interval, an inter-dose interval of
8 weeks or longer was linked to a decreased incidence of myocarditis (Buchan et
al., 2022).

Recommended Dosages:

SAGE advises giving two doses (30 g, 0.3 ml each), four to eight weeks
apart, intramuscularly into the deltoid muscle for all people above the age of 12.

SAGE advises giving two doses of 10 g, 0.2 ml each, intramuscularly into
the deltoid muscle, 4 to 8 weeks apart, preferably 8 weeks apart, for children aged
5to 11 years.

According to the label, a regimen of two doses spaced three weeks apart
and a third dosage given at least eight weeks following the second dose is advised
for babies and kids between the ages of 6 months and 4 years. Nevertheless,

nations can think about extending the time between the first and second doses to
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up to 8 weeks (Safety and Efficacy of the BNT162b2 mRNA Covid-19 Vaccine,

2021).

2.2.3. The Valneva VLA2001 COVID-19 Vaccine

The Valneva (VLA2001) vaccine is a complete SARS-CoV-2 virus that
has been thoroughly purified, inactivated, and adjuvanted. The whole-virion
inactivated vaccine is made to attach to alum with the aid of the toll-like receptor
9 agonist (cytosine phosphor-guanine: CpG 1018) adjuvant (Lazarus et al., 2021;
Danon et al., 2020). The two adjuvants boost the vaccination-induced cellular
immune response without harming health. The SARS-CoV-2 spike protein and
other viral surface antigens stimulate cellular immune responses (Thl) after
delivery that are directed against the spike and other viral surface antigens, as
well as neutralizing and other functional binding antibodies. These responses are
all thought to help protect against COVID-19. Since inactivated vaccines cannot
multiply, they cannot spread disease to people (Interim, 2022).

The national regulatory body of Malaysia is now reviewing the
vaccination dossier, and submissions have been made to the WHO for emergency
use listing (EUL) as well as to the regulatory bodies of Argentina and Thailand.
The vaccination will be referred to as VLA2001 in the text that follows (Interim,
2022).

The recommended first vaccination series consists of two intramuscular
doses of 0.5 ml each. The second dose is recommended to be administered at least

28 days after the first dose (Interim, 2022).
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2.2.4. The Sinovac-CoronaVac COVID-19 vaccine

Another type of vaccination is an inactivated whole virus vaccination and
called Sinovac-CoronaVac. It is adjuvanted with aluminum hydroxide. Two
doses of Sinovac-CoronaVac, given at intervals of 14 days, showed effectiveness
of more than 50% infection against the SARS-CoV-2 symptomatic (95%
confidence interval [CI]: 36-62%), 100% (95% CI:17-100%), severe COVID-19
infection of 100% (95% CI:56-100%), and hospitalization of 100% (95% CI.56-
100%), starting 14 days following the second dosage. The group that received the
vaccination experienced no COVID-19-related fatalities; the placebo group
experienced one COVID-19-related death. According to WHO in 2021 The
efficacy of the vaccination was maintained in both groups of individuals with and
without comorbidities, regardless of past SARS-CoV-2 infection (WHO, 2021).

The initial vaccination series is advised to be administered in also 2
vaccine doses with 0.5 ml for each dose intramuscularly into the deltoid muscle.
The vaccination can be given with an interval of 2-4 weeks, according the product
label from the manufacturer. The WHO suggests a 4 week interval. If the second
dosage is scheduled for longer than 4 weeks, it should be administered as soon as
feasible. It is advised that everyone who has been immunized receive two doses

(WHO, 2021).

2.2.5. The Oxford/AstraZeneca (ChAdOx1-S [recombinant] vaccine)
Axzevria functions by getting the body ready to fight COVID-19. It is
composed of an adenovirus, which has been altered to carry the gene necessary

to produce the SARS-CoV-2 spike protein. The COVID-19 virus has a protein on
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its surface that is necessary for the virus to penetrate cells in the body (Union et
al., 2021).

The vaccine introduces the SARS-CoV-2 gene into body cells after
administration. The spike protein will be created by the cells using the gene. The
immune system of the individual will then identify this protein as foreign and
make antibodies as well as activate T cells, which are white blood cells, to begin
attacking it (Union et al., 2021).

The individual's immune system will recognize the SARS-CoV-2 virus
and be prepared to fight it off if they subsequently come into contact with it
(Union et al., 2021).

Vaccine effectiveness about 20% of the 32 451 study participants in the
worldwide phase 3 trial, which was performed in Chile, Peru, and USA, were 65
years or older (Falsey et al., 2021). Asymptomatic SARS-CoV-2 infection was
reduced after vaccination 74% of the time (95% confidence interval [CI]: 65.3-
80.5%). In the vaccination group, there were no cases of serious or life-
threatening illness; in the placebo group, there were 8 cases. The effectiveness of
the vaccine in trial participants 65 and older was 83.5% (95% CI: 54.2-94.1%)
(Falsey et al., 2021). The background information on the vaccination with
AZD1222, which was released on March 1, 2021, has more comprehensive
details on the effectiveness and safety of this vaccine (World Health
Organization, 2021).

The ChAdOx1-S [recombinant] vaccine has an effectiveness of more than
70% (95% CI: 63-79%) against the symptoms of COVID-19 infection, according
to the preliminary data analysis that took interdose interval into account from trial

participants who received two doses separated by 4 to 12 weeks (Emary et al.,
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2021). When there was a longer time between doses, vaccine effectiveness

expected to be higher (World Health Organization (WHO), 2022).

2.2.6 The Novavax Vaccine

Recombinant SARS-CoV-2 spike protein nanoparticles are given as a
coformulation with the adjuvant Matrix-M in the Novavax vaccine (NVX-
CoV2373). Vaccines made of proteins have been used to prevent diseases
including hepatitis B, pertussis, and the human papillomavirus. Matrix-M has
been employed in prelicensure trials for a number of ailments as well as research
on NV X-CoV2373, despite the fact that it has not yet been included in a licensed
vaccine (30 thousand individuals in stage 1 through stage 3 trials) (4 200
recipients total). Matrix-M is added to NVX-CoV2373 to increase its
immunogenicity since it encourages the activation of innate immune cells and

antigen processing (Reimer et al., 2012).

2.2.7. The Janssen vaccine

The Janssen vaccine (Ad26.COV2-S [recombinant]) protects against
coronavirus disease (COVID-19). The SARS-CoV-2 Spike protein gene, which
commands the host cells to manufacture this protein, is carried by the vector virus.
The generation of antibodies and the formation of memory immune cells, which
guard against infection and illness, are triggered by the presence of the spike
protein on the surface of the host cell. The Janssen's Vaccine ability against
symptomatic SARS-CoV-2 infection was 67% in clinical trials (ENSEMBLE 1),
more than 75% against COVID-19 after 14 days and around 85% after 28 days,

and finally more than 90% against hospitalizations (AEMPS, 2021). Minor
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vaccination efficacy (VE) has been observed, nevertheless, as varieties of concern
have emerged. In particular, against symptomatic infections, particularly those
caused by SARS-CoV-2 variations of concern, such as the Omicron form, the
ENSEMBLE 2 trial and subsequent investigations from South Africa revealed
enhanced vaccination effectiveness with two doses of vaccine given 2 months
apart. When analyzed at least 14 days following the second vaccination, the
primary analysis of ENSEMBLE 2 data reveals that VE against moderate to
severe/critical COVID-19 was 75% and VE against severe/critical COVID-19
was 100%. The effectiveness of the vaccination gradually declines over several

months, as it does with other COVID-19 shots (AEMPS, 2021).

2.3. Immune Responses to Infection and Vaccination
2.3.1. Immune Responses to Infection

The immune system is composed of chemicals and cells with specific
functions for fighting infection. Innate immunity or in other words, natural
immunity and adaptive immunity, in other words, acquired immunity and other
crucial factors have a role in the immune system's response to invasive infections.
Innate immune responses are affected by the production of inflammatory
cytokines and chemokines, phagocytic or killer cells, and other variables. T and
B cells that are specific for antigens are produced as a result of adaptive
immunological reactions. As effector T cells, which release a variety of cytokines
or initiate cytolysis to destroy target cells, antigen-primed T cells promote clonal
proliferation and differentiation (Medzhitov & Janeway, 1997; Aderem &
Ulevitch, 2000; Janeway & Medzhitov, 2002). Immunoglobulins, which B cells

secrete and which are in charge of destroying external bacteria. Innate responses
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are generated at the borders of sites of microbial penetration, as opposed to
secondary lymphoid organs where adaptive immune responses are created, such
as the spleen and lymph nodes. Recent research has demonstrated that a
connection between the innate and adaptive immune systems is provided by
dendritic cells by moving through lymphatic arteries and are essential for the
beginning and control of both types of immunity. It was once believed that innate
immunity consisted of immunological reactions that were non specific and were
characterized by phagocytosis and digesting of bacteria and by neutrophils and
macrophages to foreign substances. Innate immunity, on the other hand, is quite
specific against microbes and is able to distinguish between pathogens and self
(Medzhitov & Janeway, 1997; Aderem & Ulevitch, 2000; Janeway & Medzhitov,
2002).

For innate immune recognition, a few number of pathogen recognition
receptors—receptors that are germline-encoded—are required. These receptors
search for conserved molecular patterns (CMPs) known as pathogen-associated
molecular patterns (PAMPs), and then employ intracellular signalling to produce
inflammatory cytokines. The most extensively researched family of pathogen
recognition receptors is the toll-like receptor (TLR) family, and members of this
family can detect a wide range of PAMPs (Akira et al., 2001).

In order to recognize microbial components, TLRs are crucial. The
epithelium’s dendritic cells produce TLRs and serve as sentinels as the first line
of defense (Jarrossay et al., 2001; Kadowaki et al., 2001; Hornung et al., 2002).
It's noteworthy to note that distinct subsets of dendritic cells express different sets
of TLRs, and as a result, they play specific roles in innate responses and the

formation of various T-cell subsets (Azuma, 2006).
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Dendritic cells that have been exposed to antigens change from being
highly sensitive endocytic cells to nonendocytic cells, which move to local lymph
nodes to provide antigens to immature T cells and are less vulnerable to the
peripheral infectious environment. During migration, dendritic cells develop into
mature dendritic cells with excellent antigen-presenting capacity by exhibiting
high amounts of peptide-MHC and a range of molecular costimulators, such as
CD86 and CD40. To activate T cells specific for an antigen in the T-cell zone of
lymph nodes, memory T cells collaborate with migratory dendritic cells. To
determine how well T-cell immune responses work against infections, CD4+ T
cells are crucial. The two subtypes of effector CD4+ T cells are T helper (Th)1
and Th2 (Mosmann & Coffman, 1989). Interleukin-4, -5, -6, and -13 are secreted
by Th2 cells and are essential for optimal antibody production as well as the
eradication of external microbes like helminths and nematodes, whereas Th1 cells
secrete interferon (IFN)-c, tumor necrosis factor (TNF)-a, and TNF-b
[lymphotoxin (LT)], which are crucial for the eradication of intracellular
infections. In regulating pathogenic immunological reactions, these two T-cell
subsets are essential. While some organ-specific autoimmune illnesses and tissue
damage have been linked to Thl-mediated immune responses, systemic
autoimmune diseases and allergies have been linked to Th2-mediated immune
responses (Gately et al., 1998).

According to a study by Gately published in 1998, cytokines, receptor-
mediated signal transduction pathways, and costimulatory molecules are all
involved in the commitment to the Th subsets. Transcription factors are also a
factor. Crucial cytokine interleukin-12 encourages immunological responses

mediated by T helper 1 and regulates T helper 2 responses (Gately et al., 1998).
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The use of costimulatory molecules during cognate interactions between dendritic
cells and T cells may significantly affect the growth of Thl and Th2 cells
(Salomon & Bluestone, 2001). Different dendritic cell subsets are responsible for
activating various T-cell responses in response to certain TLRs (Ito et al., 2002).

However, certain dendritic cells instead of inducing immunity, cause T-
cell tolerance (Thompson & Thomas, 2002; Moser, 2003; Enk, 2005). Dendritic
cells can give antigens but are unable to create the powerful costimulators CD80
and CD86 that encourage T-cell tolerance. This is because they phagocytose the
dead cell without receiving any pathogen-related signals. Dendritic cells may
become less effective in presenting antigens when anti-inflammatory cytokines
like TGF-b and interleukin-10 (IL-10) transmit them tolerogenic signals (Azuma,
2006).

Dendritic cells alone do not regulate the immune system. Some T-cell
subsets have the ability to directly impair effector T cell activity. Among these
regulatory T cells, the most well-known are the naturally occurring CD4+ CD25+
regulatory T cells, sometimes referred to as natural regulatory T cells (Sakaguchi,
2005). To grow and become activated, CD4+ CD25+ regulatory T cells from the
thymus require antigenic stimulation, a lot of interleukin-2, or CD28
costimulation (Salomon et al., 2000).

Regulatory T cells, on the other hand, are anergic and hypoproliferative
when they are acting as suppressors. Additionally, regulatory T cells with CD4+
CD25+ release TGF-b and interleukin-10. It appears that while their development
and maintenance do need these cytokines and cells that present antigen, their
suppressive action does not (Fontenot & Rudensky, 2005). Cell-to-cell interaction

may be necessary for regulatory T cells to perform their role. Foxp3, a forkhead
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transcription factor, is crucial for the growth and operation of natural regulatory
T cells (Fontenot & Rudensky, 2005; Hori et al., 2017). Natural regulatory T cells
have recently been shown to be able to induce T-cell tolerance to external, non-
self antigens such microbial infections. They had previously only been examined

in connection to peripheral self-tolerance and autoimmune (Sakaguchi, 2005).

2.3.2. Immune response to vaccine antigens

Vaccines function by inducing the immune system to react to a virus or
bacteria. The immune system develops a "memory" as a result. This
immunological memory enables the body to "remember" a particular virus or
bacteria so that it can defend itself against it and stop sickness that it may
otherwise cause. The majority of vaccinations include a virus or bacteria in
weakened, inactivated (killed), or minuscule amounts that cannot spread illness.
It is known as an antigen. A person's immune system recognizes the antigen as
alien when they get a vaccination (Siegrist & Lambert, 2016).

The immune system's macrophages, T cells, and B cells are among the
cells that are stimulated by these antigens. When proteins or other antigens enter
the body, macrophages ingest them and break them down into smaller antigens,
which trigger an immune response. Some of these fragments are transported to
the cell surface by a protein known as MHC (major histocompatibility complex),
where they are displayed but remain encased in the cleft of the MHC molecule.
T cells are able to detect the pieces of antigen that are presented, which prompts
B cells generate antibodies against the fragments in addition to other immune
reactions. According to studies, T cells are unable to distinguish between an

antigen segment that is particular to an infecting microorganism and an antigen
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fragment that is specific to a vaccine because they only identify antigen fragments
from proteins predigested by macrophages, claims Berkower (John Elkington,
1997).

The immune system of the person will recall the incident in the event that
they later come into touch with the real virus or bacteria. The virus or bacteria
can then be promptly eliminated by producing the appropriate antibodies and
activating the appropriate immune cells. This shields the individual from the
illness (Siegrist & Lambert, 2016).

Which kind of antibodies is produced depends on the cytokines secreted
by stimulated immune cells, which come in many different chemical forms. For
instance, immunoglobin E (IgE) antibodies, which trigger allergic reactions, can
be released by B cells as a result of the cytokine interleukin 4. 1gG, which
predominates in the blood, or IgA, which predominates in bodily fluids, are the
two forms of Ig that B cells preferentially produce in response to certain cytokines
(John Elkington, 1997).

The collection of MHC molecules and the genes that control their
synthesis varies greatly from person to person. Distinct MHC molecules bind to
different antigen fragments. As a result, even if two individuals' immune systems
may react to the identical protein in a vaccination, their T cells may accomplish
this in many ways (John Elkington, 1997).

The benefits of vaccination extend beyond those who have already gotten
them. By lowering the chance of exposure to illness, it also indirectly protects
community members who have not received vaccinations, such as small children
who are too young to get vaccinations or those with compromised immune

systems (Siegrist & Lambert, 2016).
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2.4. Breastfeeding

Infants should only consume breast milk since it includes all the nutrients
necessary for their health, growth, and development (Kalantari & Haghighian
Roudsari, 2013; Ip et al., 2007). Breast milk is the only form of food that should
be consumed since it includes a lot of antioxidants that protect infants from
viruses (Lonnerdal, 2000; Gill et al., 2007). Antioxidants from breastfeeding,
such vitamin C and vitamin E, help to prevent or lessen oxidative damage to
numerous human tissues (Li et al., 2009). Breast milk contains a number of anti-
inflammatory substances that shield children against the negative effects of
inflammation (Hoppu et al., 2005).

The maternal hypothalamus and hormones generated from the pituitary
gland control the production of milk. The two primary hormones involved in milk
production and the subsequent letting down reaction are oxytocin and prolactin
(Uvnés-Moberg et al., 1990). Before the infant is born, milk production goes
through several distinct phases. Colostrum, which is made accessible after
childbirth, is the first milk. Pre-colostrum can occasionally be seen before the
postpartum period. Colostrum, the newborn's first milk, is abundant in protein,
sodium, and immunoglobulins while being minimal in lactose (Zelazniewicz &
Pawtowski, 2018). After 30 to 40 hours after delivery, lactose concentration rises
and other components are diluted as milk volume rises (Weaver & Hernandez,
2016).

The maternal hypothalamus and hormones generated from the pituitary
gland control the production of milk. The two primary hormones involved in milk
production and the subsequent letting down reaction are oxytocin and prolactin

(Uvnés-Moberg et al., 1990).
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Before the infant is born, milk production goes through several distinct
phases. Colostrum, which is made accessible after childbirth, is the first milk. Pre-
colostrum can occasionally be seen before the postpartum period (Zelazniewicz
& Pawtowski, 2018).

Colostrum, the newborn's first milk, is abundant in protein, salt, and
immunoglobulins while being low in lactose (Zelazniewicz & Pawtowski, 2018).
After 30 to 40 hours after delivery, lactose concentration rises and other
components are diluted as milk volume rises (Zelazniewicz & Pawtowski, 2018).

Due to the high concentration of immunoglobulins in colostrum, it has
powerful immune-stimulating properties (Verd et al., 2018). The phrase "baby's
first vaccination" is frequently used. Through the secretory IgA (slgA), IgM, and
IgG, the Gl tract develops mucosal immunity. These essential immunoglobulins
preserve the gut's barrier and are crucial in the battle against microbes (Dzidic et
al., 2018; Toscano et al., 2017).

Up to the first six months of an infant's life, breastfeeding exclusively
lowers the risk of gastrointestinal illnesses and asthma, promotes prevention of
childhood obesity (Arenz et al., 2004; Koletzko, 2006; Kinsella & Monk, 2012;
Shields et al., 2006) and diabetes in later years of childhood (Owen et al., 2012;
Gunderson, 2008), and may be linked to lower cholesterol levels (Owen et al.,
2012). Additionally, compared to non-breastfed children, breastfed youngsters
score higher on mental-cognitive abilities tests (Bernard et al., 2013).

The oligosaccharides and microbiota found in milk, including
Bifidobacterium and Lactobacillus, provide the gut an antibacterial effect (Dzidic
et al., 2018; Toscano et al., 2017). Additionally, this leads to the creation of

crucial minerals such vitamin B12, B6, folate, and vitamin K. Early breastfeeding
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will make it easier for the baby's naturally sterile gut to become colonized by
these safe microorganisms as well as mother organisms rather than the organisms
of the hospital infant room and the other caregivers. Thus, it is advised to move
in early and keep the infant with the mother (Telang, 2018).

Lactoferrin, another component, will operate by promoting iron
absorption and inhibiting bacterial oxidation of iron. This aids in the growth of
bacteria. It provides immunological defense against bacterial, viral, fungal, and
pathogens (Telang, 2018).

As a result of the infant's oral germs being exposed to the mammary gland,
a retrograde milk flow would result in the creation of antibodies as well as an
immune system reaction. By using the mother's immune system and boosting the
newborn's immature immune system, the infant would eventually be protected

against illnesses by these antibodies (Laouar, 2020).

2.5. Composition Of Breast Milk

Colostrum is the biological fluid that acts as "pre-milk" that is released by
the mammary glands of female mammals within the first few days (WHO &
UNICEF, 2003; Ahonen et al., 1998; Mosca & Gianni, 2017) of your newborn's
existence. The liquid's composition is diverse from that of the milk produced
afterwards. It has a golden color, is thick and sticky, is in little amounts, but is
very nutritious. It contains a variety of elements that are thought to be crucial for
the development of the baby's immune system, including Igs, lactoferrin, growth
factors, and lysozyme. All nursing mammals' milk, colostrum, and blood include
immunoglobulins, which are blood molecules created by the body's innate

immune system and "generated by plasma cells (white blood cells)". In
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comparison to many other animals, pregnant humans transfer some amount of
passive defense immunity to the fetus to a greater extent. Human colostrum also
contributes to the development of neonatal immunity, although in many other
mammals it does not provide immunological protection. Numerous studies have
shown that colostrum feeding can transport cytokines, lgs, growth factors,
antimicrobial substances, and maternal immune cells to the infant (El-Loly, MM,
Guirguis, AH and AS Abdel-Ghany, 2018).

Mature human milk has a fat content of 3%-5%, a protein content of
0.8%-0.9%, a lactose content of 6.9%-7.2%, and a mineral content of 0.2%
expressed as ash. It contains 60-75 kcal per 100 ml of energy. Compared to
mature milk, colostrum has a much higher protein content and a lower
carbohydrate content (Jenness, 1979). Although there are significant nocturnal
changes and a rise in fat content with each nursing session, during breastfeeding
the fat content does not change regularly. Casein that is similar to beta-casein in
cow's milk, alpha-lactalbumin, lactoferrin, immunoglobulin IgA, lysozyme, and
serum albumin are the main proteins found in human milk. There are also several
"minor" proteins and numerous enzymes. Human milk's necessary amino acid
composition closely approaches the pattern that has been proven to be best for
human newborns. Other than serving as a source of amino acids, the potential
particular activities of milk proteins and enzymes are still completely unknown.
The main sugar in human milk is lactose, but there are also 30 or more
oligosaccharides that range in size from 3- to 14 saccharide units per molecule
and all include terminal Gal-(beta 1,4)-Glc (Jenness, 1979). These might total up
to 1 g/100 ml in mature milk and 2.5 g/100 ml in colostrum. Due to their capacity

to encourage the growth of specific strains of lactobacilli, some of them may work
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to regulate the gut flora. In human milk fat, there are significant amounts of
palmitic and oleic acids. both of which were substantially concentrated in the 2-
position of the triglycerides, with the latter also being heavily concentrated in the
1- and 3-positions. With the nature of the food, milk fat's fatty acid content, and
particularly the fatty acids it provides, varies somewhat. Phospholipids comprise
phosphatidyl ethanolamine, phosphatidyl choline, phosphatidyl serine,
phosphatidyl inositol, and sphingomyelin, with an overall concentration of
around 75 mg/100 ml. Na, K, Ca, Mg, P, and Cl are the main minerals discovered
in human milk. The range of calcium values reported in different research is 25—
35 mg/100 ml. The amount of phosphorus is significantly more consistent in
milks of most other species, at 13-16 mg/100 ml, although it is also less
concentrated compared to calcium and casein (Jenness, 1979).

Breast milk has a wide range of iron, copper, and zinc concentrations.
Many other trace elements have been found. In human milk, nonprotein
molecules such urea, uric acid, creatine, creatinine, and a significant number of
amino acids make up around 25% of the total nitrogen. Taurine and glutamic acid
stand out among the latter. Human milk has nutritionally important quantities of

all vitamins except K (Jenness, 1979).

2.5.1. Antimicrobial Factors Found In Breast Milk

In addition to cytokines, polyunsaturated fatty acids, immune-stimulating
proteins, glycoproteins like lactoferrin, glycated components like mucins, human
milk oligosaccharides (HMOs), and extracellular vesicles, breast milk contains
additional substances that have been demonstrated to have widespread

antibacterial activity. Mother's milk has a wide spectrum of antiviral properties,
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which is an astonishing feature of this diversity of chemicals (Chirico et al.,
2008).

Small proteins called cytokines have roles in intercellular signaling. An
good diversity of cytokines, both pro- and anti-inflammatory in nature, may be
found in breast milk. Transforming Growth Factor (TGF), a cytokine involved in
inflammation, appears to have a significant immunomodulatory and antiviral
impact. TGF- is a helpful regulator of IgA synthesis and passive immunity. Also,
some research reveal that moms who experience high levels of microbial
stimulation make milk with higher levels of TGF-, indicating that there may be a
control to help with the protection of the infant (Gila-Diaz et al., 2019).

Researchers first postulated that the lipids in breast milk, or rather the by
products of their digestion, would have a specific antibacterial and antiviral
impact over 30 years ago (Dodge & Sagher, 1991). The fatty acids in breast milk
have an antiviral effect, according to recent studies. Phospholipid membranes
wrap the triacylglycerols that make up the large vesicles that carry the fats in
breast milk. The triacylglycerols are broken down by the salivary and stomach
lipases in the infant into monoglycerides and free fatty acids. Depending on their
length, saturation level, and quantity of active radicals, free fatty acids exhibit
potent antimicrobial and antiviral effects (Gardner et al., 2017). The most
effective antibacterial compounds appear to be long-chain polyunsaturated fatty
acids, which are effective against both bacteria and viruses (Morniroli et al.,
2021).

Lactoferrin from human milk has long been recognized for its beneficial
regulation of iron absorption and its antibacterial properties. This protein's

capacity to attach to milk's iron and remove it from the bacteria's metabolic
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process helps prevent infections from spreading out of control (Habib et al.,
2020). A few DNA and RNA viruses that Lactoferrin has a powerful antiviral
impact on by preventing viral entrance into host cells include Rotavirus, Human
Immunodeficiency Virus, Human Papillomavirus, and Herpes Simplex Virus
(Kell et al., 2020).

There are two ways that this antiviral impact is implemented. The virus
may be read immediately by lactoferrin, which stops it from attaching to the cell.
Secondly, heparan-sulfate molecules, which are present in the extracellular
matrix as well as attached to cell membranes, can be bound by lactoferrin and
occupy their binding sites. To make it easier for viruses to connect to cell
receptors, many of them exploit them as attachment and concentration sites (Kell
et al., 2020).

Large glycosylated molecules known as mucins may be found in many
different biological fluids. Body fluids have a viscosity that is increased with their
presence due to their unique structure. Types 1 and 4 of the different mucin
subtypes (MUC1 and MUC4) are detected in breast milk. These subtypes have
shown antiviral efficacy in vitro against the HIV virus, the influenza virus, and
other viruses (Mall et al., 2017).

The unconjugated carbohydrates known as human milk oligosaccharides
(HMO) have a dual role in the newborn's immune system's growth. HMOs
encourage the growth of a beneficial microbiota, which has significant
implications for immunity (Tlaskalova-Hogenova et al., 2020). It is now
understood that these substances are crucial prebiotics that support the growth of
bacterial strains that are beneficial to health, feed the newborn microbiota, and

indirectly modulate the immune system. Yet, research in recent years has also
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indicated that they have a direct antiviral purpose. Rotavirus, HIV, norovirus, and
influenza viruses are just a few of the viruses that prevent some viruses from
connecting to the host cell in HMOs (Morozov et al., 2018). HMOs function as
the mucosal surface's soluble decoys, attaching the virus to themselves and
preventing it from entering the cell because they share the mucosal surface's

glucosidic structure (Morniroli et al., 2021).

2.5.1.1. k-Casein

By functioning as a soluble sensor analogue of the membranes of
epithelial cells, K-casein, a small casein protein present in breast milk, inhibits
Helicobacter pylori from adhering to the human stomach mucosa (Lonnerdal,

2003).

2.5.1.2. a-Lactalbumin

Several casein and -lactalbumin hydrolysis compounds have been shown
to have antibacterial activity against C. albicans, Klebsiella pneumoniae,
staphylococcus, and streptococcus (Pellegrini et al., 1999). Human milk contains
-lactalbumin, which also has the ability to bind to oleic acid. As a result of this
conformational shift and the release of Ca2+ ions, HAMLET (human -

lactalbumin rendered deadly to tumor cells) is created (Svanborg et al., 2008).

2.5.1.3. Haptocorrin
Several ideas contend that the haptocorrin protein in breast milk has the
ability to bind to vitamin B12 and so inhibit the growth of microorganisms.

Haptocorrin. coli has been demonstrated to be resistant to a strain of
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enteropathogenic E at comparable levels when exposed to digestive enzymes and
when left undigested, indicating that this protein assists in the defense against

infections in nursing infants (Adkins & Lonnerdal, 2003).

2.5.1.4. Osteoprotegerin

Compared to human blood, osteoprotegerin levels in human milk and
mammary epithelial cells can be up to 1,000 times higher (Vidal, Van Den Broek,
et al., 2004). Considering its capacity to bind to the TNF-related apoptosis-
inducing ligand (TRAIL) and trigger caspase-dependent apoptosis, especially in
Thl cells, it is assumed to be essential for regulating the balance of Th1/Th2
during the development of newborns' immune systems (Vidal, Serrant, et al.,

2004).

2.5.1.5. Soluble CD14 (sCD14)

The concentration of the SCD14 molecule in colostrum and breast milk is
higher than that in serum by more than 20 times (Hosea Blewett et al., 2008).
When bacteria colonize the gut, this factor affects how innate and adaptive
immune responses are controlled, which in turn controls intestinal homeostasis in

infants (Labéta et al., 2000).

2.6. Immunoglobulins

A history of the mother's antigen exposure and immune system response
may be seen in the immunoglobulins found in breast secretions, which come from
several sources. When a baby is sucking, the milk ejects immunoglobulins from

the mammary gland through receptor-mediated pathways through the mammary
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epithelial cells. The newborn's gastrointestinal system is then exposed to the
immunoglobulins. The immunoglobulins are stable enough to provide the
newborn with protective benefits even though the environment is primarily
created for digestion to obtain nutritional benefits. This may be done by absorbing
into the neonatal vascular systems of some species or by engaging in
immunological activity in the digestive tract (Hurley & Theil, 2011).

IgA, IgM, and 1gG are the three major classes of the human Igs family,
whereas IgD and IgE are the two minor groups. 1gG, IgM, and IgA are the three
primary classes found in both bovine and human milk. When compared to blood,
the varied Ig fraction levels in colostrum and milk vary dramatically by species
and are frequently unmatched. For instance, the IgA class makes up around 90%
and 15% to 20% of all Igs in human colostrum, milk, and blood, respectively (El-
Loly, MM, Guirguis, AH and AS Abdel-Ghany, 2018). In cattle, Igs are divided
into four isotypes according on the amount of heavy chain they contain: 1gG
(IgG1land IgG2), IgA, IgM, and IgE (El-Loly, MM, Guirguis, AH and AS Abdel-
Ghany, 2018). High concentrations of IgG, IgA, and IgM molecules can be seen
in milk, more so in colostrum. 1gG predominates in colostrum, milk, and blood,
accounting for around 80-90, 60-70, and 90% of all Igs, respectively, while IgA
is the main Ig class in human milk (Mix et al., 2006; Zhao et al., 2010).

Immunoglobulin IgA migrates to mucosal regions and produces local
sIgA antibody responses. A molecules are generated by B lymphocytes of the
peripheral immune system in the mammary gland and they are represented in
maternal Peyer's patch lymphoid cells (Hanson et al., 1994). The immune system
of neonates is not fully developed for the first 5 to 6 months of life because the

mucosal surfaces of their respiratory and gastrointestinal tracts lack antibodies
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After delivery, secretory IgA levels in breast milk are still high for at least 7.5
months, and they are crucial for maintaining the passive humoral response
(Kompaneets et al., 2020).

Infants who are exclusively breastfed getting around 0.3 g/kg/day of
SIgA, which accounts for more than 80 % of the overall immunoglobulins in
human milk. The majority of this protein's action is local since only
approximately 10% of the intestines absorb it and send it to the bloodstream
(Brandtzaeg, 2010; Drummond & Howe, 2001). SIgA and, to a lesser extent,
SIgM form the infant's initial line of defense against foreign antigens in the gut.
Due to this, SIgA molecules continue to function throughout the infant's digestive
system and affect the binding of commensal or pathogenic microbes, poisons,
viruses, and other antigenic substances, such as lipopolysaccharide (LPS),
inhibiting their adherence and penetration into the epithelium without inducing
inflammatory reactions that may harm the infant.. Immune exclusion refers to this
procedure. High-affinity pentameric and dimeric IgM and IgA antibodies carried
by the pIgR may even inactivate viruses (like influenza and rotavirus) inside
epithelial cells to transfer pathogens and their byproducts back into the lumen and
lessen cytolytic damage to the epithelium (Johansen & Brandtzaeg, 2004). Since
they function as a backup for the absence of SIgA in mucous membranes and are
prevalent in these secretions, SIgM antibodies are essential in persons with
selective IgA deficiency (Palmeira et al., 2009).

IgM antibodies, the second most common immunoglobulin, may be found
in human breastmilk at concentrations of up to 2.5 mg/mL. High avidity IgM
antibodies that are reactive with viruses and bacteria may provide considerable

protection for the mucosal surfaces of neonates. 1gG's opsonizing activity can
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have a neutralizing effect as well as the capacity to activate the complement
system and cause antibody-dependent cytotoxicity. Nevertheless, it is thought
that newborns' mucosal surfaces do not exhibit these characteristics to their full
extent. A little quantity of IgG, or 0.1 mg/mL (10% of serum levels), can be found

in human milk (Hanson et al., 2003).

2.7. Lactoferrin

First found in cow's milk, lactoferrin is an iron-binding glycoprotein that
was subsequently found in human milk. Large amounts of lactoferrin are found
in milk, tears, saliva, seminal fluid, and certain white blood cells, among other
mammalian secretions (REDDY et al., 1977).

The observed lactoferrin concentrations in human milk and colostrum are
2 to 4 grams/liter and 6 to 8 grams/liter, respectively. Lactoferrin is only partially
saturated with iron in its normal condition (5 to 30 percent). Many biological
functions of lactoferrin have been hypothesized, including antibacterial and anti-
inflammatory properties, protection against gastrointestinal infections, provision
of an iron-binding antioxidant protein in tissues, collaboration with certain
immunoglobulins and other protective proteins, and potential encouragement of
the proliferation of animal cells like lymphocytes and intestinal cells are all
examples of its participation in local secretory immune systems. Long
hypothesized but unconfirmed, milk lactoferrin may play a part in the intestine's
absorption of iron (REDDY et al., 1977).

The majority of microbes require iron for development, and lactoferrin
may prevent or even stop the growth of germs by depriving them of iron. The

organism's need for iron, exogenous iron is accessible, the quantity and saturation

(42]



of lactoferrin with iron, and other factors all affect how efficient lactoferrin's
antibacterial activity is. (REDDY et al., 1977).

Lf has two distinct pathways that contribute to its antibacterial properties.
Its main function is to bind free iron, eliminating a crucial substrate for bacterial
development and having a bacteriostatic effect. The second method entails the Lf
coming into direct contact with the infectious agent. When Lf attaches to the
lipopolysaccharide in bacterial walls, it may potentially harm the bacteria by
causing the generation of peroxides, which are catalyzed by Lf-bound iron (111)

ions and cause bacterial cell lysis (Giansanti et al., 2016).

2.8. Lactoperoxidase

Heme-containing lactoperoxidase (LPO) is an enzyme that belongs to the
mammalian peroxidase superfamily (Nichol et al., 1987). It is a 595 amino acid
protein with an 80-kDa molecular weight that is glycosylated and structured into
20 -helices and two antiparallel -strands (Sheikh et al., 2017).

Peroxidase enzymes are capable of destroying bacteria via oxidative
processes. Saliva, milk, tears, and other exocrine gland secretions all include
peroxidase activity, as do those from the bronchial, nasal, and intestinal linings.
Milk peroxidase, also known as lactoperoxidase, is a well-known enzyme that
assists in defense against microbial invasion of the mammary gland and is one of
the non-immunoglobulin protective proteins. There are one iron atom per
lactoperoxidase molecule (REDDY et al., 1977).

No antimicrobial action exists in lactoperoxidase by itself. Referred
regarded as the lactoperoxidase system, which also includes hydrogen peroxide

and thiocyanate, is a strong natural antibacterial mechanism. At animal and
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human tissues, thiocyanate and hydrogen peroxide are both naturally present, but
often in extremely low amounts. The mechanism by which the lactoperoxidase
system exerts its antibacterial activity is the reaction between hydrogen peroxide
and thiocyanate, which is catalyzed by lactoperoxidase, and produces short-lived
hypothiocyanate, which is recognized as a primary antibacterial agent. The
lactoperoxidase system's antibacterial activity is based on the suppression of
crucial bacterial metabolic enzymes caused by their oxidation by hypothiocyanate

(REDDY et al., 1977).

2.9. Lysozyme

In breast milk, lysozyme is a significant, non-specific host defense
component. All mammals generate lysozyme, a naturally occurring antimicrobial
enzyme that lyses a specific link in the peptidoglycan layer of bacterial cell walls,
leading to cell lysis and the bacterium's eventual eradication. Milk, saliva, and
tears all generate lysozyme (Masschalck & Michiels, 2003). Lysozyme is one of
the components that, together with secretory IgA and lactoferrin, makes milk
intake related with nonspecific immunity (Village, 2005; Le Hurou-Luron et al.,
2010).

Lysozyme and lactoferrin are two of the most important enzymes found
in colostrum. An enzyme called lysozyme may break down the outer layer of
Gram-positive bacteria by hydrolyzing the -1,4 bonds in the N-acetylglucosamine
and N-acetylmuramic acid residues (Drummond & Howe, 2001). When used in
conjunction with lactoferrin, which binds to and removes the lipopolysaccharide
in the outer layer of the bacterial membrane, lysozyme can penetrate the interior

proteoglycan matrix of the membrane and harm it, killing the bacterium. Gram-
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negative bacteria in a test tube can be eliminated by lysozyme (Ellison & Giehl,
1991). Lysozyme is furthermore thought to have antiviral effects (Lee-Huang et
al., 1999).

Antibacterial action exists in lysozyme against several microorganisms.
Normally, this enzyme works in conjunction with immunoglobulin A or
lactoferrin. With immunoglobulin A, lysozyme is efficient against Escherichia
coli. When combined with the modest quantities of ascorbate and peroxide found
in milk, it lyses several kinds of salmonellae. Lysozyme's anti-Escherichia coli
action can be decreased by microwave irradiation. Additionally, lysozyme may
have anti-inflammatory properties and can restrict neutrophil migration into

injured tissue (REDDY et al., 1977).

2.9. How Breast Milk Could Pass Along Covid 19 Immunity To Infants

Human milk antibodies are a reflection of mucosa-associated lymphoid
tissue (MALT) activation that is specific to an antigen in the colon and the
airways. Every immunoglobulin isotype seen in human colostrum and milk is
present, with Immunoglobulin A (IgA) having the greatest amounts (representing
80% to 90% of all immunoglobulins in human milk), followed by IgM and 1gG,
the latter of which has low concentrations. It has been widely established that
SIgA in breast milk is specific for a number of prevalent respiratory and
gastrointestinal bacteria (Goldman, 1993).

IgA can exist in monomeric, dimeric, or trimeric forms; the monomeric
form predominates in serum while the polymeric form predominates in

secretions, where it is known as secretory IgA (SIgA) (Brandtzaeg, 2010).
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Because the infant's adaptive immune response needs time to arrange its
architecture and provide protective immunity, the neonatal immune system is
regarded as immature (Dowling & Levy, 2014). Therefore, during the first few
weeks after delivery, the baby is passively shielded by maternal immunoglobulins
delivered during the third trimester of pregnancy, via the placenta (Cinicola et al.,
2021). Breastmilk contains maternal secretory immunoglobulin A (sIgA)
antibodies, which are mostly obtained from the respiratory and intestinal mucosal
immune systems of the mother, continuing passive protection after delivery
(Brandtzaeg, 2003).

Because of the secretory IgA antibodies it contains as well as the
abundance of other bioactive components, human milk is a secretion that serves
the dual purpose of feeding the nursing infant and protecting it from respiratory
and enteric illnesses. During breastfeeding, plasma cells originating from B
lymphocytes that migrate from different mucosae to the mammary gland, notably
from the digestive and respiratory tracts, create specific IgA antibodies locally
(Zheng et al., 2022).

Human milk contains SIgA antibodies that are reactive with a variety of
pathogens that the mother has encountered during her life, demonstrating her
immunological memory built up over time. In the lactation period, plasma cells
originating from B lymphocytes move from various mucosae to the mammary
gland, particularly from the intestinal and respiratory tracts, and create the SIgA
that is found in milk locally. As a result, colostrum often has larger amounts of
antibodies than serum does that are reactive with antigens from bacteria that pass

through the mucosae (Zheng et al., 2022).
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IgA from human milk offers essential antimicrobial protection. harmful
microorganisms on the newborn gastrointestinal tract are inhibited clings to the
mucosal surface, eliminates microbial poisons, and offers passive protection. IgA
is mostly generated in the lamina propria next to the mucosa. Secretory
immunoglobulin (slgA) traps harmful bacteria in the mucus and activates
intestinal cilia, acting directly on the mucosal surface by preventing germs from
adhering to the host epithelial cell receptors. Additionally, SARS-CoV-2 can be
neutralized by slgA before to binding to and infecting epithelial cells. This
method enables slIgA breast milk to offer defense against the SARS-CoV-2 virus
getting into the mucosal membrane of the airways (Yin Xia et al., 2020).

During the last trimesters of pregnancy, specific maternal antibodies to
SARS-CoV-2 are passed through the placenta and are detectable in the serum of
newborns delivered to women who were either naturally infected or who had
received a vaccination (Egerup et al., 2021; Flannery et al., 2021). In a similar
manner, maternal sIgA specific for SARS-CoV-2 is discovered in the breastmilk
of women who either had COVID-19 or had the vaccination (Pace et al., 2021,
Polack et al., 2020). As a result, in the case of COVID-19, as in the case of many
other diseases, the mother makes use of her reservoir of antibodies to assist the
infant in moving from a state of maternal immunologic reliance to one of
immunologic self-sufficiency (Conti et al., 2021).

Numerous advantages of breastfeeding have been demonstrated for
children. Antibodies in circulation can permeate breast milk and transfer to
children, providing passive immunity. Newborns will rely on the mother’s passive

immunity. This claim serves as the foundation for various investigations looking

(47]



at the effects of feeding breast milk tainted with COVID-19 on the wellbeing of

neonates (Aiman et al., 2020).
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CHAPTER 111

Methodology

3.1. MATERIAL AND METHODS

3.1.1. Tools and Equipment

The contents of the test kit

Antigen-coated microplate wells

Calibrator (IgA, human)

Positive control (IgA, human)

Negative control (IgA, human)

Enzyme conjugate (peroxidase labeled anti-human IgA)
Wash buffer

Chromogen/substrate solution (TMB/H202 )

Stopping solution (0.5 M sulfuric acid)

3.1.2. Additional Materials and Equipment
EUROLabWorkstation ELISA

Automatic microplate washer

Microplate reader

Calibrated pipettes

Pipette tips

Incubator

Eppendorf tubes
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3.3. Kit
Anti-Sars-Cov2 ELISA (IgA) kit
3.3.1.Purpose of usage:

In order to assist the diagnosis of SARS-Cov-2 infection and to
complement direct pathogen detection, enzyme immunoassay (ELISA) allows
semiquantitative in vitro detection of immunoglobulin IgA class antibodies
targeting SARS-Cov-2 in serum, EDTA, heparin, or citrate plasma.

Detection of IgA antibodies is suitable for monitoring the development of
the immune response after positive direct pathogen detection.

This product has been specially designed for trading on the

EUROLabWorkstation ELISA.

3.3.2. Test principle

The test kit includes microplate strips with eight breakable wells that are
individually coated with the SARS-COV-2 spike protein's recombinant S1
domain.

Diluted patient samples are incubated in the wells during the first stage of
the reaction. Specific IgA antibodies that bind to antigens are present in positive
samples. An enzyme-labeled anti-human IgA (enzyme conjugate), which
catalyzes the color reaction, is used in a second incubation to identify binding
antibodies.

3.3.3. Storage and stability

The test kit should be stored between +2°C and +8°C , not frozen.
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3.3.4. Usage stability
If maintained between +2°C and +8°C and kept clean after the initial use,

the reagents are stable until the specified expiration date, unless otherwise noted.

3.4. Sample collection
30 ml of breast milk collected from each of 23 patients in the North Cyprus
Near East University Hospital was included in this investigation.

The breast milk was stored at a temperature of -20°C after collection.

3.5. Methods
3.5.1. Analysis Sars-Cov 2 Specific sIgA Titres in Human Milk

For the quantitative evaluation of SARS-CoV-2 IgA class antibodies, a
recombinant S1 antigen of SARS-CoV-2 Spike protein-coated anti-SARS-CoV-
2 ELISA (IgA) kit was utilized (Euroimmun, Lubeck, Germany). Before analysis,
serum samples were diluted with sample buffer in a ratio of 1:101 as per the
manufacturer's instructions.

The reagents in the KIT should, as a protocol, be warmed to room
temperature (+18 to +25°C) prior to application. Aliquating human milk into
eppendorf tubes, which were then centrifuged at 500 g for 15 minutes at 4 °C,
was done. After being removed from the fat layer, the aqueous layer was put in a
pristine tube. The following step was a 15-minute, 3000 g, 4 °C centrifugation of

this aqueous layer.
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Figure 2. Second centrifuge

The last watery layer was taken off and kept at -20°C. First, 10 uL human
serum and 1 pL buffer mixture are prepared in clean tubes. 10 uL of each
centrifuged breast milk is taken and added to the diluted mixture. 100 pL of
calibrator, 100 uL of positive control and 100 uL of negative control are pipetted
into the microplate wells. 100 pL diluted patient mixture was transferred to each
wells. Incubation at +37°C for 60 minutes. After incubation, the washing step is

started. Washing process is performed automatically 3 times. 100 uL of enzyme
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conjugate (peroxidase labeled anti-human IgA) is pipetted into each well.
Incubate at 37°C for half and hour. 100 pL. of chromogen substrate solution is
pipetted into each well. Incubation was performed at room temperature for 30
minutes in a dark place. 100 uL of stop solution is added to each well. Color
change is observed. At the conclusion of the investigation, each well's absorbance
was measured spectrophotometrically at 450 nm. By dividing the optical density
of the sample by the optical density of the calibrator, the concentration of anti-
SARS-CoV-2 IgA antibodies was determined. The cut off value was taken as 0.8.

Samples below this ratio of were evaluated as negative.

Figure 3. Spectrophotometrical analysis of milk SIgA at 450 nm

3.5.2. Analysis of Sars-Cov 2 Specific 1gG Titres in Serum

For serum IgG evaluation, blood samples of approximately 5 mL were
taken from each of the volunteers and placed into jelled dry tubes. After being
taken, the blood samples were immediately delivered to the laboratory of Near
East University (NEU) Hospital, and their serums were separated by

centrifugation. The serum samples were stored at -80°C until the time of use. The
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sera were tested for anti-S1-RBD 1gG using fully automated ELISA (Abbott,
Architect i1000sr, Germany) with SARS-CoV-2 IgG Il Quant (Abbott,
Germany). According to the manufacturer's instructions, a cut-off result of >50
AU/mL is regarded as positive. The assay has a sensitivity/PPA of 92.11, a
specificity NPA of 99.97, and it agrees with neutralization in microneutralization

assays. 100% PPA and 95.72 NPA.

3.5.3. Statistical Analysis

Quantitative and qualitative variables both have descriptive statistics
(frequency and percentage) generated for them (arithmetic mean, standard
deviation, median, minimum, and maximum). Hypothesis tests were performed
to compare two independent categories for quantitative variables with a non-
parametric Mann-Whitney U test since the parametric assumptions were not met.
Pearson Chi-Square or Fisher’s Exact test was used to investigate the possible
associations between qualitative variables, where appropriate.

Statistical analysis and calculations were carried out with SPSS software
(Version 26.0 for Mac) while graphical representations were performed with
GraphPad Prism (Version 9.0 for Mac). The level of significance was accepted as

0.05 throughout the study.
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CHAPTER IV

Findings and Discussion

4.1. Demographic Characteristics of Participants

The age range of 23 lactating women who were included in our study was
25-39 years. Among those 23 paticipants, 4(17.4%) of them were vaccinated with
CoronaVac and 19(82.6%) were vaccinated with Pfizer/BioNTech.

History of allergic reactions, autoimmune diseases and having covid-19
infections were found to be 17.4%, 8.4%, and 17.4% respectively. The use of
corticosteroids and antibiotics 3 months prior to Covid-19 vaccination was noted
as 4.3% and 34.8% respectively. Demographic characteristics of participants of
those 23 lactating women and also infants (range 1-21 months) were presented in

Table 1.
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Table 1. Demographic and clinical characteristics of 23 lactating women and
their Infants

Maternal data

Age 31.954+4.42 years
Mean £5D 31.00(25-39)
Median (minimum, maximum) years

CoronaVac (n,%) 4(17.4)
Pfizer/BioNTech (n,%) 19(82.6)
History of Covid-19 4(17.4%)
Allergy 4(17.4%)
Autoimmune Disease 2(8.7%)
Using Corticosteroids 1(4.3%)
Using Antibiotics 3 months 8(34.8%)

before vaccination

The time between the last vaccine
dose and the sample taken 3.30+3.44
2.00(0.00-13.00)

4.2. Antibody Titers Among Lactating Women

When the antibody titres were compared according to vaccination group,
for CoronaVac, the mean value of serum IgG levels was 726.25+1114.72 and
milk slgA level was 0.24+0.13. While for the Pfizer/BioNTech group, they were
20408.59+14038.00 and 1.84+2.17, respectively. There was statistically
difference in both serum IgG titres (p=0.003) and milk slgA (p=0.038) (Figure
6).

The mean value of serum 1gG titres and milk sIgA level for participants
who had covid-19 infection was 38423.8 +3152.4 and 4.62+2.62, respectively.

The mean value of serum 1gG titres and milk sIgA level for the participants who
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had not have covid-19 infection was 12472.26+11962.35 and 0.92+1.23,

respectively. There was statistically significant differences for both serum 1gG

titres (p=0.004) and milk sIgA (p=0.009) (Figure 7).

For the presence of allergy and the use of antibiotics 3 months prior to

vaccination, there was no statistical difference for serum IgG and milk sigA (p>

0.005) (Table 2).

Table 2. Antibody titers among lactating women

. SIgA in Milk
IgG in Serum (AU/mL) (Ratio
Mean SD Median P Mean l\:eclhan P
can (min-max) +SD -
max)
256.85 0.24
23t . 2440,
CoronaVac 726 25.} 11147 (5.40- 0 2143 0 (0.10-
Vaceine B 2385.90) | 0.00 0.40) 0.03
Pfizer/BioNT 20408.59+_ 23282.9 3 1.8442. 0.70 8
ech 1038.00 (473.90- 17 (0.10-
= 40000) 6.20)
H‘i‘)tt‘."y Prosent 384238 { 3?;{;(;02 4.62+2. | 5.80(0.7
. +3152. - 2 -6.2
Covid- 31524 40000) 0.;)0 6 0-6.20) 0.;)0
19 Absent 12472.26=1196 | 12056.9(5. 0.92+1. | 0.40(0.1
2.35 40-40000) 23 0-5.20)
18491.2 0.90
22259.82+12 .95+0.
Present 91870 1287 (12056.9- 0 9],50 0 (0.30-
Ay 0000, |, L0 |,
5875.21£152 ’ .694+2, '
Absent 1587 3 819 1527 (5.40- 1 6793 2 (0.10-
) 40000) - 6.20)
1486.05 1.58+2. 0.25
1215
Use of Present 9689.1 2 15741 (175.90- 55 (0.10-
Antibiot ) 40000) 0.06 6.20) 0.12
ics Absent 20877.02+1321 | 23282.9(5. 5 1.56+1. | 0.70 8
1.03 40-40000) 84 (0.10-
5.90)
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Figure 4. Serum IgG and Milk sIgA titre comparison between vaccine groups
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Figure 5. Serum IgG and Milk sIgA titre comparison between history of
COVID-19 infection group
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According to cut-off value of serum IgG and milk sIgA, participants were

divided into negative and positive categories. For vaccination groups, history of

covid-19 infection, presence/absence of the allergy and the use of antibiotic use 3

months prior to vaccination, there were no statistically significant differences

either for the serum IgG or the milk sIgA (p>0.005) (Table 3).

Table 3. Positivity and Negativity of lactating women according to cut-off value
of IgG and Milk sIgA levels

IgG in Serum P SIgA in Milk p
(AU/mL) (Ratio)
Positive | Negative Positive | Negative
(n,%) (n,%) (n,%) | (n%)
CoronaVac 3(75) 1(25) 0(0) 4(100)
Vaceine | pe,er/BioNTech 00 | %170 oa7.4) | 1052.6) | ©130
19(100)
History of Present 4(100) 0(0) 3(75) | 1(25)
Covid-19 1.000 0.260
Absent 18(94.7) | 1(5.3) 6(68.4) | 13(31.6)
Present 4(100) 0(0) 2(50) 2(50)
Allergy 1.000 1.000
5 263.2
Absent 18(94.7) 1(5.3) 7(36.8) | 12(63.2)
Use of Present 5(100) 0(0) 2025) | 6(75)
Antibiotics 1.000 0.400
. 53.
Absent 14033) | 167 7(46.7) | 8(53.3)
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CHAPTER V
Discussion

Infants rely on their mothers' passive immunity for protection during the
first few months of life since their immune systems are still developing and are
unable to discriminate between commensal and pathogenic bacteria (Atyeo &
Alter, 2021). To establish systemic immunity that gives protection throughout an
infant's first several months, particular maternal 1gG antibodies are transmitted
from the mother through the placenta to the foetal circulation during pregnancy.
During the first year of life, maternally produced antibodies gradually decline as
the newborn develops protective immune responses as a result of immunisation
and early pathogen exposure (Hunagund et al., 2022). After giving birth, nursing
moms continue to transmit on to their infant milk-derived antibodies that offer
passive mucosal immunity. Human milk contains oligosaccharides, immune
system-protecting antibodies such maternal secretory IgA (SIgA), secretory IgM
(SIgM), and IgG, as well as other immunologic substances like immune cells,
cytokines, glycoproteins (like lactoferrin), immune cells, and other immunologic
components (Atyeo & Alter, 2021; Andreas et al., 2015; Hanson et al., 2003).

Although breastfeeding is recommended as the healthiest nutrition source
for an infant's first few weeks of life, there were no clear recommendations for
nursing mothers at the beginning of the epidemic. After COVID-19 sickness, the
existence of IgG and other specific antibodies against SARS-CoV-2, including
IgA, in blood and breast milk has been thoroughly examined (Demers-Mathieu et
al., 2021).

Research have revealed that during and after acute infection during the

global spread of SARS-CoV-2, the cause of coronavirus sickness, the milk
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produced by infected mothers had measurable amounts of anti-SARS-CoV-2 IgA
and 1gG (COVID-19) (Pace et al.,, 2021). This emphasises the value of
immunisation as pregnant women produce a lot of antibodies in response to
vaccinations (Pullen et al., 2021; Al-kuraishy et al., 2021).

In our study, a total of 23 lactating women who received the Covid-19
vaccine. The age range of the women included in the study was 31.95+4.42 years,
and the infants were7.26+5.51 months. 19 of these women had Pfizer/BioNTech,
4 had Coronavac vaccine, and 4 people had Kovid before vaccination. The ELISA
study showed that IgA and IgG levels increased in breast milk and serum.

In the Hospital Universitario Nuestra Seora de Candelaria, a prospective
study involving 122 HCWs was carried out from February to April 2021. 14 days
after receiving two doses of either the BNT162b2 mRNA (94%) or mRNA-1273
(6%) vaccination, the 98 recipients of the COVID-19 vaccine performed serum
and human milk (HM) testing. The mean concentration of SARS-CoV-2 RBD-
S1 1gG serum was 3379.64 binding antibody units (BAUs)/mL, but the
neutralizing antibody titer was >560.9 BAUs/mL. Those who got the
immunization had anti-SARS-CoV-2 RBD-S1 IgG levels that were 12.19
BAUs/mL on average as opposed to 0.02 BAUs/mL in those who did not (P.001).
Anti-SARS-CoV-2 S1 IgA antibodies were present in 89% of the HM from
immunized women (Ramirez et al., 2021a). A prospective study of breastfeeding
women who had received the COVID-19 vaccine and SARS-CoV-2
immunization in Spain comprised 86 nursing moms. The babies were 12.7 months
old and the research subjects were 34.6 3.7 years old (mean SD) (mean SD).

Adenovirus-vectored vaccinations (ChAdOx1 nCoV-19,

Oxford/AstraZeneca) or mRNA vaccines (BNT162b2 mRNA, BioNTech/Pfizer
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and mRNA-1273, Moderna) were given to participants in two doses. 1gG and IgA
antibodies reacted strongly to the vaccine, especially after the second dosage. IgG
and IgA levels rose in comparison to the pre-pandemic population and the
baseline time-point. Moreover, it was shown that vaccination increased the levels
of 1gG and IgA in milk samples (p 0.0001 and p 0.0001, respectively) (Selma-
Royo et al., 2022).

Investigations by Juncker et al. were conducted to ascertain the impact of
immunization on SARS-CoV-2-specific IgA levels in breast milk (n = 26). They
observed an enhanced IgA antibody response and a specific antibody response to
SARS-CoV-2 in breast milk following the second BNT162b2 dose (Juncker et
al., 2021). According to Perl et al's research (n = 84), the mean levels of anti-
SARS-CoV-2-specific IgA antibodies had significantly increased two weeks (p
0.001) and one week after the first treatment, respectively. (BNT162b2). After
remaining low for the first three weeks, the mean levels of IgG antibodies specific
for the SARS-CoV-2 virus increased at week four (p = 0.004). (Polack et al.,
2020).

110 nursing mothers participated in a cross-sectional study in Northern
Spain that demonstrated the existence of 1gG and IgA isotype antibodies specific
to SARS-CoV-2 antigens in serum and milk in nursing women with various
SARS-CoV-2 vaccinations. mMRNA-1273 was given twice to 20 women (18.2%),
BNT162b2 was given twice to 20 women (18.2%), and ChAdOx1-S was given
once to 70 women (63.6%). As a result, nursing mothers exposed their children
to SARS-CoV-2 protein S IgA and IgG isotype antibodies (Lechosa-Mufiiz et al.,

2021).
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In cord blood and infant follow-up blood tests for mothers who got the
vaccination during pregnancy, detectable anti-SARS-CoV-2 IgG antibodies were
found. This indicates that the placenta transferred the IgG antibodies to the foetal
circulation (Prahl et al., 2022). However, immunisation with COVID-19 during
breastfeeding and human milk was contaminated with anti-SARS-CoV-2
antibodies in both cases of pregnancy (Golan et al., 2021; Rosenberg-Friedman
etal., 2021; Young et al., 2022).

As little is known about nursing and COVID-19 vaccination, this study's
novelty as a topic contributes to one of its strengths. Studies on vaccination and
immune response in this population were extremely important because
breastfeeding has so many benefits for the newborn and child. The length of
breastfeeding and greater levels of antibodies in the mother's milk are being
compared for the first time in this study.

Limitations include the inability to rule out prior SARS-CoV-2 infection
since no antibody testing was done prior to immunization. Statistical inference
was constrained by the tiny sample size. Due to a longer period before sample
collection, the raised antibody levels in non-lactating women following the first

dosage were greater than in the lactating group.
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CHAPTER VI

Conclusion and Recommendations

The placenta transmits the mother's antibodies to the fetus throughout
pregnancy, and the mother's milk passes these antibodies to the infant after
delivery.

Infants are protected from viral infections by the immunoglobulins in
breast milk. Breast milk gives infants passive immunity and protection against
Covid 19 thanks to SARS-CoV-2 antibodies discovered in moms who had a
vaccination against the Covid 19 epidemic. In our study, we only looked at sIgA
transfer in breast milk after Pfizer/Biontech and Coronavac vaccines. More

extensive studies are needed for other vaccine types.

(64]



References

Aderem, A., & Ulevitch, R. J. (2000). Toll-like receptors in the induction of the
innate immune response. Nature, 406(6797), 782-787.

https://doi.org/10.1038/35021228

Adkins, Y., & Lonnerdal, B. (2003). Potential host-defense role of a human milk
vitamin B-12-binding protein, haptocorrin, in the gastrointestinal tract of
breastfed infants, as assessed with porcine haptocorrin in vitro. American
Journal of Clinical Nutrition, 77(5), 1234-1240.

https://doi.org/10.1093/ajcn/77.5.1234

AEMPS. (2021). COVID-19 Vaccine Janssen. Agencia Europea de

Medicamentos, July, 1-41.

Ahonen, J., Rankinen, K., Holmberg, M., Syri, S., & Forsius, M. (1998).
Application of the SMART2 model to a forested catchment in Finland:
Comparison to the SMART model and effects of emission reduction
scenarios. Boreal Environment ~ Research, 3(3), 221-233.

https://doi.org/10.1016/j.pcl.2012.10.002.Human

Aiman, U., Sholehah, M., & Husein, M. G. (2020). Since January 2020 Elsevier
has created a COVID-19 resource centre with free information in English
and Mandarin on the novel coronavirus COVID- 19 . The COVID-19
resource centre is hosted on Elsevier Connect , the company * s public news
and information website . Elsevier hereby grants permission to make all its
COVID-19-related research that is available on the COVID-19 resource
centre - including this research content - immediately available in PubMed

Central and other publicly funded repositories , such as the WHO COVID

(65]



database with rights for unrestricted research re-use and analyses in any
form or by any means with acknowledgement of the original source . These
permissions are granted for free by Elsevier for as long as the COVID-19
resource centre remains active . Risk transmission through breastfeeding

and antibody in COVID-19 mother. January.

Akira, S., Takeda, K., & Kaisho, T. (2001). Ni0801_675. 2(8).

Al-kuraishy, H. M., Al-Gareeb, A. I., Atanu, F. O., EL-Zamkan, M. A., Diab, H.
M., Ahmed, A. S., Al-Maiahy, T. J., Obaidullah, A. J., Alshehri, S.,
Ghoniem, M. M., & Batiha, G. E. (2021). Maternal Transmission of
SARS-CoV-2: Safety of Breastfeeding in Infants Born to Infected Mothers.
Frontiers in Pediatrics, 9(December), 1-13.

https://doi.org/10.3389/fped.2021.738263

Anandh, U. (2020). SARS CoV-2 infection in children. Journal of Renal
Nutrition and Metabolism, 6(1), 12.

https://doi.org/10.4103/jrnm.jrnm_14 20

Andreas, N. J., Kampmann, B., & Mehring Le-Doare, K. (2015). Human breast
milk: A review on its composition and bioactivity. Early Human
Development, 91(11), 629-635.

https://doi.org/10.1016/j.earlhumdev.2015.08.013

Atyeo, C., & Alter, G. (2021). The multifaceted roles of breast milk antibodies.

Cell, 184(6), 1486-1499. https://doi.org/10.1016/j.cell.2021.02.031

Arenz, S., Rickerl, R., Koletzko, B., & Von Kries, R. (2004). Breast-feeding and
childhood obesity - A systematic review. International Journal of Obesity,

28(10), 1247-1256. https://doi.org/10.1038/s].ij0.0802758

(66]



Azuma, M. (2006). Fundamental mechanisms of host immune responses to
infection. Journal of Periodontal Research, 41(5), 361-373.

https://doi.org/10.1111/].1600-0765.2006.00896.x

Bernard, J. Y., De Agostini, M., Forhan, A., Alfaiate, T., Bonet, M., Champion,
V., Kaminski, M., De Lauzon-Guillain, B., Charles, M. A., & Heude, B.
(2013). Breastfeeding duration and cognitive development at 2 and 3 years
of age in the EDEN mother-child cohort. Journal of Pediatrics, 163(1).

https://doi.org/10.1016/j.jpeds.2012.11.090

Brandtzaeg, P. (2003). Mucosal immunity: Integration between mother and the
breast-fed infant. Vaccine, 21(24), 3382-3388.

https://doi.org/10.1016/S0264-410X(03)00338-4

Brandtzaeg, P. (2010). The Mucosal Immune System and Its Integration with the
Mammary Glands. Journal of Pediatrics, 156(2 SUPPL.), S8.

https://doi.org/10.1016/j.jpeds.2009.11.014

Breedveld, A., & Van Egmond, M. (2019). IgA and FcaRI: Pathological roles
and therapeutic opportunities. Frontiers in Immunology, 10(MAR).

https://doi.org/10.3389/fimmu.2019.00553

Buchan, S. A., Seo, C. Y., Johnson, C., Alley, S., Kwong, J. C., Nasreen, S.,
Calzavara, A., Lu, D., Harris, T. M., Yu, K., & Wilson, S. E. (2022).
Epidemiology of Myocarditis and Pericarditis Following mRNA
Vaccination by Vaccine Product, Schedule, and Interdose Interval among
Adolescents and Adults in Ontario, Canada. JAMA Network Open, 5(6),

E2218505. https://doi.org/10.1001/jamanetworkopen.2022.18505

Cascella, M., & Dulebohn, S. (2022). Lehigh Valley Health Network LVHN

(67]



Scholarly Works Features , Evaluation , and Treatment of Coronavirus (

COVID-19).

Chan, J. F. W, Lau, S. K. P, To, K. K. W., Cheng, V. C. C.,, Woo,P.C. Y., &
Yue, K. Y. (2015a). Middle East Respiratory syndrome coronavirus:
Another zoonotic betacoronavirus causing SARS-like disease. Clinical
Microbiology Reviews, 28(2), 465-522.

https://doi.org/10.1128/CMR.00102-14

Chan, J. F. W, Lau, S. K. P, To, K. K. W., Cheng, V. C. C.,, Woo,P.C. Y., &
Yue, K. Y. (2015b). Middle East Respiratory syndrome coronavirus:
Another zoonotic betacoronavirus causing SARS-like disease. Clinical
Microbiology Reviews, 28(2), 465-522.

https://doi.org/10.1128/CMR.00102-14

Chirico, G., Marzollo, R., Cortinovis, S., Fonte, C., & Gasparoni, A. (2008).
Antiinfective properties of human milk. Journal of Nutrition, 138(9), 1801-

1806. https://doi.org/10.1093/jn/138.9.1801s

Cinicola, B., Conti, M. G., Terrin, G., Sgrulletti, M., Elfeky, R., Carsetti, R.,
Fernandez Salinas, A., Piano Mortari, E., Brindisi, G., De Curtis, M., Zicari,
A. M., Moschese, V., & Duse, M. (2021). The Protective Role of Maternal
Immunization in Early Life. Frontiers in Pediatrics, 9(April), 1-15.

https://doi.org/10.3389/fped.2021.638871

Conti, M. G., Terreri, S., Piano Mortari, E., Albano, C., Natale, F., Boscarino, G.,
Zacco, G., Palomba, P., Cascioli, S., Corrente, F., Capponi, C., Mirabella,
M., Salinas, A. F., Marciano, A., De Luca, F., Pangallo, I., Quaranta, C.,

Alteri, C., Russo, C., ... Carsetti, R. (2021). Immune Response of Neonates

(68]



Born to Mothers Infected with SARS-CoV-2. JAMA Network Open, 4(11),

1-14. https://doi.org/10.1001/jamanetworkopen.2021.32563

Danon, L., Dubischar, K., Duncan, C. J. A., Eder-lingelbach, S., Faust, S. N.,
Green, C., Gokani, K., Hochreiter, R., Naker, K., Penciu, F., Price, D.,
Querton, B., & Riaz, T. (2020). Since January 2020 Elsevier has created a
COVID-19 resource centre with free information in English and Mandarin
on the novel coronavirus COVID- 19 . The COVID-19 resource centre is
hosted on Elsevier Connect , the company ’ s public news and information .

January.

Demers-Mathieu, V., Do, D. M., Mathijssen, G. B., Sela, D. A., Seppo, A.,
Jarvinen, K. M., & Medo, E. (2021). Difference in levels of SARS-CoV-2
S1 and S2 subunits- and nucleocapsid protein-reactive SIgM/IgM, IgG and
SIgA/IgA antibodies in human milk. Journal of Perinatology, 41(4), 850—

859. https://doi.org/10.1038/s41372-020-00805-w

Dodge, J. A., & Sagher, F. A. (1991). Antiviral and antibacterial lipids in human
milk and infant formula. Archives of Disease in Childhood, 66(2), 272-273.

https://doi.org/10.1136/adc.66.2.272-b

Dowling, D. J., & Levy, O. (2014). Ontogeny of early life immunity. Trends in

Immunology, 35(7), 299-310. https://doi.org/10.1016/}.1t.2014.04.007

Drummond, J. M., & Howe, P. S. (2001). Codimension zero superembeddings.
Classical and Quantum Gravity, 18(21), 4477-4492.

https://doi.org/10.1088/0264-9381/18/21/307

Dzidic, M., Boix-Amoros, A., Selma-Royo, M., Mira, A., & Collado, M. (2018).

Gut Microbiota and Mucosal Immunity in the Neonate. Medical Sciences,

(69]



6(3), 56. https://doi.org/10.3390/medsci6030056

Egerup, P., Fich Olsen, L., Christiansen, A. M. H., Westergaard, D., Severinsen,
E. R., Hviid, K. V. R., Kolte, A. M., Boje, A. D., Bertelsen, M. L. M. F.,
Preetorius, L., Zedeler, A., Nielsen, J. R., Bang, D., Berntsen, S., Ethelberg-
Findsen, J., Storm, D. M., Bello-Rodriguez, J., Ingham, A., Ollé-Lé6pez, J.,
... Nielsen, H. S. (2021). Severe Acute Respiratory Syndrome Coronavirus
2 (SARS-CoV-2) Antibodies at Delivery in Women, Partners, and
Newborns. Obstetrics and Gynecology, 137(1), 49-55.

https://doi.org/10.1097/A0G.0000000000004199

El-Loly, MM, Guirguis, AH and AS Abdel-Ghany. (2018). Antibodies of human
milk within the first week of birth. Research & Reviews: Journal of Food
and Dairy Technology, RRJFPDT, 6, 1: 10-18., December.
https://www.rroij.com/open-access/antibodies-of-human-milk-within-the-

first-week-of-birth.php?aid=86710

Elfiky, A. A., Mahdy, S. M., & Elshemey, W. M. (2017). Quantitative structure-
activity relationship and molecular docking revealed a potency of anti-
hepatitis C virus drugs against human corona viruses. Journal of Medical

Virology, 89(6), 1040-1047. https://doi.org/10.1002/jmv.24736

Ellison, R. T., & Giehl, T. J. (1991). Killing of gram-negative bacteria by
lactoferrin and lysozyme. Journal of Clinical Investigation, 88(4), 1080—

1091. https://doi.org/10.1172/JC1115407

Emary, K. R. W., Golubchik, T., Aley, P. K., Ariani, C. V., Angus, B., Bibi, S.,
Blane, B., Bonsall, D., Cicconi, P., Charlton, S., Clutterbuck, E. A., Collins,

A. M., Cox, T., Darton, T. C., Dold, C., Douglas, A. D., Duncan, C. J. A,,

(70]



Ewer, K. J., Flaxman, A. L., ... Pollard, A. J. (2021). Efficacy of ChAdOx1
nCoV-19 (AZD1222) vaccine against SARS-CoV-2 variant of concern
202012/01 (B.1.1.7): an exploratory analysis of a randomised controlled
trial. The Lancet, 397(10282), 1351-1362. https://doi.org/10.1016/S0140-

6736(21)00628-0

Enk, A. H. (2005). Dendritic cells in tolerance induction. Immunology Letters,

99(1), 8-11. https://doi.org/10.1016/j.imlet.2005.01.011

Falsey, A. R., Sobieszczyk, M. E., Hirsch, 1., Sproule, S., Robb, M. L., Corey, L.,
Neuzil, K. M., Hahn, W., Hunt, J., Mulligan, M. J., McEvoy, C., DeJesus,
E., Hassman, M., Little, S. J., Pahud, B. A., Durbin, A., Pickrell, P., Daar,
E. S., Bush, L., ... Gonzalez-Lopez, A. (2021). Phase 3 Safety and Efficacy
of AzZD1222 (ChAdOx1 nCoV-19) Covid-19 Vaccine. New England
Journal of Medicine, 385(25), 2348-2360.

https://doi.org/10.1056/nejmoa2105290

Flannery, D. D., Gouma, S., Dhudasia, M. B., Mukhopadhyay, S., Pfeifer, M. R.,
Woodford, E. C., Triebwasser, J. E., Gerber, J. S., Morris, J. S., Weirick, M.
E., McAllister, C. M., Bolton, M. J., Arevalo, C. P., Anderson, E. M.,
Goodwin, E. C., Hensley, S. E., & Puopolo, K. M. (2021). Assessment of
Maternal and Neonatal Cord Blood SARS-CoV-2 Antibodies and Placental
Transfer Ratios. JAMA Pediatrics, 175(6), 594-600.

https://doi.org/10.1001/jamapediatrics.2021.0038

Fontenot, J. D., & Rudensky, A. Y. (2005). A well adapted regulatory
contrivance: Regulatory T cell development and the forkhead family

transcription factor Foxp3. Nature Immunology, 6(4), 331-337.

(71]



https://doi.org/10.1038/ni1179

FT filgotinib. (2020). COVID-19 Vaccine Moderna. Agencia Europea de
Medicamentos, February, 1-33.
https://www.ema.europa.eu/en/documents/product-information/kyntheum-

epar-product-information_es.pdf

Gardner, A. S., Rahman, I. A,, Lai, C. T., Hepworth, A., Trengove, N., Hartmann,
P. E., & Geddes, D. T. (2017). Changes in fatty acid composition of human
milk in response to cold-like symptoms in the lactating mother and infant.

Nutrients, 9(9). https://doi.org/10.3390/nu9091034

Gately, M. K., Renzetti, L. M., Magram, J., Stern, A. S., Adorini, L., Gubler, U.,
& Presky, D. H. (1998). The interleukin-12/interleukin-12-receptor system:
Role in normal and pathologic immune responses. Annual Review of

Immunology, 16, 495-521.

https://doi.org/10.1146/annurev.immunol.16.1.495

Giansanti, F., Panella, G., Leboffe, L., & Antonini, G. (2016). Lactoferrin from
milk: Nutraceutical and pharmacological properties. Pharmaceuticals, 9(4),

1-15. https://doi.org/10.3390/ph9040061

Gila-Diaz, A., Arribas, S. M., Algara, A., Martin-Cabrejas, M. A., Pablo, A. L.
L. de, Pipaon, M. S. de, & Ramiro-Cortijo, D. (2019). A review of bioactive
factors in human breastmilk: A focus on prematurity. Nutrients, 11(6), 1-23.

https://doi.org/10.3390/nu11061307

Gill, S. L., Reifsnider, E., Lucke, J. F., & Mann, A. R. (2007). Predicting breast-
feeding attrition: Adapting the breast-feeding attrition prediction tool.

Journal of Perinatal and Neonatal Nursing, 21(3), 216-224.

[72]



https://doi.org/10.1097/01.JPN.0000285811.21151.37

Golan, Y., Prahl, M., Cassidy, A. G., Gay, C., Wu, A. H. B., Jigmeddagva, U.,
Lin, C. Y., Gonzalez, V. J., Basilio, E., Chidboy, M. A., Warrier, L.,
Buarpung, S., Li, L., Murtha, A. P., Asiodu, I. V., Ahituv, N., Flaherman,
V. J.,, & Gaw, S. L. (2021). COVID-19 mRNA Vaccination in Lactation:
Assessment of Adverse Events and Vaccine Related Antibodies in Mother-
Infant Dyads. Frontiers in Immunology, 12(November), 1-12.

https://doi.org/10.3389/fimmu.2021.777103

Goldman, A. S. (1993). The immune system of human milk: Antimicrobial,
antiinflammatory and immunomodulating properties. In Pediatric Infectious
Disease  Journal (Vol. 12, Issue 8, pp. 664-672).

https://doi.org/10.1097/00006454-199308000-00008

Gunderson, E. P. (2008). Breast-feeding and diabetes: Long-term impact on
mothers and their infants. Current Diabetes Reports, 8(4), 279-286.

https://doi.org/10.1007/s11892-008-0050-x

Habib, H. M., Ibrahim, S., Zaim, A., & Ibrahim, W. H. (2020). Since January
2020 Elsevier has created a COVID-19 resource centre with free
information in English and Mandarin on the novel coronavirus COVID- 19
. The COVID-19 resource centre is hosted on Elsevier Connect , the

company ’ s public news and information . January.

Han, C., Duan, C., Zhang, S., Spiegel, B., Shi, H., Wang, W., Zhang, L., Lin, R.,
Liu, J., DIng, Z., & Hou, X. (2020). Digestive Symptoms in COVID-19
Patients with Mild Disease Severity: Clinical Presentation, Stool Viral RNA

Testing, and Outcomes. American Journal of Gastroenterology, 115(6),

(73]



916-923. https://doi.org/10.14309/ajg.0000000000000664

Hanson, L. A., Korotkova, M., Lundin, S., Haversen, L., Silfverdal, S. A.,
Mattsby-Baltzer, 1., Strandvik, B., & Telemo, E. (2003). The transfer of
immunity from mother to child. Annals of the New York Academy of
Sciences, 987, 199-206. https://doi.org/10.1111/j.1749-

6632.2003.tb06049.x

Hon, K. L. (2009). Just like SARS. Pediatric Pulmonology, 44(10), 1048-1049.

https://doi.org/10.1002/ppul.21085

Hon, K. L. E., Li, A. M., Cheng, F. W. T., Leung, T. F., & Ng, P. C. (2003).
Personal view of SARS: Confusing definition, confusing diagnoses [1].
Lancet, 361(9373), 1984-1985. https://doi.org/10.1016/S0140-

6736(03)13556-8

Hon, K. L., Leung, K. K. Y., Leung, A. K., Qian, S. Y., Chan, V. P., Ip, P., &
Wong, I. C. (2020). Coronavirus disease 2019 (COVID-19): Latest
developments in potential treatments. Drugs in Context, 9(June).

https://doi.org/10.7573/DI1C.2020-4-15

Hoppu, U., Rinne, M., Salo-Vaananen, P., Lampi, A. M., Piironen, V., & Isolauri,
E. (2005). Vitamin C in breast milk may reduce the risk of atopy in the
infant. European Journal of Clinical Nutrition, 59(1), 123-128.

https://doi.org/10.1038/sj.ejcn.1602048

Hori, S., Nomura, T., & Sakaguchi, S. (2017). Control of regulatory T cell
development by the transcription factor Foxp3. Journal of Immunology,

198(3), 981-985. https://doi.org/10.1126/science.1079490

(74]



Hornung, V., Rothenfusser, S., Britsch, S., Krug, A., Jahrsdorfer, B., Giese, T.,
Endres, S., & Hartmann, G. (2002). Quantitative Expression of Toll-Like
Receptor 1-10 mRNA in Cellular Subsets of Human Peripheral Blood
Mononuclear Cells and Sensitivity to CpG Oligodeoxynucleotides. The
Journal of Immunology, 168(9), 4531-4537.

https://doi.org/10.4049/jimmunol.168.9.4531

Hosea Blewett, H. J., Cicalo, M. C., Holland, C. D., & Field, C. J. (2008). The
Immunological Components of Human Milk. In Advances in Food and
Nutrition Research (Vol. 54, Issue 07). Elsevier Masson SAS.

https://doi.org/10.1016/S1043-4526(07)00002-2

Hunagund, S., Golan, Y., Asiodu, I. V., Prahl, M., & Gaw, S. L. (2022). Effects
of Vaccination Against Influenza, Pertussis, and COVID-19 on Human
Milk Antibodies: Current Evidence and Implications for Health Equity.
Frontiers in Immunology, 13(July), 1-10.

https://doi.org/10.3389/fimmu.2022.910383

Juncker, H. G., Mulleners, S. J., van Gils, M. J., de Groot, C. J. M., Pajkrt, D.,

Hurley, W. L., & Theil, P. K. (2011). Perspectives on immunoglobulins in
colostrum and milk. Nutrients, 3(4), 442-474.

https://doi.org/10.3390/nu3040442

I Volume 6, Supplement 2,2002 species which was named. (2002). 6, 2358.

Imamura, M., Takahashi, A., Matsunami, M., Ahn, J., Park, K. H., Kong, J.,
Moon, S., Sobrin, L., Yamauchi, T., Tobe, K., Maegawa, H., & Maeda, S.

(2021). Sc - sc - sc. 5-6.

[75]



Interim, W. H. O. (2022). Background to the recommendations for use of the

Valneva VLA2001 vaccine against COVID-19. August, 1-36.

Ip, S., Chung, M., Raman, G., Chew, P., Magula, N., DeVine, D., Trikalinos, T.,
& Lau, J. (2007). Breastfeeding and Maternal and Infant Health Outcomes
in Developed Countries. Evidence Report/Technology Assessment No. 153
(Prepared by Tufts-New England Medical Center Evidence-based Practice
Center, under Contract No. 290-02-0022). AHRQ Publication No. Evidence
Report/Technology Assessment, 153, 1-186.

http://www.ncbi.nlm.nih.gov/pubmed/17764214

Ito, T., Amakawa, R., Kaisho, T., Hemmi, H., Tajima, K., Uehira, K., Ozaki, Y.,
Tomizawa, H., Akira, S., & Fukuhara, S. (2002). Interferon-o. and
interleukin-12 are induced differentially by toll-like receptor 7 ligands in
human blood dendritic cell subsets. Journal of Experimental Medicine,

195(11), 1507-1512. https://doi.org/10.1084/jem.20020207

Janeway, C. A., & Medzhitov, R. (2002). Innate immune recognition. Annual
Review of Immunology, 20(2), 197-216.

https://doi.org/10.1146/annurev.immunol.20.083001.084359

Jarrossay, D., Napolitani, G., Colonna, M., Sallusto, F., & Lanzavecchia, A.
(2001). Specialization and complementarity in microbial molecule
recognition by human myeloid and plasmacytoid dendritic cells. European
Journal of Immunology, 31(11), 3388-3393. https://doi.org/10.1002/1521-

4141(200111)31:11<3388::AID-IMMU3388>3.0.CO;2-Q

Jenness, R. (1979). The composition of human milk. Seminars in Perinatology,

3(3), 225-239.

[76]



Johansen, F. E., & Brandtzaeg, P. (2004). Transcriptional regulation of the
mucosal IgA system. Trends in Immunology, 25(3), 150-157.

https://doi.org/10.1016/}.it.2004.01.001

John Elkington. (1997). No Z&FIEFEEZHIE L -THESHEICH TS

B IEEEIEIEICE T S H 5 EEE S Hiitle.

Juncker, H. G., Mulleners, S. J., van Gils, M. J., de Groot, C. J. M., Pajkrt, D.,
Korosi, A., van Goudoever, J. B., & van Keulen, B. J. (2021). The Levels
of SARS-CoV-2 Specific Antibodies in Human Milk Following
Vaccination. Journal of Human Lactation, 37(3), 477-484.

https://doi.org/10.1177/08903344211027112

Kadowaki, N., Ho, S., Antonenko, S., De Waal Malefyt, R., Kastelein, R. A.,
Bazan, F., & Liu, Y. J. (2001). Subsets of human dendritic cell precursors
express different toll-like receptors and respond to different microbial
antigens. Journal of Experimental Medicine, 194(6), 863-8609.

https://doi.org/10.1084/jem.194.6.863

Kalantari, N., & Haghighian Roudsari, A. (2013). Breastfeeding Promotion in
Iran: Opportunities and Challenges. Journal of Comprehensive Pediatrics,

4(4), 165-166. https://doi.org/10.17795/compreped-12327

Kaur, S. P., & Gupta, V. (2020). COVID-19 Vaccine: A comprehensive status
report. Virus Research, 288(January).

https://doi.org/10.1016/j.virusres.2020.198114

Kell, D. B., Heyden, E. L., & Pretorius, E. (2020). The Biology of Lactoferrin, an

Iron-Binding Protein That Can Help Defend Against Viruses and Bacteria.

[77]



Frontiers in Immunology, 11(May), 1-15.

https://doi.org/10.3389/fimmu.2020.01221

Kinsella, M., & Monk, C. (2012). ZZ&#72ZNIH Public Access. 23(1), 1-7.

https://doi.org/10.2337/dc06-0974.Breast-Feeding

Koletzko, B. (2006). Long-term consequences of early feeding on later obesity
risk. Nestlé Nutrition Workshop Series. Paediatric Programme, 58(58), 1-

18. https://doi.org/10.1159/000094838

Kompaneets, I. Y., Ermakov, E. A., Sedykh, S. E., Buneva, V. N., & Nevinsky,
G. A. (2020). Secretory immunoglobulin A from human milk hydrolyzes
microRNA. Journal of Dairy Science, 103(8), 6782-6797.

https://doi.org/10.3168/jds.2019-17823

Labéta, M. O., Vidal, K., Nores, J. E. R., Arias, M., Vita, N., Morgan, B. P.,
Guillemot, J. C., Loyaux, D., Ferrara, P., Schmid, D., Affolter, M.,
Borysiewicz, L. K., Donnet-Hughes, A., & Schiffrin, E. J. (2000). Innate
recognition of bacteria in human milk is mediated by a milk- derived highly
expressed pattern recognition receptor, soluble CD14. Journal of
Experimental Medicine, 191(10), 1807-1812.

https://doi.org/10.1084/jem.191.10.1807

Lamberti, L. M., Zakarija-Grkovi¢, 1., Fischer Walker, C. L., Theodoratou, E.,
Nair, H., Campbell, H., & Black, R. E. (2013). Breastfeeding for reducing
the risk of pneumonia morbidity and mortality in children under two: A
systematic literature review and meta-analysis. BMC Public Health,

13(SUPPL.3). https://doi.org/10.1186/1471-2458-13-S3-S18

(78]



Laouar, A. (2020). Maternal Leukocytes and Infant Immune Programming during
Breastfeeding. Trends in Immunology, 41(3), 225-239.

https://doi.org/10.1016/}.it.2020.01.005

Lazarus, R., Taucher, C., Dubischar, K., Duncan, C. J. A., Eder-lingelbach, S., &

Warren, S. (2021). Abstract Background.

Lechosa-Muiiiz, C., Paz-Zulueta, M., Mendez-Legaza, J. M., Irure-Ventura, J.,
Gonzalez, R. C., Montes, J. C., Lépez-Hoyos, M., Llorca, J., & Cabero-
Pérez, M. J. (2021). Induction of sars-cov-2-specific igg and iga in serum
and milk with different sars-cov-2 vaccines in breastfeeding women: A
cross-sectional study in northern spain. International Journal of
Environmental Research and Public Health, 18(16), 1-12.

https://doi.org/10.3390/ijerph18168831

Le Hurou-Luron, I, Blat, S., & Boudry, G. (2010). Breast- v. formula-feeding:
Impacts on the digestive tract and immediate and long-term health effects.
Nutrition Research Reviews, 23(1), 23-36.

https://doi.org/10.1017/S0954422410000065

Lee-Huang, S., Huang, P. L., Sun, Y., Huang, P. L., Kung, H. F., Blithe, D. L., &
Chen, H. C. (1999). Lysozyme and RNases as anti-HIV components in 3
core preparations of human chorionic gonadotropin. Proceedings of the
National Academy of Sciences of the United States of America, 96(6), 2678—

2681. https://doi.org/10.1073/pnas.96.6.2678

Li, W., Hosseinian, F. S., Tsopmo, A., Friel, J. K., & Beta, T. (2009). Evaluation
of antioxidant capacity and aroma quality of breast milk. Nutrition, 25(1),

105-114. https://doi.org/10.1016/j.nut.2008.07.017

[79]



Lonnerdal, B. (2000). Breast milk: A truly functional food. Nutrition, 16(7-8),

509-511. https://doi.org/10.1016/S0899-9007(00)00363-4

Lonnerdal, B. (2003). Nutritional and physiologic significance of human milk
proteins. The American Journal of Clinical Nutrition, 77(6).

https://doi.org/10.1093/ajcn/77.6.1537s

MA, J. (2020). Coronavirus (COVID-19): History, Current Knowledge and
Pipeline Medications. International Journal of Pharmaceutics &

Pharmacology, 4(1), 1-9. https://doi.org/10.31531/2581-3080.1000140

Majumder, J., & Minko, T. (2021). Recent Developments on Therapeutic and
Diagnostic ~ Approaches for COVID-19. AAPS Journal, 23(1).

https://doi.org/10.1208/s12248-020-00532-2

Mall, A. S., Habte, H., Mthembu, Y., Peacocke, J., & De Beer, C. (2017). Mucus
and Mucins: Do they have a role in the inhibition of the human
immunodeficiency  virus?  Virology  Journal, 14(1), 1-14.

https://doi.org/10.1186/s12985-017-0855-9

Marshall, J. S., Warrington, R., Watson, W., & Kim, H. L. (2018). An
introduction to immunology and immunopathology. Allergy, Asthma and
Clinical Immunology, 14(s2), 1-10. https://doi.org/10.1186/s13223-018-

0278-1

Masschalck, B., & Michiels, C. W. (2003). Antimicrobial properties of lysozyme
in relation to foodborne vegetative bacteria. Critical Reviews in

Microbiology, 29(3), 191-214. https://doi.org/10.1080/713610448

Medzhitov, R., & Janeway, C. A. (1997). Innate Immunity: Minireview The

(80]



Virtues of a Nonclonal System of Recognition. 91, 295-298.

Mix, E., Goertsches, R., & Zett, U. K. (2006). Immunoglobulins - Basic
considerations. Journal of Neurology, 253(SUPPL. 5), 9-17.

https://doi.org/10.1007/s00415-006-5002-2

Mkaddem, S. Ben, Christou, I., Rossato, E., Berthelot, L., Lehuen, A., Monteiro,
R. C., Inflammation, A. I. A., Fc, A., & Signr, R. I. A. (2014). IgA , IgA
Receptors , and Their Anti-inflammatory Properties. 221-235.

https://doi.org/10.1007/978-3-319-07911-0

Morniroli, D., Consales, A., Crippa, B. L., Vizzari, G., Ceroni, F., Cerasani, J.,
Colombo, L., Mosca, F., & Gianni, M. L. (2021). The antiviral properties of
human milk: A multitude of defence tools from mother nature. Nutrients,

13(2), 1-7. https://doi.org/10.3390/nu13020694

Morozov, V., Hansman, G., Hanisch, F. G., Schroten, H., & Kunz, C. (2018).
Human Milk Oligosaccharides as Promising Antivirals. Molecular Nutrition

and Food Research, 62(6), 1-46. https://doi.org/10.1002/mnfr.201700679

Mosca, F., & Gianni, M. L. (2017). Human milk: composition and health benefits.
Pediatria Medica e Chirurgica, 39(2).

https://doi.org/10.4081/PMC.2017.155

Moser, M. (2003). Dendritic cells in immunity and tolerance - Do they display
opposite functions? Immunity, 19(1), 5-8. https://doi.org/10.1016/S1074-

7613(03)00182-1

Mosmann, T. R., & Coffman, R. L. (1989). TH1 and TH2 cells: Different patterns

of lymphokine secretion lead to different functional properties. Annual

(81]



Review of Immunology, 7, 145-173.

https://doi.org/10.1146/annurev.iy.07.040189.001045

Nanshan Chen, Min Zhou, Xuan Dong, Jieming Qu, Fengyun Gong, Yang Han,
Yang Qiu, Jingli Wang, Ying Liu, Yuan Wei, Jia’an Xia, Ting Yu, Xinxin
Zhang, L. Z. (2020). Characteristics of 99 Cases of 2019 Novel Coronavirus
Pneumonia in Wuhan, China: A Descript study. Lancet, 395(10223), 507-

513.

Nichol, A. W., Angel, L. A., Moon, T., & Clezyt, P. S. (1987). Lactoperoxidase

haem,. 247, 147-150.

Owen, C. G., Martin, R. M., Whincup, P. H., Davey Smith, G., & Cook, D. G.
(2012). Does breastfeeding influence risk of type 2 diabetes in later life? A
quantitative analysis of published evidence (The American Journal of
Clininical Nutrition (2006) 84 (1043-1054)). American Journal of Clinical

Nutrition, 95(3), 779. https://doi.org/10.3945/ajcn.111.033035

Pace, R. M., Williams, J. E., Jarvinen, K. M., Belfort, M. B., Pace, C. D. W.,
Lackey, K. A., Gogel, A. C., Nguyen-Contant, P., Kanagaiah, P., Fitzgerald,
T., Ferri, R., Young, B., Rosen-Carole, C., Diaz, N., Meehan, C. L., Caffé,
B., Sangster, M. Y., Topham, D., Mcguire, M. A, ... Coyne, C. B. (2021).
Characterization of SARS-CoV-2 RNA, Antibodies, and Neutralizing
Capacity in Milk Produced by Women with COVID-19 Characterization of
SARS-CoV-2 RNA, antibodies, and neutralizing capacity in milk produced
by women with COVID-19. mBio 12: e03192-20 Clinical Science and

Epidemiology. 12(1), 1-11.

Palmeira, P., Costa-Carvalho, B. T., Arslanian, C., Pontes, G. N., Nagao, A. T.,

(82]



& Carneiro-Sampaio, M. M. S. (2009). Transfer of antibodies across the
placenta and in breast milk from mothers on intravenous immunoglobulin.
Pediatric Allergy and Immunology, 20(6), 528-535.

https://doi.org/10.1111/].1399-3038.2008.00828.x

Pan, L., Mu, M., Yang, P., Sun, Y., Wang, R, Yan, J., Li, P., Hu, B., Wang, J.,
Hu, C., Jin, Y., Niu, X., Ping, R, Du, Y., Li, T., Xu, G., Hu, Q., & Tu, L.
(2020). Clinical characteristics of COVID-19 patients with digestive
symptoms in Hubei, China: A descriptive, cross-sectional, multicenter
study. American Journal of Gastroenterology, 115(5), 766-773.

https://doi.org/10.14309/ajg.0000000000000620

Parry, H., Bruton, R., Stephens, C., Brown, K., Amirthalingam, G., Hallis, B.,

Otter, A., Zuo, J., & Moss, P. (2021). Objectives : Design : December 2020.

Pellegrini, A., Thomas, U., Bramaz, N., Hunziker, P., & Von Fellenberg, R.
(1999). Isolation and identification of three bactericidal domains in the
bovine a-lactaloumin molecule. Biochimica et Biophysica Acta - General
Subjects, 1426(3), 439-448. https://doi.org/10.1016/S0304-4165(98)00165-

2

Peret, T., Ph, D., Emery, S., Tong, S., Ph, D., Urbani, C., Comer, J. A., Ph, D.,
Lim, W., Rollin, P. E., Dowell, S. F., Ling, A., Humphrey, C. D., Ph, D.,
Fields, B., Ph, D., Derisi, J., Ph, D., Yang, J., ... Group, W. (2003). new

england journal. 1953-1966.

Petrosillo, N., Viceconte, G., Ergonul, O., Ippolito, G., & Petersen, E. (2020).
Since January 2020 Elsevier has created a COVID-19 resource centre with

free information in English and Mandarin on the novel coronavirus COVID-

(83]



19 . The COVID-19 resource centre is hosted on Elsevier Connect , the

company ’ s public news and information . January.

Polack, F. P., Thomas, S. J., Kitchin, N., Absalon, J., Gurtman, A., Lockhart, S.,
Perez, J. L., Pérez Marc, G., Moreira, E. D., Zerbini, C., Bailey, R., Swanson,
K. A., Roychoudhury, S., Koury, K., Li, P., Kalina, W. V., Cooper, D.,
Frenck, R. W., Hammitt, L. L., ... Gruber, W. C. (2020). Safety and Efficacy
of the BNT162b2 mRNA Covid-19 Vaccine. New England Journal of

Medicine, 383(27), 2603-2615. https://doi.org/10.1056/nejmoa2034577

Plotkin SA. Immunologic correlates of protection induced by vaccination.
The Pediatric infectious disease journal. 2001;20(1):63-75.
Prahl, M., Golan, Y., Cassidy, A. G., Matsui, Y., Li, L., Alvarenga, B., Chen,
H., Jigmeddagva, U., Lin, C. Y., Gonzalez, V. J., Chidboy, M. A., Warrier,
L., Buarpung, S., Murtha, A. P., Flaherman, V. J., Greene, W. C., Wu, A.
H. B., Lynch, K. L., Rajan, J., & Gaw, S. L. (2022). Evaluation of
transplacental transfer of mMRNA vaccine products and functional
antibodies during pregnancy and infancy. Nature Communications, 13(1),

1-12. https://doi.org/10.1038/s41467-022-32188-1

Pullen, K. M., Atyeo, C., Collier, A. R. Y., Gray, K. J., Belfort, M. B.,
Lauffenburger, D. A., Edlow, A. G., & Alter, G. (2021). Selective
functional antibody transfer into the breastmilk after SARS-CoV-2
infection. Cell Reports, 37(6), 109959.

https://doi.org/10.1016/j.celrep.2021.109959

Ramirez, D. S. R., Perez, M. M. L., Perez, M. C., Hernandez, M. I. S., Pulido, S.

M., Villacampa, L. P., Vilar, A. M. F., Falero, M. R., Carretero, P. G.,

(84]



Millan, B. R., Roper, S., & Bello, M. A. G. (2021a). Sars-cov-2 antibodies
in breast milk after vaccination. Pediatrics, 148(5), 2022.

https://doi.org/10.1542/peds.2021-052286

REDDY, V.,BHASKARAM, C., RAGHURAMULU, N., & JAGADEESAN, V.
(1977). Antimicrobial Factors in Human Milk. Acta Peadiatrica, 66(2), 229—

232. https://doi.org/10.1111/j.1651-2227.1977.tb07838.x

Reimer, J. M., Karlsson, K. H., Lévgren-Bengtsson, K., Magnusson, S. E.,
Fuentes, A., & Stertman, L. (2012). Matrix-m™ adjuvant induces local
recruitment, activation and maturation of central immune cells in absence of

antigen. PLoS ONE, 7(7). https://doi.org/10.1371/journal.pone.0041451

Rosenberg-Friedman, M., Kigel, A., Bahar, Y., Werbner, M., Alter, J., Yogev,
Y., Dror, Y., Lubetzky, R., Dessau, M., Gal-Tanamy, M., Many, A., &
Wine, Y. (2021). BNT162b2 mRNA vaccine elicited antibody response in
blood and milk of breastfeeding women. Nature Communications, 12(1),

1-7. https://doi.org/10.1038/s41467-021-26507-1

Safety and Efficacy of the BNT162b2 mRNA Covid-19 Vaccine. (2021). The
Pfizer BioNTech (BNT162b2) COVID-19 vaccine: What you need to know.
Safety and Efficacy of the BNT162b2 MRNA Covid-19 Vaccine,

2021(September), 6-11.

Sakaguchi, S. (2005). Naturally arising Foxp3-expressing CD25+ CD4+
regulatory T cells in immunological tolerance to self and non-self. Nature

Immunology, 6(4), 345-352. https://doi.org/10.1038/ni1178

Salomon, B., & Bluestone, J. A. (2001). Complexities of CD28 / B7: CTLA-4

Costimulatory Pathways in Autoimmunity. Annual Review of Immunology,

(85]



19(1), 225-252.

Salomon, B., Lenschow, D. J., Rhee, L., Ashourian, N., Singh, B., Sharpe, A., &
Bluestone, J. A. (2000). B7/CD28 costimulation is essential for the
homeostasis of the CD4+CD25+ immunoregulatory T cells that control
autoimmune diabetes. Immunity, 12(4), 431-440.

https://doi.org/10.1016/S1074-7613(00)80195-8

Selma-Royo, M., Bauerl, C., Mena-Tudela, D., Aguilar-Camprubi, L., Pérez-
Cano, F. J., Parra-Llorca, A., Lerin, C., Martinez-Costa, C., & Collado, M.
C. (2022). Anti-SARS-CoV-2 IgA and IgG in human milk after
vaccination is dependent on vaccine type and previous SARS-CoV-2
exposure: a longitudinal study. Genome Medicine, 14(1), 1-11.

https://doi.org/10.1186/s13073-022-01043-9

Schlaudecker, E. P., Steinhoff, M. C., Omer, S. B., McNeal, M. M., Roy, E.,
Arifeen, S. E., Dodd, C. N., Ragib, R., Breiman, R. F., & Zaman, K. (2013).
IgA and Neutralizing Antibodies to Influenza A Virus in Human Milk: A
Randomized Trial of Antenatal Influenza Immunization. PLoS ONE, 8(8),

6-13. https://doi.org/10.1371/journal.pone.0070867

Sheikh, 1. A., Jiffri, E. H., Kamal, M. A., Ashraf, G. M., & Beg, M. A. (2017).
Lactoperoxidase, an antimicrobial milk protein, as a potential activator of
carcinogenic heterocyclic amines in breast cancer. Anticancer Research,

37(11), 6415-6420. https://doi.org/10.21873/anticanres.12095

Shereen, M. A., Khan, S., Kazmi, A., Bashir, N., & Siddique, R. (2020). COVID-
19 infection: Origin, transmission, and characteristics of human

coronaviruses. Journal of Advanced Research, 24(March), 91-98.

(86]



https://doi.org/10.1016/j.jare.2020.03.005

Shields, L., O’Callaghan, M., Williams, G. M., Najman, J. M., & Bor, W. (2006).
Breastfeeding and obesity at 14 years: A cohort study. Journal of Paediatrics
and Child Health, 42(5), 289-296. https://doi.org/10.1111/j.1440-

1754.2006.00864.x

Siegrist, C. A., & Lambert, P. H. (2016). How Vaccines Work. The Vaccine Book:
Second Edition, 33-42. https://doi.org/10.1016/B978-0-12-802174-

3.00002-3

Sonja, A. et al. (2020). Since January 2020 Elsevier has created a COVID-19
resource centre with free information in English and Mandarin on the novel

coronavirus COVID-. Ann Oncol, January, 19-21.

Svanborg, C., Hallgren, O., Aits, S., Brest, P., Gustafsson, L., Mossberg, A. K.,
& Wullt, B. (2008). Apoptosis and tumor cell death in response to HAMLET
(Human a-lactaloumin made lethal to tumor cells). Advances in
Experimental Medicine and Biology, 606, 217-240.

https://doi.org/10.1007/978-0-387-74087-4_8

Telang, S. (2018). Lactoferrin: A critical player in neonatal host defense.

Nutrients, 10(9), 1-16. https://doi.org/10.3390/nu10091228

Thomas, S. J., Moreira, E. D., Kitchin, N., Absalon, J., Gurtman, A., Lockhart,
S., Perez, J. L., Pérez Marc, G., Polack, F. P., Zerbini, C., Bailey, R.,
Swanson, K. A., Xu, X., Roychoudhury, S., Koury, K., Bouguermouh, S.,
Kalina, W. V., Cooper, D., Frenck, R. W., ... Jansen, K. U. (2021). Safety
and Efficacy of the BNT162b2 mRNA Covid-19 Vaccine through 6 Months.

New England Journal of Medicine, 385(19), 1761-1773.

(87]



https://doi.org/10.1056/nejmoa2110345

Thompson, A. G., & Thomas, R. (2002). Induction of immune tolerance by
dendritic cells: Implications for preventative and therapeutic
immunotherapy of autoimmune disease. Immunology and Cell Biology,

80(6), 509-519. https://doi.org/10.1046/j.1440-1711.2002.01114.x

Tlaskalova-Hogenova, H., Kverka, M., & Hrdy, J. (2020). Immunomodulatory
Components of Human Colostrum and Milk. Nestle Nutrition Institute

Workshop Series, 94, 38-47. https://doi.org/10.1159/000505068

Toscano, M., Grandi, R. De, Grossi, E., & Drago, L. (2017). Role of the human
breast milk-associated microbiota on the newborns’ immune system: A mini
review. Frontiers in Microbiology, 8(0OCT), 1-5.

https://doi.org/10.3389/fmich.2017.02100

Union, E., Management, R., Union, E., Management, R., Substance, D., &
Number, V. (2021). EUROPEAN UNION RISK MANAGEMENT PLAN (

EU RMP ) FOR VAXZEVRIA ( ChAdOx1-S [ RECOMBINANT ]). 1(101).

Ura, T., Yamashita, A., Mizuki, N., Okuda, K., & Shimada, M. (2020). Since
January 2020 Elsevier has created a COVID-19 resource centre with free
information in English and Mandarin on the novel coronavirus COVID- 19
. The COVID-19 resource centre is hosted on Elsevier Connect , the

company ’ s public news and information . January.

Uvnés-Moberg, K., Widstrom, A., Werner, S., Matthiesen, A., & Winberg, J.
(1990). Oxytocin and prolactin levels in breast-feeding women. Acta

Obstetics & Gynecology Scandinavia, 69(1 990), 301-306.

(88]



Verd, S., Ginovart, G., Calvo, J., Ponce-Taylor, J., & Gaya, A. (2018). Variation
in the protein composition of human milk during extended lactation: A
narrative review. Nutrients, 10(8), 1-10.

https://doi.org/10.3390/nu10081124

Vidal, K., Serrant, P., Schlosser, B., Van Den Broek, P., Lorget, F., & Donnet-
Hughes, A. (2004). Osteoprotegerin production by human intestinal
epithelial cells: A potential regulator of mucosal immune responses.
American Journal of Physiology - Gastrointestinal and Liver Physiology,

287(4 50-4), 836-844. https://doi.org/10.1152/ajpgi.00428.2003

Vidal, K., Van Den Broek, P., Lorget, F., & Donnet-Hughes, A. (2004).
Osteoprotegerin in human milk: A potential role in the regulation of bone
metabolism and immune development. Pediatric Research, 55(6), 1001-

1008. https://doi.org/10.1203/01.pdr.0000127014.22068.15

Village, E. G. (2005). Breastfeeding and the use of human milk. Pediatrics,

115(2), 496-506. https://doi.org/10.1542/peds.2004-2491

Weaver, S. R., & Hernandez, L. L. (2016). Autocrine-paracrine regulation of the
mammary gland. Journal of Dairy Science, 99(1), 842-853.

https://doi.org/10.3168/jds.2015-9828

WHO. (2021). Interim recommendations for use of the inactivated COVID-19
vaccine, CoronaVac, developed by Sinovac. World Health Organization.,

October, 1-9. https://iris.paho.org/handle/10665.2/54314

WHO & UNICEF. (2003). Global Strategy for Infant and Young Child Feeding.

Fifthy-Fourth World Health Assembly, 1, 8.

(89]



World Health Organization. (2021). AstraZeneca COVID-19 Vaccine ChAdOx1-
S recombinant. World Health Organization, 1222(February), 1-41.

https://apps.who.int/iris/handle/10665/354408

World Health Organization (WHO). (2022). Interim recommendations for use of
the ChAdOx1-S [recombinant] vaccine against COVID-19 (AstraZeneca
COVID-19 vaccine AzZD1222, Sl Covishield, SK Bioscience). World
Health Organization, 19, 1-8.
https://www.who.int/publications/i/item/WHO-2019-nCoV-vaccines-

SAGE_recommendation-AZD1222-2021.1

Wu, Z., & McGoogan, J. M. (2020). Characteristics of and Important Lessons
from the Coronavirus Disease 2019 (COVID-19) Outbreak in China:
Summary of a Report of 72314 Cases from the Chinese Center for Disease
Control and Prevention. JAMA - Journal of the American Medical

Association, 323(13), 1239-1242. https://doi.org/10.1001/jama.2020.2648

Xiong, J., Lipsitz, O., Nasri, F., Lui, L. M. W., Gill, H., Phan, L., Chen-Li, D.,
lacobucci, M., Ho, R., Majeed, A., & Mcintyre, R. S. (2020). Impact of
COVID-19 pandemic on mental health in the general population: A
systematic review. Journal of Affective Disorders, 277(August), 55-64.

https://doi.org/10.1016/j.jad.2020.08.001

Xu, X. W., Wu, X. X,, Jiang, X. G., Xu, K. J., Ying, L. J., Ma, C. L., Li, S. B,
Wang, H. Y., Zhang, S., Gao, H. N., Sheng, J. F., Cai, H. L., Qiu, Y. Q., &
Li, L. J. (2020). Clinical findings in a group of patients infected with the
2019 novel coronavirus (SARS-Cov-2) outside of Wuhan, China:

Retrospective  case  series. The BMJ, 368(January), 1-7.

[90]



https://doi.org/10.1136/bmj.m606

Yin Xia, C., Olaf, R., & Eng-King, T. (2020). The role of IgA in COVID-19.

Brain. Behavior and Immunity, 87(January).

Young, B. E., Seppo, A. E., Diaz, N., Rosen-Carole, C., Nowak-Wegrzyn, A.,
Cruz Vasquez, J. M., Ferri-Huerta, R., Nguyen-Contant, P., Fitzgerald, T.,
Sangster, M. Y., Topham, D. J., & Jéarvinen, K. M. (2022). Association of
Human Milk Antibody Induction, Persistence, and Neutralizing Capacity
with SARS-CoV-2 Infection vs mRNA Vaccination. JAMA Pediatrics,

176(2), 159-168. https://doi.org/10.1001/jamapediatrics.2021.4897

Zelazniewicz, A., & Pawlowski, B. (2018). Maternal breast volume in pregnancy
and lactation capacity. American Journal of Physical Anthropology, 168(1),

180-189. https://doi.org/10.1002/ajpa.23734

Zhao, S., Zhang, C., Wang, J., Liu, G., Bu, D., Cheng, J., & Zhou, L. (2010).
Variations of immunoglobulins in colostrum and immune milk as affected
by antigen releasing devices. Asian-Australasian Journal of Animal

Sciences, 23(9), 1184-1189. https://doi.org/10.5713/ajas.2010.90521

Zheng, Y., Correa-Silva, S., Palmeira, P., & Carneiro-Sampaio, M. (2022).
Maternal vaccination as an additional approach to improve the protection of
the nursling: Anti-infective properties of breast milk. Clinics, 77(May),

100093. https://doi.org/10.1016/j.clinsp.2022.100093

zhou. (2020). C or r e sp ondence Detection of Structural Rearrangements in

Embryos. The New England Journal of Medicine, 2018-2021.

Zhou, P., Yang, X. Lou, Wang, X. G., Hu, B., Zhang, L., Zhang, W., Si, H. R.,

[91]



Zhu, Y., Li, B., Huang, C. L., Chen, H. D., Chen, J., Luo, Y., Guo, H., Jiang,
R. Di, Liu, M. Q., Chen, Y., Shen, X. R., Wang, X., ... Shi, Z. L. (2020). A
pneumonia outbreak associated with a new coronavirus of probable bat
origin. Nature, 579(7798), 270-273. https://doi.org/10.1038/s41586-020-

2012-7

(92]



Appendix A

ARASTIRMA PROJESI DEGERLENDIRME RAPORU

Toplanti Tarihi :24.02.2022
Toplantt No :2022/100
Proje No ;1496

Yakin Dogu Universitesi SHMYO 6gretim tyvelerinden Dog. Dr. Meryem Gilvenir'in sorumlu
aragtirmacisi oldugu, YDU/2022/100-1496 proje numarah ve “COVID-19 Asih Emziren Kadinlarin
Anne Siitiinde SARS-COV-2 Spesifik IgA Tespiti” bashkli proje Onerisi  kurulumuzca
degerlendirilmis olup, etik olarak uygun bulunmustur.

_C,el_/{_/\_

Prof. Dr, Sanda Cah
Yakin Dogu Universitesi

Bilimsel Aragtirmalar Etik Kurulu Bagkam

Kurul Uyesi Toplantiya Katihm Karar
) Katildi( )¢/ Katilmadi(X) Onayi v, )" {eﬁ(_X)_
Prof. Dr. Tamer Yilmaz v o
Prof. Dr. Sahan Sayg) v v
Prof, Dr, Nurhan Bayraktar v e
Prof. Dr. Mehmet Ozmenoglu X X
Prof. Dr. ilker Etikan v Ve
Dog. Dr. Mehtap Tinazh X X
Daog. Dr. Niliifer Galip Celik v v
Do¢. Dr. Emil Mammadoy v v
Dog. Dr. Ali Cenk Ozay v v

https:/ietikkurul.neu.edu.tr/

(93]



Appendix X
Turnitin Similarity Report

DETECTION OF SARS-COV-2 SPESIFIC IgA ANTIBODY IN THE
HUMAN MILK OF COVID-19 VACCINATED LACTATING WOMEN

OR[JiINALLIK RAPORU

w15 w12 w11 !

BENZERLIK ENDEKSI INTERNET KAYNAKLARI  YAYINLAR OGRENCI ODEVLERI
BIRINCIL KAYNAKLAR
www.ncbi.nlm.nih.gov
N : %
internet Kaynagi 0

www.scielo.br 1
%

internet Kaynagi

=

M. Azuma. "Fundamental mechanisms of host " 'I
immune responses to infection”, Journal of ’
Periodontal Research, 10/2006

Yayin

=

researchonline.lshtm.ac.uk 1
%

internet Kaynagi

g o

www.researchgate.net 1
%

internet Kaynag

www.mdpi.com
P % |

internet Kaynag)

hopkinshumanitarianhealth.or
interE)el Kaynag & <% 1

~ o

www.livestocktrail.illinois.edu < 1
%

internet Kaynag

[94]



(95]



	Approval
	Declaration
	Acknowledgments
	Abstract
	Table of Contents
	List of Tables
	List of Figures
	List of Abbreviations
	CHAPTER I
	Introduction
	CHAPTER II
	Literature Review
	2.1. Coronavirus disease 2019 (COVID-19)
	2.2. SARS-COV-2 Vaccines
	2.2.1. The Moderna COVID-19 (Mrna-1273) Vaccine
	2.2.3. The Valneva VLA2001 COVID-19 Vaccine
	2.2.4. The Sinovac-CoronaVac COVID-19 vaccine
	2.2.5. The Oxford/AstraZeneca (ChAdOx1-S [recombinant] vaccine)
	2.2.6 The Novavax Vaccine
	2.2.7. The Janssen vaccine

	2.3. Immune Responses to Infection and Vaccination
	2.3.1. Immune Responses to Infection
	2.3.2. Immune response to vaccine antigens

	2.4. Breastfeeding
	2.5. Composition Of Breast Milk
	2.5.1. Antimicrobial Factors Found In Breast Milk
	2.5.1.1. k-Casein
	2.5.1.2. α-Lactalbumin
	2.5.1.3. Haptocorrin
	2.5.1.4. Osteoprotegerin
	2.5.1.5. Soluble CD14 (sCD14)


	2.6.  Immunoglobulins
	2.7. Lactoferrin
	2.8.  Lactoperoxidase
	2.9.  Lysozyme
	2.9. How Breast Milk Could Pass Along Covid 19 Immunity To Infants

	CHAPTER III
	Methodology
	3.1. MATERIAL AND METHODS
	3.1.1. Tools and Equipment
	3.1.2. Additional Materials and Equipment

	3.3. Kit
	3.3.1.Purpose of usage:
	3.3.2. Test principle
	3.3.3. Storage and stability
	3.3.4. Usage stability

	3.4. Sample collection
	3.5. Methods
	3.5.1. Analysis Sars-Cov 2 Specific sIgA Titres in Human Milk
	3.5.2. Analysis of Sars-Cov 2 Specific IgG Titres in Serum
	3.5.3. Statistical Analysis


	CHAPTER IV
	Findings and Discussion
	4.1. Demographic Characteristics of Participants
	4.2. Antibody Titers Among Lactating Women

	CHAPTER V
	Discussion
	CHAPTER VI
	Conclusion and Recommendations
	References
	Appendix A
	Appendix X



