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PREFACE

Microbiology has evolved from being a discipline solely
focused on the identification of microorganisms into a multifaceted
and dynamic science that directly influences human health, the
environment, and modern therapeutic approaches. Today, the rise of
antibiotic resistance, complex microbial interactions, advanced
diagnostic technologies, and biotherapeutic applications are
reshaping microbiology as an interdisciplinary research field.

The primary aim of this book is to comprehensively address
recent advancements in microbiology from clinical, molecular, and
applied perspectives. It covers a broad range of topics, from
infectious diseases and microbial regulation of the immune system
to antimicrobial resistance genes and the role of microbial biofilms
in pathogenesis. Furthermore, the book explores innovative
approaches such as the therapeutic use of viruses in cancer treatment,
as well as the diagnosis and treatment of localized microbial
infections like ocular infections, and up-to-date diagnostic strategies
for zoonotic diseases—each of critical clinical importance.

Additionally, the book presents current knowledge on
microbial-immune  system  interactions,  including  the
immunomodulatory effects of probiotics and the management of
systemic infections caused by microbes. Thanks to advanced
techniques in molecular microbiology, resistance mechanisms and
microbial responses to treatment can now be analyzed in greater
detail, facilitating the development of targeted therapeutic strategies.

This work is intended to serve as both a refresher of
foundational knowledge and a scientific guide to current
developments in the field for researchers, clinicians, academics, and
students working in various branches of microbiology. Prepared with
contributions from leading experts, this volume stands as a reliable



and comprehensive resource for anyone interested in the science of
microbiology.

With the hope that it contributes to a healthier future...

Asst. Prof. CIHAT OZTURK
Prof. Dr. MEMIS BOLACALI
KIRSEHIR AHi EVRAN UNIVERSITY
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CHAPTER 1

ONCOLYTIC VIRUSES IN CANCER TREATMENT

Murat SEVIiK*

Introduction

Cancer is the most common cause of death worldwide, with
almost 10 million deaths caused by cancer in 2020 (Aydmn et al.,
2018: 426; Bray et al., 2024: 229). The incidence and mortality
rates continue to increase despite significant progress having been
made in cancer prevention and diagnosis (Bray et al., 2018: 394;
Segovia-Siapco & Sabaté, 2019: 60; Yalgin et al., 2020: 124).
Conventional therapies like surgery, chemotherapy, radiation
therapy, or hormonal therapies only provide limited durable
responses for most cancer patients (Cerullo et al., 2018: 124;
Hemminki et al., 2018: 41).

Oncolytic viruses (OVs), monoclonal antibodies, and
adoptive cell therapies are currently the most prominent advances
in cancer treatment because they provide effective and durable
clinical responses in cancer patients (Lizée et al., 2013: 71).
Viruses have been reported to have therapeutic benefits in cancer,
resulting in multiple reports of leukaemia patients becoming

! Prof. Dr. Necmettin Erbakan University, Veterinary Faculty, Department of
Virology Orcid: 0000-0002-9604-3341, dr muratank@hotmail.com
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disease-free after viral infections in the last century. During the
1950s and 1960s, hundreds of cancer-treatment cases were
conducted using various wild-type viruses, like West Nile, Epstein-
Barr, and yellow fever (Kelly & Russell, 2007: 651).

Clinical trials are being conducted to investigate the
potential use of OVs, which consist of DNA and RNA viruses, as a
cancer treatment (Fu et al., 2019: 270). OVs are able to infect and
lyse different tumour cells in order to stabilise and decrease tumour
progression. Their natural affinity for cancer cells or genetic
orientation can be used to identify specific targets (Russell, Peng &
Bell, 2012: 658). Furthermore, the OVs are capable of influencing
the immune system’s activation against tumour cells, which
influences the development of an antitumour response (Desjardins,
Vlahovic & Friedman, 2016: 211). OVs have become a viable way
to modify the tumour environment by enabling the immune system
to eliminate abnormal cells when there is an immune deficiency
state (Rosewell Shaw & Suzuki, 2018: 2103). Additionally, viruses
have distinct mechanisms that cause infected cells to lyse, which
consequently leads to tumour cell death and enhanced
immunotherapy effectiveness (Lawler et al., 2017: 841).

In the beginning, research on oncolytic effects was
generally centred on wild-type or naturally occurring viruses, and
the mechanism was merely assumed to be their lytic characteristics
(Kelly & Russell, 2007: 651). Genetic engineering has made it
technically feasible to perform a variety of modifications on wild-
type viruses since 2000. Therapeutic genes can be added to modify
OVs to enhance their antitumour effects through various
mechanisms. Initially, the primary objective of reconstruction was
to enhance target specificity, selective replication, and oncolysis. A
tumour immunoreactive response was detected during tumour lysis,
which is another advantage of OVs as immunotherapy (Lizée et al.,
2013: 71; Li et al., 2020b: 2943). Therefore, in recent years,
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strategies have shifted towards developing viral vectors to enhance
immune responses within tumours (Lin, Shen & Liang, 2023: 156).

Mechanism of OVs

A race between virus replication, immune activation, and
tumour growth determines the outcomes of OVs (Wu, Kirn &
Wein, 2004: 605). OVs cause cancer cells to be disrupted by
interacting with particular cellular receptors or by designing virus
vectors with specific gene knockouts or using tumour suppressor
gene defects to downregulate the antiviral pathway in tumour cells
(Lin, Shen & Liang, 2023: 156). OVs are capable of infecting
abnormal cells by targeting specific targets, such as
cyclooxygenase-2, endothelial growth factor, CD20, and Her2/neu,
which are produced by tumour cells (Russell, Peng & Bell, 2012:
658). Furthermore, pathogenic viral gene deletion can increase
selectivity for tumour cells and decrease OVs’ aggressiveness
towards normal tissues (Thorne et al., 2007: 3350). The benefits of
cell death vary depending on the characteristics of tumour cell type
and virus vectors, and most of them have the ability to induce
immunogenic cell death, release antigens related to tumours, and
initiate antitumour immune responses. It is important to remember
that antiviral immunity can be activated simultaneously with the
initiation of infection (Lin, Shen & Liang, 2023: 156).

The route of administering OVs is based on the type of
tumour being treated. Because the effectiveness of treatment
depends on the viral route, which is caused by the virus being
present in situ and the organism’s natural resistance to antigens.
Delivery can be subcutaneous, intravenous, intrathecal,
intraperitoneal, and intratumoral, providing better control of viral
abundance in the tumour environment and preventing side effects
(Li et al., 2020a: 475).
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When viruses are present in the organism, the virus’s
structure, including DNA, RNA, viral proteins, and the pathogen-
associated molecular patterns, are recognised by the immune
system, resulting in immunogenic cell death (Chiocca & Rabkin,
2014: 295). Immunogenic cell death is a key factor in OVs’ ability
to induce antitumor immunity, which involves a variety of cell
deaths such as immunogenic apoptosis, autophagy, pyroptosis, and
necrosis in cancer cells (Guo, Liu & Bartlett, 2014: 74; Inoue &
Tani, 2014: 39).

When pathogen-associated molecular patterns are
recognised through toll-like receptors (TLRs), dendritic cells
produce inflammatory molecules (such as type 1 interferons,
cytokines and TNF-alpha) with antiviral properties (Marchini et al.,
2019: 1848). The response to viral infection is influenced by TNF-
alpha and has a positive impact on the action of caspase enzymes
and cell apoptosis in certain tumours (Conlon, Miljkovic, &
Waldmann, 2019: 6). Through the mechanisms of necrosis and
apoptosis, TNF-alpha is able to stimulate cancer cell death and
cause thrombosis due to its antiangiogenic effects (Shen et al.,
2018: 12441; Aydin, 2023: 1). The response of type 1 (Thl) helper
cells is stimulated by TNF-alpha (Conlon, Miljkovic, & Waldmann,
2019: 6; Parlar et al., 2021: 48). The Thl inflammatory profile is
characterised by elevated levels of CD4+ T and CD8+ T effector
cells, activation and differentiation of T Ilymphocytes, and
maturation of dendritic cells, which contribute to reversing the
immunosuppressive state of the tumour and promoting an
inflammatory response (Zamarin et al., 2014: 226).

IL-2, a cytokine created after antigen activation, has the
ability to regulate homeostasis and T regulatory cell action, which
can help fight the tumour by creating an inflammatory environment
(Kim, Lee & Lee, 2021: 21). The lysis and death of aberrant cells
are heavily influenced by the viral action inside the cell, as well as
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the damage caused by the inflammatory response. Disruptions of
organelles like mitochondria, lysosomes, or endoplasmic reticulum
could be caused by the presence of OVs, which could compromise
normal cellular function. Additionally, the virus can trigger
oxidative stress, resulting in the stabilisation and decrease of the
tumour (Marchini et al., 2019: 1848).

Combining OVs and cell checkpoint blockers is an essential
method to improve viral survival rates in humans. By negatively
regulating PD-L1, the tumour can circumvent the immune system
and avoid T cell maturation. Th1-positive response can be triggered
by PD-L1 inhibition, leading to the appearance of CD8+ T cells
against the tumours and the activation of natural killer cells (Rajani
et al, 2016: 166). Furthermore, studies have proven that
immunotherapy’s effectiveness was enhanced by using monoclonal
antibodies and OVs that inhibited the action of cytotoxic T
lymphocyte-associated antigen 4 (CTLA4) (Zamarin et al., 2014:
226).

OVs

OVs can be categorised into natural and genetically
modified viruses, with the majority of oncolytic viruses being
genetically modified for oncolytic activity. The OVs have evolved
from the original natural viruses to gene-edited viruses and now
include over ten commonly used viruses, including adenovirus,
coxsackie virus, Newcastle disease virus (NDV), measles virus
(MeV), herpes simplex virus, poliovirus, reovirus, and vesicular
stomatitis virus. Natural forms were used for most naturally
occurring viruses, including NDV, enteroviruses, reovirus, and
MeV, while genetic modification has taken place on herpes simplex
virus and adenovirus (Abd-Aziz & Poh, 2021: 98).

Adenoviruses
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Adenoviruses lack an envelope and have an icosahedral
capsid and double-stranded linear DNA (Lasswitz et al., 2018:
1863). Several receptors, such as CD46, CD80, CD86, and the
human coxsackie-adenovirus receptor, can be used by these viruses
because various tissues of the organism, including lymphoid
tissues, respiratory, enteric, renal, and ocular tissues, are highly
susceptible to their affinity (Uusi-Kerttula et al., 2015: 6009).
Therefore, various immune therapies have been developed using
adenoviruses due to their ability to serve as viral vectors
(Hendrickx et al., 2014: 265).

Viral replication begins in the cell nucleus and initiates the
expression of certain proteins in the cytoplasm, such as Ela and
E1b that are connected to the autophagy process. Autophagosomes
are produced by this mechanism, which can bind with lysosomes
and cause organelles or even the cell to die (Tazawa et al., 2017:
1479). Furthermore, previous studies reported that Ela and E1b
contribute to tumour stabilisation and reduction (Rodriguez-Rocha
et al., 2011: 9). After adenovirus infection, inflammatory cytokines,
such as IL-12 and TNF-alpha, are produced to stimulate cytotoxic
cells such as natural killer cells and CD8+ T cells, which also
contribute to the maturation of immune cells and anti-tumour
activity. Oncolytic therapy is frequently carried out with adenovirus
type-5 (AdS) due to its ability to trigger TLRs on either the inside
of the cell (TLR-9) or the cellular membrane (TLR-2) (Khare et al.,
2011: 1254).

Adenoviruses have the ability to activate other pathways of
the immune system, including increasing the migration rates of
inflammatory cells and production of inflammatory cytokines,
which contributes to destroying infected cells (Khare et al., 2011:
1254). Cellular stress caused by viral infection and inflammation
results in tumour cell death through apoptosis, necrosis, or
autophagy. In addition to killing tumour cells directly, adenoviruses
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can also create an antitumour immune response that helps in the
fight in metastatic sites (Giirel et al., 2002: 6; Uusi-Kerttula et al.,
2015: 6009). Strong humoral immune responses are caused by
oncolytic adenoviruses. Neutralising antibodies are often viewed as
an unwanted adverse event in oncolytic therapy that significantly
reduces virus applicability and efficacy. However, it has been
proven that completely neutralised oncolytic viruses can still have
antitumoural effects when delivered to monocytes. Furthermore, it
has been recently demonstrated that pre-existing immune responses
can even enhance the immune response of oncolytic viruses,
suggesting that neutralising antibodies are part of an unrealised
immune potential (Ricca et al., 2018: 1008).

Herpes simplex virus type I (HSV-1)

HSV-1, a significant human pathogen, can both latently
infect neurones and produce lytic infection in other tissue cells.
HSV-1 does not cause insertional mutagenesis, even though it
replicates in the nucleus (Duan, Sun & Li, 2023: 97). The fact that
it has a large genome makes it easy to modify to enhance its
oncolytic properties and patient safety (Ma, He & Wang, 2018: 40).
The oncolytic herpes simplex virus has been found to cause a dual
mechanism in tumour cells. These mechanisms involve activating
antiviral pathways via cell death signalling cascades and inducing
host antitumour immune responses through mobilising and
activating surrounding immune cells, resulting in tumour killing
(Yin, Markert & Leavenworth, 2017: 136).

There are many oncolytic HSV-1 drugs that have been
developed, and Talimogene Laherparepvec (T-VEC) is one of the
products that has been approved by the FDA. T-VEC is an
oncolytic HSV-1 virus that has been extensively studied. It is
created by deleting ICP47 and y34.5 and adding GM-CSF to
inactivate neurovirulence factors and increase virus replication and
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immunogenicity (Liu et al., 2003: 292). It was discovered that
HSV-1 can be linked to the Ras signalling pathway to facilitate
viral replication (Pan et al., 2009: 6514). These viruses, particularly
T-VEC, have a dual mechanism of action. The primary objective is
to kill tumour cells directly, allowing viruses to enter the tumour
environment and then proliferate and lyse the infected tumour cell,
causing the expression of tumour antigens and a local immune
response (Bommareddy et al., 2017: 1). Furthermore, GM-CSF
expression permits dendritic cells to migrate and mature
appropriately and presents more antigens to CD8+ T and CD4+ T
cells that are capable of reaching distant metastases. Interferon
response has been shown to cause an increase in PD-L1 expression,
which results in T cell infiltration in the tumour environment
(Atherton & Lichty, 2013: 1191; Thomas et al., 2019: 214).

Measles virus (MeV)

MeV is an RNA virus that has negative strands and is
classified as a member of the genus Morbillivirus within the family
Paramyxoviridae (Cox & Plemper, 2017: 105). Wild-type MeV
primarily infects cells via CD150/SLAM, whereas MeV vaccine
strains infect cells through CD46 as receptors. Mutations in the
receptor attachment protein hemagglutinin (H) in vaccine strain
MeV resulted in CD46’s high affinity (Tahara et al., 2007: 2564).
MeV has many benefits, including its excellent safety profile and
the absence of genotoxicity in oncolytic vaccine strains, its
immunogenicity and, specifically, the numerous engineering
opportunities provided by the MeV reverse genetics system
(Engeland & Ungerechts, 2021: 544).

Case reports linking measles infection to tumour remission
led to the idea of treating cancer patients with MeV.
Haematological malignancies were the target entities in many early
studies. The natural lymphotropism of MeV provided support for
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this (Grote, Cattaneo & Fielding, 2003: 6463; Kelly & Russell,
2007: 651). MeV oncolysis was found to be sensitive to other
malignancies, such as ovarian cancer and glioblastoma, but not
normal cells (Peng et al., 2001: 2002; Peng et al., 2002: 4656).
Preclinical research has demonstrated the oncolytic properties of
Edmonston B derivatives, rMV-Hul91, Edmonston-Zagreb,
Moraten-Schwarz, AIK-C, and Leningrad-16 vaccine strains
(Engeland & Ungerechts, 2021: 544). Furthermore, clinical
evidence also indicates that oncolytic measles virotherapy enhances
the immune system to prevent tumours. After treatment, lymphoma
lesions in cutaneous T cell lymphoma showed a shift toward a Th1-
biased T cell population (Heinzerling et al., 2005: 2287). Also, the
majority of patients with multiple myeloma who received an
oncolytic measles virus encoding sodium iodide symporter (MV-
NIS) had increases in IFN-y levels for cancer testis antigens
(Packiriswamy et al., 2020: 3310).

MeV-induced cell death produces an immunogenic effect,
generating a distinct immunopeptidome and promoting antitumour
T cell responses by plasmacytoid and conventional dendritic cells
(Guillerme et al., 2013: 1147; Rajaraman et al., 2018: 147). MeV
oncolysis has been found to augment the cytotoxicity induced by
ligand-mediated apoptosis in myeloid and plasmacytoid DCs, and it
also modulates macrophages towards an antitumor phenotype
additionally directing macrophages towards an antitumor
phenotype (Achard et al., 2016: 1261240). Furthermore, activation
of neutrophils results in the release of monocyte chemoattractant
protein, interleukin-8 (IL-8), and tumour necrosis factor (TNF)-a,
which can be beneficial or harmful depending on the tumour model
(Zhang et al.,, 2012: 1002). Immunotherapeutic effects can be
increased by inserting immunomodulatory transgenes into the MeV
genome. MeV has the potential to act as a delivery system for
immunomodulators to the tumour site, which can cause significant
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harm when administered systemically (Grote, Cattaneo & Fielding,
2003: 6463).

Granulocyte macrophage colony-stimulating factor (GM-
CSF) was the initial immunomodulatory transgene identified for
MeV (Grote, Cattaneo & Fielding, 2003: 6463). Neutrophic
infiltration was increased by MV GM-CSF in a lymphoma
xenograft model, which was correlated with tumour regression. A
MeV vector that encodes for IFN-B can cause immune infiltration
and remodelling of the tumour microenvironment in mesothelioma
xenografts (Li et al., 2010: 550). In both breast cancer xenograft
pleural effusion and lung colonisation models, a MeV that encodes
the  immunomodulatory  neutrophil-activating  protein  of
Helicobacter pylori had a beneficial cytokine response and
improved survival (Iankov et al., 2012: 1139).

Newcastle disease virus (NDV)

NDV is an enveloped avian paramyxovirus that has the
ability to attack human cancers through its oncolytic properties.
Membrane fusion or endocytosis can be used to infect cells by
NDV. NDV has the capability to use different pathways:
macropinocytosis and phagocytosis in mixed membrane domains,
clathrin-mediated endocytosis in non-lipid raft membrane domains,
and RhoA-dependent endocytosis in membrane domains that
contain lipid rafts (El-Sayed & Harashima, 2013: 1118; Song et al.,
2019: 45057). NDV has a tendency to replicate more efficiently in
tumour cells than in normal cells (Krishnamurthy et al., 2006:
5145).

A significant inflammatory response is triggered by the
intracellular insertion of viral hemagglutinin-neuraminidase and
fusion protein antigens, which leads to cytokines, chemokines, and
type I interferons being secreted (Washburn & Schirrmacher, 2002:
85; Krishnamurthy et al., 2006: 5145). Modification of tumour cell
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surface markers by these proteins leads to downstream apoptosis.
Especially, oncolysis can be achieved by NDV through the
activation of either the intrinsic or extrinsic caspase-dependent
pathways of apoptosis. Other mechanisms include secreting tumour
necrosis factor- o from infected tumour cells and activating the
caspase-12 and endoplasmic elF2a kinase PERK (Washburn &
Schirrmacher, 2002: 85; Elankumaran, Rockemann & Samal, 2006:
7522). NDV pathogenic classification and oncolytic properties are
closely linked. The findings indicate that lentogenic NDV strains
are non-lytic, while velogenic and mesogenic NDV strains are lytic.
The replication of non-lytic virus is only single-loop, while lytic
NDV is multi-loop. Velogenic NDV destroys the cytoplasmic
membrane of infected cells, leading to the rapid destruction of
cancer cells (Fournier et al., 2012: 177).

NDV replication occurs in the cytoplasm. The virus is
unable to integrate with the host genome due to this replication
mode. Being non-pathogenic to humans and having a relatively low
risk of side effects are significant advantages of NDV as an
oncolytic agent (Ganar et al., 2014: 71). NDV oncolysis transforms
cold tumours into hot tumours by altering the tumour
microenvironment. This situation allows immune cells to infiltrate
tumours. Furthermore, danger-associated molecular patterns,
pathogen-associated molecular patterns, and tumour-associated
antigens are released in response to NDV, which is a strong
antitumour immunity. The activation of innate immune cells (NK
cells), tumour-specific T cells (CD8+ T and CD4+ T cells), and
recruitment of antigen presenting cells (APCs) into the tumour is
initiated by these key risk-related molecular models (Ricca et al.,
2018: 1008). The immune system can clear tumours through the
inflammatory response to NDV infection, but it can also cause
immune cells to clear NDV, which diminishes its anti-tumour
effects (Buijs et al., 2014: 24).
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NDV has been found to have a positive effect on multiple
cancers, including fibrosarcoma, neuroblastoma, colorectal, breast,
gastric, hepatocellular, lung, and prostate carcinoma, and
glioblastoma in preclinical animal studies (Matveeva et al., 2015:
15017). The safety and non-neurotropic profile of its selective
replication in cancer cells is higher than that of other oncolytic
viruses (Washburn & Schirrmacher, 2002: 85; Krishnamurthy et al.,
2006: 5145). Oncolytic activity has been demonstrated by multiple
NDV strains (e.g., AF2240, HUJ, LaSota, MTH-68/H, Ulster, and
73-T) in glioblastoma, and Ulster, HUJ, and MTH68/H strains have
been mainly studied in early phase studies in patients with
glioblastoma (Cuoco, Rogers & Mittal, 2021: 8). The development
of the reverse genetic system of NDV has resulted in the
identification of more transgenic NDVs, making the use of NDV a
new phase in cancer therapy. NDV-F3aa, an NDV strain that has
been genetically modified, is effective in treating a gastric tumour
in peritoneal models without significant side effects, and it has the
potential to completely cure gastric tumours in certain cases (Song
etal., 2010: 589).

Protoparvoviruses

Protoparvoviruses are viruses that have single-stranded
DNA, are not enveloped, and belong to the Parvoviridae family.
Fixation factors such as the glycosidic substances or transferrin
receptor are used by protoparvoviruses to infect human cells (Ros
et al., 2017: 313). VP1, the major capsid protein, is responsible for
coordinating the penetration of protoparvoviruses into the host cell.
Furthermore, VP1 possesses nuclear localisation signals that aid in
the movement of viral proteins to the cell nucleus. Blocking cell
genome replication and integrating viral material with the host
genetic material is possible from this point to ensure viral survival
(Marchini et al., 2015: 6). During the lytic phase, lysosome
membrane permeability is increased by viral action, which allows
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cathepsin enzymes to pass into the cytoplasm and decreases the
impact of inhibitory agents on these proteases. The accumulation of
cathepsins in the cell cytoplasm is influenced by both factors,
which in turn causes their effects and contributes to apoptosis
pathways and tumour cell death (D1 Piazza et al., 2007: 4186).

Apoptosis and DNA damage are caused by oxidative stress
caused by a rat parvovirus H-1PV infection. The NS1 protein acts
as a mediating agent for these events and alone is sufficient to
trigger the complete cell death cascade caused by the complete
virus (Hristov et al., 2010: 5909). Furthermore, viral DNA
replication, gene expression and activation of apoptosis pathways
are regulated by the NS1 protein. Viruses can cause tumour cells to
undergo cellular necrosis by stimulating the expression of proteases
from the lysosome to the cytoplasm. The stimulation of T
lymphocytes can also be achieved by H-1PV and the formation of
immune memory against tumours (Niiesch et al., 2012: 3516). In
addition, an inflammatory response with antitumorigenic properties
can be induced by protoparvoviruses, which leads to the production
of Thl-related cytokines including IL-2 and TNF-alpha (Geletneky
etal., 2015: 23).

Reoviruses

The respiratory and gastrointestinal tracts of humans are the
primary targets of reoviruses (Tyler et al, 2001: 560). The
fundamental link for reoviruses having an oncolytic role was found
in 1977; a study reported their oncolytic role by demonstrating their
cytotoxic effect on “transformed cells”, while normal cells were
immune to the virus (Hashiro, Loh & Yau, 1977: 307). Reovirus
has three distinct serotypes: Lang type I (TIL), Jones type II (T2J),
and Abney and Dearing type III (T3D). The most extensively
studied potential therapeutic for cancer treatment is T3D, which is
also referred to as Reolysin (Gong et al., 2016: 25). Additionally,
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reoviruses depend on a mutation in the ras gene to replicate
properly in tumour cells, a fact that limits their use because only
about 30% of human tumours have this mutation. The Ras pathway
is crucial in the mechanism of reovirus proliferation in tumour cells
by inhibiting protein kinase R and enabling viral protein synthesis
(Norman et al., 2004: 11099).

Certain elements can activate the Ras pathway, resulting in
the possibility of viral oncolytic therapy for more cancer types (up
to 80%) (Hirasawa et al., 2002: 1696; Norman et al., 2004: 11099).
The immunomodulatory properties of the virus and virus-induced
apoptosis are the main causes of tumour lysis by reoviruses. The
activation of an apoptotic pathway in tumour cells can be
accomplished by the wviral capsid proteins, which release
smac/DIABLO and cytochrome ¢ from the mitochondria into the
cytosol. Once reoviruses initiate protein synthesis, proinflammatory
cytokines and chemokines are secreted via damage-associated
molecular patterns and pathogen-associated molecular patterns,
facilitating the generation of an adaptive antitumor immune
response. Then, reovirus antigens are recognised by cytotoxic
CD8+ T cells and lysed cells, which leads to dendritic cell
maturation, activation of natural killer cells, and more cytotoxicity
(Ferlazzo et al., 2004: 16606; Steele et al., 2011: 20).

Vaccinia virus (VACYV)

VACYV is a complex and enveloped poxvirus that has a large
DNA genome and is only replicated in the cytoplasm. It has been in
use as a smallpox vaccine for many years and has not caused any
significant adverse reactions (Smith et al., 2013: 2367).

VACVs offer several advantages in oncolytic virotherapy
when compared to other virus vectors. These advantages are:

1. VACV replication is restricted to the cytoplasm, and

viral DNA is not integrated into the host genome.
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2. The large genome (~190 kb) of VACVs enables them to
insert and express exogenous therapeutic genes of at
least 25 kb in a single vector with high stability.

3. VACVs possess their own tumour tropism, which has
the potential to be administered systemically.

4. VACVs have a replication cycle that is both rapid and
lytic.

5. VACVs are capable of replicating under hypoxic
conditions.

6. VACVs are able to exhibit high infectivity in multiple
host species and tissues due to the lack of receptor
restrictions during entry (Yu et al., 2004: 313; Hiley et
al., 2010: 281; Mercer et al., 2010: 9346).

The three main mechanisms employed by oncolytic VACVs
for tumour tissue destruction include direct oncolysis of tumour
cells, disruption of tumour vasculature, and activation of anti-
tumour immunity (Xu et al., 2024: 1324744).

Using DNA recombinant technology, engineered oncolytic
VACVs can be produced due to the increasing knowledge in cancer
cell biology. Preclinical and clinical evidence suggests that
engineered oncolytic VACVs (e.g., Pexa-Vec (pexastimogene
devacirepvec, JX-594)) have the potential to be used for
intravenous infusion and tumour therapy by expressing numerous
therapeutic genes that are highly and stably expressed (Chon et al.,
2019: 1612). Additionally, Pexa-Vec has tropism towards
endothelial cells that play a role in tumour growth through the
expression of vascular endothelial growth factor or fibroblast
growth factor. It leads to destruction of the vascular structure that
feeds the tumour, resulting in tissue necrosis and a decrease in
tumour spread (Breitbach et al., 2013: 1265). Administration of
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VACVs was found to be associated with the induction and
expression of IL-24 and GM-CSF, factors that together may
contribute to the stabilisation and death of tumour cells. GM-CSF
has an impact on the maturation and differentiation of immune
system cells, including dendritic cells and neutrophils, creating an
inflammatory environment that facilitates the fight against tumours
(Gujar et al., 2018: 209).

Tumour angiogenesis is suppressed by IL-24, which
positively affects the apoptosis pathways and antitumour response
while also avoiding tumour metastases (Gujar et al., 2018: 209).
Different cell death pathways, like necrosis and apoptosis, are
triggered by the viral activity of certain VACV strains, which
results in the release of damage- and danger-associated substances
that provide an immunogenic environment. Afterwards, the
damage-associated molecular patterns help to cross-present
themselves with tumour antigens, which stimulate CD8+ T cell
activity and contribute to the antitumor response (Gujar et al.,
2018: 209; Xu et al., 2024: 1324744).

Conclusion

There are still very few approved OVs and applicable
cancer types in the clinic. Intratumour administration is one of the
most important limiting factors. Antiviral neutralising antibodies
that appear during viral therapy cause repeated systemic treatments
of OVs to be ineffective and limit their application in certain types
of cancer that have metastases or cannot be treated in situ.
Therefore, it is urgently required to develop novel and more potent
oncolytic viruses.
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CHAPTER 2

BACTERIAL INFECTIONS OF THE EYE

Funda CIMEN ACIKGUL!
Ayla ARSLAN?

Introduction

The eye is a highly specialized sensory organ responsible for
the sense of vision. Anatomically, it is composed of three primary
layers: the outer, middle, and inner layers (Li, Chen, & Fu, 2023).
The outermost layer consists of the cornea and sclera. The cornea,
with its transparent and dome-shaped structure, enables the
refraction of light into the eye and protects the anterior segment. The
sclera, on the other hand, is an opaque, fibrous tissue providing
mechanical support to the globe (Nishida, Saika, & Morishige,
2021). The middle layer, known as the uveal tract, is a vascular and
pigmented structure comprising the choroid, ciliary body, and iris
(Kumar, Kumar, & Attuluri, 2024). The choroid, with its dense
vascular network, is primarily responsible for nourishing the retina,
while the ciliary body contains the ciliary muscles essential for
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accommodation and epithelial cells that produce the aqueous humor
(Nishida et al., 2021). The iris, rich in pigmented cells determining
eye color, regulates the amount of light entering the eye through its
central aperture, the pupil (Valmaggia, Inglin, Kaiser, Scholl, &
Maloca, 2022).

The innermost layer, the retina, contains photoreceptor cells
(rods and cones) that convert light stimuli into neural impulses,
transmitted them to the brain via the optic nerve (Kiptenko,
Hryntsova, & Tymakova, 2021). Additionally, auxiliary structures
such as the anterior and posterior chambers, lens, vitreous humor,
and optic disc collectively maintain the integrity of the optical
system. This multi-layered and highly organized anatomical design
is crucial for precise image formation and healthy visual perception
(Kiptenko et al., 2021).

As a sensory organ continuously exposed to intrinsic factors
and environmental risks, the eye is susceptible to various infections.
These infections may involve individual ocular layers or affect
multiple structures simultaneously.

Bacterial Infections of the Eye
Bacterial Infections of the Eyelids

The eyelids, with their delicate skin and glandular structures,
offer a suitable environment for microbial colonization and
infection. The Meibomian, Zeis, and Moll glands, located at the base
of the eyelashes, secrete oils and sweat to maintain ocular surface
hydration while potentially providing a niche for microorganisms
(Sadig et al., 2022). The most frequently isolated pathogens in these
areas are Staphylococcus aureus and coagulase-negative
staphylococci, notably Staphylococcus epidermidis (Adeghate,
2024).

Staphylococcal blepharitis is characterized by keratinized
crusts at the lash bases, erythema, and mild edema along the eyelid
margins. Changes in lash color, misalignment, and loss (madarosis)
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may also occur (Yeu et al., 2022). Abscesses of the deeper Zeis and
Moll glands manifest as external hordeolum (styes), whereas
inflammation of the Meibomian glands presents as internal hordeola
(Kim, Afshin, & Elahi, 2023). Oral tetracyclines are typically
effective in treating internal hordeolum (Alsoudi et al., 2022).
Chronic abscesses may evolve into chalazia, requiring surgical
intervention (Barshak & Durand, 2022). In an era marked by
increasing antibiotic resistance, hygiene-centered therapeutic
approaches have gained prominence. These include daily cleansing
of the eyelid margins using warm compresses and baby shampoo, as
well as antiseptic treatments with 0,5-1% povidone-iodine solution
(Zhang, Wang, & Gao, 2023). Topical erythromycin or bacitracin
ointments are preferred for mild to moderate cases, while oral
tetracyclines or macrolides may be necessary for resistant or internal
hordeolum cases (Kreft & Wohlrab, 2022).

Bacterial Conjunctivitis

The conjunctiva, a mucous membrane covering the sclera
and inner eyelids, serves as a robust immunological barrier (Diebold
& Garcia-Posadas, 2021). However, when these defenses are
compromised, or the infecting bacteria surpass host resistance,
infectious conjunctivitis may develop. The most common pathogens
in acute bacterial conjunctivitis include Staphylococcus aureus,
Haemophilus aegyptius, Haemophilus influenzae, and Streptococcus
pneumoniae (Alrawyah et al.,, 2024). Clinically, the disease
manifests with conjunctival hyperemia, excessive tearing,
mucopurulent discharge, and eyelash crusting, especially in the
mornings. Infections caused by H. aegyptius can progress to serious
systemic complications such as preseptal cellulitis, sepsis, and
meningitis in children (Cantor, 1990).

Hyperacute bacterial conjunctivitis is primarily associated
with Neisseria gonorrhoeae and Neisseria meningitidis (Bhat &
Jhanji, 2020). This severe form is characterized by pronounced
eyelid edema, copious purulent discharge, lymphadenopathy, and
potential corneal perforation (Lindquist & Lindquist, 2021).
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Immediate and aggressive management with both systemic and
topical antibiotics is vital.

Chronic bacterial conjunctivitis is typically caused by
Staphylococcus aureus and Moraxella lacunata (Bhat & Jhanji,
2020). This condition usually presents with mild hyperemia and a
small amount of mucous discharge, particularly in the mornings.
Management involves selecting appropriate antibiotics based on
culture and susceptibility results, alongside eyelid hygiene, warm
compresses, and regular cleansing (Hevding, 2008).

Bacterial Keratitis

The cornea, as an avascular and transparent structure, has
limited natural defenses against infection. Bacterial keratitis often
develops following epithelial damage due to contact lens wear,
trauma, or topical corticosteroid or antibiotic use (Wilhelmus, 2002).
Common causative agents include Staphylococcus aureus,
Streptococcus  pneumoniae, Pseudomonas aeruginosa, and
Moraxella lacunata (Teweldemedhin, Gebreyesus, Atsbaha,
Asgedom, & Saravanan, 2017). Notably, Pseudomonas aeruginosa
is the most common cause of rapidly progressive keratitis that can
lead to perforation, particularly in contact lens wearers (Hilliam,
Kaye, & Winstanley, 2020).

Clinically, Dbacterial keratitis presents with pain,
photophobia, decreased visual acuity, corneal ulceration, stromal
infiltrates, anterior chamber reaction, and hypopyon formation
(Dumitrache, 2024). Epithelial defects with surrounding edema and
stromal infiltration are frequently observed (Cabrera-Aguas, Khoo,
& Watson, 2022). For definitive diagnosis, corneal scrapings should
be obtained for microbiological culture. Gram and Giemsa stains
offer rapid diagnostic insights, while multiplex PCR techniques have
recently gained importance for early and specific pathogen detection
(Zemba et al., 2022).

Empirical treatment typically involves intensive topical
administration of broad-spectrum antibiotics such as cefazolin
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combined with tobramycin or fluoroquinolones (Zhou, Wang, Yuan,
Zhou, & Xue, 2024). Therapy is adjusted according to culture results
and antibiotic susceptibility patterns. Severe cases may require
subconjunctival antibiotic injections, cycloplegic agents, or surgical
interventions including collagen shields, tissue adhesives, or corneal
transplantation (Mohan, Natarajan, Kaur, & Gurnani, 2023).

Bacterial Endophthalmitis

Endophthalmitis is a severe bacterial infection involving the
internal structures of the eye and represents one of the most serious
ocular infectious diseases (Simakurthy & Tripathy, 2023). Causative
agents may enter the eye via endogenous hematogenous
dissemination or through exogenous routes such as surgery or
trauma (Cunningham, Flynn, Relhan, & Zierhut, 2018).
Postoperative endophthalmitis is most frequently associated with
Staphylococcus epidermidis, though more virulent pathogens such
as Staphylococcus aureus, Proteus species, and Pseudomonas
aeruginosa can also be responsible (Benz, Scott, Flynn Jr, Unonius,
& Miller, 2004).

Clinically, endophthalmitis presents with severe ocular pain,
eyelid edema, conjunctival hyperemia, corneal edema, anterior
chamber reaction, hypopyon, and vitritis (Simakurthy & Tripathy,
2023). Diagnosis is established through culture of vitreous samples
(Kehrmann et al., 2018). Management involves intravitreal injection
of antibiotics such as gentamicin and vancomycin, supported by
topical and systemic antimicrobial therapy. In advanced cases, pars
plana vitrectomy may be necessary (Blom et al., 2023).

Retinal Infections

The retina is susceptible to bacterial, viral, and fungal
infections. Among bacterial causes, ocular complications secondary
to systemic diseases such as syphilis and tuberculosis are particularly
notable (Hu et al., 2022). Endophthalmitis can progress to involve
both the retina and vitreous. Although bacterial retinitis is rare, it
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carries a high risk of irreversible vision loss (Haseeb, Elhusseiny,
Siddiqui, Ahmad, & Sallam, 2021).

Differential diagnosis of retinal infections, particularly in
immunocompromised patients such as those with AIDS, is essential
(Kuo et al, 2025). Opportunistic infections like ocular
histoplasmosis, cryptococcosis, and aspergillosis can lead to retinal
scarring and macular damage (Stiles, 2021). In select cases, argon
laser photocoagulation may be used to manage subretinal
neovascularization (Huang, Zheng, Li, Sun, & Lin, 2023).

Conclusion

The eye's intricate anatomical architecture and limited
vascularization necessitate unique defense mechanisms against
infections. Nevertheless, environmental factors and systemic
diseases can disrupt these protective barriers, facilitating bacterial
invasion of ocular tissues. Bacterial infections present with diverse
clinical manifestations, ranging from superficial involvement to life-
and vision-threatening intraocular complications.

Early diagnosis, targeted antimicrobial therapy, and the
rational selection of antibiotics based on regional resistance profiles
are vital in the management of bacterial ocular infections. Preventive
strategies, including patient education on ocular hygiene, adherence
to safe contact lens use, and the cautious application of topical
corticosteroids, are equally critical in minimizing infection risk. The
rising trend of antibiotic resistance highlights the importance of
updating treatment protocols in accordance with current guidelines
and local epidemiological data. Integrating multidisciplinary
approaches and novel diagnostic technologies into routine clinical
practice will further enhance therapeutic outcomes and preserve
visual function in affected patients.
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CHAPTER 3

BRUCELLOSIS AND DIAGNOSIS

FUNDA CIMEN ACIKGUL!
SECIL NAZIFE PARLAK?

Introduction

Brucellosis is a zoonotic infectious disease caused by
bacteria of the genus Brucella, leading to serious health problems in
both humans and animals (Berhanu and Pal, 2020). The disease is a
significant source of infection in terms of public health, particularly
affecting occupational risk groups. While brucellosis is primarily
transmitted through direct contact with animals, consumption of
contaminated animal products, and inhalation, mother-to-child
transmission is also clinically significant (Huy, 2024).

Brucella Pathogen and Its Characteristics

Brucellosis is a disease caused by bacteria of the genus
Brucella, leading to systemic infections in humans and animals.
Brucella bacteria are Gram-negative, non-motile, non-capsulated,
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and non-spore-forming coccobacilli, classified as obligate aerobic
organisms. These bacteria are catalase-, oxidase-, and urease-
positive and possess the ability to survive intracellularly within
phagocytic cells (Aksoy, 2021). This intracellular localization
contributes to the chronic course of brucellosis and its ability to
evade host defense mechanisms. The most common pathogenic
species of Brucella in humans are: Brucella melitensis (from sheep
and goats, the most virulent species for humans), Brucella abortus
(from cattle), Brucella suis (from pigs), and Brucella canis (from
dogs). Brucella melitensis is the most frequently isolated species in
human brucellosis cases and accounts for the majority of infections
(Shoukat et al., 2017).
Epidemiology

Brucellosis in the world and Turkey Brucellosis is a
widespread zoonotic disease globally, being more prevalent in
endemic regions such as the Mediterranean countries, the Middle
East, Central Asia, Africa, and Central and South America (Bagheri
Nejad et al., 2020). Approximately 500,000 cases are reported
annually; however, seroprevalence studies suggest that the actual
number may be much higher (Khoshnood et al., 2022). Turkey is
among the countries where brucellosis is endemic, with an annual
incidence rate ranging between 29 and 200 cases per 100,000 people
(Liu et al., 2024). The infection is more frequently observed in
regions where sheep and goat farming is common and among
individuals involved in animal husbandry.

Clinical Symptoms

Brucellosis can present as acute, subacute, or chronic and
exhibits highly variable clinical manifestations (Tekin et al., 2024).
Common symptoms include fever, night sweats, fatigue, headache,
anorexia, weight loss, and myalgia (Ulu Kilic et al., 2013). In
addition, organ involvement may occur, including osteoarticular
(arthritis, spondylitis, sacroiliitis), genitourinary (epididymo-
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orchitis, testicular infections), gastrointestinal (hepatosplenomegaly,
liver dysfunction), and cardiovascular (endocarditis, though rare, has
a high mortality rate) complications (Jin et al., 2023).

Brucella bacteria can be transmitted to humans through
various routes. The most common mode of transmission is direct
contact with infected animals. Occupational risk groups, including
veterinarians, farmers, butchers, and laboratory workers, are at
higher risk when exposed to infected animal blood, urine, milk,
placenta, and other body fluids (Mia et al., 2022). Another major
route of transmission is the consumption of unpasteurized milk and
dairy products. Raw consumption of products such as cheese, butter,
and cream derived from infected animals can contribute to the spread
of the disease. Airborne transmission poses a risk particularly for
laboratory workers or individuals present in animal shelters, where
aerosols generated during animal birthing or from contaminated
materials can be inhaled (Chiang and Palmore, 2021). Furthermore,
transmission through skin and mucosal contact is possible,
especially through open wounds that come into contact with infected
animals or contamination of the eyes, mouth, or nasal mucosa
(Tryland et al., 2018). In pregnant women, Brucella can be
transmitted to the fetus via transplacental transmission, during
childbirth, or through breast milk (Chiang and Palmore, 2021).
Rarely, transmission through blood transfusion and organ
transplantation has also been reported.

Diagnostic Methods

The definitive diagnosis of brucellosis is based on the
evaluation of clinical symptoms along with laboratory tests. The
primary diagnostic methods include:

Culture Tests

Brucella species can be isolated from blood, bone marrow,
cerebrospinal fluid, synovial fluid, or other sterile body fluids
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(Bwisa, 2014). However, due to the slow growth of the bacteria,
obtaining results can take time. Culture media such as blood agar,
chocolate agar, Brucella broth, and Brucella agar can be used (Di
Bonaventura et al., 2021). Specimens with low bacterial loads, such
as blood and cerebrospinal fluid, should be inoculated into large
volumes of liquid media. Incubation should occur in a 5-10% CO-
environment, with duplicate cultures recommended when possible
(D1 Bonaventura et al., 2021). Contaminated specimens, such as pus,
should be plated directly onto solid media. The incubation period
ranges from 7 to 21 days, but given the slow growth of initial
isolates, cultures should be incubated for up to 28 days before being
considered negative (Bwisa, 2014). Pure colonies on agar are used
for identification, revealing Gram-negative coccobacilli under Gram
staining. Sand-like clumps of bacteria appear in the Giemsa stain
(Qiangsheng et al., 2023). Brucella species exhibit variable
hydrogen sulfide (H-S) production times: B. suis produces H2S in
over three days, B. abortus within two days, and B. melitensis in
small amounts within one day (Occhialini et al., 2022). On
Christensen's urea agar, B. suis exhibits urease activity within 15-20
minutes,

B. abortus after two hours, and B. melitensis shows delayed or
negative results (Nayak, 2023).

Serological Tests

Serological tests are the most commonly used methods for
diagnosing brucellosis. Tests such as the Rose Bengal Test,
Agglutination Test, Coombs Tube Agglutination Test, and ELISA
(IgG and IgM) can indicate the presence of the disease.

Slide Agglutination Tests
Rose Bengal Test

A standardized suspension of Brucella abortus bacteria
stained with Rose Bengal dye in saline is used as an antigen
(Anbazhagan, 2024). Approximately 300 pL of patient serum is
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placed on plastic plates with wells or a clean white tile. An equal
volume of antigen, which has been kept at room temperature for 10
minutes, is added to the serum. The mixture is stirred using a wooden
stick and spread in a circle of 1.5 cm diameter. Afterward, it is mixed
in a circular motion for 4 minutes. If large granular precipitates form,
the result is positive; if fine granules appear, it is suspicious; and a
homogeneous appearance indicates a negative result (Diaz et al.,
2011).

Spot Test

As an antigen, prepared from Brucella bacteria stained with
a special method, is placed on a clean tile or plate. The patient's
finger prick is pricked, and after wiping away the first drop, a loopful
of blood from the second drop is taken and placed on the antigen
(Tschopp et al., 2021). The reaction is observed for 4 minutes by
tilting the plate back and forth. In positive cases, agglutinated
particles form a blue ring at the edges, while a red-green color
appears in the center (Saavedra et al., 2019).

Slide agglutination tests are preliminary screening methods.
If the results are positive, serum samples should be re-evaluated with
tube agglutination tests.

Wright Test

Suspensions of Brucella bacteria killed by heat and preserved
in phenol, obtained from S colonies, are used as antigens. Antibodies
appear in the blood about two weeks after infection begins and
remain for a long time. The serum is inactivated at 56°C for 30
minutes, and tests are conducted using both active and inactive sera
for comparison (Yagupsky et al., 2019).

In the acute phase of brucellosis, IgM antibodies first appear
after the first week, reaching their highest levels within three months
before gradually decreasing (Jindan et al., 2019). However, in many
cases, they may persist in the blood at low or sometimes high levels



for extended periods. IgG antibodies become detectable
approximately three weeks after the onset of the disease, reaching
their highest levels in 6-8 weeks (Jindan et al., 2019). They remain
in the blood at significant levels during chronic infection. To detect
only IgG antibodies in chronic cases, the 2-Mercaptoethanol test
should be performed (Zhou et al., 2021).

Due to the predominance of IgG antibodies in brucellosis and
antigen-antibody interactions, the agglutination mechanism may be
impaired. Therefore, if clinical symptoms suggest brucellosis but
agglutination results are negative, the Coombs test should be
performed to detect blocking antibodies (Turan and Karshgil). If
agglutination inhibition occurs due to an excess of antibodies, further
dilutions should be made.

Agglutination Test

At least ten test tubes are arranged in a rack. The first tube is
filled with 0.9 mL of physiological saline, while the others receive
0.5 mL each (Nayak, 2023). Then, 0.1 mL of patient serum,
inactivated at 56°C for 30 minutes, is added to the first tube. After
pipetting, 0.5 mL of the suspension is transferred from the first tube
to the second tube, continuing this process until the ninth tube, from
which 0.5 mL is discarded. This completes the serial dilutions. The
tenth tube serves as the antigen control tube and does not receive any
serum. Each tube contains 0.5 mL of suspension. The serum is
diluted in a series (1:10, 1:20, 1:40, etc.) (Nigudgi, 2008).

Antigen (0.5 mL) is added to all tubes, including the last one,
further diluting the serum by one fold. The tubes are shaken and
incubated at 37°C for 48 hours (Caswell, 2019). At the end of the
incubation period, the antigen control tube is checked to ensure no
agglutination occurs. The other tubes are evaluated based on the
clarity of the upper fluid and the degree of agglutination, graded as
4+, 3+, 2+, 1+, or negative (-), and titers are recorded accordingly.
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The results are written for each tube according to the dilution factor,
e.g., 1:80 4+, 1:160 2+, etc. The agglutination titer is defined as the
highest dilution that still gives a result of at least 2+. A titer of >1:160
supports an active infection (Barkay et al., 2024). A brucellosis
diagnosis requires a titer above 1:100 with a significant increase in
titer after two weeks.

2-Mercaptoethanol Test

In the acute phase of brucellosis, IgM antibodies appear first,
followed by IgG. IgM levels decrease and disappear more rapidly,
while IgG production continues in chronic cases. However, in many
cases, IgM antibodies may persist at low or significant levels. In such
cases, it is necessary to determine whether a positive agglutination
result is due to IgM antibodies or an ongoing chronic infection. The
presence of IgG antibodies, which indicate active infection, must be
identified (Zhou et al., 2021).

To distinguish between the two, agglutination tests are
performed after destroying IgM antibodies in the patient’s serum.
For this purpose, 2-Mercaptoethanol or rivanol is used. These
substances break the disulfide bonds in IgM and depolymerize the
antibodies, eliminating their agglutination activity. If agglutination
tests remain positive after treatment with these substances, this
indicates the presence of IgG antibodies and suggests a chronic
infection. If agglutination becomes negative, it means the initial
agglutination was due to IgM antibodies (Ullah et al. 2025).

In this test, 0.05M 2-Mercaptoethanol saline solution is used
instead of physiological saline for serial dilution. The evaluation is
conducted in the same manner as described above.

Coombs Tube Test

In some cases, clinical symptoms of brucellosis are present,
but agglutination tests yield negative results. This occurs due to
mechanisms that prevent agglutination reactions despite antigen-
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antibody binding. To overcome this agglutination blockage, the
Coombs test is performed using human antiglobulin serum (Oktari
et al. 2021).

The patient's serum is diluted and antigen is added, as
described in the agglutination test. The mixture is incubated at 37°C
for 24 hours, and tubes with positive agglutination results are
removed. All tubes showing no agglutination are centrifuged at 3000
rpm for 10 minutes to precipitate the bacteria. The supernatant is
discarded, and each tube is washed with saline, followed by another
round of centrifugation. This process is repeated three times (Ullah
et al. 2024).

After the final wash, 0.45 mL of saline is added to each tube,
and the contents are resuspended. The human antiglobulin (Coombs)
serum is diluted tenfold with saline, and 0.05 mL of this dilution is
added to each tube, resulting in a 1:10 final dilution. The tubes are
incubated at 37°C for 24 hours and evaluated for agglutination.

Other Diagnostic Methods

In addition to these tests, Enzyme Immunoassay (EIA),
Polymerase Chain Reaction (PCR), and imaging methods such as
MRI, CT, or ultrasound can assist in diagnosing brucellosis (Liang
et al., 2022).

Conclusion

Brucellosis is a zoonotic infectious disease caused by
Brucella species, posing significant health risks to both humans and
animals. The transmission routes of the disease directly impact
occupational risk groups and public health. Clinically, it can present
in acute, subacute, or chronic forms, and its nonspecific symptoms
make diagnosis challenging.

Culture, serological, and molecular methods play crucial
roles in the diagnosis of brucellosis. Although culture remains the
gold standard, the slow growth of Brucella species makes it time-
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consuming. Serological tests such as RBT, SAT, and Coombs tests
are widely used for diagnosis. In cases of agglutination blocking, the
Coombs test can confirm the presence of antibodies, while the 2-
Mercaptoethanol test helps determine the presence of IgG
antibodies, indicating chronic infection. PCR is a critical diagnostic
tool due to its rapid and high sensitivity.

Preventive measures, including vaccination of animals,
adherence to hygiene protocols, and avoiding the consumption of
unpasteurized dairy products, are essential for the control and
prevention of brucellosis. Given its public health implications, early
diagnosis and treatment are crucial to preventing complications and
controlling the spread of the disease.
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CHAPTER 4
THE ermTR GENE: AN UNIQUE PLAYER IN ANTIBIOTIC RESISTANCE

ERMAN ORYASIN!"!

BULENT BOZDOGAN!

1.Introduction

The ermTR gene, initially identified in Streptococcus pyogenes by Seppild et al. (1998), is a
member of the erm gene family associated with antibiotic resistance. This gene is key for bacteria,
especially S. pyogenes, to adapt to antibiotics such as erythromycin and clindamycin. The
importance of ermTR lies in its capacity to provide low-level resistance to erythromycin while
allowing for high-level resistance to clindamycin (Oryasin et al., 2020).

Lincosamides such as clindamycin are especially valuable for treating infections caused by
methicillin-resistant Staphylococcus aureus (MRSA) and other Gram-positive bacteria. The
increasing prevalence of bacteria exhibiting resistance to both macrolides and lincosamides, often
driven by erm genes such as erm TR, poses a significant clinical challenge particularly when treating
streptococcal infections.

Macrolides, lincosamides, and streptogramins (MLS) are a group of antibiotics that inhibit bacterial
growth by binding to the ribosome, demonstrating strong efficacy against Gram-positive bacteria
(Oryasin et al., 2020). The growing problem of bacteria developing resistance to antibiotics,
especially those affecting streptococci, has become a major clinical issue (Cattoir & Leclercq,
2017).

2. The molecular mechanism behind erm TR-mediated resistance

The structure of a gene and its resulting protein product

The ermTR gene consists of 732 nucleotides, displaying 82.5% similarity with ermA, and is
expected to encode a polypeptide of 243 amino acids (Seppéld et al., 1998). Its expression and
induction can be influenced by the presence or absence of the gene's regulatory region, as noted by
Oryagsin et al. in 2020.

Methylation of 23S rRNA

The resistance profile conferred by ermTR is primarily due to the methylation of adenine residues
in the 23S rRNA, which alters antibiotic binding sites (Cattoir & Leclercq, 2017). Specifically,

methylases encoded by erm genes methylate the adenine residue at position 2058 of the ribosomal
RNA 23S subunit. The modification enables bacteria to endure antibiotic treatment.
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The Erm family of methyltransferases (erythromycin resistance methyltransferase) facilitates the
methylation of the N6 position of nucleotide A2058 in the 23S rRNA. This methylation process
prevents macrolides from interacting with the ribosome, effectively conferring high resistance to
macrolide antibiotics (Golkar et al., 2018). Methylation also impacts the binding of lincosamides,
which is why cross-resistance is often seen between macrolides and lincosamides. ErmTR's distinct
resistance profile, characterised by both low- and high-level resistance to clindamycin, offers a
potentially unique mechanism of action in comparison to other erm genes. The differing impacts
of macrolides and lincosamides on antibiotic resistance underscore the multifaceted nature of
resistance mechanisms and their practical effects on treatment.

So far, six mobile linezolid resistance classes, encompassing lnu, cfr, erm, vga, Isa, and sal, have
been recognised. Lincosamide resistance genes are commonly encountered on mobile genetic
elements, including plasmids, transposons, integrative and conjugative elements, genomic islands,
and prophages (Yang et al., 2024). The Erms enzymes promote the addition of either one or two
methyl groups to the A2058 residue, this process being influenced by the erm gene (Svetlov et al.,
2021).

Svetlov et al. (2021) offered significant understanding of how the ermTR gene is responsible for
macrolide resistance, primarily through the dimethylation of the A2058 residue in 23S rRNA. The
high-resolution crystal structures show that this modification happens during ribosome assembly
(30S and 70S), with Erm methyltransferases targeting the A2058 site, remaining accessible in the
process. These results highlight the crucial phase of ribosomal maturation. This study questioned
established beliefs about significant changes to ribosomal structure after post-dimethylation,
finding that the modification does not cause major changes to ribosomal architecture or operation.

Svetlov et al. (2021) found that the dynamics of ribosomal interactions are precise and the
desosamine moiety plays a vital role in macrolide binding. These insights lay the groundwork for
developing rational drug design strategies to tackle the pressing issue of antibiotic resistance. These
discoveries hold significant importance in medical settings, where the widespread presence of erm
genes in disease-causing bacteria hinders treatment choices.

Comparison with Other erm Genes

To date, at least 55 erm genes have been identified, with erm(A), erm(B) and erm(C) being the
most frequently encountered (Yang et al., 2024). Each class shows distinct resistance profiles,
induction methods, and patterns of occurrence among bacterial species. Widely distributed among
various Gram-positive and Gram-negative bacteria, ermB is found in contrast to erm TR, which is
predominantly located in Streptococci.

In contrast to ermA and ermB, which encode methyltransferases that methylate adenine at position
2058 of 23S rRNA and impart high-level resistance to both macrolides and clindamycin, ermTR
displays a distinct resistance profile (Oryasin et al., 2020). Constitutive expression of erm TR results
in low-level erythromycin resistance at 8 mg/L and high-level resistance to clindamycin at 128
mg/L (Oryasin et al., 2020).
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3. Regulatory Mechanisms and Induction

The expression of erm genes can be either constitutive or inducible, depending on specific stimuli.
When the leader peptides are being translated before the genes that encode methyltransferases,
such as erm(B), in the presence of erythromycin, ribosome stalling occurs, which in turn leads to
the induction of downstream methyltransferase expression (Arenz et al., 2014). The erm genes can
be expressed constitutively either with a mutated leader peptide or in the absence of the leader
peptide (Yang X et al., 2024).

The Regulatory Region of ermTR

The regulatory region of ermTR is vital for its adaptive response to antibiotics. This area
encompasses three key hairpin formations, with the third featuring a higher delta energy that
conceals the ribosome's binding site and the ermTR gene's start codon on the mRNA (Oryasin et
al., 2020).

Induction Mechanism

Compounds such as erythromycin are hypothesized to induce conformational changes in the
mRNA structure., enabling the ribosome to bind and start the synthesis of the ErmTR enzyme
(Oryasin et al., 2020). The induction mechanism enables a quick response to the presence of
antibiotics in the environment.

The ermTR induction mechanism is particularly relevant to lincosamide resistance. Constitutive
expression provides a high degree of resistance to clindamycin, and erythromycin induction can
substantially boost this resistance. Inducible clindamycin resistance has significant clinical
implications because it may result in treatment failure if clindamycin is administered to treat
infections caused by bacteria that appear to be resistant to erythromycin but susceptible to
clindamycin.

The induction mechanism of erm genes, encompassing ermTR, involves an intricate process
including ribosome stalling and translational attenuation. Binding of an inducer antibiotic to the
ribosome causes the ribosomal process to halt at a particular location within the leader peptide
region. This stalling event initiates a conformational shift in the mRNA structure, revealing the
Shine-Dalgarno sequence and the erm gene start codon, which then enables its translation to
proceed.

Differential Induction Effects

A noticeable impact of the regulatory region was evident in S. pyogenes NZ131, where the
clindamycin MIC rose by more than 16-fold following induction with erythromycin (Oryasin et
al., 2020). The presence of the regulatory region (ermTR+rr) results in erythromycin and
clindamycin MICs that are nearly identical, however, clindamycin MICs rise by more than 32-fold
(from 4 to over 128 mg/L) following erythromycin induction as reported by Oryasin et al. (2020).
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This differential induction effect is not exclusive to ermTR and can also be seen in other erm genes.
The induction profile for macrolide resistance can differ based on the erm gene and the specific
bacterial species involved, which adds to the complexity of macrolide resistance in clinical
environments.

Translational Attenuation and Inducible Expression of ermTR

The inducible expression of erm genes, such as ermTR, is primarily regulated by translational
attenuation. This mechanism allows bacteria to detect the presence of macrolide antibiotics and
activate resistance genes on demand, thereby reducing the metabolic strain of continuous
expression.

The process of translational attenuation incorporates a leader peptide sequence positioned upstream
of the erm gene coding region. A specific sequence of nucleotides is essential for controlling the
initiation of translation by causing ribosomes to pause and altering the structure of messenger RNA
(Bozdogan and Appelbaum, 2004).
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Figure 1: The inducible and constitutive regulatory regions of the ermB gene and the
inducible regulatory region of ermTR have been shown (Bozdogan and Appelbaum, 2004).

The Mechanism of Ribosomal Stalling Induced by Macrolide Antibiotics

1. In the absence of a macrolide antibiotic, ribosomes are able to efficiently translate
the leader peptide, which in turn prevents the downstream expression of erm7TR.
However, when a macrolide antibiotic, such as erythromycin, binds to the ribosome,
it results in ribosome stalling at a specific codon within the leader peptide region.
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2. The stalling of the ribosome causes a change in the mRNA structure, resulting in
the unfolding of an inhibitory hairpin structure that normally blocks the Shine-
Dalgarno sequence and the ermTR start codon. This structural change makes the
Shine-Dalgarno sequence accessible, enabling ribosome binding and the initiation
of ermTR translation.

3. Once the SD sequence is accessible, the full ermTR gene is transcribed and
translated into an Erm methyltransferase enzyme, which then methylates the 23S
rRNA at the A2058 position, preventing macrolide binding to the ribosome and
thereby conferring resistance.

The distinctions between ermTR and other erm genes.

Unlike ermA or ermB, which display robust inducibility, ermTR has been documented to have a
weaker ribosome stalling effect, resulting in partial constitutive expression even in the absence of
macrolides. This distinctive regulatory feature may underlie its distinct resistance profile, which
involves low-level erythromycin resistance and high-level clindamycin resistance.

The ermA and ermC genes are most commonly found in staphylococci, the ermB gene in
enterococci and streptococci, while the ermTR gene was first identified in Streptococcus pyogenes
strains and constitutes the most prevalent methylase group in this species. The synthesis of Erm
methylase can be induced by the presence of macrolides in the environment. Typically, 14- and 15-
membered macrolides induce resistance to a greater extent than 16-membered macrolides. In
staphylococci, lincosamides do not induce resistance. The induction of resistance occurs during the
protein synthesis phase, specifically at the translational stage. Upon erythromycin binding,
conformational changes in the mRNA occur, and an RBS (ribosome binding site) previously
inaccessible to the ribosome in the secondary RNA structure becomes accessible for ribosome
binding (Bozdogan and Appelbaum, 2004) (Fig 1).

Translational attenuation has significant clinical implications.

e The presence of a working mechanism for slowing down translation means bacteria
initially seem to be susceptible to clindamycin in standard tests but can develop
resistance when exposed to macrolides. The correct interpretation of this
phenomenon is essential for making informed decisions about antibiotic treatment,
since misinterpretation could result in unsuccessful treatments.

e Developing novel antibiotics could be achieved by targeting the mechanism that
causes attenuation, which would prevent ribosome stalling and block the activation
of ermTR.

4. Experimental Findings and Clinical Implications

Isogenic Conditions Study
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Oryasin et al. (2020) investigated the impact of the ermTR gene on macrolides and lincosamides
under isogenic conditions to clarify why ErmTR varies from other methylases. The researchers
isolated ermTR from Streptococcus pyogenes C1 and then moved it to S. pyogenes NZ131, both
instances occurring with and without its regulatory region intact.

MIC Determination

The results showed that ermTR, which is always expressed, provided low-level resistance to
erythromycin at a concentration of 8§ mg/L, but high-level resistance to clindamycin at a
concentration of 128 mg/L (Oryasin et al., 2020). The regulatory region's presence led to a
substantial rise in clindamycin resistance under erythromycin induction, with resistance increasing
from 4 mg/L to greater than 128 mg/L.

When interpreting the results of antibiotic susceptibility tests, it is essential to take into account
both the inherent and acquired resistance that may be present. In healthcare environments,
untreatable bacterial resistance can arise if it is not identified and managed correctly.

The distinct resistance characteristics of ermTR, most notably its influence on lincosamide
resistance, have substantial clinical repercussions. The coexistence of low-level erythromycin
resistance and high-level clindamycin resistance complicates traditional diagnostic approaches.
There is a requirement for more advanced diagnostic methods, like molecular detection of erm
genes or inducible clindamycin resistance testing, to inform the selection of suitable antibiotic
treatments.

Double Disk Testing

The double disk test, also referred to as the D-test, is a significant diagnostic tool for identifying
clindamycin resistance that can be induced in clinical isolates. The procedure entails positioning
erythromycin and clindamycin disks in close proximity on an agar plate that has been inoculated
with the test organism. A reduction or diminishment in the size of the clindamycin inhibition zone
adjacent to the erythromycin disk (D-shaped) is indicative of inducible resistance.

Induction with erythromycin and azithromycin led to a decrease in the clindamycin inhibition zone
for S. pyogenes transformed with ermTR and regulatory regions, but had no effect on telithromycin
inhibition, according to Oryasin et al. (2020). This provides additional evidence for the distinct
induction profile of ermTR.

5. Environmental Factors and Resistance Spread

Antibiotic Pressure

Environmental factors have a substantial impact on ermTR gene expression in Streptococcus
pyogenes. Antibiotics at levels below the minimum needed to inhibit bacterial growth can stimulate

stress responses, causing an increase in ermTR and allowing bacteria to adapt rapidly (Motallebirad
et al., 2021).
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Recent studies indicate that sub-MIC antibiotic concentrations can selectively promote the growth
of resistant bacteria. The "selective window" refers to a phenomenon that has significant
implications for the dissemination of antibiotic resistance in environmental contexts (Wang et al.,
2025).

Genetic Mobility

The spread of ermTR is accelerated by mobile genetic elements, such as plasmids and transposons,
which speed up the widespread distribution of resistance characteristics (Varaldo et al., 2009).

Furthermore, MGEs carry genes that not only provide resistance to antimicrobial agents from other
classes, but also to metals and biocides (Yang et al., 2024).

The horizontal transfer of erm genes, which include ermTR, can occur through processes like
conjugation, transformation, and transduction. Genetic mobility enables the spread of resistance
traits not only within a species but also between various bacterial species, thus facilitating the swift
evolution and widespread dissemination of antibiotic resistance.

6.The unique characteristics of ermTR
Differential Resistance Levels

Two key differences set ermTR apart from other methylases: (1) the level of erythromycin
resistance provided by constitutively expressed ermTR is relatively low at 8 mg/L in comparison
to >128 mg/L for other methylases, and (2) erythromycin induction does not enhance resistance to
erythromycin but does increase resistance to clindamycin (Oryasin et al., 2020).

Methylation Mechanism

The level of macrolide resistance caused by ermTR is lower than the resistance profiles associated
with alterations at position 2058 of 23S rRNA (Oryasin et al., 2020). The distinction between the
methylation mechanism or target site of ermTR and those of other extensively researched
methylases may be significant.

Recent research into the structural composition has shed light on the erm-mediated resistance
process. According to a 2021 study by Svetlov et al., dimethylating A2058 does not bring about
substantial structural modifications to the ribosome, but rather impacts the binding of macrolides
via interactions facilitated by water molecules.

7.Clinical Implications

The unique resistance characteristics of ermTR have substantial clinical implications, particularly
in the treatment of infections resulting from S. pyogenes and other streptococci. The dual resistance
phenomenon complicates treatment because first-line treatments such as erythromycin and
alternatives including clindamycin may not be effective against strains positive for ermTR
(Pinheiro et al., 2009).
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The presence of ermTR in Streptococcus agalactiae (Group B Streptococcus) can result in
clindamycin resistance that can be triggered, thereby increasing the risk of treatment failure in
conditions like neonatal sepsis (DiPersio & DiPersio, 2007). The significance of precise detection
and identification of e#mTR in clinical samples is underscored by this point.

The existence of ermTR and other erm genes in clinical isolates requires prudent antibiotic
management and the creation of innovative treatment approaches. Newer macrolides and ketolides,
like telithromycin, have been developed in order to overcome several types of erm-mediated
resistance.

8.Geographical Distribution and Prevalence

Research has demonstrated that the frequency and spread of ermTR can differ across different
geographical areas. Zhou et al. (2014) found evidence of erythromycin-resistant genes such as
ermTR in group A beta-hemolytic Streptococci in Chengdu, Southwestern China. Lo et al. (2015)
examined the antibiotic resistance patterns and the mechanisms behind erythromycin resistance in
erythromycin-resistant group G Streptococcus dysgalactiae subspecies equisimilis isolates from
central Taiwan.

Regional variations underscore the necessity for localized surveillance and tailored antibiotic
stewardship programs (Zakerifar et al., 2023). The spread of ermTR and other erm genes is
influenced by factors like antibiotic usage patterns, healthcare practices, and environmental
conditions.

9.Future Directions
Identification of Methylation Sites

Further investigation is required to precisely determine the methylation site of the methylase
encoded by ermTR (Oryasin et al., 2020). This could offer vital information about its distinct mode
of operation and might lead to the creation of novel methods to counteract ermTR-mediated
resistance.

Sophisticated techniques including cryo-electron microscopy and high-resolution X-ray
crystallography can be utilised to elucidate the precise structural changes resulting from ErmTR
methylation. These studies could expand upon the research by Svetlov et al. (2021) and lead to a
more comprehensive understanding of the molecular basis of ermTR-mediated resistance.

Development of New Strategies

Comprehending the complex processes behind ermTR-mediated resistance is vital for creating
novel antibiotics and implementing successful treatment plans to counteract the escalating problem
of antibiotic resistance. The options may involve designing new medications that can counteract
resistance or creating diagnostic equipment for the quick identification of ermTR-positive strains
(Gygax et al., 2006; Gygax et al., 2007).
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Advances in CRISPR-Cas9 and other gene-editing technologies offer promising strategies for
combating antibiotic resistance. These approaches could be employed to target and inactivate erm
genes or to alter the ribosomal binding sites of antibiotics in order to overcome resistance.

Combination therapies and the development of antibiotic adjuvants which can either inhibit Erm
methyltransferases or boost the effectiveness of existing antibiotics against resistant bacterial
strains are current research focuses.

10.Conclusion

The ermTR gene illustrates the intricacies of antibiotic resistance through a combination of genetic
adaptation and environmental responsiveness. Macrolide resistance mechanisms are complicated
by the antibiotic's unique properties, specifically its low-level resistance to erythromycin paired
with high-level resistance to clindamycin (Oryasin et al., 2020).

Svetlov et al. (2021) has greatly enhanced our comprehension of the molecular processes driving
erm-mediated resistance, laying the groundwork for forthcoming drug development initiatives.
Research on the part water plays in macrolide binding and the fact that dimethylated ribosomes
show no substantial structural changes provides the basis for creating more targeted and logical
drug treatments.

Antibiotic resistance remains a major health concern worldwide, underscoring the need for in-depth
research into singular resistance mechanisms such as that mediated by ermTR. Comprehending the
distinct properties of ermTR and its influence on both macrolide and lincosamide resistance is
essential for creating innovative therapeutic approaches. Future studies should concentrate on
explaining the exact molecular process of ermTR-mediated resistance, especially its varying
impacts on macrolides and lincosamides. This discovery could lay the groundwork for the creation
of new antibiotics that can counteract this resistance mechanism, possibly addressing both
macrolide- and lincosamide-resistant strains at the same time.

The purpose of discovering and summarizing bacterial resistance is to prevent, control, and combat
resistance effectively. This review highlights four promising strategies, including chemical
modification of antibiotics, the development of antimicrobial peptides, the initiation of bacterial
self-destruct programs, and antimicrobial stewardship, to fight against resistance and safeguard
global health. By unraveling the intricacies of these adaptive bacterial responses, we can hope to
stay one step ahead of the ongoing evolutionary arms race between bacteria and antibiotics.

The fight against antibiotic resistance requires a multifaceted approach, including continued basic
research into resistance mechanisms, development of new antibiotics and alternative therapies,
improved diagnostic techniques, and responsible antibiotic stewardship. The ermTR gene and its
counterparts within the erm family represent crucial targets in antibiotic resistance research, with
ongoing studies expected to provide valuable insights.
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CHAPTER 5

MIiKROBIYAL BiYOFILMLER: YAPISI,
OLUSUMU VE KLINIiK ONEMIi

ZELIHA SEYFI SANDA!

Giris

Biyofilmin ilk kesfi, 17. yiizyilda Antonie van
Leeuwenhoek’in kendi gelistirdigi mikroskobuyla, kendi disinden
aldig1 orneklerde plaklar i¢inde yasayan mikroorganizmalari
tanimlamasiyla basglamistir. Biyofilm kavrami zaman iginde farkl
calismalarla sekillenmis ve ¢esitli bicimlerde tanimlanmustir
(Koremezli, Kariptas & Erdem, 2022: 153). Giiniimiizde biyofilmler,
mikroorganizmalarin kendi irettikleri hiicre dig1 polimerik madde
(extracellular polymeric substance, EPS) igerisinde gomiilii olarak
yasayan organize topluluklar olarak tanimlanmaktadir (Solano,
Echeverz & Lasa, 2014: 96). Bu yapilar, endiistriyel su sistemleri,
ekolojik su kaynaklari, yerlesik tibbi cihazlar ve canli dokular gibi
canli veya cansiz bir¢ok yiizeyde olusabilmektedir (Donlan, 2002:
881). Okyanus derinlikleri ve derin yeralt1 sular1 disinda kalan tim
ekosistemlerde biyofilmin varligi kabul edilmektedir (Donlan &

! Uzm. Dr., Saglik Bilimleri Universitesi Bursa Yiiksek Ihtisas Egitim ve
Aragtirma Hastanesi, Tibbi Mikrobiyoloji, ORCID: 0000-0002-4969-1995
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Costerton, 2002: 167). Nemli ylizeylerde sik¢a karsilagilan biyofilm
tabakasi; endistri, saglik hizmetleri ve gida sanayinde olmak {izere
mikroorganizmalarin ¢ogalabilecegi her alanda onemli bir tehdit
olusturmaktadir.  Ozellikle saglik  sektoriinde  biyofilmler,
antimikrobiyallere ve dezenfektanlara kars1 gelisen direng nedeniyle
tedavisi gii¢ klinik tablolarin ortaya ¢ikmasina neden olmaktadir. Bu
diren¢ tedavi siirecini zorlastirmakta ve biyofilmle iliskili
enfeksiyonlarin kroniklesmesine zemin hazirlamaktadir (Kostakioti,
Hadjifrangiskou & Hultgren, 2013: 2).

Biyofilm Yapisi

Biyofilm yapzsi, saf bir mikroorganizma tiiriiniin olusturdugu
homojen biyofilmler seklinde veya birden fazla tiirlin bir araya
gelmesiyle olusan heterojen biyofilmler seklinde gelisebilir.
Heterojen yap1 gosteren biyofilmlerde ayni tiirden olan bakteriler
kendi aralarinda bir araya gelerek, her tlir kendi mikrokolonilerini
olusturur. Bu farkli mikrokoloniler arasinda su kanallar
bulunmaktadir. Bu sayede biyofilmin i¢ kisimlarina oksijen ve temel
besin maddelerinin ulagimi saglanir. Dogada biyofilmler cogunlukla
heterojen yapida bulunmaktadir. Bu organizasyon, biyofilmin
yapisal stabilitesini korurken ayni1 zamanda antimikrobiyal ajanlara
ve cevresel stres faktorlerine karsi daha dayanikli hale gelmesini
saglamaktadir (Flemming & ark., 2016: 569-570; Gilin & Ekinci,
2009: 166-167).

Biyofilm yapisinin, %97 gibi biiytik bir kismmi su
olusturmaktadir ve matriks yliksek oranda su i¢eren, iyonlarla yiikli
bir mikrogevre olarak tanimlanmaktadir. Diger bilesenleri ise, %2-5
mikroorganizma, %]1-2 protein, %1-2 ekzopolisakkarit, %1-2 DNA
ve iyonlar olusturmaktadir (Yiiksekdag & Baltaci, 2013: 78).

Ekzopolisakkaritler

Biyofilmin ana  ekstraseliiler bilesimini  olusturan
ekzopolisakkaritler, yapmin fiziksel biitiinligli ve stabilitesiyle
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iligkilendirilmistir. Jelimsi ya da viskoelastik 6zellikler sergilemekle
birlikte dogrusal veya dallanmis seritler halinde hiicrenin ¢evresinde
karmagik bir ag yapis1 gostermektedir. Bu yap1 proteinler, kalsiyum
iyonlar1 ve c¢esitli polisakkaritlerle daha stabil ve dayanikli bir hal
almaktadir. Biyofilmin bu mekanik dayaniklili§i, ¢evresel stres
faktorlerine kars1 koruyucu bir bariyer islevi géormektedir (Glin &
Ekinci, 2009: 166). Biyofilmler igerisinde en fazla bulunan ve
incelenen ekzopolisakkaritlerden biri olan poli-N-asetil glukozamin
(PNAG), ozellikle gram pozitif patojenlerin biyofilm olusumuyla
yakindan iligkilendirilmistir. PNAG, Staphylococcus aureus ve
Staphylococcus epidermidis gibi mikroorganizmalarda hiicreler
arast yapismay1 kolaylastirarak biyofilmin matriks biitlinliigiini
siirdiirmesinde kritik bir rol oynamaktadir (Cerca & ark., 2006:
4849). Benzer sekilde Pseudomonas aeruginosa da biyofilm
olusumunda aljinat adi1 verilen viskoz bir polisakkarit diiretir.
Ozellikle kistik fibrozisli hastalarda olmak iizere kronik
enfeksiyonlara yol agan aljinat, 6nemli bir viriilans faktorii olarak rol
oynamaktadir. Her iki tiiriin olusturdugu biyofilmler, hem konak
bagisiklik yanitin1 baskilayarak immiin kagisa katkida bulunmakta
hem de antibiyotiklere kars1 diren¢ kazandirmaktadir (Rabin & ark.,
2015: 495).

Proteinler

Biyofilm matriksinde yer alan proteinler, biyofilm
olusumunda ve ¢oOziinmesinde ¢esitli roller oynamaktadir. Bu
proteinler; hiicrelerin ylizeylere baglanmasini kolaylagtirmak,
yapinin mekanik stabilitesini saglamak, {i¢ boyutlu biyofilm
mimarisinin gelisimini desteklemek ve hiicreler arasi etkilesimi
diizenlemek gibi kritik siireclerde gorev alir. Ayrica baz1 matriks
proteinleri, biyofilm matriksini pargalayarak biyofilm hiicrelerinin
serbest kalmasini ve bdylece yeni bir biyofilm yasam dongiisiiniin
olusturulmasini saglar. Proteinler, bu ¢ok yonlii islevleriyle biyofilm
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olusumu, olgunlagmasi ve dagilmas: siireclerinin temel diizenleyici
bilesenleri arasinda yer almaktadir (Fong & Yildiz, 2015: 201-202).

Pseudomonas spp. biyofilmlerinde bulunan Fap (functional
amyloid protein) amiloidleri, asir1 ekspresyon durumunda hiicre
agregasyonunu artirarak biyofilm olusumunu destekleyen yapisal
proteinlerdendir. Ayni sekilde TasA amiloid proteini, Bacillus
subtilis biyofilmlerinin ana bilesenlerinden biridir. Bu protein,
biyofilm hiicrelerini bir arada tutan saglam lifli yapilar olusturur. S.
aureus'ta tanimlanan Bap (biofilm-associated protein) ise hem
yapisal hem de adezyon proteini olarak biyofilm olusumu ve
enfeksiyon siireglerinde rol alir (Rabin & ark., 2015: 496).

Diger adezyon proteinleri arasinda yer alan FnBPA ve
FnBPB, S. aureus kaynakli fibronectin baglayici proteinlerdir. Bu
proteinler, bakterinin konak hiicrelere tutunmasini kolaylastirarak
biyofilm olusumunun baslangicinda kritik rol oynamaktadir (O'Neill
& ark., 2008: 3841-3842). Benzer sekilde P. aeruginosa’da bulunan
LecA ve LecB adli lektin tiirii adezyon proteinleri, hiicre-hiicre
etkilesimini destekleyerek matriksin yapisal organizasyonunun
stirdiiriilmesine katkida bulunur (Passos da Silva & ark., 2019: 2).

Biyofilm gelisiminde yapisal bilesenler kadar, g¢evresel
yanitlarin ve hiicreler arasi iletisimin koordine edilmesini saglayan
sinyal iletim ve diizenleyici proteinler de dnemli yer almaktadir. Bu
proteinler genellikle ¢ogunlugu algilama (Quarum sensing)
sistemleri ve iki bilesenli diizenleyici mekanizmalar aracilifiyla
calismaktadir. Bu mekanizmalara 6rnek olarak S. aureus 'ta bulunan
AgrA ve AgrC proteinleri gosterilebilir. Bu proteinler ¢evrede
biriken sinyal molekiillerini algilayarak biyofilme 6zgii genlerin
diizenlenmesinde gorev almaktadir (Yarwood & Schlievert, 2003:
1620-1621).

Baz1 biyofilm matriks proteinleri ise yapinin ¢dziilmesinde
gorev alarak hiicrelerin serbest kalmasini ve yeni yiizeylere kolonize
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olmasint miimkiin kilar. Bu siire¢ biyofilmin yasam dongiisiiniin son
ancak aktif bir asamasini olusturur. P. aeruginosa’da ekspresyonu
artan niikleazlar ve aljinat liyaz gibi enzimatik proteinler,
ekstraseliler DNA’yr ve aljinati  pargalayarak biyofilmin
dagilmasina katkida bulunur (Flemming & ark., 2016: 568).

Hiicre Dis1 DNA (eDNA)

Hiicre dist  DNA  (Ekstraseliler DNA, eDNA),
ekzopolisakkarit yapisinda fazlaca bulunan, biyofilm olusumunda
yapisal ve islevsel roller iistlenen 6nemli bir matriks elemanidir.
Yiizeye ilk tutunma asamasinda negatif yiik tasimasi sebebiyle
baslangigta itici bir kuvvet olustursa da yiizeyle hiicre arasindaki
mesafe birka¢ nanometreye ulastiginda substrat tizerindeki pozitif
yiiklii reseptorlerle etkilesime girerek adezyonu destekler. Bunun
yani sira, eDNA’nin biyofilm yapisinin geniglemesinde rol aldigi,
hiicresel hareketliligi koordine ettigi goriilmistiir. Negatif yiikii
sayesinde eDNA, pozitif yiiklii bazi antibiyotikleri baglayarak
mikroorganizmalarin antimikrobiyal ajanlardan korunmasinda rol
almaktadir (Rabin & ark., 2015: 496; Das & ark., 2010: 3407).

Biyofilmin Olusumu

Bakterilerin planktonik formdan biyofilm olusturan yerlesik
forma gecisini igeren karmasik bir siirectir. Biiyiik Olciide ¢evresel
kosullarin elverisliligine baghdir. Ortam sicaklii, pH diizeyi ve
besin maddelerinin varhigi gibi degisken faktorler biyofilm
olusumunun baslamasi ve devamliligi acisindan belirleyicidir.
Uygun kosullar altinda mikroorganizmalar yiizeylere tutunarak
biyofilm gelisimini baglatir. Ancak besin maddeleri tiikkendiginde ya
dauygun ¢evresel sartlar saglanamadiginda, yiizeye tutunma zayiflar
ve hiicreler planktonik yasam formuna geri doner (Kdremezli,
Kariptas & Erdem, 2022: 154-155). Biyofilm olusumu bes asamada
ger¢eklesmektedir.
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Doniisiimlii Tutunma

Biyofilm olusumunun ilk asamasi olan doniisiimlii tutunma
mikroorganizmalarin bir yiizeye gecici olarak baglandigi ve bu
baglanmanin geri dondiiriilebilir oldugu bir siirectir. Bu asamada
bakteri hiicreleri yiizeyle tam anlamiyla temas etmemekle birlikte
ylizey ile arasinda hidrofobik etkilesimler, elektrostatik ve Van der
Walls kuvvetleri gibi hem c¢ekici hem de itici giicler meydana
gelmektedir. Bakteriyel hiicre ylizeyleri ve c¢evresel yiizeylerin
genellikle negatif yiiklii olmas1 sebebiyle elektrostatik etkilesimler
daha ¢ok itici gliglerdir. Bunun yani sira, 6zellikle Van der Waals
kuvvetleri g¢ekici etkilesim gostermektedir. Hidrofobik etkilesimler
ise hiicrelerin yiizeye ilk baglanmasinda 6nemli bir rol oynar ve
ylizeye tutunma kapasitesini artirarak biyofilm olusum siirecini
baslatmada etkilidir. Bu asamada EPS {iretimi oldukc¢a simirlidir.
Biyofilm yapisinin tam olarak gelismedigi bu evrede basit yikama
islemleriyle hiicreler ylizeyden kolayca uzaklastirilabilir (Giin &
Ekinci, 2009: 168). Sonug¢ olarak, doniisiimlii tutunma asamasi
mikroorganizmalarin ylizeyle ilk etkilesime gectigi ancak heniiz
kalic1 bir biyofilm olusturmadigi bir basamaktir.

Doniisiimsiiz Tutunma

Mikroorganizmalarin yiizeye kalici olarak baglanmasini
saglayan bir siirectir. Bu asamada bakteriler yiizeyle daha kisa
mesafeli ve giliglii etkilesimler kurarlar. Tutunmada dipol-dipol,
iyon-dipol, iyonik ve kovalent baglarin yaninda hidrofobik ve
hidrojen baglar1 gibi etkilesimler de rol oynamaktadir. Bakteriler,
ylizeye kalici olarak baglanabilmek i¢in koruyucu ve yapistirici bir
bariyer olarak EPS iiretirler. Ayn1 zamanda flagella, fimbria ve pili
gibi ylizeye daha siki tutunmay1 saglayan yapilar1 da bu asamada
kullanirlar. Doniigiimsiiz  tutunma asamasindaki  bakterilerin
yilizeyden uzaklastirilmasi i¢in basit yikama islemleri yetersiz kalir.
Bu asamada biyofilmi ortadan kaldirmak i¢in kazima gibi gii¢
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gerektiren mekanik miidahaleler gerekmektedir (Poulsen, 1999:
322).

Kolonizasyon

Doniistimsiiz olarak baglanan mikroorganizmalar ¢cogalmaya
baslar ve bir araya gelerek mikrokolonileri olusturur. Yiizeye
baglanan bakteriler birincil koloniyi olustururken, ayni ylizey
tizerinde farkli bakteri tiirlerinin de katilimiyla ikincil kolonilerin
olusumu goriiliir. Bu koloniler, matriks icinde biiyiimeye ve
olgunlagsmaya devam ederek karmasik bir topluluk yapisi olusur
(Koremezli, Kariptas & Erdem, 2022: 155).

Mikrokoloni olugmasi ile birlikte “Quorum sensing” adi
verilen iletisim sisteminden gelen sinyaller ile mikroorganizmalar
arast haberlesme baslar. Yiizeye tutunan her mikroorganizma,
ortama Ozel sinyal molekiilleri salgilayarak hiicreler arasi iletigimi
saglar. Yiizeye tutunmus bakterilerin miktar1 arttik¢a, bolgedeki
sinyal yogunlugu da artar. Bu sistemle mikroorganizmalar
cevrelerindeki popiilasyonu algilar (Bayrakal & Baskin, 2018: 9).

Olgun Biyofilm

Tutunma ve mikrokoloni olusum asamalarindan sonra kule
seklinde hiicre tabakalar1 ve bu yapilarin igerisinde de su kanallar
olusur. Bu agamalardan sonra yapi ii¢ boyutlu seklini kazanir ve
olgun biyofilm olusur. (Kartal, Ekinci & Poyraz, 2021: 356).

Ayrilma

Biyofilm olusum siirecinin son asamasinda, yapimin belirli
bir olgunluga erismesiyle birlikte bireysel hiicreler veya biiylik
biyofilm pargalari yapidan ayrilarak yeni yiizeylere yayilim gosterir.
Kiigtik hiicre gruplar seklinde ayrilma erozyon ve asinma seklinde
gergeklesebilir. Erozyon, biyofilm ylizeyi ile temas eden sivinin
kayma kuvvetiyle meydana gelirken, asinma ise biyofilm kaplh

ylizeyin mekanik etkilesimler veya carpigsmalar sonucu zarar
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gormesi sonucu gerceklesmektedir. Biiyiik hiicre gruplar seklinde
ayrilma ise besin kaynaklarinin azalmasi sebebiyle dokiilme
seklinde gerceklesir. Bir diger ayrilma ise protozoalarin bakterileri
besin olarak tiiketmesi ile olusmaktadir (Yesilkaya & Merey, 2024:
85).

Klinik Onemi
Biyofilm ile iliskili Enfeksiyonlar

Mikrobiyal enfeksiyonlarin yaklasik %65’inin biyofilm
kaynakli oldugu diisiiniilmektedir (Khalil & ark., 2022: 2). Ozellikle
immiin sistemi baskilanmis bireylerde, uzun siireli tibbi cihaz
kullanim1 gereken ya da kateteri olan hastalarda biyofilm varlig
klinik olarak ciddi seyreden enfeksiyonlarin gelisimine yol
acabilmektedir (Lindsay & Von Holy, 2006: 318). Koagiilaz negatif
stafilokoklar, hastane enfeksiyonlarinin o6nde gelen etkenleri
arasinda olup, yapay kalp kapakeiklart ve kateterler gibi
biyomateryallerin yaygin kullanimi sonucunda biyofilm tabakasi
olusumuyla karakterize enfeksiyonlarda belirgin bir artisa yol
acmustir (Vogel & ark., 2000: 139-140).

Klinik 6rneklerden kolonizasyon ve enfeksiyon etkeni olarak
izole edilen bakterilerde biyofilm olusturma yeteneginin yaygin
oldugu goriilmiistiir (Hortag Istar, Aliskan & Basustaoglu, 2020:
232). Endotrakeal entiibasyonu takiben gelisen ventilator iliskili
pnomoni,  yiiksek  mortaliteyle  seyreden  tibbi  cihaz
enfeksiyonlarindan biridir. P aeruginosa ve Acinetobacter
baumannii gibi patojenler, endotrakeal tiiplerin ylizeyinde biyofilm
olusturarak, wuzun siireli kolonizasyon olustururlar. Artan
kolonizasyon siiresi pnomoni gelisimi i¢in risk olusturmaktadir
(Taner & ark., 2024: 4).

Biyofilmlerin klinik 6nemi yalnizca tibbi cihazlarla sinirh
degildir. P aeruginosa'nmin neden oldugu solunum yolu

enfeksiyonlari, Ozellikle kistik fibrozis hastalarinda biyofilm
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olusumuyla karakterize kronik enfeksiyonlarin tipik bir Ornektir
(Aydemir, 2018: 220).

Antibiyotik Direnci

Biyofilm yapisindaki mikroorganizmalar, serbest halde
bulunan planktonik formlarina goére antimikrobiyal ajanlara kars
daha yiiksek diizeyde diren¢ gelistirme egilimindedir. Biyofilm
ortam1 horizontal gen transferi i¢in elverigli bir alan saglayarak
diren¢ genlerinin yayilmasini kolaylastirir. Bunun yaninda
biyofilmin yapisal oOzellikleri de diren¢ gelisimine katkida
bulunmaktadir. Biyofilm matriksinde bulunan polimerik maddelerin,
antimikrobiyal molekiiliin biyofilm i¢ine tasinma hizin1 veya
antimikrobiyal materyalin matriks materyaliyle reaksiyonunu
etkileyerek bir diflizyon bariyeri olusturmaktadir. Bu sebeple
antimikrobiyal ajanlar biyofilm yapisinin tiim katmanlarina niifuz
edemez ve hedef bolgelere yeterli konsantrasyonda ulagamaz. Ayrica
biyofilmin i¢ kisimlarinda bulunan mikroorganizmalarin bir kismi
besin maddelerine olan sinirli erisimleri sebebiyle siklikla daha
yavas biyiir, bu da onlar1 hizla béliinen hiicreler icin lretilen
antibiyotiklere kars1 duyarsiz hale getirir (Hoiby & ark., 2010: 323-
325).

Sonug¢

Sonug olarak; biyofilmler, karmasik yapilartyla ve ayni
zamanda antimikrobiyal direng, kronik enfeksiyon olusumu ve zorlu
tedavi siirecleriyle hem klinik hem de mikrobiyolojik agidan dikkatle
ele alinmas1 gereken yapilardir. Bu nedenle biyofilm olusumunun
mekanizmalarinin, yapisal bilesenlerinin ve dirence katki saglayan
faktorlerinin anlagilmasi, enfeksiyonlarin 6nlenmesi ve etkili tedavi
stratejilerinin gelistirilmesi agisindan onemlidir.
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CHAPTER 6

PROBIYOTIiKLERIN IMMUNOMODULATOR
ETKILERI: SEPSIiS ONLEME VE
TEDAVIiSINDEKI YERI

Necip Gokhan TAS!

Giris

Probiyotikler, canli mikroorganizmalar olup yeterli miktarda
alindiginda konak sagligi lizerinde olumlu etkiler gosteren biyolojik
ajanlardir. “Probiyotik” terimi ilk kez Lilly ve Stillwell tarafindan
1965 yilinda tanimlanmis, giiniimiizde yaygin olarak kullanilan
anlamma ise Fuller’in 1989°daki tanimiyla kavusmustur (Fuller,
1989; Lilly & Stillwell, 1965). Probiyotiklerin terapdtik potansiyeli
ilk olarak Nobel ddiillii bilim insan1 Elie Metchnikoff tarafindan 20.
ylzyilin baslarinda, fermente siit iiriinleri tiiketiminin insan omrii
iizerindeki olumlu etkilerini ileri slirmesiyle giindeme gelmistir
(Metchnikoff, 1907).

Modern mikrobiyoloji ve immiinoloji literatiiriinde,
probiyotiklerin gastrointestinal sistemde epitel biitiinliigiinii koruma,
konak immiin yanitin1t modiile etme ve patojenlerle rekabet etme gibi

! Dr. Erzincan Binali Yildirim Universitesi, Deney Hayvanlari Uygulama ve
Arastirma Merkezi, Orcid: 0000-0002-5429-3510
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cok yonlii etkileri detayli bicimde tanimlanmistir (Ouwehand ve
ark., 2002:279-289; Hill ve ark.,, 2014: 506-514). Bu
mikroorganizmalar ~ basta  Lactobacillus, Bifidobacterium,
Saccharomyces boulardii ve bazi1 Bacillus tiirleri olmak iizere, cesitli
tirleri igermektedir. Son yillarda yapilan deneysel ve klinik
caligmalar, probiyotiklerin  sistemik inflamatuar yanitlarin
diizenlenmesinde de rol oynayabilecegini ortaya koyarak, bu
ajanlarin sepsis gibi ciddi immiin yanit bozukluklariyla iliskili
hastaliklarda  potansiyel  kullanimim1  giindeme  getirmistir
(Hemarajata & Versalovic, 2013:70-73).

Sepsis, enfeksiyona karsi gelisen kontrolsiiz immiin yanit
sonucunda meydana gelen ve yasami tehdit eden coklu organ
disfonksiyonu ile karakterize bir klinik sendromdur (Singer ve ark.,
2016: 801-810). Sepsis insidansi diinya genelinde artmakta olup,
yliksek morbidite ve mortalite oranlari ile saglik sistemleri tizerinde
ciddi bir yiik olusturmaktadir. Modern yogun bakim uygulamalarina
ve erken antibiyotik tedavisine ragmen, sepsis vakalarinda klinik
basar1 sinirli kalmakta ve 6zellikle direncli mikroorganizmalarin
yayginligi bu durumu daha da karmasik hale getirmektedir (Rudd ve
ark., 2020: 200-211).

Bagirsak, hem mikrobiyal translokasyonun baglangic noktasi
olmast hem de sistemik inflamasyonun tetiklenmesindeki roli
nedeniyle sepsisin immiinopatogenezinde merkezi bir konuma
sahiptir (Fukuda ve ark., 2011: 543-547). Artmis intestinal
permeabilite ve bozulmus mikrobiyal denge, sepsis siirecini
hizlandiran temel faktorler arasinda yer alir. Bu dogrultuda, bagirsak
mikrobiyotasint modiile eden ve epitel bariyer biitlinliigiinii
destekleyen probiyotiklerin, sepsis gelisimini Onleme ya da
hastaligin ilerleyisini yavaslatma potansiyeli tasimaktadir (Shimizu,
2014: 1-5; Ewaschuk & Dieleman, 2006: 5941-5950).
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Bu boliimde, probiyotiklerin immiinomodiilator etkileri
baglaminda sepsisin dnlenmesi ve tedavisindeki potansiyel rolleri
detayli olarak ele alinacaktir. Deneysel modellerden elde edilen
giincel veriler 15181nda, probiyotiklerin immiin sistem etkilesimleri,
inflamatuar siireclerdeki diizenleyici rolleri ve klinik kullanima dair
avantajlar1 ve sinirliliklart degerlendirilecektir. Ayrica, gelecekteki
arastirmalar acisindan probiyotik temelli terapotik stratejilere
yonelik onerilere de yer verilecektir.

Probiyotiklerin Immiinomodiilator Etkileri

Probiyotiklerin immiinomodiilatoér etkileri, onlarin konak
bagisiklik sistemiyle olan karmasik ve ¢ok yonlii etkilesimlerinden
kaynaklanir. Bu mikroorganizmalar, bagirsak epiteli, mukozal
immiin hiicreler ve mikrobiyal {iriinlerle olan iliskileri yoluyla hem
dogustan gelen (innate) hem de adaptif (kazanilmis) bagisiklik
yanitlarini etkileyebilir (Bron ve ark., 2011: 1714-1728).

Probiyotikler, oncelikle toll-like reseptorler (TLR’ler) ve
niikleotid-baglayici  oligomerizasyon domain (NOD)-benzeri
reseptorler gibi pattern recognition receptor (PRR) mekanizmalari
aracilifiyla bagisiklik hiicreleri tarafindan taninir (Lebeer ve ark.,
2010:171-184). Bu tanima siireci, dendritik hiicreler ve makrofajlar
basta olmak iizere cesitli antijen sunucu hiicrelerde sitokin tiretimini
tetikleyerek immiin yanitin sekillenmesinde 6nemli rol oynar.

Ornegin, baz1 Lactobacillus rhamnosus suslarinin TLR2
iizerinden  sinyal iletimiyle interlokin-10  (IL-10)  gibi
antienflamatuar sitokinlerin salimini artirdigi ve bu yolla immiin
tolerans1 destekledigi gosterilmistir (Ng ve ark., 2009:300-310).
Ayni sekilde, Bifidobacterium bifidum gibi tiirlerin, pro-inflamatuar
TNF-a ve IL-6 diizeylerini azaltarak sistemik inflamasyonu modiile
ettigi bildirilmistir (Mohamadzadeh ve ark., 2005: 5132-5137).

Mukozal bagisiklik sisteminde, probiyotiklerin etkisi

ozellikle IgA iiretimi, T regiilatuvar hiicre aktivasyonu ve Th1/Th2
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dengesinin diizenlenmesi yoluyla ortaya c¢ikar. Probiyotikler,
bagirsak lenfoid doku (GALT) iizerinden adaptif immiin yanitin
sekillenmesine katki saglar. Bu etkilesim, yalnizca gastrointestinal
hastaliklarda degil, sistemik hastaliklarda da bagisiklik dengesinin
saglanmasina yardime1 olabilir (O’Mahony ve ark., 2005: 541-551).

Ek olarak, bazi probiyotik suslar1 bagirsak epitel hiicreleriyle
dogrudan etkilesime girerek epitel bariyer biitlinliiglinii giiglendiren
zonulin, okludin ve klaudin proteinlerinin ekspresyonunu artirabilir.
Bu etki, sepsis gibi durumlarda mikrobiyal translokasyonu ve
sistemik inflamasyonu Onlemeye katki saglayabilir (Anderson ve
ark., 2010).

Deneysel sepsis modellerinde probiyotiklerin uygulamasi
sonucunda, sitokin profillerinde diizenlenme, bakteriyel yiikte
azalma ve organ hasarinda gerileme gibi sonuclar elde edilmistir.
Ozellikle Lactobacillus plantarum ve Saccharomyces boulardii gibi
tiirler, immiin sistemin inflamatuar bilesenlerini baskilayarak ¢oklu
organ disfonksiyonunun siddetini azaltabilmektedir (Oliveira ve
ark., 2016: 104-112).

Bu mekanizmalar biitiinciil olarak degerlendirildiginde,
probiyotiklerin  sepsiste  yalnizca bagirsak  mikrobiyotasini
diizenlemekle  kalmayip,  sistemik  immiin  yamiti  da
yonlendirebilecek potansiyele sahip oldugu goriilmektedir. Ancak bu
etkinin sus-spesifik oldugu ve her probiyotigin ayni etkiyi
gostermedigi unutulmamalidir. Bu nedenle, klinik uygulamalarda
kullanilacak suslarin  molekiiler profillerinin ve immiinolojik
etkilerinin ayrintili olarak karakterize edilmesi biiylikk Onem
tasimaktadir (Hill ve ark., 2014: 506-514).

Sepsisin Immiinopatogenezi ve Organ Hasari

Sepsis, patojenlerle karsilasildiginda aktivite kazanan
dogustan gelen bagisiklik sisteminin, dengeleyici mekanizmalarin

yetersizligi sonucu hiperinflamatuar bir tabloya siiriikklenmesiyle
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ortaya ¢cikan karmasik bir immiin yanit bozuklugudur. Bu siirec,
enfeksiyona yanit olarak baslatilan normal immiin yanitin, hem pro-
inflamatuar hem de anti-inflamatuar medyatorlerin dengesiz tiretimi
nedeniyle patolojik bir karakter kazanmasiyla sonuclanir (Hotchkiss
ve ark., 2016: 862-874).

Sepsis patogenezinde, lipopolisakkarit (LPS) gibi mikrobiyal
yapilar, konak hiicrelerinde yer alan Toll-like reseptor 4 (TLR4)
araciligtyla taninir ve bu tanima siireci sonucunda NF-kB, MAPK
gibi sinyal yolaklar1 aktive edilir. Bu aktivasyon, sitokin firtinasi
olarak bilinen yogun IL-1f3, TNF-q, IL-6 iiretimiyle sonuglanir ve
sistemik inflamatuar yanit sendromuna (SIRS) yol acar (Takeuchi &
Akira, 2010: 805-820). Hiperinflamatuar evreyi takiben, bagisiklik
sisteminde  immiin  paralizi olarak  bilinen derin  bir
immiinosupresyon dénemi gelisebilir. Bu evrede, lenfosit apoptozu,
monosit disfonksiyonu ve antijen sunum yetersizligi gibi
degisiklikler dikkat ¢eker (Delano & Ward, 2016: 23-31).

Organ disfonksiyonu, sepsisin en dramatik ve mortal
yonlerinden biridir. Mikrovaskiiler diizeyde olusan endotel
disfonksiyonu, kilcal sizinti, koagiilopati ve doku perfiizyonunun
bozulmasi, hipoksiye ve organ iskemisine zemin hazirlar. Karaciger,
bobrek, akciger ve kalp en sik etkilenen organlar arasindadir.
Ornegin, akut akciger hasart (ARDS), alveolo-kapiller membran
biitiinliigiiniin bozulmasiyla gelisir ve yliksek mortalite oranlarma
sahiptir (Bosmann & Ward, 2013: 129-136). Akut bobrek hasari
(AKI) ise renal peritiibiiler kapillerlerde azalmis perfiizyon ve
inflamatuar hiicre infiltrasyonunun bir sonucudur (Goémez ve ark.,
2014: 3-11).

Bagirsak epitel bariyerinin biitiinliigiiniin bozulmas1 da
sepsisin progresyonunda kritik bir rol oynamaktadir. Inflamasyon,
hipoksi ve apoptoz sonucu gelisen mukozal biitiinliik kaybi, bagirsak
kaynakli mikrobiyal translokasyonu tetikler ve bu durum, sistemik
inflamasyonu daha da kériikleyen8 1fir geri besleme dongiisiine neden



olur (Fukuda ve ark., 2011: 543-547). Bu noktada, bagirsak bariyer
fonksiyonunu koruyan ve inflamasyonu sinirlayan biyoterapotik
ajanlarin (6rnegin probiyotikler) sepsis tedavisinde potansiyel katki
saglayabilecegi One siiriilmektedir.

Hayvan modellerinde yapilan ¢alismalar, sepsisin immiin
yanitt hem sistemik hem de doku diizeyinde derinlemesine
etkiledigini ortaya koymustur. LPS, CLP (cecal ligation and
puncture) gibi modellerde pro-inflamatuar medyatorlerin  ve
oksidatif stres gOstergelerinin artist ile hiicresel hasar
belirginlesmektedir (Rittirsch ve ark., 2009: 31-36). Insan verileri de
bu bulgular1 desteklemekte; 6zellikle yogun bakim hastalarinda
dolasimdaki inflamatuar belirteg diizeyleri, hastaligin siddeti ve
mortalite ile dogrudan iliskilidir (Singer ve ark., 2016: 801-810).

Sepsis, yalmizca enfeksiyonun neden oldugu akut bir
sendrom degil; ayn1 zamanda immiin disregiilasyonun, endotel
disfonksiyonunun ve organ diizeyinde inflamatuar yikimin
birlesimiyle olusan kompleks bir tablodur. Bu nedenle sepsise
yonelik terapdtik miidahalelerin, yalnizca enfeksiyona degil; ayni
zamanda inflamatuar dengenin yeniden saglanmasina, endotel
biitiinliigliniin ~ korunmasmna ve  organ  disfonksiyonunun
engellenmesine yonelik olmas1 gerekmektedir.

Sekil 1 Sepsisin immiinopatogenezi

Enfeksiyon
Patojen Taninmasi
(Or., PRR'ler)
Hiperinflamasyon

Proinflamatuar
Sitokinler

Kompleman Aktivasyonu|
Naétrofil Infiltrasyonu

immun Paralizi

Anti-inflamatuar Lenfosit
Sitokinler Disfonksiyonu
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Kaynak: (Hotchkiss ve ark., 2013, Takeuchi & Akira, 2010; Bosmann & Ward,
2013; Delano & Ward, 2016, Singer ve ark., 2016).

Deneysel ve Klinik Veriler Isiginda Probiyotiklerin Sepsiste
Kullanimi

Son yillarda yapilan deneysel ve klinik c¢alismalar,
probiyotiklerin sepsis patogenezinde yer alan ¢esitli immiinolojik ve
fizyopatolojik siirecleri modiile edebilecegine dair giderek artan
kanitlar sunmaktadir. Hayvan modellerinde ve sinirli sayida klinik
caligmada, belirli probiyotik suslarmin sistemik inflamasyonun
siddetini azalttig1, intestinal bariyer biitlinliigiinii korudugu ve
mortalite oranlarini diistirdiigli gosterilmistir (Zhang ve ark., 2022;
Liu ve ark., 2023:56).

Deneysel Bulgular

Deneysel sepsis modellerinde (6zellikle cecal ligation and
puncture — CLP ve LPS indiiksiyon modelleri) yapilan ¢aligmalar,
Lactobacillus  plantarum, Lactobacillus  rhamnosus GG,
Bifidobacterium longum ve Saccharomyces boulardii gibi suslarin
immiin yanit lizerinde diizenleyici etkiler olusturdugunu
gostermektedir. Bu suglar, proinflamatuar sitokin diizeylerini
azaltmakta (TNF-a, IL-6, IL-1P) ve antiinflamatuar sitokinleri (IL-
10) artirarak konak savunma dengesini yeniden saglamaktadir (Chen
ve ark., 2022).

Ayrica, probiyotik uygulamasi ile intestinal mikrobiyota
kompozisyonunda olumlu degisiklikler gozlemlenmis; patojenik
tiirlerin yerini faydali anaerobik bakterilere biraktig1, bu durumun da
mikrobiyal translokasyonu azalttigi bildirilmistir (Wang ve ark.,
2021: 5692-5706). Ayn1 calismalarda, oksidatif stres belirteclerinde
azalma, doku diizeyinde apoptotik hiicre sayisinda gerileme ve ¢oklu
organ hasarinda diizelme gibi bulgular elde edilmistir (Kong ve ark.,
2023).
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Klinik Bulgular

Klinik acidan degerlendirildiginde, probiyotiklerin sepsisli
veya sepsise yatkin hasta gruplarinda (6rnegin yogun bakim
hastalar1, neonatal sepsis riski tasiyan yenidoganlar) kullanimi hala
tartismalidir ancak bazi sonug¢lar umut vericidir. 2020 sonrasi
yapilan randomize kontrollii ¢calismalarda, probiyotik kullaniminin
ventilator iliskili pnomoni insidansini azalttigi, gastrointestinal
enfeksiyon oranlarimi diisiirdiigii ve bazi calismalarda hastanede
kalis stiresini kisalttigi rapor edilmistir (Manzanares ve ark., 2021;
Sharma ve ark., 2022: 1-5).

Bununla birlikte, klinik ¢alismalarda dikkat ¢eken temel
simirliliklar  arasinda c¢alisma  tasarimlarindaki  heterojenlik,
kullanilan suslarin ¢esitliligi, doz ve uygulama stiresinin standardize
olmamasi1 yer almaktadir. Ayrica, immiin baskilanmis hastalarda
probiyotik kullanimina bagli nadir de olsa bakteriyemi ve fungemi
bildirimleri, bu tedavi yaklagiminin dikkatli ve hasta se¢cimine dayali
olarak ele alinmasi gerektigini gostermektedir (Brooks ve ark.,
2020).

Genel Degerlendirme

Genel olarak degerlendirildiginde, probiyotiklerin sepsis
stirecinde immiin dengeyi yeniden saglamaya yonelik -etkili
biyolojik ajanlar olabilecegi one siiriilmektedir. Bununla birlikte,
mevcut kanitlar heniiz biiytik 6lcekli klinik uygulamalar icin yeterli
degildir ve 6zellikle yiiksek riskli hasta gruplarinda daha giivenli ve
standardize edilmis protokollere ihtiya¢ duyulmaktadir. Gelecekte
yapilacak c¢ok merkezli, iyi tasarlanmis klinik caligmalar,
probiyotiklerin sepsisteki roliinii daha net ortaya koyacaktir. Bu
alandaki se¢ilmis deneysel ve klinik calismalardan elde edilen temel
bulgular Tablo 1'de 6zetlenmistir.



Tablo 1 Sepsiste Probiyotik Kullanimina Ait Se¢ilmis Deneysel ve

Klinik Bulgular
Model/Hasta Kullanilan
Calisma Grubu Sus(lar) Temel Bulgular Yil
LPSile
Chen ve ark. indiiklenen Lactobacillus IL-6 ve TNF-0 azalds,
. IL-10 artt1, coklu 2022
(2022) sepsisli fare rhamnosus GG .
. organ hasari hafifledi
modeli
Bagirsak bariyeri
Kong ve ark. CLPile sepsis  Saccharomyces  korundu, epitel siki 2023
(2023) modeli (fare) boulardii baglanti proteinleri
artti
. Sistemik inflamasyon
Zhang ve ark. LPS ile sepsis Lactobacillus azaldi, oksidatif stres
plantarum, B. w . 2022
(2022) (fare) gostergelerinde
longum =
iyilesme
Sharma ve Yogun bakim Cesitli (¢coklu sus Sepsis riski ve hastane
hastalar1 (meta- . - 2022
ark. (2022) . kombinasyonu)  kalis siiresi azald
analiz)
Yogun bakim Probiotik + VIP insidans1 azaldi,
Manzanares hastalar prebiyotik inflamasyon diizeyleri 2021
ve ark. (2021) (randomize (synbiotik) diistii

calisma)
Kisithliklar, Giivenlik ve Klinik Uygulamaya Entegrasyon

Probiyotiklerin sepsis gibi sistemik inflamatuar hastaliklarda
potansiyel faydalari bulunsa da bu yaklasgimin rutin klinik
uygulamaya gegebilmesi i¢in dikkate alinmasi gereken ¢ok sayida
siirhilik ve giivenlik meselesi mevcuttur. Ozellikle agir hastalik
durumlarinda uygulanan probiyotik tedaviler hem etkinlik hem de
giivenlik acisindan dikkatli bir sekilde degerlendirilmelidir (Brooks
ve ark., 2020; Liu ve ark., 2023: 56).

Sus-Spesifik Etki ve Doz Standartizasyonunun Eksikligi

Probiyotiklerin immiinomodiilator etkileri biiylik oranda sus-
spesifiktir. Ornegin, Lactobacillus thamnosus GG ile elde edilen
olumlu etkiler, bagka bir Lactobacillus tiiriiyle replike
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edilemeyebilir. Bu durum, hem klinik ¢alismalardaki heterojenlige
neden olmakta hem de tedavi protokollerinin standardizasyonunu
zorlagtirmaktadir (Hill ve ark., 2014: 506-514). Ayrica optimal doz,
uygulama siliresi ve kombinasyonlarin belirlenmesine yonelik
kanitlar halen sinirhdir.

Giivenlik Riskleri ve Bakteriyemi/Oportunistik Enfeksiyon
Riski

Yogun bakim hastalari, prematiire bebekler, kemoterapi veya
immiinsiipresif tedavi alan bireylerde probiyotiklerin nadiren de olsa
fungemi (S. boulardii) veya bakteriyemi (Lactobacillus spp.) gibi
komplikasyonlara yol agabildigi rapor edilmistir (Venugopalan ve
ark., 2010: 1661-1665). Bu nedenle, probiyotik uygulamasi
yapilmadan 6nce hastanin immiin durumu ve bagirsak bariyer
biitiinliigli mutlaka degerlendirilmelidir.

Klinik Calismalarda Yontemsel Zorluklar

Sepsis gibi heterojen yapiya sahip hastaliklarda, klinik
caligma tasarisinda homojen hasta gruplarinin belirlenmesi ve klinik
sonuclarin  objektif kriterlerle O6lcililmesi Onemli  zorluklar
yaratmaktadir. Ayrica, plasebo kontrollii ¢aligmalarin azligi ve
randomizasyon yoOntemlerinin farkliligi, elde edilen verilerin
karsilagtirilabilirligini sinirlamaktadir (Sharma ve ark., 2022: 1-5).

Klinik Uygulamaya Gegis i¢in Gereken Kosullar

Probiyotiklerin  sepsis tedavi rehberlerine  entegre
edilebilmesi i¢in asagidaki kriterler 6nem arz etmektedir:

Klinik caligmalarda yiiksek kalitede randomizasyon ve
korleme, spesifik suslara ait etkinlik ve giivenlik profillerinin net
olarak belirlenmesi, endikasyona 0zel risk gruplart ve
kontrendikasyonlarin  tanimlanmasi, farmaso6tik iirlin  olarak
kullanilan suglarin genomik karakterizasyonunun yapilmis olmasi
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Avrupa Gida Giivenligi Otoritesi (EFSA) ve ABD Gida ve
Ilag Dairesi (FDA), probiyotiklerin “GRAS (Generally Recognized
As Safe)” statiisiinde olmasini giivenlik agisindan zorunlu kilmakta;
ancak sepsis gibi kritik hastalik tablolarinda bu statii tek basina
yeterli gériilmemektedir (Sanders ve ark., 2019: 605-616).

Gelecek Perspektifi

Gelecekte, mikrobiyota temelli bireysellestirilmis tedavi
yaklagimlarmin gelisimiyle birlikte, probiyotiklerin genetik profili
ve hasta mikrobiyotasina gore se¢ilmesi miimkiin olacaktir. Ayrica,
postbiyotikler ve paraprobiotikler gibi inaktif veya yapilandirilmig
bakteriyel iiriinlerin daha giivenli alternatifler olarak one ¢ikmasi
beklenmektedir (Zorzela ve ark., 2022)

Sonu¢ ve Genel Degerlendirme

Probiyotikler, bagisiklik sistemini modiile edebilme
kapasitelert ve bagirsak mikrobiyotasim1 dengeleyici etkileri
nedeniyle, sepsis gibi sistemik inflamatuar durumlarin 6nlenmesi ve
yonetiminde dikkat ¢eken biyoterapétik ajanlar haline gelmistir.
Gerek hayvan modellerinde gerekse erken donem klinik
caligmalarda, belirli probiyotik suslarinin inflamatuar medyatorlerin
diizenlenmesinde, bagirsak bariyer biitiinliigiiniin korunmasinda ve
sistemik immiin yanitin dengelenmesinde anlamli etkiler sagladigi
gosterilmistir.

Bununla birlikte, mevcut veriler 1s18inda probiyotiklerin
sepsis tedavisinde rutin klinik kullanimi i¢in heniiz yeterli diizeyde
kanit bulunmamaktadir. Sug-spesifik etkilerin varligi, klinik
protokollerde standardizasyon eksikligi, giivenlik ile ilgili endiseler
ve caligma tasarillarindaki heterojenlik, bu alandaki baslica
siirlamalar1  olusturmaktadir.  Ozellikle  bagisiklik — sistemi
baskilanmis bireylerde nadir goriilen fakat ciddi olabilen advers
olaylar, hasta se¢iminin 6nemini bir kez daha vurgulamaktadir.
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Gelecek  aragtirmalarda, genetik ve  metagenomik
teknolojilerin kullanimiyla bireysellestirilmis probiyotik tedavi
yaklasimlar gelistirilebilir. Ayrica postbiyotikler ve paraprobiotikler
gibi alternatif ajanlar, hem daha giivenli hem de daha kontrollii bir
etki profiline sahip olmalar1 nedeniyle 6ne ¢ikmaktadir. Klinik karar
vericilerin, bu ajanlar1 sadece destekleyici degil, ayn1 zamanda
hedefe yonelik immiinomodiilator araclar olarak degerlendirmesi,
sepsis tedavisinde paradigma degisikliklerine yol agabilir.

Sonu¢ olarak, probiyotikler sepsise yonelik tedavi
stratejilerinde  henliz deneysel asamada olmakla birlikte,
potansiyelleri g6z ardi edilemeyecek kadar Onemlidir. Bu
potansiyelin bilimsel temellere dayali ve kontrollii bir sekilde
degerlendirilmesi hem hasta giivenligi hem de klinik etkinlik
acisindan zorunludur.

Klinik Pratikte Probiyotik Kullanimina Yénelik Oneriler

Sepsis gelisme riski yliksek hasta gruplarinda probiyotiklerin
kullanim1 dikkatli hasta se¢imi, sus spesifikligi ve giivenlik
onlemleri dikkate alinarak yapilmahdir. Klinik kullanimi
destekleyen veriler ¢ogunlukla Onleyici (profilaktik) amaghidir;
ozellikle yogun bakim hastalarinda ve prematiire yenidoganlarda
gastrointestinal enfeksiyonlarin azaltilmasina yonelik ¢aligmalardan
elde edilmistir.

Oneri 1: Hasta Secimi
Yararlanabilecek gruplar:

e Mekanik ventilasyonda olan erigkin yogun bakim
hastalar1

e Prematiire veya diisiik dogum agirlikli bebekler
e Yogun antibiyotik tedavisi alan hastalar

¢ QGastrointestinal disbiyozis bulgusu olanlar
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Ka¢imilmasi gerekenler:
e Agir immiinsiipresyon (kemoterapi, neutropeni)
e (Ciddi mukozal hasar (mukozit, kisa bagirsak sendromu)
e Siipheli bakteriyemi/fungemi dykiisii
Oneri 2: Sus ve Dozaj Spesifikligi
e Klinik ¢alismalarda en ¢ok kullanilan suslar:
e Lactobacillus rhamnosus GG (1-10 x 10° CFU/giin)
e Bifidobacterium longum (1-5 x 10° CFU/giin)
e Saccharomyces boulardii (250—-500 mg/giin)
Oneri 3: Uygulama Siiresi ve izlem

e Uygulama siiresi genellikle 7-14 gilin arasinda
degismektedir.

e Tedavi siiresince ates, enfeksiyon belirtecleri ve diski
kiiltiirleri ile izlem Onerilir. (Liu ve ark., 2023: 56)

Tablo 2 Klinik Kullamm I¢in Probiyotik Rehberi (Sepsis Riski
Tasiyan Hastalar Icin)

Kriter Oneri

Hasta Profili }\llalslz ;SilSki tastyan, antibiyotik alan, bagirsak disbiyozisli ICU
Kullanim Zamani [k 2448 saatte profilaktik baslama

Uygulama Yolu Oral veya nazogastrik sonda

Siire 7-14 giin (klinik yanita gére uzatilabilir)

Sik Kullanilan Suslar L. rhamnosus GG, B. longum, S. boulardii

Ortalama Doz 5 1010 .
Aralig 10°-10'° CFU/giin
Giivenlik izlemi Ates, 16kositoz, kiiltiir takibi, transaminazlar

Kontrendikasyonlar ~ Agir ndtropeni, invaziv kateter enfeksiyonu siiphesi, akut fungemi
Kaynak: (Liu ve ark., 2023)
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CHAPTER 7

MATERNAL MICROBIOTA AND NEWBORN
MICROBIOTA

1. Giilsiim Kaya'
2. Aysun Kaya2
3. Sebahat Aksaray3

Intraduction

Human and microbial genomes have evolved together over
time, and their metabolisms and survival features are inseparably
intertwined. The gut microbiota is formed by the collection of
microorganisms consisting of bacteria, viruses and some single-
celled eukaryotes. The microbiome is the sum of all
microorganisms found in humans, including the genome, gene
products and metabolites of microorganisms (Gomaa, 2020).
Humans are a superorganism formed by the combination of 10%
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human and 90% microbial cells (Pascale et al., 2018; Yilmaz and
Altindis, 2017).

Intestinal microbiota, which is like a fingerprint, has
characteristics specific to the individual as well as a common
composition and distribution with other individuals. Microbiota changes
depending on various endogenous and exogenous factors that change
throughout the individual's life, such as geography, genetic structure,

birth type, age, lifestyle, diet, antibiotic use and past diseases (Figure 1).

Figure 1. Factors affecting microbiota

Genetic
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Microbiota
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Geographical Nutritional
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For example, starting from infancy to old age, Firmicutes
bacteria increase, while Bacteriodetes decrease. While high protein, red
meat and animal fat consumption affects the Bacteriodes genus;
carbohydrate-rich or vegetarian diets affect the Prevotella genus, and

studies have shown that a diet rich in resistant starch affects the
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Ruminococcus family. Antibiotic use causes temporary or permanent
unhealthy microbiota changes in the microbiota, depending on the
antibiotic group and the age period used (Gomaa, 2020; Pascale et al.,
2018; Kalip & Atak, 2018).

The microbiota is formed by bacteria coming from the
mother and the environment during birth (Kalip & Atak, 2018).
Although it was accepted that the newborn flora was sterile until
recently, some studies have shown that meconium microbiota is
present. The bacteria in meconium are transmitted from the mother
to the newborn through the mother's microbiota. This contributes to
the formation of the newborn microbiota in the prenatal period
(Blandino et al., 2016). The newborn encounters many
microorganisms during birth, thus forming the gastrointestinal
system microbiota. This microbiota, which is specific to the
newborn, is affected by many internal and external factors. Factors
such as the mother's diet, use of antibiotics and probiotics during
pregnancy, the baby being born by elective cesarean section (CS),
physiological stress and the absence of some hormones affect the
microbiota (Chang et al., 2020; Turnbaugh et al. 2007). In
newborns born via normal vaginal delivery (VD), the microbiota
consists of the mother's genitourinary system microorganisms,
while in newborns born via CS, the microbiota has been reported to
be similar to skin flora microorganisms (Wei et al., 2019). In their
study, Jakobsson et al. reported that CS birth reduced the diversity
of the intestinal microbiome and resulted in lower Bacteroidetes
abundance (Hollister et al., 2014).

The knowledge about the effects of infant gut microbiota
colonization on health and disease in later life is rapidly increasing
(Jandhyala et al., 2015). A blueprint for the final shape of the
microbiota composition is established in early infancy. During this
critical window in early life, commensal microorganisms interact
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with the mucosal surface and are responsible for programming the
immune system (Sekirov et al., 2010). While postnatal events are
thought to have the greatest impact on microbiome formation,
recent evidence has emerged that prenatal factors may also play a
role in infant microbiome development (Kuzu, 2017). The
intestinal colonization of the newborn is influenced by many
perinatal factors, such as mode of delivery, type of feeding,
gestational age, and newborn medication use (especially
antibiotics) (Rajili¢-Stojanovi¢ M de Vos, 2014). It is also thought
that maternal antibiotic use affects this neonatal colonization
process (Lagier et al., 2015).

Maternal Microbiota and Neonatal Microbiota

Indications that environmental influences may have an
effect on immune regulation, host susceptibility to disease, and
microbiota in early life are beginning to appear in epidemiological
studies. Researchers have reported a positive correlation between
higher and more hygienic living conditions in industrialized
countries and increased rates of autoimmune and allergic diseases
due to the creation of a less microbially rich environment (Bach,
2002). For example, it has been shown that allergic asthma is
prevented in children growing up on farms with a microbially rich
environment, and this effect is long-lasting (Ege et al., 2011;
Eriksson et al., 2010). However, optimal nutrition is very important
for both mother and fetus throughout pregnancy. Disruptions in the
neonatal window of opportunity in early life put the fetus at risk of
developing many chronic diseases such as metabolic syndrome,
type 2 diabetes, coronary heart disease, adiposity and osteoporosis
(Gluckman et al., 2008; Fleming et al., 2018). The microbiota is the
main key factor in the window of opportunity period. Early
colonization by a microbial consortium during this period is crucial
for the healthy development of the immune system (Cahenzli et al.,
2013; Hornef & Torow 2020). Studies in mice have shown that the
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window of opportunity closes around the time of weaning. It is
known that a stable microbiota composition is formed by the age of
2-3 in humans. However, there is no published data yet to evaluate
when the window of opportunity closes in humans. While the
immune system in children matures predominantly in the first few
years after birth, it continues to strengthen and shape in later
childhood. Observational studies based on epidemiological
correlation have turned into experimental controlled studies. This
evidence-based research has yielded mechanistic insights into how
events during this critical neonatal window impact the long-term
health of the host. The window of opportunity opens not only after
birth but also during pregnancy, with a variety of effects on the
developing fetus.

Maternal Microbiota

Maternal microbiota affects the development of the baby in
the prenatal and postnatal periods (Mesa et al., 2020). In a study
investigating the effect of the maternal microbiota on the baby's
immunity during pregnancy, it was reported that maternal intestinal
strains were more persistent in the baby's intestine compared to
other strains and their adaptation was better (Nyangahu & Jaspan
2019). It is known that many physiological changes occur in the
mother's body during pregnancy. However, there is evidence that
the microbiota content changes during pregnancy (Mesa et al.,
2020). In a study examining the reshaping of the intestinal
microbiome and metabolic changes during pregnancy, it was stated
that there was a difference between the first trimester and third
trimester microbiotas of 91 pregnant women, an increase in
Proteobacteria and Actinobacteria and a loss of richness, but gene
diversity did not change (Nyangahu & Jaspan 2019). In a study
investigating the temporal and spatial changes in human microbiota
during pregnancy, it was determined that microbiota diversity
remained relatively similar during pregnancy (Koren et al., 2012).
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In a systematic analysis of the intestinal microbiota of pregnant
women and their correlations with individual heterogeneity,
conducted with the participation of 1479 pregnant women, it was
shown that individual heterogeneity was the main factor shaping
the intestinal microbiota during pregnancy (Yang et al., 2020).

Since gut microbiota plays an important role in
physiological processes during pregnancy, recent studies have
focused on the relationship between maternal gut microbiota and
pregnancy complications. Recent studies have shown that maternal
gut microbiota is associated with gestational diabetes mellitus
(GDM), hypertensive disorders in pregnancy (HDP), and preterm
birth. In addition, recent evidence has shown that gut microbial
dysbiosis affects Th1/Th17 cytokine levels, thereby leading to
recurrent miscarriage (Liu et al., 2021; Lu et al., 2024).

Factors affecting the microbiota during pregnancy can be
listed as maternal diet, gestational age, pre-pregnancy body mass
index of the mother, body weight gain during pregnancy, use of
antibiotics and probiotics, diseases of the mother before or during
pregnancy (gestational diabetes mellitus, liver diseases, etc.), mood
of the mother and other factors (Edwards et al., 2017; Grech et al.,
2021). Factors such as gestational diabetes mellitus, maternal
obesity, Western-style diet, maternal disease in the mother cause
maternal and neonatal dysbiosis (Stanislawski et al., 2017). In the
postnatal period, the mother's microbiota continues to form the
baby's microbiota through breast milk (Nyangahu & Jaspan 2019).
It has been reported that Lactobacillus and Bifidobacterium species
found in breast milk are useful probiotics and some subspecies of
these microorganisms are also effective against pathogens such as
Escherichia coli 0157 H7, Staphylococcus epidermidis and Listeria
monocytogenes (Lyons et al., 2020).
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Placental microbiome

The adaptations of the maternal body during pregnancy
affecting all organs and systems, and the development of the
placenta, a highly specialized organ that ensures anatomical
separation of the fetus and the mother to prevent maternal
immunogenicity towards the fetus, are particularly noteworthy.
This highly complex organ ensures maternofetal exchange of
molecules, including those originating from the maternal
microbiota. Recently, the possible existence of a placental
microbiome has become a topic that has attracted the attention of
researchers (Ganal-Vonarburg et al., 2020).

The development of the microbiota begins long before the
baby is born. Contrary to previous belief, amniotic fluid is not
sterile (DiGiulio, 2012; DiGiulio et al., 2008). Studies on the
microbial community of the placenta have shown the presence of
bacteria during term and preterm labor (Rautava et al., 2012; Stout
et al., 2013). Bacteria have also been isolated from umbilical cord
blood, meconium, and amniotic fluid. In some cases, the presence
of bacteria in amniotic fluid is associated with disease status.
Mycoplasma and Ureaplasma in amniotic fluid are common health
problems associated with diseases such as chorioamnionitis,
preterm labor, and necrotizing enterocolitis (NEC) (Kwak et al.,
2014; Goldenberg & Culhane 2003). However, women with
vaginal infections have a much higher risk of premature birth
(Menon et al., 2011). Bacteria are also frequently detected in the
amniotic fluid and placentas of healthy full-term infants (Koenig et
al., 2011; Hill et al., 2011). Other phyla detected in the amniotic
fluid and placenta overlap with the phyla Firmicutes, Bacteroidetes,
Actinobacteria, Proteobacteria, and Fusobacteria, which are
commonly found in the oral microbiota (DiGiulio, 2012; Aagaard
et al., 2014). In addition, in mouse experimental studies, genetically
labeled E. faecium was administered orally to pregnant mice and
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then isolated from amniotic fluid and meconium cultures (Jiménez
et al., 2005; Jiménez et al., 2008). Subsequently, many studies have
been conducted indicating the existence of a placental microbiome.

Along with these studies, in 2014, Aagaard and colleagues
performed 16S sequencing on human placenta samples and this
issue became a topic of discussion again with the detection of a
microbial community (Aagaard et al., 2014). Harvey J Kliman
pointed out in his study that the detection of DNA alone does not
provide evidence for the presence of living microbes (Kliman,
2014). Over time, it became clear that contamination problems and
problems with the test kit's own microbiome (pseudo-chitome)
pose great difficulties in the search for a living microbiota in the
placenta (Salter et al. 2014; Olomu et al., 2020). To address these
issues, researchers have made more careful evaluations in the
processes of controlled progress at every step of the process,
including tissue samples from CS birth to prevent contamination at
birth, combining high-throughput DNA sequencing with qPCR and
bacterial culture, comparing bacterial taxa found in the immediate
vicinity (e.g., the processing room where the samples were
studied), and removing taxa overlapping with the kitome. Even
with these precautions, researchers could not detect the placental
microbiome (Olomu et al., 2020; Theis et al., 2019). Along with
these studies and problems, a recently published article reported the
detection of bacterial DNA and live bacteria in the fetal intestine
using 16S rRNA gene sequencing, qPCR, electron microscopy, and
bacterial culture (Rackaityte et al., 2021). In this context, the
presence of microbiome in the placenta is still a controversial issue.

Metabolites from commensal bacteria are transported via
the placenta. The intestinal maternal microbiota plays an important
role in this maternofetal molecular transfer and modulates fetal
development (Macpherson et al., 2017). An important noteworthy
point is the observation that a healthy pregnancy causes changes in
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the microbiota composition that resemble a dysbiotic association.
However, these stimulations are physiological during the
pregnancy process, which has unique needs and requirements
(Martino et al., 2022; Sato et al., 2019). For example, the SCFA
producer Faecalibacterium decreases in abundance during the last
trimester of pregnancy. This decrease in Faecalibacterium has also
been observed in populations with metabolic syndrome (Haro et al.,
2016). In general, pregnancy has been shown to be associated with
a decrease in microbial diversity and richness, an overall increase
in Proteobacteria and Actinobacteria, and an increase in bacterial
load (Koren et al., 2012). This change in the microbiota of pregnant
women is attributed to adjustments in dietary habits accompanied
by changes in the bacterial metabolite pool to fully support the
development of the fetal immune system. A fiber-rich diet during
pregnancy protected the offspring against the onset of asthma,
probably through acetate-mediated inhibition of histone deacetylase
9 (HDACY), resulting in higher gene transcription of Foxp3 in
Tregs. They further reduced the frequency of eosinophils and
macrophages in blood and bronchoalveolar lavage fluid and serum
IgE levels of the infants (Thorburn et al., 2015).

Neonatal Microbiota

Although it is generally thought that the development of
microbiota begins at birth, there are also studies showing the
presence of microorganisms in structures such as the placenta
(Sarkar et al., 2021; Liang et al., 2018). It has been reported that
bacteria grow in meconium samples collected from newborns born
via CS or VD within the first 2 hours after birth, and thus the
theory that the fetus may not be sterile has been proposed (Jiménez
et al., 2008). In another study, amniotic fluid, placenta, colostrum,
meconium and mother-baby stool samples were collected from
mothers and newborns born at term via CS delivery, and microbiota
analysis was performed using culture, PCR (polymerase chain
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reaction) and rRNA sequencing methods. As a result of the
analyses, similarities were observed between the microbiota
detected in the placenta, amniotic fluid and neonatal meconium,
and it was suggested that the intestinal microbiota colonization
process begins before birth (Collado et al., 2016). It was thought
that microorganisms could be transferred vertically from the
mother through the circulatory system, via the vagina and/or urine,
through intercellular permeability and/or dendritic cell transport
(Milani et al., 2017).

Although the newborn's intestinal microbiome completes its
development in the first 1000 days of life, it undergoes changes due
to various factors during this process, and it is known that there are
many factors that affect the microbiota. Factors such as delivery
method, exposure to antibiotics during pregnancy or infancy,
maternal diet, breastfeeding or formula feeding, and transition to
solid food are known to affect the microbiota in the first days of
life, while the host genetic background is estimated to constitute
only approximately 9% of the intestinal microbiota (Béackhed et al.,
2015; Dierikx et al., 2020; Garcia-Mantrana et al., 2020; Ma et al.,
2020).

Bifidobacteria, which are found in high amounts in the
neonatal microbiota, are the main members of the microbiota, but
the bacterial diversity of the microbiota is low, unstable and
dynamic (Arrieta et al., 2014; Bergstrom et al., 2014). 80
subspecies of Bifidobacteria belonging to the Actinobacteria
phylum have been identified. The subspecies of Bifidobacterium
specifically identified in human intestinal microbiota profiles are
Bifidobacterium  bifidum,  Bifidobacterium  longum  and
Bifidobacterium breve, and they are predominantly present in the
intestinal microbiota of breast-fed newborns (Duranti et al., 2017;
Duranti et al., 2019). However, other species that are frequently
seen besides Bifidobacteria are Streptococcus, Veillonella,
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Escherichia, Citrobacter, Bacteroides and Clostridium (Turroni et
al., 2020; Vallgs et al., 2014).

The diversity of intestinal microbiota increases in direct
proportion to the growth week of the baby. The microbiome of the
baby up to the age of three can be clearly distinguished from an
adult microbiome by a lower diversity index reflected in
operational taxonomic units (OTUs) and higher interindividual
variability, which is half that of adults (Yatsunenko et al., 2012;
Koenig et al., 2011). The type of birth (CS/VD) of the newborn and
whether it is born term or preterm also affect the increase and
content of microbiota diversity. The diversity of the community in a
sample is defined as Alpha diversity and is measured by the
Shannon index. In a cohort study investigating the development of
intestinal microbiota from birth to 24 weeks, the results of the
change in Alpha diversity of the infant microbiota between 1-24
weeks and the Shannon index according to the type of birth and the
term/preterm status of the baby are shown in Figure 2 (Hill et al.,
2017).

Figure 2. Changes in Alpha diversity of infant gut microbiota
between 1 and 24 weeks after birth according to age and delivery
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In the study conducted by Shao and his colleagues
examining 771 term newborns, stool samples were taken from the
babies on the 4th, 7th and 21st days and 4-12 months after birth,
and stool samples were collected from the mothers just before or
immediately after birth to investigate the changes in their
microbiota with the Shannon index. As a result of the study, the
researchers reported that the Alpha diversity of the microbiota
increased throughout the developmental process of the baby
(Figure 3) (Shao et al., 2019).

Figure 3. Comparison of infant and maternal
microbiota with Shannon index on postpartum days 4-7-21
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The dominant bacterial taxa in the microbiota of a newborn
infant in the first weeks of life are Enterococcacae, Clostridiaceae,
Lactobacillaceae, Bifidobacteriaceae, and Streptococcaceae.
Bifidobacteriaceae develop in the newborn microbiota because they are
fed with oligosaccharides abundant in breast milk, which is the main
energy source of newborn infants in the first months of life. During
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weaning, when solid foods are introduced, the abundance of
Bifidobacteriaceae in the microbiota decreases, while Bacteroides,
Ruminococcus, and Clostridium become more prevalent (Milani et al.,
2017) (Figure 4).

Figure 4. Environmental factors shaping the development of the
neonatal microbiota and mucosal immune system
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The infant gut undergoes significant developmental stages
that depend entirely on microbial colonization from birth onwards.
The direct feeding from the mother’s skin, the constant putting of
hands, feet and other objects in the mouth, and especially the
crawling and walking stages with hands touching surfaces at an
early age during the first 3 years of life promote significant
exposure to microorganisms. Furthermore, children are more likely
to contract infectious diseases than adults. Not surprisingly, the
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microbiota in children under the age of 3 years fluctuates greatly
and is more susceptible to environmental factors than the adult
microbiota (Koenig et al., 2011). Modern lifestyle changes,
including improved environments, CS birth, antibiotic use and
immunization, are among some of the factors that may alter the
microbiota and are being studied as potential drivers of the sudden
increase in immune-related diseases in the developed world. It has
been postulated that there is a “critical window” in early life during
which the microbiota may be disrupted in a way that may favor
disease development later in life (Penders et al., 2007). Antibiotic
treatment only in the perinatal period has been shown to cause a
more severe disease phenotype in an animal model of asthma
(Russell et al., 2012)

Meconium Microbiota

Meconium is not sterile, supporting the idea that microbes in
amniotic fluid have access to the unborn fetus. Ardisson et al
compared the meconium microbiota of preterm infants with
separate datasets of amniotic, vaginal, and oral cavity microbiota
and found that most of the overlap between meconium was due to
the amniotic datasets (Hu et al., 2013; Ardissone et al., 2014).

Bacterial taxa isolated in meconium using culture-dependent
and culture-independent approaches overlap with the adult gut
microbiota. Enterobacteriaceae (including Escherichia coli and
Shigella spp.), Enterococci, Streptococci, Staphylococci (including
Staphylococcus epidermidis) and Bifidobacteria have been detected
in healthy term infants (Ardissone et al., 2014; Tuddenham & Sears
2015). Jimenez et al. administered Enterococcus faecium to
pregnant rats and isolated the same bacteria as CS in the meconium
of term pups shortly after birth (Jiménez et al., 2008). Thus, while
exposure to pathogenic vaginal microbes can be considered
infectious events, prenatal exposure to fecal microbes is likely a
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natural part of in utero development. How these microbes gain
access to the maternal uterus is unknown, although bacterial
translocation from the gut to the bloodstream and from there to the
maternal uterus is a theory that has been proposed but has not yet
been tested experimentally (Funkhouser & Bordenstein, 2013).

Conclusion

A healthy maternal microbiota is essential for infant health and
development. The composition of the maternal gut microbiota is
relatively stable during the progression of pregnancy and lactation.
Individual heterogeneity is a major factor shaping the maternal gut
microbiota. During pregnancy, maternal microbial metabolites may
be transported across the placenta to the fetus to regulate immunity
and recognition.

Microbial colonization of newborns begins at birth. The transfer of
microbes from mother to newborn is influenced by many factors,
including the route of delivery and breastfeeding. Vaginal delivery,
breastfeeding, and skin-to-skin contact are considered to be the
dominant factors in establishing the close relationship between the
mother and infant microbiome. Maternal microbes originating from
the maternal gut but not the vagina mainly contribute to the early
colonization of the microbiome. Disruption of microbiome transfer
from mother to child may lead to short-term and/or long-term
adverse health outcomes.

Consequently, further studies are needed to determine the
important roles that the maternal gut microbiota plays in the health
of mothers and offspring, as well as other important microbial
factors that play a role in regulating fetal immunity and infant
development.
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