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Chapter 1 

CURRENT STATE OF KNOWLEDGE 

 
The leading cause of infant mortality in both developed and developing countries is preterm 

birth. Each year, approximately 15 million infants are born prematurely, and the ascending migration of 
bacteria from the vaginal tract into the uterine cavity is responsible for the majority of these cases. Even 
microorganisms associated with vaginal dysbiosis—such as Mycoplasma hominis, Ureaplasma 
urealyticum, and Gardnerella vaginalis—although characterized by low virulence, can trigger preterm birth 
by stimulating the production of proinflammatory cytokines. These inflammatory mediators promote 
premature rupture of the fetal membranes and induce uterine contractions, ultimately leading to preterm 
labor and delivery. Premature rupture of membranes before 37 weeks of gestation occurs in 
approximately 30% of spontaneous preterm births. The most common route of intrauterine infection 
involves the ascending migration of bacteria from the lower genital tract. This process most frequently 
occurs in the presence of ruptured membranes; however, it may also develop while the membranes remain 
intact. The representative and most frequently encountered microbial flora in infections of the 
female genital tract includes Group B Streptococcus, Escherichia coli (E. coli), Enterococcus faecalis, 
Enterobacter spp., Candida spp., Ureaplasma urealyticum (U. urealyticum), Mycoplasma hominis (M. 
hominis), Chlamydia trachomatis, and bacterial vaginosis–associated species. These microorganisms are 
typically identified in vaginal environments characterized by a reduced or absent Lactobacillus population 
and, frequently, by the predominance of Gram-negative bacteria (Brown et al., 2019). Intrauterine 
infection may be polymicrobial and, in most cases, results from a combination of aerobic and 
anaerobic organisms. The pathogens most frequently isolated from the amniotic fluid of patients with 
chorioamnionitis are those commonly found in the vaginal flora, including Gardnerella vaginalis, 
Ureaplasma urealyticum, Bacteroides bivius, Group A, B, and D Streptococcus, Peptococcus, 
Peptostreptococcus, and Escherichia coli. Other routes of infection include hematogenous (blood-borne) 
or transplacental transmission, retrograde infection from the pelvic cavity, and transuterine infection 
secondary to medical procedures such as amniocentesis and chorionic villus sampling (CVS). However, all 
these pathways are considered relatively rare (Brown et al., 2019; Romero et al., 2007; Vogel et al., 2006). 

The scientific literature emphasizes the pivotal role of the normal vaginal microflora and the 
detrimental impact of bacterial vaginosis during pregnancy. Studies have demonstrated that infections with 
Candida species and the presence of bacterial vaginosis during gestation significantly increase the risk of 
miscarriage and preterm birth. Furthermore, numerous reports have highlighted that vaginitis occurring 
during pregnancy may lead to serious complications such as spontaneous abortion, preterm delivery, 
premature rupture of membranes, chorioamnionitis, low birth weight, and postpartum endometritis (Brown 
et al., 2019; Peaceman et al., 2014). 

Pregnancy is a physiological state characterized by multiple adaptive changes that enable mutual 
adjustment between the maternal organism and the developing fetus. These adaptations are primarily 
governed by hormonal fluctuations, which induce behavioral changes, physicochemical modifications of the 
mucosal surfaces, and structural and functional alterations of the genital tract. 

All these factors lead to alterations in the structure and function of the microbiota, making it distinct 
from that of non-pregnant women. Moreover, evidence suggests the presence of microorganisms at the 
placental level, as well as indications that the composition of the maternal vaginal microbiota influences the 
establishment of the neonatal microbiome. A number of studies have investigated the association between 
vaginal microbiome composition and adverse pregnancy outcomes such as miscarriage and preterm birth. 
First-trimester miscarriage has been correlated with a reduction in Lactobacillus species and an increased 
variability in the composition of vaginal microorganisms. 

The impact of Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) and the associated 
Coronavirus Disease 2019 (COVID-19) on pregnant women and newborns has become a subject of 
particular interest for obstetricians, pediatricians, and patients alike (Engjom et al., 2024). Coronaviruses 
are encapsulated, single-stranded RNA viruses. Most coronaviruses that commonly circulate in the human 
population cause mild upper respiratory tract infections, with severe disease occurring occasionally in 
immunocompromised individuals. Previous novel coronaviruses that have caused significant human 
infections include Severe Acute Respiratory Syndrome (SARS), caused by the SARS-CoV coronavirus, 
between 2002 and 2004, and Middle East Respiratory Syndrome (MERS), caused by the MERS-CoV 
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coronavirus, from 2012 to the present (Goyal et al., 2022). It is estimated that the SARS epidemic (which 
officially ended in 2023, although sporadic cases were reported until 2024) involved approximately 100 
pregnant women worldwide. Several case series demonstrated that SARS infection during pregnancy was 
associated with severe maternal disease, an increased risk of maternal death, and spontaneous 
miscarriage. 

The doctoral thesis entitled “The Impact of Proinflammatory Factors in Obstetrical Pathology” aimed 
to investigate the role of placental proinflammatory markers in pregnancy progression and the occurrence 
of obstetrical complications, in the context of SARS-CoV-2 infection and COVID-19 vaccination. The 
research sought to highlight how placental inflammation influences fetal development and maternal–fetal 
immunological adaptation. 

The main objectives of the study were:  

- To analyze the role and impact of proinflammatory factors on maternal health during pregnancy 
- To investigate the expression patterns of placental cellular biomarkers in pregnancies affected by 

the COVID-19 pandemic 
- To investigate the modulation of Vitamin D receptor (VDR) expression in pregnancy under COVID-

19–related conditions 
- To investigate the relationship between placental cellular biomarker expression and Vitamin D 

receptor (VDR) variation in pregnancies affected by the COVID-19 pandemic 

Vaginal infections represent a common and frequent problem in medical practice and may involve 
various microorganisms, including both bacteria and fungi. The microorganisms most frequently associated 
with these infections include Streptococcus, Escherichia coli (E. coli), Enterococcus, Enterobacter, 
Gardnerella vaginalis, Ureaplasma, and Candida species. Genital infections acquired during pregnancy 
may endanger both fetal development and maternal health, leading to complications such as 
chorioamnionitis, preterm birth, and premature rupture of membranes. These infections occur in the context 
of a compromised immunological state induced by pregnancy, as maternal immunity decreases in order to 
provide optimal conditions for fetal development (Brown et al., 2019; Dautt‐Leyva et al., 2018; Gonçalves 
et al., 2022). 

Placental pathology in the context of SARS-CoV-2 infection represents an active area of research, 
and our understanding of it continues to evolve. However, several findings have been reported in cases of 
placental pathology associated with SARS-CoV-2 infection (Prochaska et al., 2020). In some cases, 
placental examination has revealed features of maternal vascular malperfusion, characterized by 
abnormalities in the maternal blood vessels of the placenta. These may include alterations such as 
abnormal blood flow, thrombosis, and placental infarction. There have also been reported cases providing 
evidence of the presence of viral particles or SARS-CoV-2 genetic material within the placental tissue itself, 
suggesting the possibility of direct viral involvement (Prochaska et al., 2020). It is important to note that 
these findings are not universal and may vary from case to case. At present, it remains uncertain whether 
SARS-CoV-2 infection can be transmitted vertically. Case reports indicate the potential for both placental 
and neonatal infection, and associate maternal infection with specific placental morphological alterations. 

Ongoing research and the development of early diagnostic strategies, along with the effective 
management of chorioamnionitis, are essential for reducing the risk of preterm birth and its associated 
complications. A multidisciplinary approach involving obstetricians, neonatologists, infectious disease 
specialists, and microbiologists is required to improve maternal and fetal outcomes in cases of 
chorioamnionitis and preterm delivery. Globally, the COVID-19 pandemic has had a profound impact on 
pregnant women and childbirth, leaving many aspects of this pathology still insufficiently understood. Even 
several years later, considerable effort is still required to fully elucidate its complex mechanisms and clinical 
implications 

Significant information regarding both maternal and fetal health can be obtained through the 
histopathological examination of placental tissue. Viral infections during pregnancy have been associated 
with specific placental findings such as lymphoplasmacytic villitis with associated villous enlargement and 
intravillous hemosiderin deposition in cases of maternal Cytomegalovirus infection, as well as intervillositis 
observed in infections caused by Zika and Dengue viruses. 

Preterm birth (PTB) represents one of the greatest challenges in modern obstetrics. The incidence 
of preterm birth remains relatively stable across various regions of the world, fluctuating between 5% and 
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12%, although in some countries it tends to increase - particularly in developing nations and regions of Latin 
America, where poverty negatively affects access to medical care. This situation is often associated with a 
higher prevalence of infections and the inappropriate use of antibiotics within this patient population (WHO, 
2012). Preterm birth has been identified as the leading cause of infant mortality in both developed and 
developing countries. The microbial flora most frequently encountered in infections of the female genital 
tract includes Group B Streptococcus, Escherichia coli (E. coli), Enterococcus faecalis, Enterobacter spp., 
Candida spp., Ureaplasma urealyticum (U. urealyticum), Mycoplasma hominis (M. hominis), Chlamydia 
trachomatis, and bacterial vaginosis–associated microorganisms. These pathogens are typically found in a 
vaginal environment characterized by a reduced or absent Lactobacillus population and by the 
predominance of Gram-negative bacteria. The scientific literature indicates that the prevalence of 
microorganisms in the female genital tract within a population varies according to several factors, including 
age, race, socioeconomic status, contraceptive use, menstruation, and pregnancy. The association 
between chorioamnionitis and preterm birth is well documented in the medical literature. Persistent 
inflammation and infection resulting from chorioamnionitis can lead to structural and functional alterations 
of the chorioamniotic membranes, including their thinning and weakening. Appropriate management of 
chorioamnionitis is essential for reducing maternal and fetal morbidity and mortality. Early diagnosis and 
prompt treatment of chorioamnionitis can help prevent severe complications, thereby contributing to a 
decreased risk of preterm birth and its associated adverse outcomes. 

 
Chapter 2 
 
IMMUNOHISTOCHEMICAL MARKERS 

 
Osteopontin (OPN) is an extracellular glycoprotein with multiple roles in biological processes, 

including inflammation, extracellular matrix regulation, and immune cell interactions. This protein is 
expressed in various tissues and plays a key role in placental development and function. Placental OPN 
expression may be altered in cases of chorioamnionitis, characterized by inflammation of the fetal 
membranes and amniotic fluid. Previous studies have shown that OPN may be involved in placental 
inflammatory processes and play a role in the immune response to infection. 

Phosphohistone H3 (PHH3) is a specific marker of mitosis, expressed during the late stages of 
mitosis and active cell division. By identifying PHH3-positive cells within the placental tissue, it is possible 
to assess mitotic activity and the level of cellular proliferation. PHH3 can therefore be used to determine 
the degree of placental development and maturation, as demonstrated in the study by Bermick et al. (2019). 

The evaluation of placental PHH3 expression can provide valuable information regarding the mitotic 
activity of trophoblastic cells, which are responsible for the formation and remodeling of placental blood 
vessels. Elevated PHH3 levels may indicate abnormal cellular proliferation or deficient placental 
development (Hord et al., 2020). 

The use of PHH3 as a tissue biomarker in patients with chorioamnionitis can offer additional insights 
into the degree of inflammation, cellular stress, and cellular activity within the affected placenta. However, 
it is important to note that the interpretation of results must be performed within the full clinical context, 
taking into account additional investigations and clinical signs associated with chorioamnionitis. 

The Vitamin D Receptor (VDR) is involved in the regulation of immune function, and its placental 
expression may be altered in cases of chorioamnionitis. VDR is a nuclear receptor that binds to Vitamin D 
and acts as a transcription factor, regulating the expression of genes involved in various biological functions. 
Studies have shown that placental VDR expression can be modified in chorioamnionitis. Vitamin D and its 
receptor, VDR, are key components in the regulation of both innate and adaptive immunity, including the 
maintenance of placental epithelial barrier function and the modulation of inflammatory responses. In 
chorioamnionitis, an inflammatory condition, a decrease in VDR expression has been observed in the 
affected placenta (Cookson et al., 2018; Guevara et al., 2020; Knabl et al., 2017). 

Reduced VDR expression may have negative consequences on immune function and inflammatory 
regulation at the placental level in cases of chorioamnionitis. For instance, decreased VDR levels may lead 
to excessive activation of the immune system and increased release of proinflammatory cytokines, which 
can exacerbate inflammation and impair maternal–fetal exchange within the placenta. It is important to 
emphasize that the interpretation of these findings should take into account other clinical aspects and 
complementary investigations related to vaginal infections and chorioamnionitis. 
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The role of Vitamin D in fetal brain development has been emphasized following the identification of 
Vitamin D receptors (VDR) in the fetal brain. Vitamin D has the ability to cross the blood–brain barrier by 
binding to VDR, thereby stimulating a wide range of neurobiological responses (Kesby et al., 2011). 

CD44 is a cell adhesion molecule and a receptor for hyaluronan, an essential component of the 
extracellular matrix. CD44 plays a key role in inflammatory processes and tissue regeneration. This 
molecule is expressed in various tissues and is crucially involved in development, inflammation, and repair 
mechanisms. 

The expression of CD44 in the placenta may be altered in cases of inflammation of the fetal 
membranes and amniotic fluid. CD44 is expressed in various placental cell types, including trophoblasts 
and stromal cells. This molecule fulfills multiple functions, including cell adhesion, migration, inflammation 
regulation, and interaction with the extracellular matrix. Moreover, CD44 may also participate in 
implantation, vascularization, and the development and proper functioning of the placenta (Marzioni et al., 
2009). Placental CD44 expression may be increased in cases of chorioamnionitis, reflecting immune 
system activation and the interaction of inflammatory cells with the extracellular matrix. Alterations in CD44 
expression may have significant consequences for placental function and may contribute to the severity of 
inflammation in chorioamnionitis. 

COX-2 (Cyclooxygenase-2) is an enzyme involved in the production of prostaglandins, which are key 
mediators of inflammation and regulators of various physiological processes in the body. Prostaglandins 
synthesized by COX-2 can contribute to the amplification of inflammation and the induction of uterine 
contractions, which may influence pregnancy progression and lead to fetal and neonatal complications 
associated with infection-related preterm birth. In the placenta, COX-2 is expressed in various cell types 
and plays a crucial role in the development and normal functioning of this organ. 

COX-2 may also influence placental barrier function and play a role in maternal–fetal interactions. 
On the other hand, chorioamnionitis can alter placental COX-2 expression and amplify inflammation within 
the maternal–fetal environment, leading to adverse pregnancy outcomes (Guzeloglu‐Kayisli et al., 2015). 

The immunohistochemical analysis of specific placental markers provides an in-depth understanding 
of the inflammatory and tissue adaptation mechanisms occurring during pregnancy. The markers CD44, 
osteopontin (OPN), cyclooxygenase-2 (COX-2), and the vitamin D receptor (VDR) represent key elements 
in the regulation of cellular interactions, trophoblastic differentiation processes, and local immune 
responses. CD44, a transmembrane glycoprotein involved in cell adhesion and trophoblast migration, plays 
an essential role in implantation and vascular remodeling. OPN, a multifunctional matrix protein, mediates 
cell–matrix interactions and contributes to the regulation of the pro- and anti-inflammatory balance. COX-
2, an enzyme induced under inflammatory conditions, is involved in the synthesis of prostaglandins, which 
are essential for angiogenesis and the maintenance of placental homeostasis. VDR, the nuclear receptor 
of vitamin D, exerts a complex immunomodulatory effect by influencing gene expression involved in the 
inflammatory response and maternal–fetal immune tolerance. The evaluation of these biomarkers provides 
valuable insights into how inflammatory processes and the maternal immunological status can influence 
placental development and function under both physiological and pathological conditions. 

Chapter 3 

STUDY OF PLACENTAL EXPRESSION OF CELLULAR BIOMARKERS IN PREGNANT WOMEN IN THE CONTEXT OF 

THE COVID-19 PANDEMIC (NEGATIVE, VACCINATED, AND POSITIVE CASES) 

 
To better understand the mechanism of mother-to-fetus transmission in previous emerging infections, 

anatomopathological examination of placentas has been employed, proving to be an extremely informative 
technique (Schwartz et al., 2021). 

In all human tissues, macrophages mediate homeostasis, development, repair, and immune defense. 
During embryonic development, the first macrophages to appear are derived through a process known as 
primitive hematopoiesis and are referred to as Hofbauer cells. These cells primarily emerge in the stroma 
of the human placenta during the first trimester, approximately 18 days post-conception, and are similar to 
macrophages originating from the yolk sac. 
         The placenta represents a crucial barrier that protects the fetus from vertical infections. However, it is 
not yet fully elucidated whether Hofbauer cells possess the ability to detect and respond to microbial stimuli 
through Toll-like receptors, and to distinguish among different pathogen-associated molecular patterns 
(PAMPs) derived from various microorganisms, thereby demonstrating that these cells are not functionally 
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primitive. Although their function remains poorly characterized, Hofbauer cells secrete a range of factors—
including osteopontin and matrix metalloproteinase-9—that influence angiogenesis and placental 
remodeling, potentially contributing to placental tissue repair (Thomas et al., 2021). 

 The study of CD44, OPN, and COX-2 expression in placental tissue may provide valuable insights 
into the effects of COVID-19 infection and vaccination during pregnancy. Each marker plays a distinct role 
in cellular processes and immune responses, underscoring their importance in understanding placental 
pathology under various conditions. The aim of this study was to evaluate the expression of CD44, OPN, 
and COX-2 in three groups of pregnant women—healthy and unvaccinated, COVID-19–positive and 
unvaccinated, and COVID-19–vaccinated but COVID-negative—in order to assess potential 
pathophysiological pathways underlying placental architectural alterations secondary to inflammatory 
responses, which may be influenced by viral infections or vaccine-induced immune modulation. Based on 
the understanding of the normal function of the previously discussed markers (CD44, OPN, and COX-2) 
during physiological pregnancy and the postpartum period, it becomes possible to anticipate and intervene 
in a timely manner when imbalances occur in these physiological processes. Consequently, major 
complications may be prevented, leading to a significant reduction in maternal and fetal morbidity and 
mortality. 

This study is considered to be the first in Romania to investigate tissue-level biomarkers in pregnant 
patients, thereby representing a pioneering effort that may lay the foundation for future clinical guidelines 
aimed at preventing—and potentially enabling the early identification of—factors that could compromise the 
normal course of pregnancy. 
The research conducted aimed to enhance current knowledge regarding the distinct role of each biomarker 
in promoting favorable cellular processes and immune responses, thereby emphasizing their importance in 
understanding placental pathology. Within this study, the involvement of the three biomarkers was analyzed 
in relation to specific obstetrical events in pregnant women, such as spontaneous abortion, premature 
rupture of membranes, preterm birth, and chorioamnionitis. 

The study was conducted between January 2021 and January 2023. Tissue samples were collected 
from women who delivered at term, were over 18 years of age, capable of providing informed consent, and 
had no complications, associated diseases, or chronic treatments. The pregnant participants were divided 
into three groups: COVID-19–positive and unvaccinated women, COVID-19–negative and vaccinated 
women, and COVID-19–negative and unvaccinated women. 

The COVID-19–positive and unvaccinated group included asymptomatic women in whom the 
disease was detected at any point during pregnancy, but at least 14 days prior to delivery. The diagnosis 
of SARS-CoV-2 infection was established using the polymerase chain reaction (PCR) test. The second 
group consisted of women vaccinated with the mRNA-based anti–SARS-CoV-2 vaccine (Pfizer), who had 
received either the first or second dose at least 14 days before delivery, had never tested positive for 
COVID-19 during the pandemic, and underwent repeated negative rapid COVID-19 testing every three 
weeks throughout pregnancy. 

The control group included COVID-19–negative and unvaccinated women who delivered at term 
without complications or associated pathologies. All women in this third group had never tested positive for 
COVID-19 during the pandemic prior to inclusion in the study and had repeated negative rapid COVID-19 
tests every three weeks throughout pregnancy. 

Through immunohistochemistry, four tissue samples were collected from each placenta, one 
representative for each of the four quadrants. The sections were stained with hematoxylin and eosin (H&E) 
and examined anatomopathologically. IHC staining was performed on formalin-fixed, paraffin-embedded 
tissues using monoclonal antibodies against cluster of differentiation 44 (CD44), osteopontin (OPN), and 
cyclooxygenase-2 (COX-2). 

All placental samples were examined to detect the presence of CD44, OPN, and COX-2. Cells 
showing brown or brownish-yellow nuclear staining within the epithelial and stromal compartments were 
considered positive for CD44, OPN, and COX-2, regardless of staining intensity or the number of positive 
cells. Pathological changes were observed upon examination of the H&E-stained sections. In COVID-19–
positive and vaccinated patients, signs of inflammation such as villitis or intervillositis, increased fibrin 
deposition, and the possible presence of microthrombi were noted. These alterations indicated an immune 
response or vascular involvement associated with COVID-19 infection. In contrast, placentas from non-
COVID and unvaccinated patients exhibited typical histological features, without specific inflammatory or 
vascular alterations. Interestingly, data analysis revealed a more intense CD44 expression on the surface 
of the placental connective stromal tissue in healthy, unvaccinated patients, whereas a subtle decrease in 
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CD44 expression was observed in the placental tissues of COVID-19–positive pregnant women. 
Comparatively, CD44 expression was lowest in the placental tissues of vaccinated patients with COVID-
19. Furthermore, the analysis demonstrated an increased OPN expression in the placental tissues of 
COVID-19–vaccinated women, evident in both the epithelial and stromal compartments. COVID-19–
negative and unvaccinated women showed a slight increase in OPN expression in placental tissues, 
whereas OPN expression in COVID-19–positive placentas was the lowest. Interestingly, both healthy and 
COVID-19–positive cases exhibited similar percentages of OPN within the stromal and epithelial 
compartments of the trophoblast, suggesting a relatively stable, non-inflammatory state. The most notable 
difference was observed in the vaccinated group, where the number of OPN-positive cases was twice that 
of the OPN-negative cases. In COVID-19–negative and unvaccinated placentas, increased anti-COX-2 
expression was detected in trophoblasts, decidual cells, and infiltrating immune cells. Following COVID-19 
infection, anti-COX-2 expression was modestly elevated compared to its low expression levels in 
vaccinated placentas, with no anti-COX-2–negative cases among healthy and vaccinated pregnant women. 
The results indicated that women in the vaccinated group were significantly more likely to exhibit positive 
OPN expression compared to those in the COVID-19–positive group, with no significant differences in OPN 
positivity between the control group and the COVID-19–negative group, and no significant impact of CD44 
positivity on the likelihood of OPN being positive.  The findings of this study reflected an alteration in 
placental structure and function as a result of modified expression of the studied biomarkers. High levels of 
CD44 and COX-2 expression were detected in normal, uninfected, and unvaccinated pregnancies, 
consistent with the physiological process of placentation, whereas a downregulation of these biomarkers 
was observed in women infected with COVID-19, with more subtle changes in vaccinated individuals. The 
OPN levels remained relatively similar, possibly due to COVID-19 infection occurring in the third trimester 
of pregnancy, when the placenta is already fully developed and no longer undergoes significant structural 
changes. However, in pregnant women who were vaccinated against COVID-19 during early pregnancy, 
subtle alterations in the proportion of OPN-positive cells were observed, with the number of positive cells 
being nearly twice that of the negative ones. 

In conclusion, these findings highlight the need for closer obstetric monitoring due to the high risk of 
maternal and fetal complications associated with COVID-19 infection. Considering the results obtained, it 
appears that SARS-CoV-2 infection does not cause significant maternal or fetal alterations, except in cases 
complicated by COVID-19–related pathology, which may increase maternal and fetal morbidity and 
mortality. 

  
Chapter 4 
 
INTERACTION OF VITAMIN D RECEPTORS IN PREGNANT WOMEN IN THE CONTEXT OF THE COVID-19 

PANDEMIC (NEGATIVE, VACCINATED, AND POSITIVE CASES) 

 
By 2022, more than 197 million infections had been reported worldwide, with an estimated 4.2 million 

deaths since the beginning of the pandemic (Joshi et al., 2022). SARS-CoV-2 infection can have a 
detrimental impact on various organs and tissues, leading to a wide range of clinical manifestations (Bertero 
et al., 2021). Beyond respiratory symptoms, SARS-CoV-2 infection may impair gastrointestinal function, 
induce preeclampsia in pregnant women (characterized by lymphopenia, neutrophilia, and elevated LDH 
levels) (Valdespino‐Vázquez et al., 2021), and adversely affect hepatic, renal, and cardiac function, as well 
as cause neurological, immune, and endocrine disturbances (El-Kassas et al., 2023; Tossetta et al., 2022. 
The virus gains entry into human cells through the angiotensin-converting enzyme 2 (ACE2), whose 
receptors are abundantly expressed on the placental syncytiotrophoblast, suggesting a potential link 
between infection and placental dysfunction (Di Girolamo et al., 2021; Garg et al., 2023). The impact of this 
pathology on pregnant women and infants is of particular interest to both healthcare professionals 
(obstetricians and pediatricians) and patients (Shanes et al., 2020). Anatomopathological analysis of 
placentas during previous epidemics has proven to be an extremely informative technique for 
understanding the mechanisms of disease transmission to the fetus (Schwartz et al., 2021). Although the 
pathophysiology is not yet fully elucidated, immature placentas may represent more vulnerable targets for 
virus-mediated injury compared to term, well-developed placentas, due to the severe systemic inflammatory 
response and the widespread presence of microthrombi on their surface (Patberg et al., 2021). 
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The average duration of SARS-CoV-2 infection is approximately 20 days, ranging from 5 to 60 days, 
making it possible for the virus to reach and affect the placenta before delivery. This implies that the virus 
may have been cleared and thus may no longer be detectable in a placental sample obtained at the time 
of birth (Debelenko et al., 2021). On the other hand, infection occurring in the late stages of gestation may 
also indicate the absence of evidence for vertical transplacental transmission of SARS-CoV-2, or, 
conversely, may reveal a significant impact on perinatal outcomes in newborns, both in mild and in more 
severe cases of infection (Giordano et al., 2021). 

Fetal multi-organ infection and inflammation (including pulmonary and renal involvement) caused by 
SARS-CoV-2 during early pregnancy should alert clinicians to the need for thorough evaluation and 
monitoring of pregnant women regarding potential fetal consequences and adverse perinatal outcomes 
(Valdespino‐Vázquez et al., 2021). Even with an apparently normal short-term outcome, long-term 
sequelae—such as neurodevelopmental consequences in newborns—cannot be excluded (Sarno et al., 
2022). 

Studies indicate that the rate of neonatal infection is higher when delivery occurs by cesarean section 
(5.3%) compared to vaginal birth (2.7%). 

The histopathological analysis of placentas collected in each case included a comprehensive 
macroscopic examination, standard hematoxylin and eosin (H&E) staining, immunohistochemistry, 
fluorescence in situ hybridization (FISH), transmission electron microscopy, and detection of viral 
sequences using reverse transcriptase polymerase chain reaction (RT-PCR) (Di Girolamo et al., 2021). 

The study included 70 healthy pregnant women, 65 COVID-19–positive women diagnosed during 
pregnancy (with COVID-19 confirmed at least 14 days prior to delivery), and 35 vaccinated pregnant women 
(who received the first or second dose of the Pfizer vaccine at least 14 days before delivery), with samples 
collected between January 2021 and January 2023. The inclusion criteria comprised healthy pregnant 
women, women with SARS-CoV-2 infection during pregnancy, and vaccinated pregnant women who had 
received the Pfizer vaccine. Samples were collected from healthy women who delivered at term without 
complications, associated diseases, or chronic treatments. Patients with malignant disorders, diabetes, 
depression, genetic syndromes, infectious or autoimmune diseases, smoking history, therapies affecting 
bone or mineral metabolism, or vitamin D supplementation within three months prior to pregnancy were 
excluded. 

IHC staining was performed on formalin-fixed tissues that were subsequently embedded in paraffin. 
The anti–vitamin D receptor (VDR) antibody was diluted 1:3000 and incubated overnight at 4°C. Human 
jejunum tissue was used as a positive control for VDR to ensure the specificity and sensitivity of the staining, 
to validate the results, and to exclude false-positive or false-negative findings. For the negative control, 
tissue samples were treated in a manner that should not result in staining, ensuring that the tissue did not 
express the antigen of interest. A total of 170 placental samples were examined for the presence of VDR. 
Cells displaying brown or brownish-yellow nuclear staining within the epithelial and stromal compartments 
were considered VDR-positive, regardless of staining intensity or the number of positive cells. 

Immunohistochemical analysis revealed differences in VDR expression among the groups. The 
group of COVID-19–positive pregnant women exhibited the lowest VDR expression, and a significant 
positive correlation (38.2%) was observed between gestational age at delivery and newborn birth weight. 

Unvaccinated pregnant women had an average age approximately three years lower than that of 
vaccinated women (28 vs. 31 years). When analyzing the groups based on urban or rural residence, it was 
observed that in the COVID-19–positive group, 73% of the included cases were from urban areas, and 
nearly 69% in the vaccinated group, whereas in the healthy unvaccinated group, the distribution by 
residence was equal. 

Placental histological lesions were classified according to the Amsterdam criteria (Giordano et al., 
2021). Considerable effort and extensive research have been undertaken to elucidate the physiological and 
pathological mechanisms of COVID-19, with the aim of limiting the spread of infection and its 
consequences. Vitamin D plays multiple roles in the human body, including calcium homeostasis, bone 
formation, and the modulation of both the innate and adaptive immune systems (Cyprian et al., 2019). 

The vitamin D receptor (VDR) is a nuclear receptor that binds to vitamin D and functions as a 
transcription factor, regulating the expression of genes involved in various biological processes (Knabl et 
al., 2017). Its effects on cytokine production and activity have been extensively investigated, demonstrating 
the regulation of suppressor T lymphocytes in complicated pregnancies, as well as the suppression of B 
lymphocyte proliferation and immunoglobulin production (Cyprian et al., 2019). Despite the widespread use 
of prenatal vitamins, vitamin D deficiency remains common among pregnant women (Cyprian et al., 2019). 
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Initially, vitamin D metabolism was believed to occur primarily in the kidneys; however, it has been 
demonstrated that other organs, such as the pituitary gland, hypothalamus, uterus, oviduct, ovaries, 
mammary glands, and placenta, are also involved. Vitamin D supports placental development and function 
by regulating calcium transport, which is essential for the maintenance of pregnancy and for preventing a 
maternal immune response against the embryo (Cyprian et al., 2019). Moreover, due to its expression in 
various cell types, including trophoblasts and immune cells, vitamin D plays a role in regulating inflammation 
and immunity within the maternal–fetal environment, being involved in the barrier function of the placental 
epithelium. In cases of chorioamnionitis, an inflammatory condition, a decreased VDR expression has been 
observed in the affected placenta (Cookson et al., 2018; Guevara et al., 2020; Knabl et al., 2017). 

Decreased VDR expression may have negative consequences on immune function and inflammation 
at the placental level. For instance, reduced VDR levels can lead to excessive activation of the immune 
system and increased release of proinflammatory cytokines, as well as diminished resistance to infections 
within the maternal–fetal environment, which may exacerbate inflammation and impair maternal–fetal 
exchange at the placental interface. 

Given the important protective effects of vitamin D in fetal development, screening for vitamin D 
levels during the preconception period and the first trimester of pregnancy should be recommended for 
women at increased risk of hypovitaminosis D—such as those with a high body mass index, dark skin, or 
autoimmune diseases—in order to initiate early and appropriate treatment and thus prevent adverse 
obstetric outcomes (Cyprian et al., 2019). 

The research conducted within this doctoral thesis aimed to enhance current knowledge regarding 
the microorganisms involved in the development of various maternal and fetal pathologies, as well as to 
contribute to the development of diagnostic, treatment, and prevention protocols for such infections. 

I consider this study to be the first in Romania to investigate placental biomarkers in pregnant 
patients, thus representing a pioneering effort that may lay the foundation for future prevention guidelines 
and, potentially, for the early identification of factors that contribute to the favorable progression of 
pregnancy. In this way, maternal–fetal complications arising from SARS-CoV-2 infection associated with 
pregnancy—which carries a high risk of maternal and fetal morbidity and mortality—may be reduced. 

The doctoral study analyzed the involvement of COVID-19 in triggering adverse events among 
pregnant women, which may lead to spontaneous abortion, oligohydramnios, fetal growth restriction, 
premature detachment of a normally inserted placenta, postpartum hemorrhage, intrauterine fetal demise, 
low Apgar scores, congenital viral syndromes, fetal congenital malformations, maternal preeclampsia, 
preterm birth, and the need for delivery by cesarean section. 

The study included 70 healthy pregnant women, 65 COVID-19–positive pregnant women (with the 
COVID-19 diagnosis established at least 14 days before delivery), and 35 vaccinated pregnant women 
(who had received the first or second dose of the Pfizer mRNA vaccine at least 14 days prior to delivery), 
with samples collected between January 2021 and January 2023. 

For patients admitted with threatened preterm labor or miscarriage, spontaneous abortion in the 
second trimester, preterm labor, or premature rupture of membranes, sample collection is intended for PCR 
testing for COVID-19 and for determining serum vitamin D levels, in order to assess the involvement of 
these factors in preterm birth and potentially develop treatment protocols for such cases based on serum 
or amniotic fluid biomarker levels. 

The age group distribution of the pregnant women included in the study showed that the groups 
positive for COVID-19 infection exhibited the lowest levels of vitamin D receptor (VDR) expression on the 
cell surface. Immunohistochemical analysis revealed differences in VDR expression among the groups. 
Thus, the group of COVID-19–positive pregnant women demonstrated the lowest VDR expression, and a 
significant positive correlation was observed between gestational age at delivery and neonatal birth weight. 

The mean gestational age at delivery showed significant differences among the three groups: 
COVID-19–positive and COVID-19–vaccinated pregnant women had a lower gestational age at birth (an 
average of 38 weeks) compared with the healthy unvaccinated group, which had an average of 40 weeks. 
This statistically significant difference among the three groups is also evident when analyzing newborn birth 
weight, with infants from the healthy unvaccinated group having a higher average birth weight 
(approximately 3500 g) compared to those born to vaccinated or COVID-19–positive pregnant women 
(approximately 3200 g). However, when analyzing the immediate postnatal status of the newborns, as 
reflected by the Apgar score, no significant differences were found among the three groups. 

Regarding the evaluation of serum infection and inflammation markers, no statistically significant 
differences were identified in C-reactive protein (CRP) levels among the pregnant participants. However, 
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pregnant women without prior infection or vaccination exhibited significantly higher leukocyte counts, with 
similar values observed among those who had experienced infection. Likewise, no statistically significant 
differences were found in hemoglobin or hematocrit values, either before or after delivery, among the three 
groups. 

A significant difference was observed among the three analyzed groups, with a markedly higher 
number of VDR-negative cases in placental tissue samples from COVID-19–vaccinated women. The 
number of VDR-positive cases was higher in healthy unvaccinated pregnant women compared to both 
COVID-19–positive and vaccinated groups. The results of the present study indicated similar C-reactive 
protein (CRP) levels among the three studied groups and higher leukocyte counts in the COVID-19–
negative and unvaccinated groups. The source of this inconsistency may be attributed to the limited number 
of excluded cases due to the strict inclusion and exclusion criteria, or possibly to regional particularities. 

Compared to placentas from uninfected and unvaccinated pregnant women, no significant 
differences were observed in the macroscopic or microscopic placental appearance, including placental 
weight, abnormal umbilical cord insertion, or maternal and fetal vascular malperfusion. However, since most 
of the analyzed placentas were uninfected and the majority of newborns tested negative for coronavirus 
infection, the findings largely derived from the examination of healthy placentas from uninfected fetuses 
(Schwartz et al., 2021). The histopathological analysis of the placenta included gross examination, 
hematoxylin–eosin (H&E) staining, immunohistochemistry, and reverse transcriptase–polymerase chain 
reaction (RT-PCR). 

Although we observed a lower birth weight in fetuses born to COVID-19–positive and COVID-19–
vaccinated pregnant women compared to the control group, the difference was not statistically significant. 
However, we found increased expression of the vitamin D receptor (VDR) in placental tissue from healthy 
unvaccinated women compared with the other two study groups—the infected and the vaccinated. These 
two findings appear to be interconnected and may serve as a starting point for future management 
strategies of this condition in pregnant women. 

 
Chapter 5 
 
PLACENTAL MOLECULAR EXPRESSION IN VARIOUS VAGINAL INFECTIONS WITH PATHOGENIC POTENTIAL 

 
One of the most common pathologies encountered during pregnancy is vaginal infection, which plays 

a significant role in the occurrence of adverse maternal and fetal outcomes, increasing both neonatal and 
maternal morbidity and mortality (Daskalakis et al., 2023). Vaginal infections may lead to endometritis, 
preterm birth (PTB), premature rupture of membranes (PROM) or preterm premature rupture of membranes 
(PPROM), spontaneous abortion, intrauterine growth restriction (IUGR), low birth weight (LBW), fetal 
infection, and—in severe cases—fetal death (Daskalakis et al., 2023; Tita & Andrews, 2010; Williams et al., 
2000). 

Chorioamnionitis may develop before labor, during labor, or after delivery, and it can present as an 
acute, subacute, or chronic infection. This condition is associated with chronic lung disease in infants, 
retinopathy of prematurity, very low birth weight, and impaired brain development in preterm infants, as well 
as with the vertical transmission of the infectious process (Chansamouth et al., 2016; Dautt‐Leyva et al., 
2018). 

A wide variety of microorganisms are involved in genital tract infections in women during pregnancy, 
including Group B Streptococcus (GBS), Escherichia coli (E. coli), Neisseria gonorrhoeae, Enterococcus 
faecalis, Enterobacter spp., Trichomonas vaginalis, Candida spp., and bacterial vaginosis (BV). 
Microorganisms responsible for pelvic inflammatory disease, such as Ureaplasma urealyticum, 
Mycoplasma hominis, and Chlamydia trachomatis, also contribute significantly (Daskalakis et al., 2023). In 
particular, Mycoplasma and Ureaplasma produce cytotoxic substances that amplify inflammation by 
inducing cyclooxygenase-2 (COX-2) synthesis and the subsequent formation of prostaglandins. Hormonal 
changes during pregnancy increase susceptibility to Candida spp., with vaginal colonization observed in 
approximately 40% of pregnant women. Although this generally leads to less severe complications 
compared to other infections, it may still result in late spontaneous abortion, preterm birth (PTB), and 
chorioamnionitis (Daskalakis et al., 2023). This research was conducted to identify the underlying causes 
of the inflammatory response by evaluating four closely related molecules with significant roles in 
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inflammation, as well as in placental structure and function: the Vitamin D Receptor (VDR), Cluster of 
Differentiation 44 (CD44), Osteopontin (OPN), and Cyclooxygenase-2 (COX-2). 

This research aimed to investigate how different types of vaginal infections during pregnancy alter 
the expression of VDR, CD44, OPN, and COX-2, thereby contributing to structural and functional placental 
changes. By analyzing these markers, we hope to obtain a plausible explanation as to why some 
microorganisms exert a more significant negative impact on maternal and fetal outcomes than others. 

Vaginal cultures (standard and special media cultures) were collected from patients prior to the 
initiation of antibiotic therapy, at the time of hospital admission. The samples were obtained without the use 
of antiseptics, and microbiological cultures were subsequently performed. 

Four tissue samples from each placenta, one representative from each quadrant, were collected. 
Hematoxylin and eosin (H&E) staining and immunohistochemical (IHC) analysis were performed and 
examined histopathologically. The IHC staining was conducted on formalin-fixed, paraffin-embedded 
tissues using monoclonal antibodies against VDR, CD44, OPN, and COX-2. 

This research aimed to investigate how different types of vaginal infections during pregnancy alter 
the expression of VDR, CD44, OPN, and COX-2, thereby contributing to structural and functional placental 
changes. Through the analysis of these markers, we aim to obtain a plausible explanation for why certain 
microorganisms exert a more pronounced negative impact on maternal and fetal outcomes than others. 

The patients were grouped according to maternal age and gestational age at the time of admission. 
Accordingly, three experimental groups were established: 

• Group 1 – 28–32 weeks of gestation 
• Group 2 – 33–36 weeks of gestation 
• Group 3 – more than 37 weeks of gestation 
Vaginal cultures (standard and specialized media) were collected from patients prior to the initiation 

of antibiotic therapy, at the time of hospital admission. The samples were obtained without the use of 
antiseptics, and cultures were subsequently performed. Control group specimens were collected from 
women who delivered at term, without vaginal infections, complications, associated diseases, or chronic 
treatment. Women with obstetrical and/or other medical complications were excluded from the analysis. 
For the detection of Ureaplasma and Mycoplasma, bioMérieux kits were used, with cultures performed on 
selective media. For the detection of other bacteria involved in genital infections in pregnant women, 
selective and differential culture media were employed. For fungal detection, the ELITech CANDIFAST® 
kit was used. In addition to the vaginal cultures collected, blood samples were also taken to assess infection 
or chorioamnionitis (white blood cell count, C-reactive protein, and erythrocyte sedimentation rate). A total 
of four tissue samples were collected from each placenta, one representative from each quadrant. 
Hematoxylin and eosin (H&E) sections and immunohistochemical (IHC) analyses were performed and 
examined in the pathology laboratory. All placental samples were evaluated for the presence of VDR, CD44, 
OPN, and COX-2. 

Patient sampling was performed as follows: seventy healthy term pregnant women were included in 
the control group, and seventy-eight third-trimester pregnant women with vaginal infection caused by a 
single pathogen identified through vaginal culture were included in the vaginal infection group. Statistical 
analysis revealed significant differences in gestational age at delivery. Pregnant women without vaginal 
infection delivered, on average, five weeks later than those in the vaginal infection group. Consequently, 
the mean birth weight between the two groups also differed by approximately 1,000 grams. As expected, 
the mean CRP value was also statistically significant, being eight times higher in pregnant women with 
vaginal infections. 

The results revealed a wide range of pathogens involved in vaginal infections, with E. coli and Group 
B Streptococcus (GBS) occupying the first two positions, followed closely—at similar percentages—by 
Candida spp., Enterococcus, and Ureaplasma urealyticum, while the lowest incidence was recorded for 
vaginal infections caused by Klebsiella. 

The analysis of the biomarkers assessed in this study revealed variability in their expression. 
Pregnant women with vaginal infections exhibited lower CD44 levels compared to controls, while OPN 
expression varied depending on the pathogen involved, showing a significantly higher expression in the 
vaginal infection group compared with the control group. COX-2 was expressed uniformly in almost all 
cases, whereas VDR was positive in three-quarters of all vaginal infection cases included in the study. 
Infections caused by E. coli, Klebsiella, Group B Streptococcus (GBS), Enterococcus faecalis, Candida 
spp., and Ureaplasma urealyticum can significantly alter the placental expression of VDR, CD44, OPN, and 
COX-2. The findings indicate that tissue expression of VDR was generally variable but often decreased, 
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while CD44 expression was elevated in most infections. OPN expression was largely absent, whereas 
COX-2 expression was increased in the majority of vaginal infection cases. 

Our results suggest that pregnant women have a 1.67-fold increased risk of developing a vaginal 
infection if they are CD44-negative, a 1.102-fold increased risk if they are VDR-negative, and a 2.933-fold 
higher risk of having a vaginal infection if they are OPN-positive. 

To date, many variables remain unknown regarding maternal and fetal outcomes in pregnant women 
with various vaginal infections. Oh et al. emphasized the limitations of studies in identifying infections 
through standard vaginal culture techniques in women with preterm birth and clinical chorioamnionitis (Witt 
et al., 2020). 

The present study raises ongoing debates in the scientific literature regarding these aspects, aiming 
to provide a plausible histological explanation for the existing discrepancies. Given that the vaginal 
microbiome is highly diverse and influenced by numerous intrinsic and extrinsic factors, we chose to 
investigate key placental surface molecules to identify the actual placental impact of vaginal infection. The 
clinical manifestations of the women with vaginal infections included in the study varied greatly, ranging 
from signs and symptoms characteristic of chorioamnionitis to completely asymptomatic cases. 

Consistent with the present observations, studies by Al-Adnani et al. and N.J. Sebire et al. reported 
septic infarcts, intervillous thrombi, and necrotizing villitis accompanied by perivillous inflammation in 
women with vaginal infections, in contrast to the findings observed in the control group during placental 
H&E examination (Al-Adnani & Sebire, 2007; Heerema‐McKenney, 2018). 

In accordance with findings from the scientific literature, our results indicate a lower gestational age 
and consequently a lower birth weight in women with PROM and PPROM who had positive vaginal cultures 
(Holliday et al., 2023; H. Li et al., 2022). The vaginal infection group also exhibited a slightly lower Apgar 
score compared to the control group. The minimal difference may be attributed to our inclusion criteria, as 
only pregnancies beyond 28 weeks of gestation with positive vaginal cultures and term pregnancies with 
negative vaginal cultures in the control group were selected. The vaginal infection group showed a higher 
leukocyte count compared to the control group. However, the difference was not statistically significant. A 
possible explanation could be that the women presented to the hospital within 12 hours after 
PROM/PPROM, at which time vaginal cultures and blood samples were collected and empirical antibiotic 
therapy was initiated. Nevertheless, the difference in CRP values between the two groups was statistically 
significant, with higher levels observed in the vaginal infection group. 

The placenta is essential for fetal development and well-being. Despite extensive research on its 
numerous roles and functions, many aspects remain largely unknown (Cao et al., 2021). The four molecules 
studied—VDR, CD44, OPN, and COX-2—are involved in many placental processes (Baines et al., 2023; 
Cao et al., 2021; Choi et al., 2006; Gonzalez et al., 2007). Our results show that GBS and Ureaplasma 
urealyticum exert the most significant impact on the four markers analyzed, with elevated placental tissue 
levels of VDR, CD44, OPN, and COX-2. Moreover, Enterococcus, E. coli, and the absence of vaginal 
infection in the control group exhibited a nearly similar impact on the levels of the aforementioned markers, 
with OPN being the least affected. Vaginal infections caused by Candida resulted in minor alterations in the 
tissue expression of these markers, lower than those observed in the control group. The least significant 
impact was exerted by Klebsiella infection. Therefore, according to the observations reported in this study, 
the most aggressive microorganisms remain GBS and Ureaplasma urealyticum. 

Tissue samples from pregnant women included in the study, both from the vaginal infection group 
and the control group, showed similarly strong COX-2 positivity. Thus, the expression of this molecule 
appears to be more closely related to inflammation than to infection. The elevated COX-2 levels observed 
in both groups may be explained by the fact that placental tissue for the control group was collected from 
term pregnancies near the onset of labor, when COX-2 expression and prostaglandin production are 
naturally increased to initiate delivery (Urrego et al., 2019). 

Vitamin D, mediated through VDR, plays key roles in reproductive tissues, including the vagina. It 
regulates antimicrobial molecules that provide protection against bacterial infections and may also influence 
defensin production and neutrophil function (Anderson et al., 2020). Researchers have made significant 
observations regarding vitamin D supplementation, highlighting its beneficial effects, including a decreased 
frequency of vaginal E. coli infections. Furthermore, as suggested by the study of Cao et al. (2021), vitamin 
D downregulates COX-2 signaling and expression, thereby reducing inflammation (Cao et al., 2021). We 
identified elevated placental VDR levels in cases with vaginal infections caused by GBS, Ureaplasma 
urealyticum, and Enterococcus. 
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Tissue samples from the control group without vaginal infections showed VDR expression levels 
similar to those observed in women with vaginitis caused by Candida and E. coli. These results may be 
explained by the opportunistic pathogenicity of both E. coli and Candida (d’Enfert et al., 2021; O’Brien et 
al., 2019). 

Analyzing OPN distribution in the samples, we detected similar levels of this inflammation- and 
immunity-modulating molecule in both the control group samples and those infected with Gram-negative 
enterobacteria. These observations are consistent with those of Salvi et al., who highlighted elevated OPN 
levels in Gram-positive infections that activate Toll-like receptor (TLR) 2, and lower levels in Gram-negative 
pathogens that trigger TLR 3 and 4 (Salvi et al., 2013).  

All three markers, except COX-2, appear to correlate with the severity of vaginal infection and its 
causative pathogen in the last trimester of pregnancy. Vitamin D supplementation could be extremely 
beneficial in reducing host susceptibility to vaginal infections by lowering placental VDR expression. 
Moreover, if these findings are confirmed by larger population-based studies, it may be possible to develop 
local or systemic anti-CD44 and anti-OPN agents to help control the severity of the host immune response 
in chorioamnionitis.  

The main limitations of this study lie in the relatively small number of cases included. Despite the 
similarity with findings reported in the literature, the results described and discussed above should be 
interpreted with caution until validated by larger studies. Another limitation arises from the inclusion of 
vaginitis cases caused by a single pathogen, whereas many vaginal infections are polymicrobial in nature, 
involving two or more pathogens. Additionally, the control group consisted exclusively of term pregnancies, 
which may limit the generalizability of the findings. 

Variations were successfully detected in placental adhesion, angiogenesis, cell migration, 
differentiation, and the expression of immune-modulating molecules (VDR, CD44, OPN, and COX-2) across 
different vaginal infections. Although they exert significant effects during infection, gram-negative 
pathogens are able to evade the host immune system. This phenomenon was also evident in the present 
results, showing lower IHC positivity levels for the aforementioned molecules in vaginal infections caused 
by E. coli, Enterobacter, and Klebsiella. The pathogens showing the highest IHC positivity for VDR, CD44, 
OPN, and COX-2 were GBS and Ureaplasma urealyticum. In contrast, the most common vaginal infection 
during pregnancy — that caused by Candida spp. — was associated with low IHC expression of these 
tissue markers. 

 
CONCLUSIONS 

The expression of placental cellular biomarkers (Osteopontin, Phosphohistone 3, Vitamin D Receptor, 
CD44, and COX-2) is significantly influenced by SARS-CoV-2 infection status, with clear differences 
observed among negative, vaccinated, and positive pregnant women.  

SARS-CoV-2 infection during pregnancy can lead to significant histopathological placental changes, 
including maternal and fetal vascular hypoperfusion, acute and chronic inflammation, intervillous 
thrombosis, and increased fibrin deposition. Placental Vitamin D Receptor (VDR) levels showed 
considerable variability depending on the immune status induced by COVID-19 infection or vaccination, 
supporting the hypothesis of a significant immunomodulatory role of this receptor during pregnancy. 

The study demonstrated significant alterations in placental structure and function, reflected by 
modified expression of the CD44, COX-2, and OPN markers. An increased expression of CD44 and COX-
2 was observed in the placentas of uninfected and unvaccinated pregnant women, indicating a normal 
physiological placentation process. In contrast, these expressions were significantly reduced in SARS-CoV-
2–infected patients, suggesting a virus-induced inflammatory placental dysfunction. The vaccinated group 
showed intermediate values, which may indicate a partial protective effect of vaccination on the trophoblast. 

The results revealed notable variations in the expression of VDR, CD44, OPN, and COX-2 in the 
placentas of women with vaginal infections during the third trimester of pregnancy. Gram-negative 
pathogens (E. coli, Enterobacter, Klebsiella) were associated with reduced levels of these markers, 
indicating an enhanced ability to evade maternal immunity. In contrast, Streptococcus agalactiae (GBS) 
and Ureaplasma urealyticum showed the highest levels of immunohistochemical expression. 

 The study provides a foundation for updating clinical protocols related to the monitoring of pregnant 
women in the context of viral and bacterial infections, highlighting the importance of early vaginal flora 
screening and immunomodulatory intervention in high-risk pregnancies. Moreover, the findings support the 
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hypothesis that disturbances of the vaginal microbiota and genital infections act as triggering factors for 
adverse obstetric events such as preterm birth, premature rupture of membranes, and chorioamnionitis. 
  The immunohistochemical analysis of the placenta in the context of the COVID-19 pandemic provides 
valuable insights into the inflammatory mechanisms involved in obstetric pathology, serving as an important 
tool for both diagnosis and prevention. 

The results suggest that maternal immunization contributes not only to the prevention of severe viral 
infection but also to the maintenance of optimal placental function. Vaccination during pregnancy was 
associated with a placental histological profile more similar to that of uninfected patients, supporting a 
protective role of immunization in the context of SARS-CoV-2 infection.. 

Therefore, vaginal infections caused by the studied pathogens had a significant impact on maternal, 
fetal, and neonatal morbidity and mortality, ultimately affecting quality of life from both social and emotional 
perspectives. 
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