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Summary 

         A spontaneous abortion (SA) is a loss of the foetus that occurs 

frequently before 24 weeks of pregnancy, resulting in a severe condition. 

Depending on the age and health of the woman, between 10 and 50 % of 

pregnancies  are run out with SA. 

        A history of bacterial vaginosis may enhance a patient's risk of 

developing this illness. Natural killer (NK) cells are being investigated as a 

potential contributor to the immunological tolerance imbalance that may 

cause many cases of unexplained Spontaneous Abortion (USA). Premature 

labour and spontaneous abortions may happen when the female host's 

reproductive system experiences an increase in the number of Mycoplasma 

hominis bacteria. 

        In this study, 50 high vaginal swab (HVS) specimens and 50 samples of 

blood were collected from women with SA; 50 HVS specimens and 30 

samples of blood from women with healthy pregnancy outcomes were 

collected from Babylon Teaching Hospital for Maternity and Children and 

from Al-Imam Al-Sadiq Teaching Hospital in Hilla City during the period 

from October 2022 to December 2022. The age range of the cases as well as 

the controls was from 17 to 45 years. 

        This study was divided into two parts: the first part focused on the 

diagnosis of vaginal microbiota, which depends on the culturing of HVS on 

different culture media under aerobic and anaerobic conditions.   

        Initially bacterial identification by conventional bacteriological 

techniques relied on the phenotypic characteristics of colonies as identified 

via manual biochemical tests and Gram staining. The diagnosis was also 

verified genetically through the isolation of bacterial genomic DNA (for 20  
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bacterial isolates)  amplification of the 16S rRNA Loci gene via polymerase 

chain reaction (PCR), and sequencing. 

        The second part of the study include collecting blood to obtain serum to 

assess peripheral natural killer (pNK) cell levels and diagnose Mycoplasma 

hominis infection immunologically using the ELISA method. 

        Results from this study showed that there is a prevalence of blood group 

O+ in women with SA. Also, it shows the dominance of the age group of 26–

35 years for both pregnant and aborted women. 

         The current study results show that there is a difference in bacterial 

genera in women with SA compared with healthy women, and it was noted 

that embroilment of Enterococcus faecalis occurred in most cases of SA with 

an estimated percentage of 56% (28/50), thus defeating Escherichia coli by 

32% (16/50) and 4% (2/50) for Klebsiella pneumonia and 4% (2/50) for 

Enterococcus gallinarum. In this study, some very rare bacteria species were 

identified, including Acinetobacter junii at 2% (1/50) and Corynebacterium 

coyleae at 2% (1/50), While the percentage of bacteria associated with 

healthy women was: 30% (15/50) for E. faecalis, 26% (13/50) for E. coli, 

18% (9/50) for K. pneumonia, 24% (12/50) for Staphylococcus epidermidis, 

and 2% (1/50) for Metabacillus niabensis (This bacterium was diagnosed for 

the first time in Iraq as well as the rest of the world in a clinical sample).                                                                              

        The molecular identification of bacterial isolates with 16S rRNA gene 

sequencing detected the high percentage of Enterococcus faecalis in SA, this 

lead to the fact that Enterococcus faecalis strains possess an arsenal of 

virulence factors. Bacterial adhesion and pathogenicity are both boosted by 

aggregation substances, which act as virulence factors. asa1 PCR amplicons 

were employed in this research since this gene has been shown to be linked to  
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pathogenicity in purified samples of typical Enterococcus faecalis isolates. 

The result showed that the percentage of bacteria positive for this gene was 

85% in patient samples. 

        All the bacterial isolates sequences were compared with known 

sequences in NCBI  Database by using BLAST analysis  and the sequences 

were registered in the NCBI GenBank database and their identification code 

obtained. 

        Depending on the data that appeared in the work there is a discrepancy 

in the concentrations of pNK between patients and controls. The 

concentrations mean and standard deviation (Std) of peripheral NK in 

patients was (107.339 ± 46.647), while in controls was (80.229 ± 23.737), 

respectively. This result suggests that the pNK in women with SA may be of 

the NK-cytotoxic (NKC) type.  

         In addition, The study examined the effect of Mycoplasma hominis in 

patients. The concentration of "Mycoplasma hominis" in patients means and 

the Std. (0.39830 ± 0.21166), was not significant compared with the control 

(0.32497 ± 0.130461).  

        The current study linked the relationship between Mycoplasma hominis  

and the immunologic status of SA patients.  A finding was showed that there 

is an inverse relationship between the concentrations of  NK cells and the 

concentrations of M. hominis in the patient, as the higher the concentrations 

of NK cells, the lower the concentration of Mycoplasma, and vice versa. This 

bacterial strain is an obligate intracellular organism that lives in a woman's 

vagina but does not cause illness in healthy people. However, in people with 

weakened immune systems, encouraged to proliferate and can lead to 

conditions like pelvic inflammatory disease (PID). 
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1.1. Introduction 

 

        The vaginal microbiome (VMB) refers to the community of bacteria 

found in the vaginal canal of a human being. As the first line of defense 

against hazardous bacteria, vaginal flora also helps maintain a healthy 

dynamic balance and mutual restriction of reliance. 

        As a woman ages, her vaginal flora changes, and her body's 

abnormalities might have an impact. Age, pregnancy, hormone-driven 

instability, sexual relationships, probiotics, antibiotics, and other drugs can 

all alter the composition of the vaginal microbiota, potentially leading to an 

imbalance (Juliana et al., 2021).                                     

        The microbiome of a healthy female genital tract is dominated by 

Lactobacillus species, which produce lactic acid which can be toxic to or 

even lethal for many different types of bacteria and hydrogen peroxide to 

keep the pH low and ward off infections (Diop et al., 2019 ; Abdool Karim 

et al., 2019; Juliana et al., 2021).  

        Emotional stress may decrease lactobacilli abundance in the vaginal 

microbiome and increase inflammation, undermining a healthy vaginal 

state associated with an abundance of Lactobacillus and leading to a 

condition known as bacterial vaginosis (BV) (Abdool Karim et al., 2019). 

Overgrowth of (facultative) anaerobes such as Gardnerella, Atopobium, 

and Prevotella species contributes to a dysbiotic vaginal state, which is 

characterized as a persistent shift from a low-diversity, Lactobacilli-

dominated VMB. Preterm birth, increased susceptibility to sexually 

transmitted diseases, and spontaneous abortion are just a few of the 

negative pregnancy outcomes linked to vaginal dysbioses (Moosa et al., 

2020). 
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        Both the mother and the fetus are at risk from spontaneous abortion 

(SA), making it one of the primary pregnancy diseases. Fetal loss occurs 

often in women with SA, typically before 24 weeks of pregnancy (Adib-

Rad et al., 2019; Dehkordi et al., 2020).  

        Depending on the age and health of the woman, between 10 and 50 

percent of pregnancies ended with SA. 

Chromosomes, genetics, endocrine gland dissection, placental 

abnormalities, infections, weakened immune systems, thrombosis, and 

environmental factors are all contributors to SA (Zhao et al., 2021). 

        The 16S rRNA gene sequencing-based approach is useful in resolving 

ambiguous results from culture and biochemical tests to identify pathogens 

from patient bio samples, and it also helps eliminate potential culture-

related biases in pathogen identification (Muhamad Rizal et al., 2020). 

        The universal primers can amplify the nine hyper variable segments 

(V1–V9) of the 16S rRNA gene because they are bordered by highly 

conserved sequences. The variable areas enable taxonomic classification. 

To distinguish between two species, a cutoff of 98.65 percentage points of 

similarity in their 16S rRNA gene sequences has been found. Associated 

with the efficiency of controlling infectious diseases, this "gold standard" 

method for the detection and identification of infectious bacteria can cut the 

time required for analysis from days to hours (Santos et al., 2022). 

        "Enterococcus faecalis, Klebsiella pneumonia, Escherichia coli, and 

Mycoplasma hominis " are the most important vaginal microbiota that can 

become apportioned in appropriate conditions (Inaba et al., 2019). 

        Aggregate substances encoded by the asa1 gene are considered to be 

the most essential virulence factors in Enterococcus faecalis, causing 
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disease and antibiotic resistance, because they carry out the process of 

cohesion and adhesion between bacterial cells and tissue surfaces, 

generating the biofilm. 

        One of the most remarkable aspects of reproductive biology is the 

ability of a healthy woman with a fully functional immune system to carry 

a baby until birth without undergoing immunological rejection. 

Immunoglobulin, cytokines, hormones, and other endometrial factors are 

all part of the local and systemic immunological responses that affect this 

process. For implantation to occur and a pregnancy to develop, all of these 

factors must be in balance (Fu et al., 2021). 

        A lack of immunological tolerance, a condition in which the natural 

killer cell NK may play a key role, is thought to be the fundamental reason 

for SA's unexplained origin (Guerrero et al., 2020;  Rougang et al., 2023). 

        NK cells can undergo a phenotypic switch from non-cytotoxic to 

cytotoxic in order to participate in immune defense when exposed to 

pathogens in the uterus during pregnancy. Preterm birth, spontaneous 

abortion, uterine malignancy, and implantation failure can all occur when 

the maternal-fetal  interface is compromised due to premature NK cell 

activation in late pregnancy (Wang et al., 2018; Zhang and Wei, 2021). 

        Currently, infertile patients' peripheral NK cells are used as a marker 

to decide when to begin treatment, (Toth et al., 2019; Dons’ koi et al., 

2022). 
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1.2. Aim of the Study  

        The aim of the present study is to evaluate whether there are 

differences in the vaginal microbiome of women who miscarry compared 

to those who have normal pregnancy outcomes, and to investigate the 

natural killer cell risk related to spontaneous abortion. 

1.3. The Objectives 

1. Characterization of bacterial vaginosis in addition to the normal flora 

(vaginal microbiota) by the following methods: 

 The culture-dependent 

 Serology 

 Amplification of the 16S rRNA gene at species level and sequencing 

2. Evaluation of the serum level of natural killer cells by using the ELISA 

technique. 
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2. Literature Review 

2.1. Vaginal Microbiota  

        Protecting against urogenital infections, the vaginal microbial 

population ("microbiota") is an important part of women's reproductive 

health. Maintaining a dynamic equilibrium and mutual restriction of 

reliance is aided by the vaginal flora, which acts as the first line of defense 

against imported harmful microorganisms (Bayigga et al., 2019).  

       Age, Dietary requirements, sexual behaviors, use of medicines like 

probiotics and antibiotics and  hormonal movements during ovulation or 

pregnancy are just a few of the many variables that might affect VMB 

composition (Diop et al., 2019 ; Juliana et al., 2020). 

        By producing substances including bacteriocins, hydrogen peroxide, 

and biosurfactants, healthy vaginal microbiota might influence immune 

responses to invading pathogens and contribute to host immunity. Changes 

in the vaginal microbiota's composition and function have been linked to an 

increased risk of infection (Diop et al., 2019). Increased production of 

inflammatory cytokines such as interleukin (IL)-1, IL-6, IL-8, and tumor 

necrosis factor, for instance, could interfere with the innate mucosal barrier 

function after an infection with Atopobium vaginae. Women's vaginal 

microbiota contains bacteria that are essential for their health and the 

maintenance of equilibrium (Haahr et al., 2019 ; Bayigga et al., 2019; Fan 

et al., 2020).  

        New research suggests that vaginal dysbacteriosis may be linked to 

gynaecological cancer, gestational diabetes, adverse pregnancy outcomes, 

and preterm delivery,  despite the fact that these microbial communities are 

dominated by Lactobacillus and are relatively simple compared with the 

gut microbiome (Sun  et al., 2022). 
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2.2. Vaginal Microbiota during Pregnancy 

        It is unknown what type of vaginal state is related to an L. iners-

dominated VMB, despite the fact that most  Lactobacillus species are 

linked to a healthy vaginal state, low proinflammatory cytokine production, 

and positive birth outcomes. Although L. iners is commonly thought of as a 

harmless vaginal symbiont, it can occasionally act as an opportunistic 

pathogen. And whereas L. iners can live in harmony with such aerobic 

microorganisms, L. crispatus has been shown to prevent colonisation by 

anaerobe bacteria such as G. vaginalis (Diop et al., 2019). 

        Having said that, the presence of facultative anaerobic bacteria in the 

vaginal microbiota has been detected in symptom-free women; therefore, it 

is not yet known if this microbial composition should always be classified 

as an unhealthy vaginal microbiota state. There is now known to be a 

difference between the gestational age of a species and its stability (Gupta 

et al., 2020).  

        Studies have shown that the vaginal microbiota is more stable in the 

first trimester of pregnancy and that this trend continues throughout the 

remainder of the pregnancy (Al-Nasiry et al., 2020; Gupta et al., 2020). 

        The vaginal pH is maintained at a comfortable level for the host by 

lactobacilli, which are particularly adapted to the vaginal environment. A 

low pH acts as a barrier because it inhibits the growth of many invading 

microorganisms. In addition to lactic acid, lactobacilli produce 

bacteriocins, which are proteinaceous chemicals that kill bacteria by 

increasing the permeability of their target cell's outer membrane. 

Lactobacillus also generates hydrogen peroxide (H2O2), which acts as a 

protective component (Serrano et al., 2019). Since H2O2 generation is 

promoted in aerobic conditions, but the vaginal environment is often 
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anaerobic, its importance is unclear. Since the specifics are still unclear, 

H2O2 could serve as an equivalent indicator for an unknown biological 

marker (Muzny et al., 2020). 

        In addition to producing byproducts, lactobacilli also stimulate our 

innate immune system in a specific species-specific way when it comes 

into contact with any gram-negative attack by increasing production of IL-

23, which preferentially activates the Th17 pathway (Elovitz et al., 2019 ; 

Chee et al., 2020). 

        Pregnancies that ended in natural delivery had a more stable 

microbiome than those that ended in pre-term birth PTB, which showed an 

increase in variety and a decrease in microbiome stability in the first 

trimester. Alpha diversity was highest in the first trimester, indicating that 

alterations to the microbiome are particularly important during the first few 

months of pregnancy (Serrano et al., 2019).  

        Number of researches found no changes in microbiome composition 

during the course of pregnancy, in contrast to the findings of other 

investigations.  It was observed that by the end of the second trimester, the 

pregnant microbiome had converged toward the well-established 

Lactobacilli-predominant microbiome, regardless of whether it had begun 

with a complex or simple microbiome (Dominguez-Bello, 2019). 

2.3. Spontaneous Abortion 

        The most prevalent form of pregnancy loss occurs in the first trimester 

(up to 12+6 weeks of gestation). Women who got abortion were assessed 

for life-threatening conditions and given information and support about the 

various treatment choices available to them, including expectant, medical, 

and surgical approaches (Zhao et al., 2021). Infection , genetics, anatomy, 

thrombosis, endocrinology, immunology and external factors are all 
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potential causes of spontaneous abortion in women (Alves and Rapp, 

2022). 

        These women also tend to have higher NK cell counts and 

autoantibody levels, both of which reduce blood flow to the uterus in the 

early stages of pregnancy. As a result, autoimmunity plays a pathogenic 

role in triggering spontaneous abortion in certain women (Obais and 

Alsultany, 2021). Some recurrent early-to-middle-pregnancy abortions can 

be due to the activation of endometrial immune cells by inflammatory 

substances, which in turn can lead to the invasion of trophoblast cells by 

the mother's immune system (Fan et al., 2020).  

2.3.1. The Forms of Spontaneous Abortion 

        There are numerous names and classifications for SA. 

1. When all fetal tissue has been removed, it is considered a complete 

abortion. The trophoplast, chronic villi, gestational sac, yolc sac, and 

fetal pole (embryo) are all results of conception; the fetus, umbilical 

cord, placenta, amniotic fluid, and amniotic membrane develop later in 

pregnancy. 

 

2. When an abortion is incomplete, only a tiny fraction of the fetus makes 

it through the cervical canal and into the outside world. 

3. In a missed abortion, the embryo or fetus dies but is not expelled 

because uterine contractions were insufficient. 

 

4. A threatened abortion is characterized by the symptomatic, 'threatening' 

evacuation of the products of conception, but with a closed cervical os 

and a viable embryo or fetus. 
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5. An open cervical os, signifying the 'inevitable' transit of the conception 

products, distinguishes an inevitable abortion from a  

threatening abortion. 

 

6. Having three or more consecutive miscarriages is considered   

recurrent abortion (Alves, 2020 ; Huss, 2021).  

 

7. When residual products of conception become infected—as could occur 

in a situation of non-sterile induced abortion—the woman faces a high 

risk of infection spreading throughout her body (septicaemia) and 

potentially losing her life. Septic abortion can only be diagnosed by 

doing a histological examination of the fetus and placenta or by 

analyzing an isolated culture or genome to discover infectious 

organisms after the fact (Fan et al., 2020).  

 

8. When the gestational sac develops normally but the embryonic part of 

the pregnancy is missing or stops growing extremely early, this 

condition is known as an empty sac. Blighted ovum and anembryonic 

pregnancy are additional names for this disease (Huss, 2021).  

 

2.3.2.Etiology        

        The estimated SA occurrence is between 12 and 15% of clinical 

pregnancies, while this number varies widely depending on the community 

under observation. Almost 80% of SAs happen in the first trimester (the 

first 12 weeks of pregnancy), while only 10% happen in the second. 

        Not all of the factors that influence SA have been explained. 

Approximately 50 % of all occurrences of SA can be traced back to genetic 

disorders. Ethnic background, stress, workplace and chemical exposures, 
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and lifestyle factors such as being overweight, smoking, and drinking have 

all been linked to an increased risk of SA (Irina  et al., 2018).  

        Anatomical, endocrine/hormonal, and autoimmune/immunological 

problems, as well as masculine variables, have also been linked to SA. 

Notably, the cause of up to half of SA cases is unknown. Because of this, 

can classify them as idiopaths (Zhao et al., 2021). 

         

        Chromosome changes and/or aberrant chromosome counts in the fetus 

are thought to be responsible for early pregnancy loss in approximately half 

of all cases. The most common risk factors are a mother's advanced age and 

a history of miscarrying a baby at a young age. For instance, although only 

9–17% of pregnant women experience miscarriage between the ages of 20 

and 30, the rate rises to 80% for mothers over the age of 45. The use of 

tobacco products, cannabis, and cocaine is also associated with an 

increased risk (Miyaji et al., 2019).  

 

        Infections like cervicitis, vaginitis, HIV infection, syphilis, and 

malaria are all common risk factors. Lastly, there is evidence that structural 

uterine abnormalities such as congenital malformations, leiomyomas, and 

intrauterine adhesions raise the probability of a spontaneous miscarriage 

(Tognon et al., 2020). All these reasons are shown in Figure 2-1. 
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Figure (2-1): Type and Causes of Abortion 
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2.4. Vaginal Microbiota and Spontaneous Abortion 

        The human body's urogenital tract is just one area where "microbiota" 

communities of microorganisms reside. While the bacterial composition of 

the vaginal microbiota has been discovered and is partially associated with 

obstetric outcomes, more in-depth study and controversy are being 

conducted on the uterine microbiota, which was previously assumed to be a 

sterile environment. Characterizing the microbial communities in the 

reproductive tract (RT) of asymptomatic infertile women may help 

researchers locate a specific RT microbiome associated with implantation 

failure (Riganelli et al., 2020).  

        The discovery of separate microbial communities in the vagina, 

cervical canal, uterus, fallopian tube, and peritoneal fluid disproved the 

initial dogma that a healthy uterine cavity was sterile and that the presence 

of microbes was a sign of pathology. The uterine microbiome may play a 

role in female fertility, health, and disease, according to recent research. It 

is now understood that the uterus has its own unique microbial community. 

The uterine microbiota is a controversial topic due to the lack of consensus 

on its composition and role (Fu et al., 2020) .  

        Vaginal microbiota appeared to be a "non-lactobacillus dominant" 

(NLD) environment in women who had implant failure, despite the fact 

that our cohorts were too small to reliably attain statistical and biological 

significance (Kyono et al., 2019).  

        In addition, a gram-positive and aerobic bacterium  now linked to 

urinary tract infections and the cause of infections in immunocompromised 

patients, in the group with failed implantation, suggesting that this 

bacterium may serve as a bacterial biomarker of implant failure 

(Buzzaccarini et al., 2020) .  
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        The presence of bacteria in the uterine cavity was often thought to be 

dangerous for both the mother and the developing baby, but recent research 

suggests that the amniotic fluid, the uterus, and the placenta may actually 

host a distinct microbiota (Riganelli et al., 2020; Fu et al., 2020; 

Buzzaccarini et al., 2020).  

2.5. The Alteration of Microbiota in Reproductive Tract of 

Women with Spontaneous Abortion 

         Patients with SA have a unique microbial population in their genital 

tract lavage fluid, including the cervix and uterine cavity. Microbiota 

composition varied significantly between the lower vaginal tract and the 

uterine cavity, as well as between endometrial tissue and uterine lavage 

fluid, in the SA group (Theis et al., 2020). 

        Possible risk factors for SA include variations in cytokine levels, 

which have been linked to changes in the uterine microbiome. Lack of 

these bacteria may be connected to infertility and poor pregnancy outcomes 

following in vitro fertilization (IVF) and a healthy vaginal microbiome 

dominated by Lactobacillus can help prevent infections (Bilibio et al., 

2020).  

        Embryo implantation failure and infertility have both been linked to 

an abnormality in the endometrial microbiome. The types of bacteria that 

have been discovered in the vaginal secretions of women with RSA have 

been the subject of several studies. Two species, Atopobium and Prevotella, 

have significantly higher abundances (Fan et al., 2020 ; Jiao et al., 2022).  

        There is a lack of data about the significance of alterations in the 

microbiota of the upper and lower female reproductive tracts in RSA 

patients (Liu et al., 2022). 
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        Bacillus spp. were also much less common in the RSA group's uterine 

lavage fluid. Different important bacteria were involved in pathogenic 

processes in the vagina, the cervix, and the uterine cavity. This highlights 

the need for the development of therapeutic strategies in clinical settings to 

control microbiome anomalies in the female reproductive system. More 

thorough clinical trials with larger sample numbers are needed to clarify 

specific therapeutic treatment options (Rimmer et al., 2021). 

2.6. Bacterial Vaginosis and Aerobic Vaginitis 

2.6.1. Bacterial Vaginosis and Aerobic Vaginitis associated with 

Spontaneous Abortion 

        One of the most common vaginal conditions associated with unusual 

changes in the vaginal microbiome (VMB) is bacterial vaginosis (BV), also 

known as vaginal dysbiosis, which is microbiologically characterized by a 

lesser abundance of Lactobacillus species and/or an overgrowth of 

anaerobic bacteria (Owens et al., 2020).  

        Bacterial vaginosis affects anywhere from 5.8% to 19.3% of pregnant 

women and up to 29% of women in the United States (Redelinghuys et al., 

2020  .  

        Due to its association with negative reproductive health outcomes like 

pelvic inflammatory disease, miscarriage, and preterm birth (Zhao et al., 

2021), BV is a serious public health problem for women of reproductive 

age, their kids, and their partners (Haahr et al., 2019; Owens et al., 2020).  

        There is no statistically significant link between BV and RSA,  despite 

the fact that it is commonly seen in women who have a spontaneous 

abortion in the second trimesters of pregnancy (P 0.05) (Fan et al., 2020).  
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        Aerobic vaginitis (AV) is another vaginal dysbiotic condition 

characterized by an abnormal VMB composed mostly of commensal 

aerobic microorganisms of intestinal origin, typically Escherichia coli, 

Staphylococcus aureus, coagulase-negative staphylococci such as 

Staphylococcus epidermidis, group B Streptococcus (Streptococcus 

agalactiae), and Enterococcus faecalis. AV affects between 4 and 8% of 

pregnant women and between 5 and 10.5% of symptomatic non-pregnant 

women. Preterm prelabor rupture of membranes PROM, chorioamnionitis, 

and preterm delivery PTD have all been linked to AV. AV has also been 

linked to spontaneous miscarriage (Owens et al., 2020 ; Juliana  et al., 

2020).  

        VMB dysbiosis (here defined as not dominated by lactobacilli) has 

been linked to a number of negative pregnancy outcomes  including 

infection after termination of pregnancy, early and late miscarriage, 

histological chorioamnionitis, postpartum endometritis, premature 

membrane rupture, and preterm birth (Juliana  et al., 2020).  

        Abortions can be caused by infections in the vaginal or urinary tract. 

Microorganisms entering the amniotic fluid from the lower genital tract 

(vagina or cervix) appear to be the most common source of intra-amniotic 

infections. Alterations in the vaginal microecosystem are associated with 

progressive infections in the uterus (Owens et al., 2020 ; Juliana  et al., 

2020).  

        Deficiencies in vaginal flora can allow for the transmission of 

infections to the uterus, where they can activate chemokines and provoke a 

local immunological response. As a result, the local immune system faces 

microcirculation disruptions, which will ultimately result in RSA. 
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Improving early SA diagnosis and therapy may get theoretical guidance 

from focusing on abnormal expression of vaginal flora (Fan et al., 2020). 

2.6.2. Bacterial Vaginosis During Pregnancy 

        Studies of pregnant women with bacterial vaginosis show an 

unexpected twofold or greater increased risk for serious complications, 

such as premature birth, low-birth-weight (LBW) infants, preterm rupture 

of membrane (PROM), amniotic fluid infection, chorioamnionitis, and 

post-cesarean and post-partum endometritis. Despite evidence linking 

bacterial vaginosis to an increased risk of severe issues, many medical 

practitioners view the condition as more of a nuisance than a serious risk to 

the mother and her unborn child (Jin, 2020).  

        Since low birth weight (LBW) can come from intrauterine growth 

restriction (IUGR), small for gestational age (SGA), or preterm birth, 

interpreting BV's impact on fetal and neonatal growth is challenging didn't 

find any evidence linking BV and LBW pregnancies, but they did find that 

babies born to moms who carried the virus were smaller than average for 

their gestational age (Owens et al., 2020).  

        Women who are pregnant and have been diagnosed with bacterial 

vaginosis should get treatment. The requirement as well as the possible 

benefit of therapy for asymptomatic pregnant women remain less clear. 

Despite this, more than half of all women who have bacterial vaginosis 

show no signs of infection in the lower vaginal tract. Treatment may be 

warranted for pregnant women despite the lack of symptoms due to the 

increased risk of significant consequences (Javed  et al., 2021).  

        The risk of having a baby born prematurely is decreased when 

pregnant women receive treatment for bacterial vaginosis. Pregnant women 
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with bacterial vaginosis and a high risk of preterm delivery (a prior preterm 

birth or a low prepregnancy weight of less than 50 kg) have been the 

subject of multiple studies. Testing for and treating bacterial vaginosis 

during pregnancy may or may not help prevent premature birth. Women 

suffering symptoms of bacterial vaginosis, whether pregnant or not, are 

typically treated with an antibiotic drug, either orally or topically given to 

the vaginal area (Jin, 2020). 

        Clinical symptoms of inflammation, such as discomfort or redness of 

the vaginal mucosa, are absent in BV, and there is no rise in circulating 

leukocytes, generation of interleukin (IL)-8, or levels of IL-1 and IL-6. On 

the other hand, it is theorized that PROM and PTB occur more frequently 

in women who have a genetic susceptibility for pathological inflammatory 

responses to BV. The expression of tumor necrosis factor alpha (TNF- α) in 

women, for instance, can be triggered by BV (Owens  et al., 2020). 

2.7. 16S r RNA Gene, Its Role in Diagnosis of Bacteria  

        Intragenomic variation analysis of 16S rRNA genes is a novel method 

for investigating ribosomal constraints on rRNA genes, and the degree of 

variation is a crucial factor to take into account when estimating the 

diversity of a complex microbiome as part of the recently launched human 

microbiome project (Alibrandi et al., 2020). 

        Deposition of entire unambiguous nucleotide sequences into public or 

private databases and attaching the correct "label" to each sequence are 

essential for the effectiveness of 16S rRNA gene sequencing as a tool in 

microbial identification. Many nucleotide sequences that were deposited 

into public databases several years ago were of doubtful quality. Because 

of this, it would be impossible to use this technology alone for identifying 
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species of aeromonads, as intragenomic heterogeneity of the 16S rRNA 

gene exists among aeromonads (Dueholm et al., 2020)  .  

        According to the aforementioned findings, it is highly probable that 

any microbiological identifications based on 16S rRNA distance scores of 

>1% are unsuitable for use in a diagnostic or public health reference 

laboratory suggested a number of changes to the current criteria for using 

16S rRNA gene sequencing  for bacterial identification (Yang et al., 2020). 

        Appropriate application of such technology necessitates the 

establishment of norms analogous to those established for DNA-DNA 

hybridization. Species identification using 16S rRNA gene sequencing is 

still a new occurrence in most clinical laboratories; therefore, it is expected 

that such standards will continue to develop over time. In addition, future 

use of microarray-based technologies with targets based on 16S or other 

housekeeping genes may provide a considerably more sensitive and 

accurate basis for molecular species identification (Peterson et al., 2021). 

        The 16S rRNA gene sequence has been employed more than any other 

housekeeping genetic marker in the study of bacterial phylogeny and 

taxonomy for a variety of reasons. The 16S rRNA gene (1,500 bp) is large 

enough for informatics purposes because of; its presence in almost all 

bacteria, often existing as a multigene family, or operons; the function of 

the 16S rRNA gene over time has not changed, suggesting that random 

sequence changes are a more accurate measure of time (evolution); 

mutation rate is slow; and the gene's abundance (Alibrandi et al., 2020). 

        The "gold standard" for establishing the correct taxonomic grouping 

of a strain with indeterminate characteristics or for proposing a new species 

is DNA-DNA hybridization. The genetic definition of a species can be 
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quantified using DNA-DNA reassociation kinetics, i.e., (i) ca. 70% DNA-

DNA relatedness (Dueholm et al., 2021). 

2.8. Aerobic Vaginitis Caused by Enterococcus faecalis  

        Enterococci are common gastrointestinal bacteria found in both 

humans and animals. Nosocomial infections, however, have recently been 

linked to vancomycin-resistant enterococci (Abdel-Gawad et al., 2021). 

        Aggregation substance asa1, gelatinase, cytolysin, enterococcal 

surface protein, and most recently hyaluronidase is just a few of the 

virulence factors described in enterococci.  

        Different E. faecalis strains' capacity to subvert host defenses and 

spread disease is due in part to their accumulation of virulence factors. 

Fimbriae (which aid bacterial adherence and invasion), iron-acquisition 

systems (which permit bacterial survival in the iron-limited environment of 

the urinary tract), flagella and toxins (which promote bacterial 

dissemination), and capsule (which enhances an infection's capacity to 

cause disease) are all examples of virulence factors that are located in 

virulence genes (Yalew et al., 2022).  

        Non-pathogenic strains can acquire additional virulence factors from 

accessory DNA because virulence genes are placed on transmissible 

genetic elements (plasmids) and/or the chromosome. Substances that 

provide significant pathogenicity to bacteria tend to aggregate among these 

virulence factors. E. faecalis exhibited a statistically significant prevalence 

of 86.51% for the virulence factor (asa1), which plays a crucial role in 

pathogenesis among clinical strains of enterococci (Kao and Kline, 2019).  

        According to a recent study (Kiruthiga et al., 2020), Plasmid-encoded 

asa1 is a pheromone-inducible protein that promotes aggregation of 
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Enterococcus, which in turn facilitates the conjugative transfer of sex 

pheromone gene-containing plasmids and increases virulence (adherence to 

renal tubular cells, heart endocardial cells, and internalization by epithelial 

cells) and immune evasion (Inaba et al., 2019).  

        The most crucial role in aggregation formation is played by the 

chemicals known as extracellular polymeric substances (EPS), which are 

released by bacteria and photosynthetic microorganisms and increase 

adhesion between cells (Papadopoulos  et al., 2020).  

        Different microbial strains and laboratory conditions result in distinct 

EPS due to the influence of numerous parameters, including nutrition 

availability, light population density, the presence of cations (primarily 

Ca2+ and Mg2+), temperature, and pH (Kao and Kline, 2019). 

2.9. Mycoplasma hominies Infection 

        The Mycoplasma genus encompasses the smallest known members of 

the class Mollicutes. Mycoplasma hominis is a bacterium that lives in the 

urogenital system and is commonly associated with pelvic inflammatory 

diseases PID as well as postpartum and neonatal infections (Xiang and Lu, 

2019). 

        In humans, infections caused by M. hominis outside of the 

genitourinary system uncommon.  

        To survive, they act as exterior parasites on the cells of humans, 

animals, birds, insects, and plants. Some organisms are able to live in their 

natural habitats in both land and sea environments. Seventeen species of 

human mycoplasmas have been identified since the first Mycoplasma was 

isolated from a human in 1937 from a Bartholin's gland abscess by Dienes 

and Edsall (Nuradilova et al., 2021). 
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        Mycoplasma hominis, Mycoplasma genitalium, and Ureaplasma 

urealyticum are all examples of genital mycoplasmas, which are distinct 

sexually transmitted bacterial pathogens that can cause asymptomatic, 

long-term, and chronic infection in the genitourinary tract and hence pose a 

hazard to public health. Direct sexual contact, vertical transmission from 

mother to child, and tissue transplantation are all potential routes of 

transmission (Moridi et al., 2020). 

        Acute urethritis, bacterial vaginosis, pelvic inflammatory disease, and 

tubal infertility are only a few of the diseases that M. hominis has been 

linked to Mycoplasma or Ureaplasma infection, even if asymptomatic, may 

cause adverse pregnancy outcomes by stimulating pro-inflammatory 

immunological responses in the endometrium (Galyamina et al., 2022).  

        Some theories propose that strains that colonize the vagina but fail to 

invade may lack or have a defective form of a gene or genes important in 

amniotic cavity invasion (Paira et al., 2021).  

        A genetic identification of bacteria that can invade the amniotic cavity 

and induce preterm labor could lead to earlier detection and advances in 

medical treatment, making this study clinically significant. Understanding 

the involvement of this bacterium species in premature delivery may be 

aided by locating the genes responsible for invasion of the amniotic cavity 

(Moridi et al., 2020). 

2.9.1. Properties of Mycoplasma hominis 

         The elusive and slow-growing nature of M. hominis made it difficult 

to identify it as a pathogen. The following explanations are possible: 

        M. hominis lacks a cell wall but instead has a 3-layer sterol membrane. 

Because of this, Mycoplasma spp. are often missed in clinical specimens 

because they cannot be identified with standard Gram staining. 



Chapter  Two                                            Literature Review 
 

22 
 

Subcutaneous fluid and colony smears stained with gram stain and Wright-

Giemsa showed no bacterial morphology in this case (Yacoub et al., 2021). 

        M. hominis takes a while to grow into tiny colonies on the media 

commonly used in the laboratory, and since a timely diagnosis is less likely 

because of the need for an extended incubation period, detecting it on 

plates can be difficult. Furthermore, conventional biochemical techniques 

might not be able to properly identify it (Paira et al., 2021). 

        In cases of suspected bacteremia, it can be challenging to detect the 

growth of M. hominis in standard blood culture bottle solutions because of 

the presence of polyanethol sulfonate, an anticoagulant. Instead, special 

methods for growth through automatic detection systems are required, and 

false-negative results are likely to be obtained  (Galyamina et al., 2022).   

        In general, post-operative M. hominis infections are difficult to 

diagnose using conventional microbiological techniques. The likelihood of 

postoperative Mycoplasma infection may be under-diagnosed or reported 

due to the high urethral carriage rate of M. hominis (healthy individuals) 

and the prevalence of catheterization as a surgical technique (Xiang and 

Lu, 2019). 

2.9.2. Survival Strategies of Mycoplasma   

        Mycoplasmas cause disease by first attaching to the epithelial mucosa 

membrane of the host cells, then colonizing the area, and finally causing 

necrotic death of the sub mucosal tissue. The severity of this pathogenesis 

is determined by the Mycoplasma species' capacity for tissue attachment 

and invasion. To this end, mycoplasmas have developed a specialized 

organelle called a cytoadherence tip (Galyamina et al., 2022).  

        However, surface-membrane lipoproteins can maintain the virulence 

of Mycoplasma species that lack the specific structure. Mucus membrane 

sulfatides and sialoglycoconjugates are targets for the lipoprotein ligands.  
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        Though poorly characterized, the host-mycoplasma connection 

appears to be underpinned by a wide range of complicated molecular 

processes that, when activated, set off cytoadherence, immunomodulation, 

and pathogenicity (Paira et al., 2021).  

        Mycoplasmas, which have highly redundant minimum genomes, are 

able to adapt, persist, and live successfully in a wide variety of 

environments by evading and modulating the host's humoral immune 

response. Examining the host-mycoplasma interaction at the 

proteogenomic level is also necessary because of the connections between 

mycoplasma persistence and chronic inflammatory disorders in humans 

(Moridi et al., 2020). 

2.10. The Immune System  

        The ability of a healthy woman with a fully functional immune system 

to carry a baby to term without immunological rejection is one of the most 

astounding elements of reproductive biology. This process is affected by 

immunoglobulins, cytokines, hormones, and other endometrial variables as 

well as local and systemic immunological responses. For implantation and 

later pregnancy to occur, a synergy of these elements is essential (Fu et al., 

2021). The physiological immune responses that comprise the three 

different inflammatory stages of human pregnancy rely heavily on 

recognition of fetal antigens (Fuhler, 2020). 

        Implantation and early placentation are related with the first trimester. 

Endometrial erosion caused by the blastocyst is accompanied by a rise in 

pro-inflammatory Type 1 helper T cell (Th1) signaling and a local 

infiltration of natural killer cells (NK), macrophages (Mac), and dendritic 

cells (DC) (Kwak-Kim et al., 2022). 
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        In the second stage, the equilibrium between Th1 and Th2 type signals 

is restored, resulting in a brief period of immunological homeostasis. This 

happens again during the second trimester and for the majority of the third. 

The cycle ends with a return to a pro-inflammatory microenvironment 

during the birthing process. During pregnancy in eutherian mammals, these 

three stages occur in sequence (Timothy et al., 2022). 

        In particular, Th2 cytokines [including interleukin (IL)-4, IL-10, and 

IL-13] are linked to a successful pregnancy, while Th1 cytokine responses 

[including interferon (IFN)-, and tumour necrosis factor (TNF)-] are more 

common in spontaneous miscarriage (Fuhler, 2020)  .  

        Tolerance is a key component of an effective immune response, which 

is essential for fetal survival. When immune cells are partially 

dysfunctional and aberrant cytokine release occurs, the immunological 

tolerance of the maternal-fetal interface is broken, and a spontaneous 

abortion occurs. Infection of the fetus or embryo is responsible for 10%-

15% of abortions (Fan et al., 2020(. 

2.11. Natural Killer Cell 

        Natural killer (NK) cells are a vital component of both innate and 

adaptive immunity because they are essential cytotoxic cells. NK cells 

target and destroy cancer cells while leaving healthy ones alone. 

Furthermore, once activated, NK cells generate a variety of cytokines and 

chemokines that might enhance the body's natural defenses against tumors 

(Wu et al., 2017). NK cells detect major histocompatibility complex 

(MHC)-I molecules on target cells by combining with activating and 

inhibitory receptors to form killer immunoglobulin-like receptors (KIRs) 

(Kwak-Kim et al., 2022).   
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        NK cells are beneficial to humans because they regulate adaptive 

immune responses. Early on in the course of an infection or damage, as 

well as in the presence of tumors and viruses, NK cells are upregulated and 

eliminate cancer cells and infected viral cells without the need for 

stimulation or immunity (Fan et al., 2020 ; Fu et al., 2021).   

        Multiple cytokines, including interleukin (IL-3, IL-10, IL-12 and IL-

18) influence NK cell formation and functional maturation (Wu et al., 2017 

; Wang et al., 2018). While transforming growth factor (TGF) and IL-15 

largely govern regulatory NK cells that reside in the uterus, IL-15, IL-18, 

and IL-21 can maintain a cytotoxic state of NK cells in the peripheral blood 

to combat infections (Guerrero et al., 2020).  

        Transduction of target cell signals to NK cells is complicated and 

requires a shift in the ratio of activating to inhibitory signals. Multiple types 

of inhibitory and activating receptors are encoded in the germ line and 

control NK cell activity (Wang et al., 2018; Mahajan et al., 2022).  

        Two significant NK subsets (Cluster of Differentiation) are CD56 

bright CD16 and CD56 dim CD16 (Ietta et al., 2018). These two subsets 

are very  functionally distinct from each other. Instead  of  participating  in  

cytotoxic  activities, CD56bright  NK cells regulate the immune response  

strategy by the release of cytokines, whereas CD56dim cells release  

substantially  more  perforin  and  granzyme,  causing  strong  cytolysis and 

expression of  Killer-Cell Immunoglobulin-Like Receptor KIRs (Fan et al., 

2020; Rougang et al., 2023; Salazar et al., 2023).  

         Pregnancy-related NK cells are frequently CD56-bright (Wang et al., 

2018). 
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        However, NK cells and macrophages make up the bulk of the immune 

cells at the placenta-fetal interface. These cells' known functions include 

stimulating trophoblast recruitment, modifying the spiral artery and 

regulating local immunological activity (Obais and Alsultany, 2021; Fu  et 

al., 2021).  

        NK cells play  crucial  roles  throughout  pregnancy  and  are  attracted  

and  stimulated by ovarian hormones. NK cells produce up to 50–70% of 

decidua lymphocytes during the first trimester (Zhang & Wei 2021 ; 

Salazar et al., 2023).  

        Uterine natural killer (uNK) cells, which are part of the innate immune 

system, make up roughly 70% of total lymphocytes and play an essential 

role in the development and maintenance of the pregnancy. In order to shed 

some light on the connection between uNK cells and RSA (Fan et al., 2020 

; Von Woon et al., 2022). uNK cells are latent in the endometrium even 

when it is not pregnant. Progesterone, in particular, affects the number of 

these cells in the mother's body. The endometrium changes into the 

gestational decidua after conception (Elagab et al., 2022). 

        uNK are involved in placentation, a process that begins after embryo 

implantation and facilitates the passage of nutrients and oxygen between 

mother and child by remodeling the spiral arteries (Von Woon et al., 2022; 

Fu et al., 2021). 

         Decidual natural killer (dNK) cells differ from peripheral-blood  NK  

cells in that they are less cytolytic  and  release  cytokines  and  chemokines  

that  promote  trophoblast  attack,  tissue  remodeling,  fetal  growth,  and  

placentation Decidualization is aided by the presence of an abundance of 

NK cells at sites of implantation (El-Badawy et al., 2020 ; Fu  et al., 2021). 
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        Also dNK  cells  play  an  active  role  in  SA  remodeling  in  human  

illness. Patients with pre-eclampsia and intra-uterine growth restriction 

(IUGR), which are linked to insufficient remodeling of  SAs  and  restricted  

trophoblast  invasion  in  the  decidua,  have  been  shown  to  have  fewer  

dNK cells. Additionally, NK  can  help  the  fetus  grow  and  develop,  and  

a  lack  of  growth  factors  causes  growth  restriction in the progeny by 

causing incorrect bone development (Wang et al., 2018, Donskoi et al., 

2022 ; Rougang et al., 2023).  

        During the first three months of pregnancy, dNK cells, which are 

found near the trophoblast cells and the spiral arteries, are abundant. Then, 

during the second trimester, their numbers begin to decrease, and by the 

time of delivery, they are completely gone (Mahajan et al., 2022 ; Crespo 

et al., 2022). 

        In  addition  to pNK cells, "tissue-resident  NK" (trNK)  cells  are  also  

present in peripheral tissues in humans, including the liver, lungs, skin,   

and uterus. A subset of  CD56-bright NK cells  forms the majority of  trNK  

cells. When compared to pNK cells and trNK cells, decidual NK (dNK)   

cells are  a specialized  subset of trNK cell present in endometrial decidual   

tissue. These cells exhibit many distinctive morphological and functional 

traits (Zhang and Wei 2021 ; Salazar et al., 2023).       

        When exposed to pathogens during pregnancy in the uterus, NK cells 

can also change their identity to become cytotoxic and perform  

immunological defense. Premature NK cell activation during late  gestation  

can result in preterm labor, recurrent spontaneous abortion,  uterine  cancer,  

and recurrent implantation failure by breaking down the maternal-fetal 

interface's tolerance (Wang et al., 2018 ; Zhang and Wei 2021). 
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        Patients experiencing infertility are increasingly having their 

peripheral NK cells tested as a diagnostic tool to direct the start of 

treatment. However, there is increasing confirmation that uNK cells 

develop from pNK cells that have been transported to the uterus and 

activated there. NK cell evaluation has yet to be validated as a diagnostic 

tool for female infertility, or RSA; hence, more study is required (Salazar et 

al., 2022 ; Elagab et al., 2022).  

        However, it is believed that a deficiency of immunological tolerance, 

which is a state in which NK cells may play a significant role, is the  

primary  cause  of  seemingly  unexplainable  SA (Guerrero et al., 2020 ; 

Rougang et al., 2023). The initial report by Aoki suggested that elevated 

pNK activity could lead to RSA (Wang et al., 2018).  

        Currently, pNK cells are employed as an  indicator for determining the 

initiation of therapy for individuals with  infertility (Toth et al., 2019  ; 

Dons’koi et al., 2022). 
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4. Results and Discussion 

4.1. Distribution of Age Group for Aborted and Healthy Women 

         The ages of the aborted and healthy women ranged between 16 and 

45 years. The highest rate of  SA was in the age group of 26–35 years 

(46%). 

        According to the results of the current study, there was no significant 

effect of age group on abortion rates. P ≤ 0.05 compared with healthy 

women, as shown in Table (4-1) and Figure (4-1). 

Table (4-1): Age Distribution of Study Subject  

Sample 

type 

Age group (year) P value 

(P ≤ 0.05). 16-25 26-35 36-45 Total 

Patients 15 (30 %) 23 (46%) 12(24 %)
 

50 .836
NS

 

Controls 8 (26.7 %) 13 (43.3%) 9 (30%)
 

30 .837
NS

 

Total 23(28.75%) 36 (45%) 21(26.25 %) 80 (100%) .588
NS

 

NS: Non-significant difference 

 

 

Figure (4-1): Distribution of Cases According to Age Group 
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        This scheme shows the increase in the number of women who 

got abortion in the age group of 26-35 years, this is due to the 

reproductive age of women increases at this category.  

        In a study similar to this one, the majority of the patients with 

RSA were between 26 and 35 years old (56%) (Anyanwu and 

Titilope, 2021).  

        Both parents' ages play a role, with those aged 35 and up having a 

higher probability of their child having a negative pregnancy outcome 

(Kuon et al., 2017).  

  

4.3. Distribution of Blood Group for Aborted and Healthy Women 

        The ABO system was another criteria included in this study. Women 

with SA tend to have a higher prevalence of blood type O+ (42%), as seen 

in Table (4-2) and Figure (4-2). 

 

Table (4-2): Blood Group Distribution of Study Subject 

 

Sample type 

Blood Group 

A+ B+ AB+ O+ O- 

Patients 

N0=50 
10 (20%) 15 (30%) 2 (4%) 21 (42%) 2 (4%) 

Controls 

N0=30 
6 (20%) 11 (36.7%) 3 (10%) 9 (30%) 1 (3%) 
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Figure (4-2): Distribution of Cases According to Blood Group 
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        The primary diagnosis of bacterial isolates, which depended on the 

color changes in UTIC agar in addition to microscopic and morphological 

characterization, was supported by a genetic study using 16S rRNA PCR 

and sequencing. A specified number of bacteria that were frequently 

detected was chosen, therefore the total number of samples sent to the 

sequencing was 20 (14 from patients, 6 from controls) as shown in Table 4-

3. 

Table 4-3: Number and Type of Bacteria that PCR and Sequencing were 

performed 

Expected Sample 

NO. of 

Expected 

Samples  

Confirmed Bacteria After 

Sequenced 

No. of 

confirmed 

Bacteria 

Enterococcus faecalis 7 

Enterococcus faecalis 6 

Enterococcus gallinarum 1 

Escherichia coli/ Proteus 5 Escherichia coli 5 

Klebsiella pneumonia 3 Klebsiella pneumonia 3 

Staphylococcus epidermidis 2 Staphylococcus epidermidis 2 

Ambiguous bacteria 3 

Acinetobacter junii 1 

Corynebacterium coyleae 1 

Metabacillus niabensis 1 

        The current study results show a difference in bacterial genera in 

women with SA compared with healthy women, and it was noted that 

embroilment of Enterococcus faecalis occurred in most cases of SA with 

an estimated percentage of 56% (28/50), thus defeating Escherichia coli by 

32% (16/50) and 4% (2/50) for Klebsiella pneumonia and 4% (2/50) for 
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Enterococcus gallinarum. In this study, very rare bacteria species were 

identified, including Acinetobacter junii at 2% (1/50) and Corynebacterium 

coyleae at 2% (1/50), While the percentage of bacteria associated with 

healthy women was: 30% (15/50) for E. faecalis, 26% (13/50) for E. coli, 

18% (9/50) for K. pneumonia, 24% (12/50) for Staphylococcus 

epidermidis, and 2% (1/50) for Metabacillus niabensis as shown Figure (4-

3). 

 

Figure (4-3): Type of Bacterial Isolates in SA Women and Study Control. 
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         Amniotic fluid is typically sterile and free of microorganisms. 

Nonetheless, the amniotic cavity can be invaded by germs in a number of 

ways; the most typical route is up the mother's genitalia. Bacteria in the 

amniotic cavity, which can be detected by molecular microbiologic 

methods or culturing, may cause a local inflammatory reaction. Intra-

amniotic infection describes this situation. Preterm birth, the development 

of acute histopathological chorioamnionitis and funisitis, and an embryonic 

inflammatory response are all adverse pregnancy outcomes that have been 

linked to intra amniotic infection. (Jung et al., 2021). 

        According to the molecular findings of a recent study, Enterococcus 

faecalis superior to all other species of bacteria identified in this research. 

When the swabs were cultured in the media, the number of Enterococcus 

bacterial colonies was found to be larger and more dense in patients and 

few and scattered in control samples. Perhaps the number and 

aggressiveness of these bacteria contributed to the abortion. Some strains of 

enterococci have gained in importance as infection-causing agents in 

addition to their well-known pathogenic potential, making Enterococcus 

faecalis an increasingly common opportunistic pathogen due to rising 

antibiotic resistance (Kao and Kline, 2019). 

        Due to its superior adaption to environments with abundant nutrients, 

low oxygen levels, and a complex habitat, E. faecalis is able to persist in 

crucial conditions with insufficient nutrition provision and an elevated pH 

level ranging up to 11.5. For enterococci to cause disease in a host, they 

must first be able to colonize the host's tissues, then outwit the host's non-

specific and immune defenses, and last cause infection (Alghamdi and 

Shakir, 2020). 
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        Evidence from adhesion studies shows that enterococci can colonize 

host tissues by adhering to epithelial cells of the gastrointestinal tract, 

urinary tract, and heart (Sangeetha, 2014). 

        About 32%,  E. faecalis is the most commonly isolated pathogen in 

patients with aerobic vaginosis. As a result of their harmful actions, aerobic 

bacteria like E. faecalis have been linked to spontaneous abortions 

(Sangeetha, 2014; Redelinghuys et al., 2020 ; Jahić and Cerovac, 2022).  

        Another bacterial species recovered from women  with SA was 

Escherichia coli. Aerobic vaginitis often has E. coli as a source of 

infection. Some enterobacteria have been shown to function as 

uropathogens and be associated with cases of bacterial vaginosis because of 

their close proximity to the "anorectal/vaginal" zone (Mohammed and 

Ibrahim, 2022). 

        Women with a history of UTI have higher levels of E. coli 

colonization in their vaginal introitus (>105 CFU/mL), highlighting the 

importance of the vaginal milieu in the pathogenesis of recurrent UTI 

(Dominoni et al., 2023). 

        Both bacterial vaginosis (BV) and aerobic vaginosis (AV) are vaginal 

dysbioses characterized by a reduction in lactobacilli and associated with 

chorioamnionitis, preterm delivery, spontaneous abortion, and low birth 

weight (Nunez et al., 2023). A local study by al Juber and Hammoudi 

(2014) found that 14.8% of K. pneumonia and Klebsiella spp. were 

implicated in both AV and BV (Torrone et al., 2018; Yalew et al., 2022).  

        Similar research has found that pregnant women with gestational 

diabetes have a greater capacity to become infected during their 

pregnancies. Enterococcus gallinarum accounted for 23 (28.39%) of the 

germs isolated from healthy women and women with genital tract 



Chapter Four                                  Results and Discussion  

61 
 

infections. The risks of pathogenic bacterial infection are discussed, as are 

the effects of vaginal infections on such birth complications as premature 

birth, membrane rupture, and placental infections (Al-Wandawy et al., 

2020 ; Şahin and Temtek, 2022).  

        Since it is unusual to identify Corynebacterium coyleae in connection 

with newborn illnesses, it was believed that this bacterium represented 

commensal strains and was therefore found. Corynebacterium coyleae is a 

member of the symbiotic microbiota of the urinary tract, mucosal 

membranes, genital tract, skin, etc. (Akwuobu et al., 2023).  

        The infectious potential of this species continues to be researched. In 

1997, it was first discovered by Funke et al. using blood cultures from six 

individuals who had episodes of fever with no clear cause. C. coyleae has 

also been used to treat cases of verified sepsis, probable sepsis, a soft-tissue 

infection, suspected post-transfusion bacteremia, neonatal bacteremia, burn 

injuries, pleural fluid samples, abscess formation, and ulceration. Current 

disagreement surrounds its formal pathogen status (Sokol-Leszczynska et 

al., 2019).  

        Gram-positive rods that are non-spore-forming, non-acid fast, straight 

to slightly curved, and often concave at the ends, but can also be club-

shaped or ellipsoidal, and arranged in angular or columnar patterns. The 

exact details of this species are not yet revealed. It is unclear how or why 

certain species of Corynebacterium play a role in the aetiology of human 

diseases (Barberis et al., 2018; Akwuobu et al., 2023). 

        There is clearly a lack of differentiation between colonization and an 

infectious condition. Although Corynebacterium coyleae is rarely isolated, 

it continues to be considered a pathogen because it can cause complicated 
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urinary tract infections in women. However, there is little published data 

from clinically relevant samples (Barberis et al., 2018).  

        Acinetobacter junii, likewise considered a rare species and presumed 

to be an uncommon form of human-infected bacteria, was recovered from 

SA women in a similar study to the one presented here. A microscopic 

examination of a gram-stained smear revealed the presence of small gram-

negative cocci. The bacterium Acinetobacter can be found virtually 

anywhere on earth, food, water, garbage, and soil are just some of the 

places where it can be extracted. It is important to note that, while 

Acinetobacter is typically a non-pathogenic organism, it can cause fatal 

infections in critically ill people (Yang et al., 2019).  

        It is found on the skin of roughly 25% of healthy people; however, it 

only rarely acts. In a retrospective study, colonization of the 

gastrointestinal system was found in both infants and adults (77% of 73 

cases). In humans, Acinetobacter can be found in the microflora of the 

mouth, nose, and genitalia. If Acinetobacter is allowed to colonize the 

genitourinary tract, it could potentially spread to other organs, including the 

lungs. This behaviour is known as "translocation" (Sarshar et al., 2021).  

        A polysaccharide capsule is found on some Acinetobacter strains, so it 

is usually an indicator of a high level of pathogenicity. Bacteria are 

protected from the host cell's immune system by the capsule, which is made 

of polysaccharides and polypeptides (Yang et al., 2019). It also facilitates 

bacterial attachment to surfaces, both living and nonliving. In addition, the 

polysaccharide capsule stops microorganisms from drying up. Colonies 

from an encapsulated strain of Acinetobacter are mucoid and lack 

pigmentation (Sarshar et al., 2021). 
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        Related research indicated that A. junii was the second most prevalent 

microbe detected (n = 14, out of a total of 79) in amniotic fluid samples 

taken from women who did not have intra-amniotic inflammation (Jung et 

al., 2021).   

        In addition, healthy pregnant women (controls) are often found to 

have the commensal bacterium Staphylococcus epidermidis. Once assumed 

to be harmless, S. epidermidis is now recognized as a major opportunistic 

pathogen. It keeps things under control, improves the skin's immune 

system, and prevents disease-causing opportunistic bacteria by means of 

colonization resistance (Severn and Horswill, 2023).  

        Staphylococcus epidermidis has been discovered as one of the most 

important species in this category. This gram-positive, facultatively 

anaerobic, non-spore-forming, non-motile, catalase-positive, coagulase-

negative bacterium frequently causes nosocomial and hospital-acquired 

infections. S. epidermidis strains isolated from human clinical infections 

carry virulence features from accessory gene regulator (Agr) classes I, II, 

and III (Noshak et al., 2023). 

        Using clinical samples, specifically from the vagina, this study 

identified Metabacillus niabensis for the first time anywhere in the world, 

including in Iraq. The isolated Metabacillus species employed in this work 

will aid in further studies of this genus and will increase its taxonomic 

diversity (Kangale et al., 2021). 

        M. niabensis is an aerobic, gram-negative, motile bacterium that 

thrives at temperatures between 15 and 40  C. In addition to being catalase, 

beta-galactosidase, and oxidase-positive, the major fatty acid found in 

Metabacillus niabensis is 12-methyl-tetradecanoic acid (Da Costa et al., 

2022).  
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        Molecular methods utilized for the study of Bacillus have led to 

important new discoveries in the genus's taxonomy. Numerous species 

have recently been reclassified, entering new genera, leaving almost only 

Bacillus cereus group species in the genus Bacillus. Only by sequencing 

the 16S rRNA gene can these closely related species be distinguished 

phylogenetically from one another (Hwang et al., 2022).  

        Even though Bacillus and related genera have a cell wall characteristic 

of Gram-positive bacteria, they can stain as Gram-positive (in early 

cultures), Gram-variable (between Gram-positive and Gram-negative), or 

Gram-negative. Bacillus and related genera may develop spores that are 

resistant to high and low temperatures and common sanitizers, allowing 

them to survive in a wide range of circumstances for long periods of time 

(Reichart et al., 2023). 

        Traditional methods of identifying Bacillus and related taxa are 

extremely challenging due to the high degree of resemblance between 

closely related species on morphological, biochemical, and genetic levels. 

Apolyphasic strategies, which combine phenotypic and genotypic 

techniques, allow for the discovery of novel species and a more precise 

analysis of the taxonomic and evolutionary relationships among the 

members of this group (Kangale et al., 2021). 

        Some of these methods of identification include databases (DB) that 

are more narrowly focused on medicinally essential bacteria than on the 

microbiota associated with drugs. These organisms are often ecological 

pioneers, but their metabolic patterns are not always represented in the DB 

due to the wide variation of their physiologies and nutritional needs (Da 

Costa et al., 2022). 
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4.4. The Diagnostic Characteristic of Vaginal Microbiota 

        Bacterial isolates' principal diagnoses, as determined by color changes 

on UTIC agar in addition to microscopic examination, morphological 

characterization, and biochemical tests, are tabulated below in Table (4-4). 

Table (4-4): Diagnostic Properties of Bacterial Isolates in This Research 

Bacteria sp. 
Gram 

stain 

Catalase 

/Oxidase 

Hemolytic 

reaction 

on Blood 

agar 

Culture Properties  

under Microscope 

and in Different 

Agar Media 

Enterococcus 

faecalis 

Gram 

positive 

Negative/Negative 

 

β-

hemolysis 

Round or ovoid cells 

that have formed pairs 

or chains . 

 UTIC/ green or a blue 

– turquoise. 

Escherichia 

Coli 

Gram 

negative 
Positive/ Negative 

hemolysis-

α,  β, γ 

UTIC/ Pink colonies, 

rods shape. 

EMB/ green metallic 

sheen. 

MacConkey/ take pink 

color  

Klebsiella 

pneumonia 

Gram 

negative 
Positive/ Negative 

γ-

hemolysis 

UTIC /Colonies have 

mucoid form and a 

dark blue to purple. 

EMB/ pink color. 

MacConkey/ pink, 

mucoid larger size 

than E. coli 
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        It must provide adequate nutrition for bacterial cultures, especially 

those cultivated on blood agar. Hemolysis due to bacterial growth is one of 

blood agar's principal uses, and it can be utilized for organism 

identification.  Hemolytic extracellular enzymes produced by pathogenic 

organisms are most commonly cultured on blood agar (Russell et al., 2006 

and Zhao et al., 2023). 

Staphylococcus 

epidermidis 

Gram 

positive 
Positive/ Negative 

γ-

hemolysis 

Its colorless to yellow 

colonies on UTIC, 

typically shaped like a 

bunch of grapes. 

 

Enterococcus 

gallinarum 

 

Gram 

positive 

 

 

Negative/Negative 

 

β-

hemolysis 

Round or ovoid cells 

clustered in pairs or 

chains; colonies on 

UTIC are a vibrant 

turquoise. 

Acinetobacter 

junii 

Gram 

negative 
Positive/Negative 

γ-

hemolysis 

It forms colonies that 

are soft, sometimes 

mucoid, pale yellow to 

greyish white, and of 

the cocco-bacillary 

pattern. 

Corynebacterium 

coyleae 

Gram 

positive 
Positive/Negative 

β-

hemolysis 

They cluster together 

in tiny, granular grey 

colonies that  have 

opaque centers, are 

curved, and have 

smooth edges. 

Metabacillus 

niabensis 

Gram 

negative 
Positive/Positive 

α 

hemolysis 

round, with a moist 

top and clear edges; 

UTIC agar showed  

white to yellow colors.  
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        The basic components of UTI chromogenic media, such as peptone 

mixture, tryptophan, chromogenic substrate, and growth factors (Jiao et al., 

2022). The most common uropathogens were species of Escherichia coli, 

Klebsiella, Enterococcus, and Eneterobacter. Even in polymicrobial 

cultures, the distinct colony colors produced by the bacteria's individual 

enzymes degrading the chromogenic substrate were useful for a 

preliminary identification (Maganga, 2019).  

 

        The use of chromogenic agar media is standard practice for isolating 

and identifying E. coli, Staphylococcus and Enterococci. This primary 

screening medium is easy to use, so it can cut down on routine work and 

identification tests (Mishra et al., 2020). 

 

          MacConkey media; due to bile salts and crystal violet, this medium 

(which is selective) favors gram-negative bacteria and inhibits gram-

positive bacteria. An acid-sensitive characteristic, and lactose, a sugar, may 

be present in this differential medium to differentiate gram-negative 

bacteria. Colonies of lactose-fermenting organisms appear to be pink. After 

lactose fermentation, the pH lowers because of the presence of acidic 

byproducts, and the indicator changes color to pink as in E. coli and 

Klebsiella with large, mucus pink color. In non-lactose fermenters, 

Absence of lactose fermentation results in no change in pH which generate 

colonies from uncolored bacterial cells (Supriatin et al., 2021). 

 

          Eosin methylene blue (EMB) agar is also a selective and differential 

medium made of peptone, lactose, sucrose, and dyes. EMB agar promotes 

gram-negative bacteria. Methylene blue inhibits most gram-positive 

bacteria. pH-sensitive eosin turns black in acidic situations. In EMB agar 
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media, lactose and sucrose provide energy. The medium's carbohydrates 

stimulate gram-negative bacteria. The ability of enteric bacteria to break 

down lactose and sucrose on EMB agar can help identify them. Lactose-

fermenting gram-negative bacteria (mainly enteric) acidify the medium, 

causing the dyes to form a dark purple complex with a green metallic 

sheen, as in E. coli,  but Klebsiella colonies look pink (Gazel et al., 2019).  

         

        Mannitole Salt Agar (MSA) medium distinguishes Staphylococcus sp. 

that ferment Mannitole. Agar color change indicates mannitole 

fermentation. Standard MSA medium uses phenol red, which turns yellow 

in acid pH. This medium isolates, counts, and differentiates pathogenic 

staphylococci. Salt-tolerant Enterococcus spp. can also grow on MSA 

(Virgianti, and Suhartati, 2020). 

 

        De Man, Rogosa and Sharpe (MRS) agar is a laboratory medium 

designed to rapidly multiply Lactobacillus.  Sodium acetate inhibits most 

competitor microorganisms. Clinics rarely employ this test since milky acid 

bacteria rarely cause disease (Taye  et al., 2021). 

        Lactobacillus was not isolated from the HVS cultured on media  from 

patients and controls, since the patient may have taken antibiotics that 

reduced the number of Lactobacillus in the vagina. Endogenous hormones 

like progesterone and estrogen have an impact on the Lactobacillus 

population in the vagina of pregnant women. These hormones cause the 

concentration of Lactobacillus to change and fall as the gestational period 

nears delivery (Kindinger et al., 2017). 
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A. Acinetobacter junii 

In Blood Agar 

 

B. Metabacillus niabensis 

In Blood Agar 

 

C. Enterococcus gallinarum 

           In UTI Agar 

 

D. Corynebacterium coyleae 

In Nutrient Agar 

                                                                                                                                                     

Figure (4-4): Colonies of A Unique Isolate Growing in Different Type of Agars. 
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4.5. Genotyping Assay 

4.5.1. Agarose Gel Electrophoresis for Bacterial Genomic DNA 

         The genomic DNA were extracted by Favrogene Kit and used as 

template for 16S rRNA and asa1primers, each genomic DNA samples was 

checked to evaluate the efficiency of extraction method by agarose gel 

electrophoresis,  at concentration 1%,  as shown in Figure (4-5). 

 

 

Figure (4-5): 1% Agarose Gel Electrophoresis of Bacterial DNA at 100 Volt for 45 

min. PCR Product Visualized Under U.V Light at 280nm. After staining with 

Ethidium Bromide, M= Molecular Marker (100-3000bp), 1-20 Bacterial Isolates. 

        

        The extraction of these samples shown high quality of DNA appeared 

in bright bands. 

 

4.5.2. The Amplification of 16S rRNA Gene by PCR 

        The local sample was included by using a locus-specific primer (16S 

rRNA) to generate amplicons of approximately 938 base pairs in length. 

The 938 bp region of the 16S rRNA gene was amplified  for diagnosis of 

bacteria by PCR using the isolated bacterial genomic DNA as a template. 
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Each ribosomal amplicon was checked to make sure it had distinct bands 

before it was sent for sequencing, as shown in Figure (4-6). 

  

 

Figure (4-6): Gel Electrophoresis for PCR Products of 16S rRNA Gene (938 

bp.) for (1-20) with DNA Ladder 100 bp. (M), Visualized Under U.V light at 

280nm. After Staining with Ethidium Bromide, on Agarose Gel 1.5% in 70  

Volt, 1 hour. 

 

4.5.3. 16S rRNA Gene Sequencing Results 

        The confirmed identification of the amplified products was shown by 

the sequencing reactions using NCBI Blast. In regards to the 938-bp PCR 

amplicons of the ribosomal gene, the sequenced samples and their targets 

showed complete sequences of similarities, according to analysis by the 

NCBI BLASTNn search engine.  

 

         Nucleotide composition analyses were compared to those derived 

using the more standard alignment-based method (Kiruthiga et al., 2020).  
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4.5.3.1. DNA Sequencing for Enterococcus faecalis 

        The sequencing result of  E. faecalis, which has 99% identity with the 

subject of (Enterococcus  faecalis EnGen0336 strain T5 acAro-

supercont1.1) in NCBI under Accession number (NZ_KB944666.1), 

showed 1 transition (A/G)  and 2 transversion (G/T and T/G) when 

compared Query with Subject, as shown in Figures 4–7. Query: represent 

DNA of the samples, while Subject: represent DNA of the NCBI database. 

 

Figure (4-7): Alignment Analysis of E. faecalis with Gene Bank at NCBI 

        The other E. faecalis isolates compared to subject of NCBI in the 

same method. 
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4.5.3.2. DNA Sequencing for Escherichia coli 

        The sequencing result  of E. coli which having 99 % identity with the 

subject of (Escherichia coli O157:H7 str. Sakai DNA) in NCBI under 

Accession number (NC_002695.2), there were only 1 transition C/T, when 

compared Query with Subject, as shown in Figure (4-8).   

 

Figure (4-8): Alignment Analysis of E. coli with Gene Bank at NCBI 

        The other E. coli isolates compared to subject of NCBI in the same 

method. 
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4.5.3.3. DNA Sequencing for Corynebacterium coyleae 

        The sequencing result of  C. coyleae, which has 98% identity with the 

subject of (Corynebacterium coyleae strain DSM 44184) in NCBI under 

Accession Number (NZ_FNRUO1000002.1), showed 3 transitions (C/T) 

and 3 transversion (G/T, G/T, and T/G) when compared Query with 

Subject, as shown in Figure 4-9. The ID of this query sample is 

OQ920556.1, after it was registered in the GenBank. 

 

Figure (4-9): Alignment Analysis of C. coyleae with Gene Bank at NCBI 
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4.5.3.4. DNA sequencing of Enterococcus gallinarum 

        The sequencing result of  E. gallinarum, which has 99% identity with 

the subject of (Enterococcus gallinarum strain ST4 16S ribosomal RNA 

gene) in NCBI under Accession Number (MK894862.1), showed 1 

transition (T/C) and 1 transversion (T/A) when compared Query with 

Subject, as shown in Figures 4–10. 

  

 

Figure (4-10): Alignment Analysis of E. gallinarum with Gene Bank at NCBI 
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4.5.3.5. DNA Sequencing for Acinetobacter junii 

       The sequencing result of A. junii, which has 99% identity with the 

subject of Acinetobacter junii strain H230116-022-K21-Ar-10-16s.ab1 16S 

ribosomal RNA gene) in NCBI under Accession Number (OQ920557.1), 

showed no transition or transversion when comparing Query with Subject, 

as shown in Figure 4-11. 

  

Figure (4-11): Alignment Analysis of A. junii with Gene Bank at NCBI 
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4.5.3.6. DNA Sequencing for Klebsiella pneumonia  

        The sequencing result  of K. pneumonia which having 100% 

compatibility with the subject of (Klebsiella pneumonia strain K39 16S 

ribosomal RNA gene) in NCBI under Accession number (MH638279.1), 

there were no any variation when compared Query with Subject, as shown 

in Figure (4-12). 

 

Figure (4-12): Alignment Analysis of K. pneumonia with Gene Bank at NCBI 

          The other isolate of  Klebsiella pneumonia compared to subject of 

NCBI in the same method. 
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4.5.3.7. DNA Sequencing for Staphylococcus epidermidis 

        The sequencing result  of S. epidermidis, which has 99% compatibility 

with the subject of (Staphylococcus epidermidis  strain EH-4 16S 

ribosomal RNA gene) in NCBI under Accession Number (KF683949.1), 

showed 2 transversion (C/G and G/C) when compared Query with Subject, 

as shown in Figure 4-13. 

 

Figure (4-13): Alignment Analysis of S. epidermidis with Gene Bank at NCBI 

          The other isolate of  Staphylococcus epidermidis compared to subject 

of NCBI in the same method. 
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4.5.3.8. DNA Sequencing for Metabacillus niabensis 

        The sequencing result of M. niabensis, which has 89% compatibility 

with the subject of (Metabacillus niabensis strain  LMR748 16S ribosomal 

RNA gene) in NCBI under Accession number (MW559669.1), there were a 

large number of transitions and transversions when comparing Query with 

Subject, as shown in Table 4–4 and Figure 4–14. 

Table (4-4):Type and Number of Substitutions in M. niabensis Alignment 

Sequences 

Type of Substitutions 

Transversion Transition 

C/G C/A T/A A/C A/T T/G G/C A/G T/C C/T 

27 6 2 2 1 4 2 26 1 2 

 

Figure (4-14): Alignment analysis of M. niabensis with Gene Bank at NCBI 
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4.5.4. Detection of asa1 Gene as a Virulence Gene of Enterococcus 

faecalis  

       By using a specific primer for the detection of the asa1 gene in an 

isolate of Enterococcus faecalis, the current study showed that out of 20 

isolates from patients, 17 (85%) of them gave positive results for this gene 

at a replicon size of 375 bp, while in control, out of 10 isolates from this 

bacterium, 2 (20%) gave positive results when compared with the allelic 

ladder as shown in Figure 4–15.  

 

Figure (4-15): Agarose Gel Electrophoresis of PCR Products of Virulence Gene 

Aggregation Substance (asa1) for Isolates of Enterococcus faecalis. 1%Agarose, 

100 volt/ 40 min 

         In a closely related study, E. faecalis asa1 was significantly 

predominant in 86.51% of samples from individuals with UTIs and 

pyogenic wound infections (Kiruthiga et al., 2020). 

         This virulence genes are often located on mobile genetic components 

(plasmids) and/or the chromosomal region, it is possible for non-

pathogenic strains to acquire new virulence factors from accessory DNA. 

Substances that provide extreme pathogenicity on bacteria are clustered 

among these virulence factors (Negut et al., 2018). 
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        Most aggregates are formed by chemicals called extracellular 

polymeric substances (EPS), which are High molecular weight (HMW) 

polymers, released by bacteria and photosynthetic microorganisms and 

primarily responsible for the binding of cells with other particulate 

materials, such as polysaccharides and proteins, to achieve cohesion and 

adhesion (Song et al., 2019).  

        The asa1 gene encodes the aggregating substances that bind bacterial 

cells to a solid surface, resulting in the formation of a biofilm responsible 

for bacteria's pathogenicity and resistance to antibiotic (Sehgal, 2020). 

        Different microbial strains and experimental settings result in distinct 

EPS (Bayigga et al., 2019).  

        These parameters include nutrition availability, light intensity, the 

presence of cations (mostly Ca2+ and Mg2+), temperature, and pH. 

Microorganisms may up their EPS production in response to harsh 

circumstances as a means of protecting their cells from stress factors 

(Siddharth et al., 2021). 
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4.6. Serological Assay 

4.6.1. Peripheral Natural Killer Cells in Spontaneous Abortion Women 

and Healthy Women 

        Results of the current study revealed that there is a discrepancy in the 

concentrations between different age groups and also between patients and 

controls especially in the age group 26-35 years, but it doesn't reach the 

degree of significance as indicated by the statistical analysis P≤005. The 

concentrations mean and standard deviation (Std) of pNK  in patients was 

(107.339 ± 46.647) nmol/L, while in controls was (80.229 ± 23.737) 

nmol/L, as shown in Tables (4-6). 

Table (4-6): The Concentration of Peripheral Natural Killer Cells in Patients 

According to Age Group 

 

        The results of the study can be interpreted on the basis of the fact that 

samples of primary spontaneous abortion and not recurrent abortion were 

obtained, as well as studies that confirmed the increase of pNK cells in the 

endometrium, so if the sample was a biopsy of the endometrium, it may 

Age group 

Concentration of pNK (nmol/L) 

Mean ± Std. Deviation  P value 

(p ≤ 0.05) 
Patient Control 

16-25 96.3427  ± 48.8677 86.868  ± 20.8924 0.667
NS 

26-35 117.4709 ± 52.6364 74.9269  ± 28.99466 0.083
NS 

36-45 101.6683  ± 36.1114 81.9856  ± 17.5037 0.150
NS 

Total 

P value 

(p ≤ 0.05) 

107.339 ± 46.647 80.229 ± 23.737 
 

0.575 
NS

 0.629 
NS

 

 

NS: Non-significant difference under p ≤ 0.05 by One way – ANOVA 
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have seen that, as well as  other studies revealed that the pNK cells present 

in patients are NK cytotoxicity (NKC), so there was no increase in the 

percentage or absolute number of pNK cells, indicating that the number is 

convergent to that in control cases (Kwak‐Kim and Gilman‐Sachs, 2008; 

Hou et al., 2022). 

        The biological activity is not always taken seriously when counting 

pNK or uNK cells. In comparison to the activity of natural killer Cytotoxity 

(NKC). Over the past two decades, the NKC test by flow cytometry has 

been developed into a helpful tool in clinical medicine for women with 

infertility. It is reported to be reproducible and suitable for both clinical and 

research uses (Rougang, et al., 2023). 

        Zhang and Wei, (2021) confirmed that NKCs were greatly higher in 

non-pregnant women with a history of recurrent pregnancy loss (RPL) and 

recurrent implantation failure (RIF) compared to normal controls. RPL, 

Pre-eclampsia, RIF, unexplained infertility, and other reproductive diseases 

have all been linked to irregularities in NK cell number and cytotoxicity 

and also have abnormal pNK subsets which could indicate immune 

abnormalities at the maternal-fetal interface. These women's immune-

phenotypic NK cell features corroborate the shifts in their activity status. 

4.6.2. Mycoplasma hominis Infection 

        The SA and healthy women were subjected to evaluation of the 

concentration of serum Mycoplasma hominis IgM to determine if they 

were infected with this bacterium or not. 

        A total of (43/50= 86%) were equivalent, (6/50= 12%) were positive, 

and about (1/50=  2%) were negative from patients, and (25/30 = 83.3%) 

were equivalent, (0/30 = 0%) were positive, and (5/30 = 16.6%) were 

negative from the control group for Mycoplasma hominis, whereas positive 
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≥1.00, negative ≤ 0.10 and equivalent range between ≤ 0.10 to ≥1.00, as 

shown in Figure 4-16. 

 

Figure (4-16): Distribution of Study Cases into Positive, Negative and Equivalent, 

Depending on The Standard Value in Mycoplasma hominis Kit. 

        In similar study, positive "premature rupture of membranes" PPROM 

cases were found in 12 patients (19.4%) infected with  Mycoplasma 

hominis (Fulova et al., 2021). 

        Bacteria of this type are obligate intracellular parasites; they are found 

in a woman's vagina but do not cause illness in those with a healthy 

immune system. However, in the presence of a weakened host 

immune system, this bacterial strain can rapidly proliferate and result in 

conditions like pelvic inflammatory disease, which affects the ovaries and 

fallopian tubes. It's also thought to cause the elevated body temperature that 

comes with abortions and labor (Nuradilova et al., 2021). 

 

2% 

16.60% 

86% 83.30% 

12% 

0% 
0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

patient control

P
e

rc
e

n
ta

ge
 

Sample Type 

Mycoplasma  
hominis 

Negative

Equivalent

Positive



Chapter Four                                  Results and Discussion  

85 
 

4.6.3. Spontaneous Abortion Associated with Mycoplasma hominis 

Infection  

        The statistical analysis of the data indicated that there is a very slight 

difference in the concentrations between patients and controls, but it doesn't 

reach the degree of significance P≥005. The concentration of "Mycoplasma 

hominis" in patients means and the Std.( 0.39830 ± 0.21166) nmol/L , was 

not significant compared with the control (0.32497 ± 0.130461) nmol/L, as 

shown in Table (4-7).    

Table (4-7): The Concentration of Mycoplasma hominis in Patients and Controls 

According to Age Group 

Age group 

Concentration of M. hominis (nmol/L) 

Mean ± Std. Deviation 

P value 

(p ≤ 0.05) 

 Patient Control 

16-25 0.32167 ± 0.155579 0.28738 ± 0.055374 0.556 
NS 

26-35 0.41891 ± 0.084786 0.34492 ± 0.183097 0.540 
NS 

36-45 0.45458 ± 0.396070 0.32956 ± 0.081512 0.366 
NS 

Total 0.39830 ± 0.21166 0.32497 ± 0.130461  

NS: Non-significant difference under p ≤ 0.05 by One way – ANOVA 

 

        Similar research indicated that Mycoplasma hominis, among bacterial 

infections, has been most linked to the occurrence of RSA (Yu et al., 

2022).  Women who had experienced a miscarriage were more likely to 

have been infected with both "U. urealyticum and M. hominis" (P = 0.04 

and P = 0.02 for both pathogens, respectively; (Giakoumelou et al., 2016). 
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        During pregnancy, Mycoplasma hominis multiplies at an increased 

rate in the female body, and this has been related to a variety of adverse 

pregnancy outcomes, including early labour, spontaneous abortion, 

abnormal uterine bleeding and early abruption of the placenta. The 

inflammatory process within the uterus has been associated to these 

disorders (Galyamina et al., 2022).  

4.6.4. Correlation Between Peripheral Natural Killer Cell and 

Mycoplasma hominis Infection 

        A finding was made that hadn't been identified in prior immunological 

assessments, as it showed that there is an inverse relationship between the 

concentrations of natural killer cells and the concentrations of Mycoplasma 

hominis in the patients, as the higher the concentrations of natural killer 

cells, the lower the concentration of Mycoplasma, and vice versa. as shown 

in Figure (4-17). 

 

Figure (4-17): Correlation Between NK and M. hominis Concentration in Study 

Population a: Patients, b: Control 

        Similar studies found that amniotic fluid from women with preterm 

ruptures of membranes (PROM) had a high inflammation state. Aligning 

with the human clinical response, Mycoplasma hominis is most commonly 



Chapter Four                                  Results and Discussion  

87 
 

isolated from the amniotic fluid and placenta in cases of histologic and 

clinical chorioamnionitis and in conjunction with spontaneous preterm 

labor PTL and PROM, as well as elevation of pro-inflammatory cytokines 

(Fulova et al., 2021). 

       Activated NK cells can function to fend off Mycoplasma infections in 

their early stages. NK cells directly inhibit Mycoplasma by secreting 

interferon (IFN), which can either activate macrophages, which can kill 

tumor cells infected with obligate and facultative intracellular organisms, 

or stop Mycoplasma from growing, or both (Stewart et al., 2019). 

Alterations in vaginal microbiota, local inflammatory processes, and 

immunological signs may all play a role in the development of a 

miscarriage (Kuon et al., 2017). 

        First line of defence against vaginal microbes is provided by a layer of 

mucosal epithelium and neutrophils, that the most abundant leukocytes in 

the vaginal tissue (Guerrero et al., 2020). Innate immune cells including 

dendritic cells, macrophages, and NK cells are gathered in by the secretion 

of cytokines and chemokines which mediates natural killing.  Miscarriage 

can occur if an active infection disrupts the team of immunological 

members necessary for implantation, placentation, and blood vessel change 

(Giakoumelou et al., 2016). 

        Other studies conducted on Mycoplasma, showed that Mycoplasmas 

are a type of prokaryote that has been linked to human cancer. 

Mycoplasmas have been linked to a wide variety of serious diseases, 

including urogenital problems, an infertility, and even AIDS due to the 

atypical bacteria's ability to cause a low-grade, chronic inflammatory 

condition during cell infection without that influence the lifespan of cells 

(Galyamina et al., 2022).  
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        However, Mycoplasma, which lack a cell wall but are still 

prokaryotes, have a long, quiet, and deep connection with mammalian 

cells. This silent, prolonged contact may be a cause for changes in a wide 

variety of mammalian cellular properties. Researchers have shown great 

attention in how Mycoplasma infection stimulation or suppression affects 

the expression of specific genes in various cell types. Oncogenes, tumor 

suppressor genes, proinflammatory mediators and growth factors were all 

targeted (Yacoub et al., 2021).  
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 Conclusions and Recommendations: 

1. Conclusions:  

        The current study reached a set of conclusions, among which: 

1. The high percentage of Enterococcus faecalis in patients (56%), it 

leads to the fact that these bacteria strains possess an arsenal of virulence 

factors that are located in virulence genes and contribute to their ability to 

cause disease, including asa1 gene, which is considered the most 

virulence of Enterococcus faecalis genes and its percentage was 85%, 

which is responsible for biofilm formation. 

2. PCR and Sequencing of the (938 bp) target amplicon of the 16S rRNA 

gene by specific primers used in this study provided an accurate approach 

for studying bacterial diversity in the vagina of  women patients and 

study controls. 

3. The discrepancy in the level of natural killer cells in the blood may be 

due to bacterial vaginosis and does not constitute an immune risk factor 

in these cases of the SA Study as depicted in this study. 

4. The low infection rate of Mycoplasma hominis in SA women indicated 

a rare involvement of this bacteria in SA cases. 
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2. Recommendations:   

        The present study recommends the following: 

1. The scope of research can be expanded to include cases of bacterial 

infection involved in ectopic pregnancy (tubular pregnancy), for example, 

in which an infection causes a defect in the fallopian tube that prevents 

the normal movements of the zygote. 

2. Introduce real-Time PCR vaginal microbiota detection to detect 

microorganisms that are slow to grow, difficult to cultivate, or difficult to 

detect. 

3.  Enter the flow cytometry assay for evaluation of the level of different 

types of NK cells in different types of abortion. 

4. Using other immunological assays, such as the immunofluorescence 

test, for the detection of a wide spectrum of microorganisms associated 

with microbial vaginosis in women. 

5. In relation to the immune system, it is recommended to collect uterine 

biopsy samples from women with spontaneous abortion in order to 

identify natural killer NK cells and their relationship to spontaneous 

abortion, or to collect blood samples from women with recurrent 

spontaneous abortion immediately after abortion in order to prevent the 

likelihood of a decline in their concentration after days and to see the role 

of peripheral natural killer PNK cells and the effect of their high 

concentration. 

 6. Using next-generation sequencing (NGS) to detect the sequence of the 

vaginal microbiota. 

 



 

 

 

 

 

 

 

 

  

References 



References                                                                               

91 
 

Abdel-Gawad, A. R., Rezk, G. A. E. G., and Mahmoud, E. A. R. (2021). 

Characterization of Enterococci isolated from intensive care 

unit (ICU); Distribution of virulence markers, virulence genes 

and antibiotic resistance pattern. Microbes and Infectious 

Diseases, 2(4), 725-735.‏ 

Abdool Karim, S. S., Baxter, C., Passmore, J. A. S., McKinnon, L. R., and 

Williams, B. L. (2019). The genital tract and rectal microbiomes: their 

role in HIV susceptibility and prevention in women. Journal of the 

International AIDS Society, 22(5), e25300.‏ 

Adib-Rad, H., Basirat, Z., Faramarzi, M., Mostafazadeh, A., and Bijani, A. 

(2019). Psychological distress in women with recurrent spontaneous 

abortion: a case-control study. Turkish journal of obstetrics and 

gynecology, 16(3), 151.‏  

Akwuobu, C. A., Haruna, D. D., Iortyer, P. D., Ngbede, E. O., Mamfe, L. M., 

and Ofukwu, R. A. (2023). Prevalence of Corynebacterium species 

among Slaughtered Ruminants in Makurdi, Nigeria: A Preliminary 

Study. European Journal of Veterinary Medicine, 3(1), 1-5.‏ 

Al-Barhawee, N. I. K., and Ahmed, J. M. (2022). Using Sequencing 

Technique for Diagnostic Different Species of Genus Rhizobium 

Which Isolated from Legume Plants. Iraqi Journal of Science, 63(10), 

 ‏.4213-4224

Alghamdi, F., and Shakir, M. (2020). The influence of Enterococcus faecalis 

as a dental root canal pathogen on endodontic treatment: A systematic 

review. Cureus, 12(3).‏  

Alibrandi, P., Schnell, S., Perotto, S., and Cardinale, M. (2020). Diversity and 

structure of the endophytic bacterial communities associated with 

three terrestrial orchid species as revealed by 16S rRNA gene 

metabarcoding. Frontiers in Microbiology, 11, 604964.‏ 

Aljamali, N. M., Jawad, A. M., and Alsabri, I. K. A. (2020). Public Health in 

Hospitals. 1 First Edition, 2020, Eliva Press, ISBN: 9798636352129.‏ 

Al-Kaim, H. W., Al-Bermani, O. K., and Ibraheam, I. A. (2021). The 

Detection of Ribosomal Mutations of Enterococcuscasseliflavus and 



References                                                                               

92 
 

Enterococcusgallinarum Isolated from Chronically Illness 

Patients. Annals of the Romanian Society for Cell Biology, 419-430.‏ 

Al-Nasiry, S., Ambrosino, E., Schlaepfer, M., Morré, S. A., Wieten, L., 

Voncken, J. W., ... and Kramer, B. W. (2020). The interplay between 

reproductive tract microbiota and immunological system in human 

reproduction. Frontiers in immunology, 11, 378.‏ 

Alves, C., and Rapp, A. (2020). Spontaneous Abortion. StatPearls. StatPearls 

Publishing, Treasure Island (FL); PMID: 32809356. 

Al-Wandawy, A. H., Zwain, L. A., Omer, S. A., and Al-Wandawy, A. H. 

(2020). Investigation of vaginal bacteria in healthy and in women with 

genital infection. Ann. Trop. Med.‏ 

Anyanwu, M., and Titilope, G. (2021). Ectopic pregnancy at the Gambian 

Tertiary hospital. African Health Sciences, 21(1), 295-303.‏ 

Ayenew, A. A. (2021). Prevalence of rhesus D-negative blood type and the 

challenges of rhesus D immunoprophylaxis among obstetric 

population in Ethiopia: a systematic review and meta-

analysis. Maternal Health, Neonatology and Perinatology, 7(1), 1-11.‏ 

Barberis, C. M., Montalvo, E., Imas, S., Traglia, G., Almuzara, M. N., 

Rodriguez, C. H., and Vay, C. (2018). Total nephrectomy 

following Corynebacterium coyleae urinary tract 

infection. JMM Case Reports, 5(9).‏ 

Bayigga, L., Kateete, D. P., Anderson, D. J., Sekikubo, M., and Nakanjako, D. 

(2019). Diversity of vaginal microbiota in sub-Saharan Africa and its 

effects on HIV transmission and prevention. American journal of 

obstetrics and gynecology, 220(2), 155-166.‏ 

Bhujel, R., Mishra, S. K., Yadav, S. K., Bista, K. D., and Parajuli, K. (2021). 

Comparative study of Amsel’s criteria and Nugent scoring for 

diagnosis of bacterial vaginosis in a tertiary care hospital, Nepal. BMC 

Infectious Diseases, 21(1), 1-6.‏ 

 Bilibio, J. P., Gama, T. B., Nascimento, I. C. M., Meireles, A. J. C., de 

Aguiar, A. S. C., do Nascimento, F. C., and Lorenzzoni, P. L. (2020). 

Causes of recurrent miscarriage after spontaneous pregnancy and after 



References                                                                               

93 
 

in vitro fertilization. American Journal of Reproductive 

Immunology, 83(5), e13226.‏ 

Bogado Pascottini, O., Spricigo, J. F. W., Van Schyndel, S. J., Mion, B., 

Rousseau, J., Weese, J. S., and LeBlanc, S. J. (2021). Effects of parity, 

blood progesterone, and non-steroidal anti-inflammatory treatment on 

the dynamics of the uterine microbiota of healthy postpartum dairy 

cows. PLoS One, 16(2), e0233943.‏  

Buzzaccarini, G., Vitagliano, A., Andrisani, A., Santarsiero, C. M., Cicinelli, 

R., Nardelli, C., and Cicinelli, E. (2020). Chronic endometritis and 

altered embryo implantation: a unified pathophysiological theory from 

a literature systematic review. Journal of Assisted Reproduction and 

Genetics, 37, 2897-2911.‏ 

Carter, M. E., and Baltrus, D. A. (2022). The 16S rRNA Gene Is Not a 

Precise Classifier for Luteibacter Species. bioRxiv, 2022-07.‏  

Chee, W. J. Y., Chew, S. Y., and Than, L. T. L. (2020). Vaginal microbiota 

and the potential of Lactobacillus derivatives in maintaining vaginal 

health. Microbial cell factories, 19(1), 203.‏ 

Ciuffreda, L., Rodríguez-Pérez, H., and Flores, C. (2021). Nanopore 

sequencing and its application to the study of microbial 

communities. Computational and structural biotechnology 

journal, 19, 1497-1511.‏  

Costa, D. M., Johani, K., Melo, D. S., Lopes, L. K. O., Lopes Lima, L. K. O., 

Tipple, A. F. V., and Vickery, K. (2019). Biofilm contamination of 

high touched surfaces in intensive care units: epidemiology and 

potential impacts. Letters in applied microbiology, 68(4), 269-276. 

Costantine, M. M., Cleary, K., Hebert, M. F., Ahmed, M. S., Brown, L. M., 

Ren, Z., and Eunice Kennedy Shriver National Institute of Child 

Health. (2016). Safety and pharmacokinetics of pravastatin used for 

the prevention of preeclampsia in high-risk pregnant women: a pilot 

randomized controlled trial. American journal of obstetrics and 

gynecology, 214(6), 720-e1.‏ 



References                                                                               

94 
 

Crespo, Â. C., Alexander, A., and Tilburgs, T. (2022). Purification of Primary 

Decidual Natural Killer Cells for Functional Analysis. In Natural 

Killer (NK) Cells: Methods and Protocols (pp. 11-29). New York, 

NY: Springer US.‏ 

Da Costa, L. V., Dos Reis, C. M. F., de Andrade, J. M., Cruz, F. V., Frazão, 

A. M., da Fonseca, E. L., and Vieira, V. V. (2022). MALDI-

TOF MS database expansion for identification of Bacillus and 

related genera isolated from a pharmaceutical facility. Journal 

of Microbiological Methods, 203, 106625.‏ 

de Azevedo Ramos, B., Manta, M. M., da Silva, S. M., de Sá, R. A. Q. C., de 

Souza, N. L., Coutinho, H. D. M., and de Oliveira, M. B. M. (2023). 

Virulence Factors and Biofilm Formation in Vancomycin Resistant 

Enterococcus faecalis and Enterococcus faecium Isolates in 

Brazil. Advances in Microbiology, 13(6), 299-314. 

Dehkordi, F. S., Tavakoli-Far, B., Jafariaskari, S., Momtaz, H., Esmaeilzadeh, 

S., Ranjbar, R., and Rabiei, M. (2020). Uropathogenic Escherichia 

coli in the high vaginal swab samples of fertile and infertile women: 

virulence factors, O-serogroups, and phenotyping and genotyping 

characterization of antibiotic resistance. New Microbes and New 

Infections, 38, 100824.‏ 

Dinu, A., and Apetrei, C. (2022). A review of sensors and biosensors modified 

with conducting polymers and molecularly imprinted polymers used 

in electrochemical detection of amino acids: Phenylalanine, tyrosine, 

and tryptophan. International Journal of Molecular Sciences, 23(3), 

 ‏.1218

Diop, K., Dufour, J. C., Levasseur, A., and Fenollar, F. (2019). Exhaustive 

repertoire of human vaginal microbiota. Human microbiome 

journal, 11, 100051.‏ 

Dohm, A., Ludwig, C., Schilling, D., and Debener, T. (2001). Transformation 

of roses with genes for antifungal proteins to reduce their 

susceptibility to fungal diseases. In XX International Eucarpia 

Symposium, Section Ornamentals, Strategies for New Ornamentals-

Part II 572, 105-111.‏ 



References                                                                               

95 
 

Dominguez-Bello, M. G. (2019). Gestational shaping of the maternal vaginal 

microbiome. Nature medicine, 25(6), 882-883.‏ 

Dominoni, M., Scatigno, A. L., La Verde, M., Bogliolo, S., Melito, C., Gritti, 

A., and Gardella, B. (2023, February). Microbiota Ecosystem in 

Recurrent Cystitis and the Immunological Microenvironment of 

Urothelium. In Healthcare , 11( 4), 525. MDPI.‏ 

Dons’ koi, B., Onyshchuk, O., Kononenko, I., Sirenko, V., Bodnar, N., 

Serbyn, A., and Chernychov, V. (2022). Accentuated peripheral blood 

NK cytotoxicity forms an unfavorable background for embryo 

implantation and gestation. Diagnostics, 12(4), 908.‏ 

Dueholm, B., Brock, M., Arana, C., Dende, C., van Oers, N. S., Hooper, L. V., 

and Raj, P. (2021). Impact of bead-beating intensity on the genus-and 

species-level characterization of the gut microbiome using amplicon 

and complete 16S rRNA gene sequencing. Frontiers in Cellular and 

Infection Microbiology, 11, 678522.‏ 

Dueholm, M. S., Andersen, K. S., McIlroy, S. J., Kristensen, J. M., Yashiro, 

E., Karst, S. M. and Nielsen, P. H. (2020). Generation of 

comprehensive ecosystem-specific reference databases with species-

level resolution by high-throughput full-length 16S rRNA gene 

sequencing and automated taxonomy assignment 

(AutoTax). MBio, 11(5), e01557-20.‏ 

Elagab, E. A., Alshahrani, M., Elbadawi, A. A., Aedh, A. I., Osman, A. M., 

and Osman, H. M. (2022). Decidual Natural Killer Cells Are 

Essential for a Successful Pregnancy. Advances in Reproductive 

Sciences, 10(3), 73-90.‏ 

Elovitz, M. A., Gajer, P., Riis, V., Brown, A. G., Humphrys, M. S., Holm, J. 

B., and Ravel, J. (2019). Cervicovaginal microbiota and local immune 

response modulate the risk of spontaneous preterm delivery. Nature 

communications, 10(1), 1305.‏ 

Fan, T., Zhong, X. M., Wei, X. C., Miao, Z. L., Luo, S. Y., Cheng, H., and 

Xiao, Q. (2020). The alteration and potential relationship of 



References                                                                               

96 
 

vaginal microbiota and chemokines for unexplained recurrent 

spontaneous abortion. Medicine, 99(51).‏ 

Forbes, B. A., Sahm, D. F., and Weissfeld, A. S. (2007). Diagnostic 

microbiology (pp. 288-302). St Louis: Mosby.‏ 

Fu, M., Zhang, X., Liang, Y., Lin, S., Qian, W., and Fan, S. (2020). 

Alterations in vaginal microbiota and associated metabolome in 

women with recurrent implantation failure. MBio, 11(3), e03242-19.‏  

Fu, Y. Y., Ren, C. E., Qiao, P. Y., and Meng, Y. H. (2021). Uterine natural 

killer cells and recurrent spontaneous abortion. American Journal of 

Reproductive Immunology, 86(2), e13433.‏  

Fuhler, G. M. (2020). The immune system and microbiome in pregnancy. Best 

Practice and Research Clinical Gastroenterology, 44, 101671. 

Fujiyoshi, S., Muto-Fujita, A., and Maruyama, F. (2020). Evaluation of PCR 

conditions for characterizing bacterial communities with full-length 

16S rRNA genes using a portable nanopore sequencer. Scientific 

Reports, 10(1), 1-10. 

Fulova, V., Hostinska, E., Studnickova, M., Huml, K., Zapletalova, J., Halek, 

J., and Pilka, R. (2021). Transabdominal amniocentesis in expectant 

management of preterm premature rupture of membranes: A single 

center prospective study. Biomedical Papers of the Medical Faculty of 

Palacky University in Olomouc, 165(3).‏  

Galyamina, M. A., Ladygina, V. G., Pobeguts, O. V., and Rakovskaya, I. V. 

(2022). Analysis of the Adhesive-Invasive Potential of Two 

Morphologically Different Types of Mycoplasma hominis 

Colonies. Bulletin of Experimental Biology and 

Medicine, 173(4), 437-440.‏ 

Gazel, D., Tatman Otkun, M., and Akçalı, A. (2019). In vitro activity of 

methylene blue and eosin methylene blue agar on colistin-resistant A. 

baumannii: an experimental study. Journal of Medical 

Microbiology, 68(11), 1607-1613.‏ 



References                                                                               

97 
 

Giakoumelou, S., Wheelhouse, N., Cuschieri, K., Entrican, G., Howie, S. E., 

and Horne, A. W. (2016). The role of infection in miscarriage. Human 

reproduction update, 22(1), 116-133.‏ 

Green, M. R., and Sambrook, J. (2017). Isolation of high-molecular-weight 

DNA using organic solvents. Cold Spring Harbor Protocols, 2017(4), 

pdb-prot093450.‏ 

Guerrero, B., Hassouneh, F., Delgado, E., Casado, J. G., and Tarazona, R. 

(2020). Natural killer cells in recurrent miscarriage: An 

overview. Journal of Reproductive Immunology, 142, 103209. 

Gupta, P., Singh, M. P., and Goyal, K. (2020). Diversity of vaginal 

microbiome in pregnancy: deciphering the obscurity. Frontiers in 

public health, 8, 326.‏.‏ 

Haahr, T., Zacho, J., Bräuner, M., Shathmigha, K., Skov Jensen, J., and 

Humaidan, P. (2019). Reproductive outcome of patients 

undergoing in vitro fertilisation treatment and diagnosed with 

bacterial vaginosis or abnormal vaginal microbiota: a systematic 

PRISMA review and meta‐analysis. BJOG: An International 

Journal of Obstetrics and Gynaecology, 126(2), 200-207.‏  

Hao, F., Zhou, X., and Jin, L. (2020). Natural killer cells: functional 

differences in recurrent spontaneous abortion. Biology of 

Reproduction, 102(3), 524-531.‏ 

Hassanzadeh-Nazarabadi, M., Shekouhi, S., and Seif, N. (2012). The 

incidence of spontaneous abortion in mothers with blood group O 

compared with other blood types. International Journal of Molecular 

and Cellular Medicine, 1(2), 99.‏ 

Hendriks, E., MacNaughton, H., and MacKenzie, M. C. (2019). First trimester 

bleeding: evaluation and management. American family 

physician, 99(3), 166-174. 

Hong, X., Ma, J., Yin, J., Fang, S., Geng, J., Zhao, H.  and Wang, B. (2020). 

The association between vaginal microbiota and female infertility: a 

systematic review and meta-analysis. Archives of Gynecology and 

Obstetrics, 302, 569-578.‏ 



References                                                                               

98 
 

Hou, Y., Liu, Q., Jin, D., Li, J., Huang, L., and Qiao, C. (2023). The predictive 

value of NKG2C+ NK cells and LILRB1+ NK cells in recurrent 

spontaneous abortion. American Journal of Reproductive 

Immunology, 89(6), e13627. 

Huss, B. (2021). Well-being before and after pregnancy termination: the 

consequences of abortion and miscarriage on satisfaction with various 

domains of life. Journal of Happiness Studies, 22(6), 2803-2828.‏ 

Hwang, C. Y., Cho, E. S., Yoon, D. J., Cha, I. T., Jung, D. H., Nam, Y. D. and 

Seo, M. J. (2022). Genomic and physiological characterization of 

Metabacillus flavus sp. nov., a novel carotenoid-producing Bacilli 

isolated from Korean marine mud. Microorganisms, 10(5), 979. 

Ietta, F., Ferro, E. A. V., Bevilacqua, E., Benincasa, L., Maioli, E., and 

Paulesu, L. (2018). Role of the macrophage migration inhibitory 

factor (MIF) in the survival of first trimester human placenta 

under induced stress conditions. Scientific Reports, 8(1), 12150.‏ 

 Inaba, H., Nomura, R., Kato, Y., Takeuchi, H., Amano, A., Asai, F., ... and‏

Matsumoto-Nakano, M. (2019). Adhesion and invasion of gingival 

epithelial cells by Porphyromonas gulae. PloS one, 14(3), e0213309.‏ 

Jahić, M., and Cerovac, A. (2022). Aerobic Vaginitis: is Enterococcus 

faecalis Another Risk Factor in the Progression of Cervical 

Intraepithelial Neoplasia to Cervical Cancer—Literature 

Review. Clinical and Experimental Obstetrics and 

Gynecology, 49(8), 169.‏ 

Javed, A., Ikram, M., Mukhtar, S., Sarfraz, S., Shahid, A., and Rehman, A. U. 

(2021, June). Prevalence of Bacterial Vaginosis During Pregnancy in 

Tertiary Care Hospital, Lahore. In Proceedings, 35(3), 50-53.‏ 

Jiao, X., Zhang, L., Du, D., Wang, L., Song, Q., and Liu, S. (2022). Alteration 

of vaginal microbiota in patients with recurrent miscarriage. Journal 

of Obstetrics and Gynaecology, 42(2), 248-255.‏ 

Jin, J. (2020). Screening for bacterial vaginosis during 

pregnancy. Jama, 323(13), 1324-1324.‏ 



References                                                                               

99 
 

Juliana, N. C., Peters, R. P., Al-Nasiry, S., Budding, A. E., Morré, S. A., and 

Ambrosino, E. (2021). Composition of the vaginal microbiota during 

pregnancy in women living in sub-Saharan Africa: a PRISMA-

compliant review. BMC pregnancy and childbirth, 21(1), 1-15.‏ 

Juliana, N. C., Suiters, M. J., Al-Nasiry, S., Morré, S. A., Peters, R. P., and 

Ambrosino, E. (2020). The association between vaginal microbiota 

dysbiosis, bacterial vaginosis, and aerobic vaginitis, and adverse 

pregnancy outcomes of women living in sub-Saharan Africa: a 

systematic review. Frontiers in public health, 8, 567885.‏ 

Jung, E., Romero, R., Yoon, B. H., Theis, K. R., Gudicha, D. W., Tarca, A. L., 

and Hsu, C. D. (2021). Bacteria in the amniotic fluid without 

inflammation: Early colonization vs. contamination. Journal of 

Perinatal Medicine, 49(9), 1103-1121.‏ 

Kalinina, A. A., Nesterenko, L. N., Bruter, A. V., Balunets, D. V., 

Chudakov, D. M., Izraelson, M., and Kazansky, D. B. (2020). 

Adoptive immunotherapy based on chain-centric TCRs in 

treatment of infectious diseases. Iscience, 23(12), 101854.‏‏ 

Kangale, L. J., Levasseur, A., Raoult, D., Ghigo, E., and Fournier, P. E. 

(2021). Draft genome of Metabacillus niabensis strain 4T19T 

isolated from cotton-waste composts for mushroom cultivation. New 

Microbes and New Infections, 42, 100894. 

Kao, P. H. N., and Kline, K. A. (2019). Dr. Jekyll and Mr. Hide: how 

Enterococcus faecalis subverts the host immune response to cause 

infection. Journal of molecular biology, 431(16), 2932-2945.‏ 

Kindinger, L. M., Bennett, P. R., Lee, Y. S., Marchesi, J. R., Smith, A., 

Cacciatore, S. and MacIntyre, D. A. (2017). The interaction between 

vaginal microbiota, cervical length, and vaginal progesterone 

treatment for preterm birth risk. Microbiome, 5, 1-14. 

Kiruthiga, A., Padmavathy, K., Shabana, P., Naveenkumar, V., Gnanadesikan, 

S., and Malaiyan, J. (2020). Improved detection of esp, hyl, asa1, 

gelE, cylA virulence genes among clinical isolates of 

Enterococci. BMC Research Notes, 13, 1-7.‏ 



References                                                                               

100 
 

Kwak‐Kim, J., and Gilman‐Sachs, A. (2008). Clinical implication of natural 

killer cells and reproduction. American journal of reproductive 

immunology, 59(5), 388-400. 

Kwak-Kim, J., AlSubki, L., Luu, T., Ganieva, U., Thees, A., Dambaeva, S., 

and Gilman-Sachs, A. (2022). The role of immunologic tests for 

subfertility in the clinical environment. Fertility and Sterility.‏ 

Kyono, K., Hashimoto, T., Kikuchi, S., Nagai, Y., and Sakuraba, Y. (2019). A 

pilot study and case reports on endometrial microbiota and pregnancy 

outcome: an analysis using 16S rRNA gene sequencing among IVF 

patients, and trial therapeutic intervention for dysbiotic 

endometrium. Reproductive Medicine and Biology, 18(1), 72-82.‏ 

Lasarte-Monterrubio, C., Guijarro-Sánchez, P., Bellés, A., Vázquez-Ucha, J. 

C., Arca-Suárez, J., Fernández-Lozano, C. and Beceiro, A. 

(2022). Carbapenem Resistance in Acinetobacter nosocomialis 

and Acinetobacter junii Conferred by Acquisition of bla OXA-

24/40 and Genetic Characterization of the Transmission 

Mechanism between Acinetobacter Genomic 

Species. Microbiology Spectrum, 10(1), e02734-21.‏  

Lavanya, J., Manjula, S., chitra, A. G., Chaithanya, V., and Sivaramakrishnan, 

R. (2021). Efficacy of Peptone-glycerol Broth in Long-term Storage 

of the Bacterial and Yeast Cultures. Journal of Clinical and 

Diagnostic Research, 15(2).‏ 

Lesiak-Markowicz, I., Walochnik, J., Stary, A., and Fürnkranz, U. (2023). 

Detection of Putative Virulence Genes alr, goiB, and goiC in 

Mycoplasma hominis Isolates from Austrian Patients. International 

Journal of Molecular Sciences, 24(9), 7993.‏ 

Liu, F. T., Yang, S., Yang, Z., Zhou, P., Peng, T., Yin, J., ... and Li, R. (2022). 

An altered microbiota in the lower and upper female reproductive 

tract of women with recurrent spontaneous abortion. Microbiology 

Spectrum, 10(3), e00462-22.‏‏ 

Liu, Y., Gao, S., Zhao, Y., Wang, H., Pan, Q., and Shao, Q. (2021). Decidual 

natural killer cells: A good nanny at the maternal-fetal interface 

during early pregnancy. Frontiers in Immunology, 1684.‏ 



References                                                                               

101 
 

MacFaddin, J. F. (2000). Individual biochemical tests. Biochemical tests for 

identification of medical bacteria, 3, 27-439.‏ 

Maganga, R. (2019). Antimicrobial resistance in commensal Escherichia coli 

isolated from poultry along a gradient of intensification of poultry 

production in the Northern Zone of Tanzania (Doctoral dissertation, 

University of Glasgow).‏  

Mahajan, D., Sharma, N. R., Kancharla, S., Kolli, P., Tripathy, A., Sharma, A. 

K. and Jena, M. K. (2022). Role of natural killer cells during 

pregnancy and related complications. Biomolecules, 12(1), 68.‏ 

 Mahde, H. T., Raoof, W. M., and Mezher, M. A. (2021). DETECTION OF 

ADK AND GLYA GENE IN MYCOPLASMA AND UREASE 

GENE IN UREAPLASMA.‏  Biochem. Cell. Arch, 22(1). 

Maurya, V., Srivastava, A., Mishra, J., Gaind, R., Marak, R. S., Tripathi, A. K.  

and Venkatesh, V. (2013). Oropharyngeal candidiasis and Candida 

colonization in HIV positive patients in northern India. The Journal of 

Infection in Developing Countries, 7(08), 608-613.‏  

McCulloch, T. R., Wells, T. J., and Souza-Fonseca-Guimaraes, F. (2022). 

Towards efficient immunotherapy for bacterial infection. Trends in 

Microbiology, 30(2), 158-169.‏ 

Mishra, S. K., Dash, S., Mishra, A., Saha, M. H., and Satpathy, J. (2020). In-

vitro study of the activity of some medicinal plant leaf extracts on 

urinary tract infection causing bacterial pathogens isolated from 

indigenous people of Bolangir district, Odisha, India. bioRxiv, 2020-

 ‏.06

 Miyaji, M., Deguchi, M., Tanimura, K., Sasagawa, Y., Morizane, M., Ebina, 

Y., and Yamada, H. (2019). Clinical factors associated with 

pregnancy outcome in women with recurrent pregnancy 

loss. Gynecological Endocrinology, 35(10), 913-918.‏ 

Mogrovejo, D. C., Perini, L., Gostinčar, C., Sepčić, K., Turk, M., Ambrožič-

Avguštin, J. and Gunde-Cimerman, N. (2020). Prevalence of 

antimicrobial resistance and hemolytic phenotypes in culturable arctic 

bacteria. Frontiers in Microbiology, 11, 570.‏ 



References                                                                               

102 
 

Mohammed, R. K., and Ibrahim, A. A. (2022). Distribution of dfrA1 and cat1 

antibiotic resistance genes in uropathogenic Escherichia coli isolated 

from teens pregnant women in Iraq. Iraqi Journal of Science, 3340-

 ‏.3353

Moosa, Y., Kwon, D., De Oliveira, T., and Wong, E. B. (2020). Determinants 

of vaginal microbiota composition. Frontiers in Cellular and 

Infection Microbiology, 10, 467. 

Moridi, K., Hemmaty, M., Azimian, A., Fallah, M. H., Khaneghahi Abyaneh, 

H., and Ghazvini, K. (2020). Epidemiology of genital infections 

caused by Mycoplasma hominis, M. genitalium and Ureaplasma 

urealyticum in Iran; a systematic review and meta-analysis study 

(2000–2019). BMC Public Health, 20, 1-13.‏ 

Muhamad Rizal, N. S., Neoh, H. M., Ramli, R., A/LK Periyasamy, P. R., 

Hanafiah, A., Abdul Samat, M. N., ... and Khor, B. Y. (2020). 

Advantages and limitations of 16S rRNA next-generation sequencing 

for pathogen identification in the diagnostic microbiology laboratory: 

perspectives from a middle-income country. Diagnostics, 10(10), 816.‏ 

Muzny, C. A., Łaniewski, P., Schwebke, J. R., and Herbst-Kralovetz, M. M. 

(2020). Host-vaginal microbiota interactions in the pathogenesis of 

bacterial vaginosis. Current opinion in infectious diseases, 33(1), 59.‏  

Naureen, I., Saleem, A., Shaheen, K., Sadiq, M. A., Ahmed, M., Parveen, S., 

... and Anwer, M. A. (2022). Pattern of Drug Resistance in 

Isolates of Staphylococcus Aureus from Hospitalized Patients.‏ 

Negut, I., Grumezescu, V., and Grumezescu, A. M. (2018). Treatment 

strategies for infected wounds. Molecules, 23(9), 2392.‏ 

Noshak, M. A., Ahangarzadeh Rezaee, M., Hasani, A., Mirzaii, M., Memar, 

M. Y., Azimi, T. and Dolatyar Dehkharghani, A. (2023). Molecular 

Detection and Characterization of the Staphylococcus epidermidis and 

Staphylococcus haemolyticus Isolated from Hospitalized Patients and 

Healthcare Workers in Iran. BioMed Research International, 2023.‏ 

Nunez, C., Kostoulias, X., Peleg, A. Y., Short, F., and Qu, Y. (2023). A 

comprehensive comparison of biofilm formation and capsule 



References                                                                               

103 
 

production for bacterial survival on hospital surfaces. Biofilm, 5, 

 ‏.100105

Nuradilova, D., Kaliyeva, L., Vaitkiene, D., Kalimoldayeva, S., and Issenova, 

S. (2021). UROGENITAL MIXED INFECTIONS IN 

REPRODUCTIVE AGED WOMEN WITH PELVIC 

INFLAMMATORY DISEASE. Georgian Medical News, (312), 114-

 ‏.118

Obais, S. Y. A., and Alsultany, S. J. (2021). Determination Levels of Tumor 

Necrosis Factor Receptor and Tolk like Receptor-4 and 

Bacterial Vaginosis in Women with Recurrent Spontaneous 

Abortion. Indian Journal of Forensic Medicine and 

Toxicology, 15(2), 4015-4020.‏.‏ 

Owens, D. K., Davidson, K. W., Krist, A. H., Barry, M. J., Cabana, M., 

Caughey, A. B. and US Preventive Services Task Force. (2020). 

Screening for bacterial vaginosis in pregnant persons to prevent 

preterm delivery: US preventive services task force recommendation 

statement. Jama, 323(13), 1286-1292.‏ 

Paira, D. A., Molina, G., Tissera, A. D., Olivera, C., Molina, R. I., and 

Motrich, R. D. (2021). Results from a large cross-sectional 

study assessing Chlamydia trachomatis, Ureaplasma spp. and 

Mycoplasma hominis urogenital infections in patients with 

primary infertility. Scientific Reports, 11(1), 1-8.‏  

Papadopoulos, K. P., Economou, C. N., Dailianis, S., Charalampous, N., 

Stefanidou, N., Moustaka-Gouni, M. and Vayenas, D. V. (2020). 

Brewery wastewater treatment using cyanobacterial-bacterial 

settleable aggregates. Algal Research, 49, 101957.‏   

Peterson, D., Bonham, K. S., Rowland, S., Pattanayak, C. W., RESONANCE 

Consortium, and Klepac-Ceraj, V. (2021). Comparative analysis of 

16S rRNA gene and metagenome sequencing in pediatric gut 

microbiomes. Frontiers in microbiology, 12, 670336.‏ 



References                                                                               

104 
 

Pino, A., Benkaddour, B., Inturri, R., Amico, P., Vaccaro, S. C., Russo, N., ... 

and Randazzo, C. L. (2022). Characterization of Bifidobacterium 

asteroides isolates. Microorganisms, 10(3), 655. 

Quintero-Ronderos, P., and Laissue, P. (2020). Genetic variants contributing 

to early recurrent pregnancy loss etiology identified by 

sequencing approaches. Reproductive Sciences, 27, 1541-1552.‏ 

Rajoka, M. S. R., Mehwish, H. M., Zhang, H., Ashraf, M., Fang, H., Zeng, 

X., ... and He, Z. (2020). Antibacterial and antioxidant activity 

of exopolysaccharide mediated silver nanoparticle synthesized 

by Lactobacillus brevis isolated from Chinese koumiss. Colloids 

and Surfaces B: Biointerfaces, 186, 110734. 

Redelinghuys, M. J., Geldenhuys, J., Jung, H., and Kock, M. M. (2020). 

Bacterial vaginosis: current diagnostic avenues and future 

opportunities. Frontiers in cellular and infection microbiology, 10, 

 ‏.354

Reichart, N. J., Steiger, A. K., Van Fossen, E. M., McClure, R., Overkleeft, H. 

S., & Wright, A. T. (2023). Selection and enrichment of microbial 

species with an increased lignocellulolytic phenotype from a native 

soil microbiome by activity-based probing. ISME 

communications, 3(1), 106. 

Riganelli, L., Iebba, V., Piccioni, M., Illuminati, I., Bonfiglio, G., Neroni, B. 

and Guerrieri, F. (2020). Structural variations of vaginal and 

endometrial microbiota: hints on female infertility. Frontiers in 

Cellular and Infection Microbiology, 10, 350.‏ 

Riley, L. W. (2019). Differentiating epidemic from endemic or sporadic 

infectious disease occurrence. Microbiology spectrum, 7(4), 7-4.‏ 

Rimmer, M. P., Fishwick, K., Henderson, I., Chinn, D., Al Wattar, B. H., and 

Quenby, S. (2021). Quantifying CD138+ cells in the endometrium to 

assess chronic endometritis in women at risk of recurrent pregnancy 

loss: a prospective cohort study and rapid review. Journal of 

Obstetrics and Gynaecology Research, 47(2), 689-697.‏ 



References                                                                               

105 
 

Roachford, O., Nelson, K. E., and Mohapatra, B. R. (2019). Virulence and 

molecular adaptation of human urogenital mycoplasmas: a 

review. Biotechnology and Biotechnological Equipment, 33(1), 689-

  ‏.698

Rougang, Y., Xiaoli, Z., and Xinwen, Z. (2023). Research progress in the 

mechanism of action of NK cell-related receptors during recurrent 

spontaneous abortion. Academic Journal of Medicine and Health 

Sciences, 4(3).‏  

Russell, N., Ter Hofstede, A. H., Van Der Aalst, W. M., and Mulyar, N. 

(2006). Workflow control-flow patterns: A revised view. BPM Center 

Report BPM-06-22, BPMcenter. org, 2006.‏ 

Sadiqi, S., Hamza, M., Ali, F., Alam, S., Shakeela, Q., Ahmed, S. and 

Zaman, W. (2022). Molecular characterization of bacterial 

isolates from soil samples and evaluation of their antibacterial 

potential against MDRS. Molecules, 27(19), 6281.‏ 

Şahin, M. H., and Temtek, U. (2022). Enterococcus gallinarum group 

meningitis after transanal migration of the ventriculoperitoneal shunt: 

a pediatric case report. Child's Nervous System, 1-4.‏ 

Salazar, M. D., Wang, W. J., Skariah, A., He, Q., Field, K., Nixon, M. and 

Kwak-Kim, J. (2022). Post-hoc evaluation of peripheral blood natural 

killer cell cytotoxicity in predicting the risk of recurrent pregnancy 

losses and repeated implantation failures. Journal of Reproductive 

Immunology, 150, 103487.‏ 

Sangeetha, K. T. (2014). Study of aerobic bacterial pathogens associated with 

vaginitis in reproductive age group women (15-45 years) and their 

sensitivity pattern (Doctoral dissertation, Rajiv Gandhi University of 

Health Sciences (India)).‏ 

Santos, M., Mariz, M., Tiago, I., Martins, J., Alarico, S., and Ferreira, P. 

(2022). A review on urinary tract infections diagnostic methods: 

Laboratory-based and point-of-care approaches. Journal of 

Pharmaceutical and Biomedical Analysis, 114889.‏ 



References                                                                               

106 
 

Sarshar, M., Behzadi, P., Scribano, D., Palamara, A. T., and Ambrosi, C. 

(2021). Acinetobacter baumannii: an ancient commensal with 

weapons of a pathogen. Pathogens, 10(4), 387.‏ 

Sehgal, M., Ladd, H. J., and Totapally, B. (2020). Trends in epidemiology and 

microbiology of severe sepsis and septic shock in children. Hospital 

Pediatrics, 10(12), 1021-1030.‏ 

 Serrano, M. G., Parikh, H. I., Brooks, J. P., Edwards, D. J., Arodz, T. J., 

Edupuganti, L. and Buck, G. A. (2019). Racioethnic diversity in the 

dynamics of the vaginal microbiome during pregnancy. Nature 

medicine, 25(6), 1001-1011.‏ 

Severn, M. M., and Horswill, A. R. (2023). Staphylococcus epidermidis and 

its dual lifestyle in skin health and infection. Nature Reviews 

Microbiology, 21(2), 97-111.‏ 

Sharmin, S., Alamgir, F., Begum, F., and Hassan Jaigirdar, M. Q. (2011). Use 

of Chromogenic Agar Media for Identification of 

Uropathogen. Bangladesh Journal of Medical Microbiology, 4(1),pp. 

18–23. 

Siddharth, T., Sridhar, P., Vinila, V., and Tyagi, R. D. (2021). Environmental 

applications of microbial extracellular polymeric substance (EPS): A 

review. Journal of Environmental Management, 287, 112307.‏ 

Sokol-Leszczynska, B., Leszczynski, P., Lachowicz, D., Rostkowska, O., 

Niemczyk, M., Piecha, T. and Mlynarczyk, G. (2019). 

Corynebacterium coyleae as potential urinary tract 

pathogen. European Journal of Clinical Microbiology and Infectious 

Diseases, 38, 1339-1342.‏ 

Song, H., Bae, Y., Jeon, E., Kwon, Y., and Joh, S. (2019). Multiplex PCR 

analysis of virulence genes and their influence on antibiotic resistance 

in Enterococcus spp. isolated from broiler chicken. Journal of 

veterinary science, 20(3).‏ 

Srinivasan, R., Karaoz, U., Volegova, M., MacKichan, J., Kato-Maeda, M., 

Miller, S. and Lynch, S. V. (2015). Use of 16S rRNA gene for 

identification of a broad range of clinically relevant bacterial 

pathogens. PloS one, 10(2), e0117617. 



References                                                                               

107 
 

Stewart, C. C., Stevenson, A. P., and Hibbs, J. (2019). Effector mechanisms 

for macrophage-induced cytostasis and cytolysis of tumor cells. 

In Macrophages and Cancer (pp. 39-60). CRC press. 

Sun, D., Zhao, X., Pan, Q., Li, F., Gao, B., Zhang, A. and Cheng, C. (2022). 

The association between vaginal microbiota disorders and early 

missed abortion: A prospective study. Acta Obstetricia et 

Gynecologica Scandinavica, 101(9), 960-971.‏ 

Supriatin, Y., Sumirat, V. A., and Herdiani, M. (2021). Growth Analysis of 

escherichia coli and Salmonella typhi on MacConkey Agar 

Modification. In Journal of Physics: Conference Series (Vol. 1764, 

No. 1, p. 012207). IOP Publishing.‏ 

Tagliapietra, A., Rotondo, J. C., Bononi, I., Mazzoni, E., Magagnoli, F., 

Gonzalez, L. O. and Martini, F. (2020). Droplet‐digital PCR 

assay to detect Merkel cell polyomavirus sequences in chorionic 

villi from spontaneous abortion affected females. Journal of 

Cellular Physiology, 235(3), 1888-1894.‏ 

Taye, Y., Degu, T., Fesseha, H., and Mathewos, M. (2021). Isolation and 

identification of lactic acid bacteria from cow milk and milk 

products. The Scientific World Journal, 2021.‏ 

Teschler, J. K., Nadell, C. D., Drescher, K., and Yildiz, F. H. (2022). 

Mechanisms underlying Vibrio cholerae biofilm formation and 

dispersion. Annual Review of Microbiology, 76, 503-532.‏ 

Theis, K. R., Romero, R., Winters, A. D., Jobe, A. H., and Gomez-Lopez, N. 

(2020). Lack of evidence for microbiota in the placental and fetal 

tissues of rhesus macaques. Msphere, 5(3), e00210-20.‏ 

Timothy, E. A., Felicia, A. E., and Enosekhafoh, B. (2019). Knowledge and 

practice of healthy nutrition among pregnant women attending 

antenatal clinic at selected private hospitals in Benin 

City. International Journal of Nursing and Midwifery, 11(7), 75-86. 

Tognon, M., Tagliapietra, A., Magagnoli, F., Mazziotta, C., Oton-Gonzalez, 

L., Lanzillotti, C.  and Martini, F. (2020). Investigation on 



References                                                                               

108 
 

spontaneous abortion and human papillomavirus 

infection. Vaccines, 8(3), 473.‏. 

Torrone, E. A., Morrison, C. S., Chen, P. L., Kwok, C., Francis, S. C., Hayes, 

R. J.  and STIMA Working Group. (2018). Correction: Prevalence of 

sexually transmitted infections and bacterial vaginosis among women 

in sub-Saharan Africa: An individual participant data meta-analysis of 

18 HIV prevention studies. PLoS medicine, 15(6), e1002608.‏ 

Toth, B., Vomstein, K., Togawa, R., Böttcher, B., Hudalla, H., Strowitzki, T. 

and Kuon, R. J. (2019). The impact of previous live births on 

peripheral and uterine natural killer cells in patients with recurrent 

miscarriage. Reproductive Biology and Endocrinology, 17, 1-8.‏ 

Vankerckhoven, V., Van Autgaerden, T., Vael, C., Lammens, C., Chapelle, 

S., Rossi, R. and Goossens, H. (2004). Development of a 

multiplex PCR for the detection of asa1, gelE, cylA, esp, and 

hyl genes in enterococci and survey for virulence determinants 

among European hospital isolates of Enterococcus 

faecium. Journal of clinical microbiology, 42(10), 4473-4479.‏ 

Virgianti, D. P., and Suhartati, R. (2020, June). Clitoria ternatea Linn Extract 

as Natural pH Indicator in Mannitol Salt Agar Medium. In 2nd Bakti 

Tunas Husada-Health Science International Conference (BTH-HSIC 

2019) (pp. 326-328). Atlantis Press.‏ 

Von Woon, E., Greer, O., Shah, N., Nikolaou, D., Johnson, M., and Male, V. 

(2022). Number and function of uterine natural killer cells in recurrent 

miscarriage and implantation failure: a systematic review and meta-

analysis. Human Reproduction Update, 28(4), 548-582.‏ 

Wang, X. Q., Zhou, W. J., Hou, X. X., Fu, Q., and Li, D. J. (2019). 

Correction: Trophoblast-derived CXCL16 induces M2 

macrophage polarization that in turn inactivates NK cells at the 

maternal–fetal interface. Cellular and Molecular 

Immunology, 16(3), 313.‏ 



References                                                                               

109 
 

Wilfinger, W. W., Mackey, K., and Chomczynski, P. (1997). Effect of pH and 

ionic strength on the spectrophotometric assessment of nucleic acid 

purity. Biotechniques, 22(3), 474-481.‏ 

Wu, Y., Tian, Z., and Wei, H. (2017). Developmental and functional control 

of natural killer cells by cytokines. Frontiers in immunology, 8, 930.‏ 

Xi, L., Leong, P., and Mihajlovic, A. (2019). Preparing single-cell DNA 

library using nextera for detection of CNV. Bio-protocol, 9(4), 

e3175-e3175.‏ 

Xiang, L., and Lu, B. (2019). Infection due to Mycoplasma hominis after left 

hip replacement: case report and literature review. BMC Infectious 

Diseases, 19(1), 1-7.‏ 

Xu, L., Hu, Z., Yu, F., and Tang, Y. (2020). Analysis of characteristics of 

vulvo-vaginal infections in 14-to 18-year-old girls in late 

puberty. Journal of International Medical Research, 48(8), 

 ‏.0300060520946506

Xu, Q., Chan, Y., Feng, Y., Zhu, B., Yang, B., Zhu, S., ... and Li, Y. (2022). 

Factors associated with fetal karyotype in spontaneous abortion: a 

case-case study. BMC Pregnancy and Childbirth, 22(1), 1-9.‏ 

Yacoub, E., Saed Abdul-Wahab, O. M., Al-Shyarba, M. H., and Ben 

Abdelmoumen Mardassi, B. (2021). The Relationship between 

Mycoplasmas and Cancer: Is It Fact or Fiction? Narrative 

Review and Update on the Situation. Journal of 

Oncology, 2021.‏ 

Yalew, G. T., Muthupandian, S., Hagos, K., Negash, L., Venkatraman, G., 

Hagos, Y. M. and Saki, M. (2022). Prevalence of bacterial vaginosis 

and aerobic vaginitis and their associated risk factors among pregnant 

women from northern Ethiopia: A cross-sectional study. PloS 

one, 17(2), e0262692.‏ 

Yang, J. R., Wang, Y., Chen, H., and Lyu, Y. K. (2019). Ammonium removal 

characteristics of an acid-resistant bacterium Acinetobacter sp. JR1 

from pharmaceutical wastewater capable of heterotrophic 



References                                                                               

110 
 

nitrification-aerobic denitrification. Bioresource technology, 274, 56-

 ‏.64

Yang, Y., Li, M., Li, H., Li, X. Y., Lin, J. G., Denecke, M., and Gu, J. D. 

(2020). Specific and effective detection of anammox bacteria using 

PCR primers targeting the 16S rRNA gene and functional 

genes. Science of The Total Environment, 734, 139387.‏ 

Zhang, X., and Wei, H. (2021). Role of decidual natural killer cells in human 

pregnancy and related pregnancy complications. Frontiers in 

immunology, 12, 728291.‏  

Zhao, F., Chen, Y., Gao, J., Wu, M., Li, C., Wang, Z., ... and Ying, C. (2021). 

Characterization of vaginal microbiota in women with recurrent 

spontaneous abortion that can be modified by drug 

treatment. Frontiers in Cellular and Infection Microbiology, 770.‏ 

Zhao, F., Hu, X., and Ying, C. (2023). Advances in Research on the 

Relationship between Vaginal Microbiota and Adverse Pregnancy 

Outcomes and Gynecological Diseases. Microorganisms, 11(4), 991.‏ 



 

 

 

 

 

APPENDIX 
 

 

 

 

 

 

 

 

 

 

 



 

111 

 

Appendix (1): Registering isolates in Genebank 
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Appendix (2): The Sequences of Bacterial IsolatesUnder Study 

According to Genebank. 
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 جمهورٌة العراق

                   وزارة التعلٌم العالً والبحث العلمً

 جامعة بابل 

 كلٌة العلوم للبنات

                                                                                 قسم علوم الحٌاة

 

تلقائي الجهها  بالإالمرتبطة يا المهبلية البكتر توصيف

 مستوى الدم المحيطي للخلايا القاتلة الطبيعية و تقدير

 

 رسالة

 الى مجلس كلٌة العلوم للبنات فً جامعة بابلمقدمة 

 كجزء من متطلبات نٌل درجة الماجستٌر فً علوم الحٌاة

 

 من قبل

 إيناس لطيف نور الحجهار

 3122بكالورٌوس علوم حٌاة, جامعة بغداد, 

 بإشراف البروفٌسور

 

 أ.د. عروبة كطوف البيرماني                                       أ.د. سهى جهاسم وتوت    

 كلٌة العلوم للبنات/ قسم علوم الحٌاة                              كلٌة الطب/ قسم النسائٌة و التولٌد

 جامعة بابل

  ه 2556    م                                                                                    3134



 الخلاصت
 

 أ 
 

 الخلاصة:

هى مرض خطير و يحذث فيه ان المرأة  تفقذ جنينها عادة قبل    SAالتلقائي الإجهاض        

% مه حالاث الحمل تنتهي بإجهاض 01% الى 01الاسبىع الرابع والعشريه مه الحمل . تقريبا 

 .تلقائي لأسباب تتعلق بعمر المرأة وصحتها

الاصابة  من تارٌخ ضة لها ٌالمرض اذا كانت المر هذا رتطو مخاطر من ٌعزز مما       

 باعتبارها (NK) الطبٌعٌة القاتلة الخلاٌاتتناول العدٌد من الدراسات . البكتٌريبمرض المهبل 

 حالات من العدٌد ٌسبب قد الذي المناعً التحمل فً التوازن اختلال فً مساهماا  محتملاا  عاملاا 

 التلقائً والإجهاض الأوانه ةالسابق الولادة حدثت وقد. (USA) المفسر غٌر التلقائً الإجهاض

 . Mycoplasma hominisبكتٌرٌا عدد فً زٌادة المضٌف للمرأة التناسلً النظام ٌشهد عندما

 النساء من الدم من عٌنة 61و  (HVS)ة العالٌة المهبلٌ اتالمسح من عٌنة 61 جمع تم        

 النساء من الدم من عٌنة 41و (HVS) عٌنة 61 جمع تم كذلك. بإجهاض تلقائً مصاباتال

 الإمام مستشفى ومن والأطفال ةللولاد التعلٌمً بابل مستشفى من صحٌة حمل نتائج لدٌهن اللاتً

 /الأول كانون إلى 3133 أكتوبر/الأول تشرٌن من الفترة خلال الحلة مدٌنة فً التعلٌمً الصادق

 56و 27 بٌن تتراوح عٌنات السٌطرة عن فضلاا  للمرضى العمرٌة الفئة وكانت. 3133 دٌسمبر

 .سنة

 الاحٌاء المجهرٌة تشخٌص على الأول الجزء ركز: جزأٌن إلى الدراسة هذه انقسمت        

 الدم, اروسط أك) مثلعدد من الاوساط الزرعٌة  على HVS زراعة  على تعتمد التً المهبلٌة,

(MRS), البولٌة المسالك بأمراضاكار الكروموجٌنك الخاص و (UTIC), المانتول ارواك 

 الهوائٌة الظروف تحت ( (EMB), اكار الماكونكً واكار اٌوسٌن المثٌلٌن الازرق الملحً

 .  هوائٌةواللا

 على التقلٌدٌة البكترٌولوجٌة التقنٌات باستخدام البداٌة فً البكتٌرٌا تحدٌد عتمدأ        

 التأكد تم كما. غرام وصبغة الحٌوٌة الكٌمٌائٌة الاختبارات و للمستعمرات المظهرٌة الخصائص

قطعة من   وتضخٌم ,للبكتٌرٌا  الجٌنومً النووي الحمض عزل خلال من وراثٌاا  التشخٌص من

 النٌوكلوتٌدي. التسلسلتحدٌد  و ,(PCR) البولٌمٌرٌز سلسلة تفاعل خلال منrRNA 16S جٌن



 الخلاصت
 

 ب 
 

 مستوٌات لتقٌٌم المصل على للحصول الدم جمع الدراسة من الثانً الجزء واستلزم        

  Mycoplasma hominisببكترٌا العدوى وتشخٌص المحٌطٌة  الطبٌعٌة القاتلة الخلاٌا

 .ELISA ةتقنٌ باستخدام  المناعٌة بالطرق

 النساء فً ٌظهر +O الدم فئة تفشً الدراسة هذه من المستخلصة النتائج وتبٌن        

 من كل على عاماا  46 إلى 37 العمرٌة الفئة هٌمنة أٌضاا  وٌبٌن. تلقائً بإجهاضالمصابات 

 .أجهضن اللاتً والنساء الحوامل

 اللاتً النساء لدى الاجناس البكتٌرٌة فً فرقاا  هناك أن الحالٌة الدراسة نتائج واظهرت        

 فً Enterococcus faecalis تورط بكتٌرٌا   ولوحظ الأصحاء, بالنساء مقارنة SA لدٌهن

وبذلك تتغلب  ,(32/61)%  67 ب المئوٌة النسبة تقدر حٌثالاجهاض التلقائً  حالات معظم

%  5و( 27/61) %43 بنسبة Escherichia coli  على بكتٌرٌا الإٌشٌرٌشٌة القولونٌة

(3/61 )Klebsiella pneumonia ( 3/61) %5وEnterococcus gallinarum .ًوف 

 Acinetobacter junii ذلك فً بما البكتٌرٌا, من جدا نادرة أنواع تحدٌد تم الدراسة, هذه

 كانت حٌن فً ,(2/61٪ )3 بنسبة Corynebacterium coyleaeو( 2/61٪ )3 بنسبة

 .E لـ بالنسبة( 26/61٪ )41: هًبعٌنات السٌطرة  المرتبطة البكتٌرٌا من المئوٌة النسبة

faecalis, لـ بالنسبة( 24/61٪ )37و E. coli, ل بالنسبة( 9/61٪ )22وKlebsiella 

pneumonia   ( كانت نسبة بكترٌا 23/61% )35وepidermidis Staphylococcus 

)والتً تم تشخٌصها لأول مره فً عٌنات  Metabacillus niabensisلبكترٌا ( %2/61 )3

 سرسرٌة فً العراق وكذلك بقٌة العالم(.

 المئوٌة النسبة rRNA 16S الجٌنً والتسلسل البكتٌرٌة للعزلات الجزٌئً التحدٌد كشف        

 .E سلالات أن حقٌقة إلى ٌقود وهذا ,SA فً faecalis Enterococcus من العالٌة

faecalis مختلف على التغلب على قدرتها فً تسهم التً ةالضراو عوامل من ترسانة تمتلك 

 asa1 لتضخٌم جٌن  PCRتقنٌة  استخدام تم. المرض تسببفً المضٌف وبذلك  الدفاع آلٌات

 فً المرض البكترٌا على احداث بقابلٌة الجٌنالدراسة الحالٌة ارتباط  تبٌن حٌث البحث هذا فً

 النموذجٌة E. faecalis ومعرفة تسلسلها النٌوكلٌوتٌدي من عزلات تً تم تنقٌتهاال العٌنات

 aggregation التجمٌعٌة المواد بفعل الإمراضٌةو بخلاٌا المضٌف البكتٌري الالتصاق وٌتعزز

substances , ًأظهرت النتائج ان نسبة البكترٌا الموجبة لهذا الجٌن.  .تمثل عامل الضراوةالت 

 .%26 فً عٌنات المرضى كانت
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 بٌانات قاعدة فً المعروفة بالتسلسلات البكتٌري العزل تسلسلات جمٌع قورنت وقد        

NCBI تحلٌل باستخدام BLAST بٌانات قاعدة فً التسلسلات إٌداع وتم NCBI Gene 

bank. 

 المرضى بٌن التراكٌز فً تباٌن هناكفان  ,العمل فً ظهرت التً البٌانات على اعتماداا         

ذو اثر  ٌكن لم المرضى فً NK خلاٌا تركٌز أن الإحصائً التحلٌل وأظهر .ةالسٌطروحالات 

فً المرضى  المعٌاري والانحراف  , المتوسط الحسابًحالات السٌطرةب مقارنة واضح

 هذه وتوحً. التوالً على( 34.747±21.339(, بٌنما فً الكونترول )217.449±57.757)

او ربما  ,الاجهاض التلقائً فً تتسبب لا قد نفسهاب القاتلة الطبٌعٌة المحٌطٌة خلاٌاال بأن النتٌجة

 . NKCتكون من النوع السام 

. المرضى فً Mycoplasma hominis رتأثٌ الدراسة فحصت ذلك, إلى بالإضافة        

 المرضى بٌن اكٌزالتر فً جدا طفٌف فرق هناك أن إلى ٌشٌر للبٌانات الإحصائً التحلٌل

حالات  مع بالمقارنة كبٌراا  المرضى فً Mycoplasma hominis تركٌز ٌكن لم. والكونترول

بٌنما  ,(1.32277±1.4924) والانحراف المعٌاري فً المرضى  السٌطرة, المتوسط الحسابً

متطفلة  هً البكتٌرٌة السلالة هذه. التوالً على ,( 1.241572±1.43597)فً الكونترول 

فً . الأصحاء الأشخاص لدى المرض تسبب لا ولكنها المرأة مهبلتستوطن  خلوٌة والتً داخل

التكاثر  على البكترٌا تتشجع هذه المناعً, الجهاز ضعف من ٌعانون الذٌن الأشخاص فً ,حٌن 

 الحوضً. الالتهاب مرض مثل حالات إلى ؤديٌمكن ان ت وبذلك كبٌرةرة وبص

 الماٌكوبلازما سٌما ولا المهبلٌة, المجهرٌة الحٌة الكائنات تركٌبة الحالٌة الدراسة وتحلل        

 عكسٌة علاقة هناك أن أظهرت أنها حٌث.  المناعٌة بالحالة وتربطها SA مرضى فً المهبلٌة,

 ارتفعت كلماف ,المرضى فً Mycoplasma hominis كٌزاتر و NK خلاٌا تركٌزات بٌن

 .بالعكس والعكس ,Mycoplasma تركٌز انخفض كلما الطبٌعٌة, القاتلة الخلاٌا تراكٌز
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