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The current study was aimed to molecular investigation five species of bacterial 
vaginosis in preterm birth women including Gardnerella vaginalis, Megasphaera 
vaginalis, Mobiluncus curtisii, Prevotella, and Facklamia. A total of 90 preterm birth 
women of different ages were selected from different governmental and private 
hospitals in Wasit province (Iraq). Vaginal swabs were collected from each woman 
under aseptic conditions into plastic tubes to be examined molecularly using the 
conventional polymerase chain reaction (PCR). Targeting the 16S rRNA gene, 6 
different bacterial species were identified molecularly using the PCR assay in 58.89% 
vaginal swabs of preterm birth women. Among the infected women, significant 
increase (p≤0.0175) in bacterial species was seen in mixed infections (64.15%) when 
compared to single infections (35.85%). This study reported that the infection rate of 
bacterial species in single infections was increased significantly (p≤0.0323) for 
Gardnerella vaginalis (57.89%) infection and decreased significantly for Prevotella 
spp. (5.26%) and Facklamia spp. (5.26%) infections when compared to others; 
Megasphaera vaginalis (21.05%), and Mobiluncus curtisii (10.53%). For mixed 
infections, significant increase (p≤0.0235) in values of mixed infection was observed 
in G. vaginalis and M. vaginalis (38.24%) while decrease was recorded in M. curtisii 
and Prevotella spp. (2.94%); Prevotella spp. and Facklamia spp. (5.88%); G. vaginalis, 
M. vaginalis and M. curtisii (2.94%); as well as Prevotella spp., Facklamia spp. and 
M. curtisii (2.94%). In conclusion, many bacterial species might be implicated in 
incidence of vaginosis in preterm birth women in particular Gardnerella vaginalis that 
detected significantly in both single and mixed infections. This suggests that 
additional studies are necessary to identify the possible role for each bacterial 
infection in various pregnancy disorders. 

KEYWORDS 
 
16S rRNA gene, Bacterial 
vaginosis, PCR, Pregnancy, Iraq  

 

1. Introduction  
 
Pregnancy is a complex event that is fraught with risks and causing a stress to mother. Preterm birth is a major problem hampers 
practice of pregnancy and causes several mortalities and morbidities, especially in ectopic pregnancies (Davis and Narayan, 
2020; Orsi et al., 2023). It usually starts with the last menstrual period and continues until delivery at about 40 weeks. Possible 
symptoms include the lack of menstruation (amenorrhea), incontinence, behavioral, cervical, and vaginal change, as well as 
restlessness (Shaffron and Watkins, 2022). In addition, some complications might be occurred such as vaginal bleeding, persistent 
vomiting, chills or fever, vaginal discharge, abdominal or chest pain, high blood pressure, increased or decreased fetal movements 
(Doumouchtsis et al., 2016). However, the prevalence of preterm birth varies worldwide as estimated at 11.1% of all births 
worldwide, but in most developed European countries it reaches 5%, and in some African countries it reaches 18% (Ikeoha et 
al., 2022). In a recent study, it’s estimated that premature births cause the death of nearly one million children under the age of 
five (Lawn et al., 2023). Although the causes are not clear, the main causes of the disease are the development of diseases in the 
uterus and the inflammatory response of the fetus which including uterine tissue damages, and fetal ruptures, and development 
of uterine structural adjustments (Crump, 2020; Menon et al., 2020). Furthermore, preterm infants have a poor immune response, 
including reduced levels of IgG with elevation of inflammatory markers like interleukins (ILs) and tumor-necrosis factor (TNF) 
in various cases might be related to the pathogenesis of preterm birth as have been shown to that these markers may act as a 
predictive markers of preterm birth in asymptomatic and symptomatic women (Shah and Baxi, 2016; Helmo et al., 2018; Denney 
et al., 2021).  
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Bacterial vaginosis is a common vaginal infection that happens when some normal vaginal flora overgrow causing unusual 
discharge, discomfort, and pain with replacement of normal hydrogen peroxide (pH) (Donders et al., 2014; Tomas et al., 2020). 
Several bacteria are associated with bacterial vaginosis such as Gardnerella spp., Megasphaera spp., Mobiluncus spp., Prevotella 
spp., Sneathea spp., and mixed vaginal anaerobic species with many species facilitating growth and relapsing of beneficial 
Lactobacilli that help maintain a healthy vaginal environment (Chee et al., 2020; Deng et al., 2022). There are also high 
concordances of bacterial vaginosis-associated bacterial species among sexual partners (Forcey et al., 2015). For diagnosing of 
bacterial species, different laboratory tests can be conducted such as traditional culture and microscopic examination of Giemsa’s 
stained-slides and advanced molecular techniques that based on nucleic acid amplification such as polymerase chain reaction 
(PCR) assay (Leal Jr et al., 2021).  
The current study was aimed to molecular investigation five species of bacterial vaginosis in preterm birth women of Wasit 
province (Iraq) including Gardnerella vaginalis, Megasphaera vaginalis, Mobiluncus curtisii, Prevotella, and Facklamia. 
 
2. Methodology 
 
Ethical Approval  
This study licensed by the Scientific Committee of the College of Density (University of Wasit). 
 
Samples 
A total of 90 preterm birth women of different ages were selected to the present study that conducted during March (2023) to 
February (2024) at different governmental and private hospitals in Wasit province (Iraq). Initially, each woman was subjected to 
direct obtaining of vaginal swabs under aseptic conditions into plastic tubes that kept cooled and transported to the lab using an 
ice-box for molecular examination. 
 
Molecular examination 
Genomic DNAs were extracted from the swab samples as described in manufacturers’ instructions of the PrestoTM Mini gDNA 
Bacteria Kit (Geneaid, Taiwan). After evaluation of concentration and purity by the Nanodrop system (Thermo Sientific, UK), 
GoTaq® Green Mastermix Kit (Promega, Korea) was served to preparing the Mastermix tubes at a total volume of 25μl. 
Targeting 16S rRNA gene of each bacterial species, the primers were designed based on the GenBank isolates (Table 1). 
Following specified conditions for each primer in the Thermal Cycler system (BioRad, USA), PCR reaction was conducted. 
Then, electrophoresis of the PCR products in agarose-gel (1.5%) stained with Ethidium bromide was performed at 80 Am and 
100 Volt for 90 min. and the product sizes of analysed samples were visualized under the UV transilluminator.  
 

Table 1. List of primers designed for detection vaginal bacterial species by targeting 16S rRNA gene 
Species Primer sequence Product size GenBank ID 

Gardnerella vaginalis F GCTCTTGGAAACGGGTGGTA 523 bp OP629599.1 
R CCGTTACACCGGGAATTCCA 

Megasphaera vaginalis F GGAACTGAGACACGGTCCAG 591 bp NR_179646.1 
R TCAACCTTGCGGTCGTACTC 

Mobiluncus curtisii F ATACCCTGGTAGTCCACGCT 555 bp NR_074732.1 
R AGCGACTCCAACTTCATGGG 

Prevotella spp. F GAGAGCCTGAACCAGCCAAG 402 bp MN665355.1 
R CCTGTTCGATACCCGCACTT 

Facklamia spp. F TCAACCGTGGAGGGTCATTG 554 bp LT971014.1 
R GGTTTGTCACCGGCAGTCTA 

 
Statistical analysis  
The t-test in the GraphPad Prism Software was applied to detect significant differences between the obtained values at P<0.05 
(Gharban et al., 2023). 
 
 
3. Results 
Targeting the 16S rRNA gene, five different bacterial species were identified molecularly using the PCR assay in 53 (58.89%) 
vaginal swabs of preterm birth women (Figure 1). Among the infected women, significant increase (p≤0.0175) in bacterial species 
was seen in mixed infections [34 (64.15%)] when compared to single infections [19 (35.85%)] (Figure 2).  
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Figure 1. Total infection rate of 6 bacterial species in totally 90 preterm birth tested women. 
 

 
Figure 2. Total infection rate of 6 bacterial species in totally 90 preterm birth tested women. 
 
 
This study reported that the infection rate of bacterial species in single infections was increased significantly (p≤0.0323) for 
Gardnerella vaginalis (57.89%) infection and decreased significantly for Prevotella spp. (5.26%) and Facklamia spp. (5.26%) 
infections when compared to others; Megasphaera vaginalis (21.05%), and Mobiluncus curtisii (10.53%), (Table 2). 
 
Table 2. Infection rate of bacterial species among totally 19 single infected preterm birth women 

Species No. % 
Gardnerella vaginalis 11 57.89 * 

Megasphaera vaginalis 4 21.05 
Mobiluncus curtisii 2 10.53 

Prevotella spp. 1 5.26 
Facklamia spp. 1 5.26 

Discrepancy  16.67 
SD 13.89 

SEM 5.672 
t 2.938 

p-value 0.0323 
Significance Yes (*) 



Molecular investigation of vaginal bacteria in preterm birth women 

 
50 

95% Confidence interval 14.58 (2.086 to 31.25) 
R squared  0.6333 

 

For mixed infections, significant variation was recorded in infection rates of different bacterial species. Significantly, the higher 
value of mixed infection was detected in infected women with only 2 bacterial species [32 (94.12%)] more than the infected 
women with 3 bacterial species (5.88%), (Figure 3).  
 

 
Figure 3. Prevalence rate of mixed infections among preterm infected women (total no: 34) 
 

Subsequently, significant increase (p≤0.0235) in values of mixed infection was observed in G. vaginalis and M. vaginalis 
(38.24%) while decrease was recorded in M. curtisii and Prevotella spp. (2.94%); Prevotella spp. and Facklamia spp. (5.88%); G. 
vaginalis, M. vaginalis and M. curtisii (2.94%); as well as Prevotella spp., Facklamia spp. and M. curtisii (2.94%), (Table 3). 
 

Table 3. Infection rate of bacterial species among totally 34 mixed infected preterm birth women 
Species No. % 

G. vaginalis + M. vaginalis 13 38.24 * 
G. vaginalis + Prevotella spp. 5 14.71 

G. vaginalis + Mobiluncus curtisii 7 20.59 
M. vaginalis + Mobiluncus curtisii 4 11.76 

M. curtisii + Prevotella spp. 1 2.94 
M. curtisii + Facklamia spp. 2 5.88 

G. vaginalis + M. vaginalis + M. curtisii 1 2.94 
Prevotella spp. + Facklamia spp. + M. curtisii 1 2.94 

Discrepancy  12.5 
SD 12.26 

SEM 4.33 
t 2.885 

p-value 0.0235 
Significance Yes (*) 

95% Confidence interval 10.25 (2.254 to 22.75) 
R squared  0.5431 

 
3. Discussion 
Bacterial vaginosis is a condition characterized by an imbalance of bacteria in the vagina, leading to changes in the natural 
bacteria levels in addition to various disturbances even abortion (Donders et al., 2000; Carlsson et al., 2018). In this study, 58.89% 
of study preterm birth women were found positively infected by different bacterial species; in which, significant higher infections 
were seen with Gardnerella vaginalis in both single and mixed infections. The elevated prevalence rate of bacterial vaginosis 
might be attributed to high sensitivity and specificity of PCR assay in detection of different microorganisms. PCR has several 
advantages, including its ability to produce rapid results, allowing for quicker diagnosis and optimal treatment decisions. It 
supports antimicrobial stewardship by avoiding unnecessary antibiotics and can test for multi-drug resistance, effectively 
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identifying pathogens like MRSA. Additionally, PCR is a simple and user-friendly technique (Teymouri et al., 2021; Gharban, 
2024).   
In many previously and recently conducted studies, diagnostic criteria were based on culture. Bacterial culture methods have 
several disadvantages, including a lengthy and tedious culturing process, a high susceptibility to contamination, and the fact that 
they often require more training compared to molecular techniques. Additionally, certain bacterial cultures are not suitable for 
long-term storage as some organisms may lose viability or undergo changes in their properties over time (Marrazzo et al., 2010; 
Tomas et al., 2020). In a study in Columbia, only 6.66% of the vaginal swabs were isolated on blood agar; whereas, targeting the 
16S rRNA gene, 62.66% were successfully identified (Raphael et al., 2011). In comparison to several studies, it’s estimated that 
the incidence Gardnerella vaginalis is ranged 20 to 60% (Shipitsyna et al., 2019), while in other countries, it shows that the 
infection rate in women varies from 5-70% (Lanza et al., 2023). In the United States, Australia, New Zealand and Western Europe 
have the lowest number of incidents with considering that Gardnerella species are the main pathogens of bacterial vaginosis 
(Frimodt-Møller et al., 2023). In another study by Ng et al. (2023), Gardnerella vaginalis was isolated in 66.7% of positive 
bacterial vaginosis group with a rate of preterm births ≤34 weeks increased significantly (22.7% vs. 6.2%). However, the speed 
with which this bacterium can be isolated in patients with bacterial vaginosis depends on the diagnostic technique, method of 
samples collection, and diagnostic criteria (Redelinghuys et al., 2020).  
In a study conducted by Srinivasan et al. (2023), the results showed that Megasphaera vaginalis was useful for detection of 
different pathogens of bacterial vaginosis and has been included as a target in commercial bacterial vaginosis is nucleic acid 
amplification tests. In addition, the probability of spontaneous delivery is higher in pregnant women with a history of childbirth 
and a higher number of Megasphaera vaginalis in 2nd trimester. An association between Megasphaera vaginalis and premature 
birth was also confirmed in a case-control study of African American women (Florova et al., 2021). Ravel et al. (2020) showed 
that women with pelvic inflammatory disease were more likely to test positive for Megasphaera vaginalis and other anaerobic 
bacteria. McClelland et al. (2018) Megasphaera vaginalis species have recorded an association to HIV infection in South African 
women. Our findings seem to contradict the findings of Kumar et al. (2021) as the vaginal swabs collected from the 3rd trimester 
of 38 Indian pregnant women with spontaneous labor delivery have largely Megasphaera vaginalis in vaginal mucosa  
 
 
4. Conclusion  
Many bacterial species might be implicated in incidence of vaginosis in preterm birth women in particular Gardnerella vaginalis 
that detected significantly in both single and mixed infections. Also, the demographic characteristics of the patients such as age, 
hygiene habits, number of pregnancies, and chronic diseases (e.g. diabetes, urinary tract infections, and renal failure) could play 
a role in increasing of infection and reproductive disorders. This suggests that additional studies are necessary to identify the 
possible role for each bacterial infection in various pregnancy disorders.  
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