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Abstract   

Objectives 

The aim of this study was to evaluate whether vaginal microbiota is associated with threatened 

premature labor and preterm delivery.  

Methods  

This prospective study enrolled 64 pregnant women who underwent vaginal microbiome 

analyses using 16S ribosomal RNA sequence method with informed consent. The 64 pregnant 

women consisted of 47 women with threatened premature labor and 17 women with other 

diseases (non-threatened premature labor) in a case-control study. In a cohort study of 

threatened premature labor group, 23 pregnancies ended in preterm delivery, and the remaining 

24 ended in full-term deliveries. The differences in vaginal microbiota between threatened and 

non-threatened premature labor groups, and between preterm and full-term delivery groups 

were evaluated. 

Results  

There were no differences in vaginal microbiota between threatened and non-threatened 

premature labor groups. There were significant differences between preterm and full-term 

delivery groups in Nugent score [median 3 (range 0-7) vs. 0 (0-4), p<0.05], percentage of 

Lactobacillus species [88% (0-100) vs. 99.8% (55.4-100), p<0.01], the number of bacterial 
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species [3 (1-13) vs. 2 (1-5), p<0.05], and positivity of Ureaplasma species (61% vs. 17%, 

p<0.01). Univariate and multivariable analyses revealed that positivity of Ureaplasma species 

was a predictive factor of preterm delivery in women with threatened premature labor (OR, 

6.5; 95% CI, 1.3-33.0; p<0.05). 

Conclusion 

Increased positivity of Ureaplasma species in vaginal microbiota was a risk factor for preterm 

delivery among women with threatened premature labor. Vaginal microbiome analysis may 

identify high risk pregnancies for preterm delivery. 

 

Keywords: Lactobacillus, premature labor, preterm delivery, Ureaplasma, vaginal 

microbiome
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Introduction 

Preterm delivery is a major cause of perinatal mortality and long-term neurologic 

morbidity. Cervical length measured by ultrasonography and biochemical markers such as fetal 

fibronectin are helpful for predicting preterm delivery, but precise prediction methods of 

preterm delivery have not been established [1]. Bacterial infection in the vagina is known to be 

associated with preterm delivery. The risk of preterm delivery is higher in pregnant women 

with bacterial vaginosis (BV) [2]. BV results from stabilization or colonization of several 

vaginal bacteria such as Gardnerella, Ureaplasma, Mycoplasma, and Bacteroides species. The 

Nugent score is a method of diagnosing BV. However, it is somewhat subjective, and its 

morphologic assessment of bacteria is complex. In recent years, microbiome analysis has 

become possible with 16s ribosomal RNA (rRNA) analysis using a next-generation sequencer. 

Human vaginal microbiota currently seem to have a role in causing or defending against BV 

[3].  

The presence of Gardnerella vaginalis in the vagina was associated with BV in non-

pregnant women [4], while the presence of Ureaplasma and Myocplasma species in the 

amniotic fluid increased the risk of preterm delivery and chorioamnionitis [5–9]. A recent study 

reported that the vaginal microbiome profiles in healthy pregnant women shifted toward 

Lactbacillus-dominant states during early pregnancy [10]. 



 

 

 

5 

       

However, the relationship between maternal vaginal microbiota and the risk of preterm 

delivery remained controversial. Previous studies suggested that a decrease in Lactobacillus 

species was associated with preterm delivery in African-American and European women [11–

13]. A cohort study of vaginal microbiota to predict preterm delivery has not been performed 

in Japan. Therefore, this prospective cohort study aimed to evaluate whether vaginal microbiota 

including Lactobacillus, Gardnerella, Ureaplasma, and Mycoplasma species during pregnancy 

is associated with preterm delivery.  

 

Patients and Methods 

Study participants 

In this prospective study, participants were recruited with written informed consent 

under a protocol approved by the ethics committee at Kobe University Hospital. Between 

January 2018 and June 2018, 64 pregnant women during the second or third trimester who 

were admitted to the university hospital were enrolled. Pregnant women with multiple 

pregnancies, fetal abnormalities, or placenta previa were excluded. The 64 pregnant women 

underwent vaginal microbiome analyses using 16S rRNA sequence method as well as 

examinations of Nugent score for diagnosis of BV, AmnioTestTM nitrazine yellow swabbing 

test kit, Check PROM IGFBP-1 detection kit in the vagina, and Fagnos Elastase Dip 
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granulocyte elastase detection kit in the uterine cervix at the time of admission. BV was 

diagnosed, when Nugent score was 7 or more. Threatened miscarriage and threatened 

premature labor were defined as conditions causing subjective symptoms of uterine 

contractions, bleeding, or shortening of uterine cervical length, and therefore requiring bed rest 

and tocolytic agents. 

In a case-control study, the 64 pregnant women consisted of 47 women who were 

admitted to the hospital with a diagnosis of threatened miscarriage (n=4) and threatened 

premature labor (n=43), and designated as threatened premature labor group. Thirty-nine of the 

47 women received ritodrine hydrochloride intravenously, 2 received magnesium sulfate 

intravenously, 1 received both ritodrine and magnesium sulfate intravenously, and 3 received 

ritodrine hydrochloride orally. The other 17 women who were admitted with other diseases 

including hypertensive disorders of pregnancy (n=8), fetal growth restriction (n=3), systemic 

lupus erythematosus (n=2), transient osteoporosis (n=1), pneumonia (n=1), uterine leiomyoma 

(n=1), and placenta accreta (n=1), and designated as non-threatened premature labor group. In 

a cohort study of threatened premature labor group, 23 pregnancies ended in spontaneous 

miscarriage or preterm delivery (preterm delivery group), and the remaining 24 ended in full-

term deliveries (full-term delivery group).  
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The differences in the vaginal microbiota between threatened premature labor group 

and non-threatened premature labor group, and between preterm delivery group and full-term 

delivery delivery group were evaluated. The 64 pregnant women consisted of 61 Japanese 

women, one Chinese, one Australian, and one Indonesian woman. 

 

Procedures   

The samples for vaginal microbiome analysis and Nugent scoring were 

simultaneously obtained by swabbing the vaginal walls using different swabs. An OMNIgene 

VAGINAL for microbiome kit containing swab tips and DNA/RNA stabilizing liquid tubes 

was used. The swabbing movement involves tracing several full circles along the vaginal walls 

for 20 seconds. Thereafter, the swab was immediately inserted into the collection tube, which 

contained stabilizing liquid for microbiome. The apex of swab tip remained in the tube of liquid. 

These specimens were sent to Varinos Inc, Tokyo, Japan, for vaginal microbiome analysis. The 

bacterial 16S ribosomal RNA gene was amplified from the specimens, as previously described 

[14,15]. The 16S rRNA gene sequencing was performed according to the Illumina 16S, 

Metagenomic Sequencing Library Preparation protocol.  

Nugent scoring system evaluates bacterial morphotypes microscopically for a 

diagnosis of BV. Nugent scores range from 0 to 10, according to the quantitative presence of 3 



 

 

 

8 

       

bacterial morphotypes, which are assessed for Gram-stained vaginal fluid. The quantitative 

number of Lactbacillus morphotype are scored from 0 to 4, where 0 indicates a lowest amount; 

small Gram-variable rods (Gardnerella vaginalis and Bacteroides morphotypes) are scored 

from 0 to 4, where 4 indicates a highest amount; and curved Gram-variable rods (Mobiluncus 

morphotypes) are scored from 0 to 2, where 2 indicates a highest amount. BV was diagnosed, 

when Nugent score was 7 or more [16, 17].  

The number of bacterial species, positivity and percentage of Lactobacillus, 

Gardnerella, Mycoplasma, and Ureaplasma species as vaginal microbiome were evaluated. 

Data on biomarkers for threatened premature labor, including Nugent score, cervical 

granulocyte elastase, IGFBP-1, and vaginal pH change (AmnioTest) were collected.   

 Risk factors for preterm delivery in women with threatened premature labor were 

evaluated. These factors included Nugent score, the positivity of cervical granulocyte elastase, 

IGFBP-1, and the AmnioTest in biomarker analyses; and the number of bacterial species 

detected, the percentage of Lactobacillus species, and the positivity of Gardnerella, 

Mycoplasma, Ureaplasma species in microbiome analyses.  

 

Statistical Analysis 

https://en.wikipedia.org/wiki/Mobiluncus
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Categorical variables were compared by Fisher’s exact test or the Mann-Whitney U-

test. All P-values were two sided, and P-values of 0.05 or less were considered statistically 

significant. A stepwise approach analysis was used to determine risk factors for preterm 

delivery in women with threatened premature labor. The variables with p-values <0.05 in 

univariate logistic regression were analyzed using multivariable logistic regression analyses. 

Variables with p-values <0.05 in multivariable logistic regression analyses were determined to 

be independent risk factors for preterm delivery in women with threatened premature labor.  

All statistical analyses were performed with EZR (Saitama Medical Center, Jichi 

Medical University, Saitama, Japan), which is a graphical user interface for R (The R 

Foundation for Statistical Computing, Vienna, Austria). More precisely, it is a modified version 

of the R commander that was designed to include statistical functions frequently used in 

biostatistics [18]. 

 

Results  

Comparison between threatened premature labor group and non-threatened premature 

labor group 

Table 1 shows comparison of clinical characteristics, biomarkers and microbiome 

between threatened premature labor group and non-threatened premature labor group. Maternal 
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age [mean 33 (range 19-44) years old] and gestational week (GW) [27 (14-34) GW] at 

admission in threatened premature labor group were significantly (p<0.05) lower than those in 

non-threatened premature labor group [34 (27-43) years old, and 32 (19-35) GW, respectively]. 

The biomarkers including Nugent score, results of cervical granulocyte elastase, IGFBP-1, and 

AminoTest, were not significantly different between threatened premature labor group and non-

threatened premature labor group.  

The number of bacterial species detected, positivity and percentage of Lactobacillus, 

Gardnerella, Mycoplasma, or Ureaplasma species were not significantly different between 

threatened premature labor group and non-threatened premature labor group (Table 1). 

 

Comparison between preterm delivery group and full-term delivery group 

Table 2 shows comparison of clinical characteristics, biomarkers and microbiome 

between preterm delivery group and full-term delivery group. GW at delivery in preterm 

delivery group [33 (19-36) GW] was significantly (p<0.01) lower than that in full-term delivery 

group [38 (37-40) GW]. There were no significant differences in maternal age, GW at 

admission, gravity, or parity between two groups. Tocolytic agents were administrated to 21 of 

23 women in preterm delivery group, while all 24 women in full-term delivery group had 

tocolytic agents. Only one woman in preterm delivery group received vaginal suppository of 
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metronidazol for BV. There were no significant differences in the proportion of women with 

administration of tocolytic agents or vaginal suppository between two groups.  

Nugent score in preterm delivery group [median 3 (range, 0-7)] was significantly 

(p<0.05) higher than that in full-term delivery group [0 (0-4)]. The biomarkers of cervical 

granulocyte elastase, IGFBP-1, or AminoTest were not significantly different between preterm 

delivery group and full-term delivery group.  

The number of bacterial species detected in preterm delivery group [3 (1-13)] was 

significantly (p<0.05) higher than that in full-term delivery group [2 (1-5)]. The percentage of 

Lactobacillus species in preterm delivery group [88 (0-100)%] was significantly (p<0.01) 

lower than that in full-term delivery group [99.8 (55.4-100)%]. The positivity (61%) and 

percentage [0.1 (0-89.7)%] of Ureaplasma species in preterm delivery group were significantly 

(p<0.01) higher than those in full-term delivery group [17% and 0 (0-1.7)%, respectively]. 

Table 3 shows univariate and multivariable logistic regression analyses for risk factors 

for preterm delivery. Univariate analyses revealed that a Nugent score [odds ratio (OR) 1.6, 

95% confidence interval (CI) 1.1-2.3; p<0.05], number of bacterial species detected (OR 1.5, 

95%CI 1.1-2.2; p<0.05), percentage of Lactobacillus species (OR 0.96, 95%CI 0.93-0.99; 

p<0.05), and Ureaplasma positivity (OR 7.8, 95%CI 2.0-30; p<0.01) were associated with 

preterm delivery in women with threatened premature labor. Multivariable logistic regression 
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analyses of the 4 factors selected in univariate analyses demonstrated that Ureaplasma 

positivity (OR 6.5, 95%CI 1.3-33; p<0.05) was a single factor associated with preterm delivery 

in women with threatened premature labor.  

 

Discussion  

The present study found there were no differences in vaginal biomarkers, microbiota 

of Lactobacillus, and other species during pregnancy between threatened premature labor and 

non-threatened premature labor groups. The cohort study of threatened premature labor group, 

however, demonstrated that increases in Nugent score, number of bacterial species, positivity 

and percentage of Ureaplasma species, and decreases in percentage of Lactobacillus species 

during pregnancy were associated with preterm delivery. Multivariable logistic regression 

analyses determined that positivity of Ureaplasma species in vaginal microbiota was a single 

risk factor for preterm delivery in women with threantened premature labor. These results 

coincided with results of a previous cohort study that showed that the presence of Ureaplasma 

species in the vagina was associated with preterm delivery [19]. Lactobacillus species have the 

beneficial function of protecting against ascending infections of microorganisms during 

pregnancy [20]. Decreases in percentage of Lactobacillus species and increases in positivity of 

Ureaplasma species in vaginal microbiota may be associated with BV, vaginal infection, and 
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ascending infections of microorganisms, which may cause intrauterine infections, such as 

chorioamnionitis. Approximately 30% of premature deliveries are caused by infections in 

mothers and fetuses [1]. Vaginal microbiome analyses at regular maternity checkups using 16s 

rRNA sequencing may be clinically useful to identify pregnancies at high risk for preterm 

delivery. However, a prophylactic strategy of treat abnormal vaginal microbiota to prevent 

preterm delivery has not been established. A prospective study of treatment interventions for 

abnormal vaginal microbiota in pregnant women at high risk for preterm delivery is further 

necessary. 

The loss of Lactobacillus species in vaginal microbiota during pregnancy does not 

simply predict preterm delivery [21]. Lactobacillus species include five groups according to 

microbiome community composition and structure, and they are referred to as community state 

typeⅠ (L. crispatus), Ⅱ (L. gasseri), Ⅲ (L. iners), Ⅳ (mixed bacterial species), and (L. 

jensenii) [21]. Dominance of L. iners in the vagina was associated with preterm delivery; in 

contrast, dominance of L. crispatus was associated with full-term delivery, as demonstrated via 

16S rRNA gene sequencing [12]. Unfortunately, the community state types of Lactobacillus 

species were not analyzed in the present study.  

These results will provide useful information for clinical practitioners to assess risks 

of preterm delivery. However, this study has limitations. The sample size is small. The 
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participants were not only Japanese. Human vaginal microbiota changes according to race, diet, 

living environment, and life cycle stage. In addition to Lactobacillus and Ureaplasma species, 

factors of other microbiota must be further elucidated to predict and prevent preterm delivery. 
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Table 1. Comparison of clinical characteristics, biomarkers and microbiome between threatened premature labor and non-threatened prematu   

threatened premature labornon-threatened premature labor
All group group p value

n=64 n=47 n=17
Clinical characteristics
   Age, years old 33 (19-44) 33 (19-44) 34 (27-43) <0.05
   Gestational weeks at  admission 29 (14-35) 27 (14-34) 32 (19-35) <0.05
   Gravity 2 (1-6) 2 (1-6) 2 (1-6) 0.4
   Parity 0 (0-3) 0 (0-3) 0 (0-3) 0.9
Biomarker 
   Nugent score 0 (0-9) 0 (0-7) 0 (0-9) 0.2
   Cervical granulocyte elastase positive 3 (4.7%) 2 (4.3%) 1 (5.9%) 0.6
   IGFBP-1 positive 2 (3.1%) 2 (4.3%) 0 0.6
   Amniotest positive 6 (9.4%) 5 (11%) 1 (5.9%) 0.6
Microbiome
   Number of bacterial species detected 2 (1-13) 2 (1-13) 3 (1-13) 0.3
   Lactobacillus  positive 63 (98%) 46 (98%) 17 (100%) 1
   Percentage of Lactobacillus 98.6 (0-100) 98.7 (0-100) 93.9 (0.1-99.9) 0.4
   Gardnerella  positive 24 (38%) 16 (34%) 8 (47%) 0.4
   Percentage of Gardnerella 0 (0-99.7) 0 (0-98.8) 0 (0-99.7) 0.2
   Mycoplasma  positive 1 (1.6%) 1 (2.1%) 0 0.7
   Percentage of Mycoplasma 0 (0-0.7) 0 (0-0.7) 0 1
   Ureaplasma positive 25 (39%) 18 (38%) 7 (41%) 0.8
   Percentage of Ureaplasma 0 (0-89.7) 0.1 (0-89.7) 0 (0-18.1) 0.5
median (range)
IGFBP-1, insulin-like growth factor binding protein-1



Table 2. Comparison of clinical characteristics, biomarkers and microbiome between preterm delivery and full-term delivery groups

 preterm delivery full-term delivery
All group group p value

n=47 n=23 n=24
Clinical characteristics
   Age, years old 33 (19-44) 33 (21-44) 31 (19-41) 1
   Gestational weeks at admission 27 (14-34) 28 (18-33) 27 (14-34) 0.5
   Gravity 2 (1-6) 2 (1-4) 2 (1-6) 0.7
   Parity 0 (0-3) 0 (0-3) 0 (0-3) 0.9
   Gestational weeks at delivery 37 (19-40) 33 (19-36) 38 (37-40) <0.01
   Treatment for BV  1 (2.1%) 1 (4.3%) 0 (0%) 0.5
   Administration of  tocolytic agents 45 (96%) 21 (91%) 24 (100%) 0.2
Biomarker 
   Nugent score 0 (0-7) 3 (0-7) 0 (0-4) <0.05
   Cervical granulocyte elastase positive 2 (4.3%) 0 2 (8.3%) 0.5
   IGFBP-1 positive 2 (4.3%) 2 (8.7%) 0 0.2
   Amniotest positive 5 (11%) 4 (17%) 1 (4.2%) 0.2
Microbiome
   Number of bacterial species detected 2 (1-13) 3 (1-13) 2 (1-5) <0.05
   Lactobacillus  positive 46 (98%) 22 (96%) 24 (100%) 0.3
   Percentage of Lactobacillus 98.7 (0-100) 88 (0-100) 99.8 (55.4-100) <0.01
   Gardnerella  positive 16 (34%) 9 (39%) 7 (29%) 0.5
   Percentage of Gardnerella 0 (0-98.8) 0 (0-98.8) 0 (0-43.2) 0.9
   Mycoplasma  positive 1 (2.1%) 1 (4.3%) 0 0.5
   Percentage of Mycoplasma 0 (0-0.7) 0 (0-0.7) 0 0.5
   Ureaplasma positive 18 (38%) 14 (61%) 4 (17%) <0.01
   Percentage of Ureaplasma 0 (0-89.7) 0.1 (0-89.7) 0 (0-1.7) <0.01
median (range)
BV, bacterial vaginosis; IGFBP-1, insulin-like growth factor binding protein-1       



Table 3.  Logistic regression analyses of risk factors for preterm delivery

Odds ratio p -value Odds ratio p -value
 (95% confidence interval)  (95% confidence interval)

Biomarker  
   Nugent score 1.6 (1.1-2.3) <0.05 1.4 (0.01-15.0) 0.9
   Cervical granulocyte elastase positive 6.4×10-8 (0-999) 1.0 -
   IGFBP-1 positive 1.8×10-7 (0-999) 1.0 -
   Amniotest positive 4.7 (0.5-46.0) 0.2 -
Microbiome
   Number of species detected 1.5 (1.1-2.2) <0.05 1 (0.7-1.5) 0.9
   Percentage of Lactobacillus 0.96 (0.93-0.99) <0.05 1 (0.9-1.0) 0.4
   Gardnerella  positive 1.6 (0.5-5.3) 0.5 -
   Mycoplasma  positive 6.3×106 (0-999) 1.0 -
   Ureaplasma positive 7.8 (2.0-30) <0.01 6.5 (1.3-33.0) <0.05
median (range)
IGFBP-1, insulin-like growth factor binding protein-1 

Univariate analysis Multivariable analysis
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