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Abstract

Objective—This study aims to evaluate differences in the midtrimester cervicovaginal 

microbiota between women who developed puerperal infections at term and those who did not, 

and whether obesity modulates this relationship.

Methods—Previously, cervicovaginal swabs were collected at 21 to 25 weeks gestation (stored at 

−80°C). Samples were identified from Black women with normal vaginal flora (Nugent score: 0–

2) delivering term singletons. Patients were in one of four equally sized groups (total n = 120) 

characterized by absence or presence of puerperal infection and maternal obesity. Samples were 

thawed, DNA extracted, and polymerase chain reaction with primers targeting the 16S rDNA V4 

region was used to prepare an amplicon library sequenced and analyzed using Quantitative 

Insights into Microbial Ecology (QIIME) suite. Microbiota differences were assessed using 

permutation-based anodis over three β-diversity measures; Kruskal-Wallis test was used for taxa 

level analysis.

Results—After quality control measures, 113 samples were analyzed. Overall, there was 

significant clustering by puerperal infection (p = 0.03), but not by obesity (p > 0.05). Detailed taxa 

level analysis revealed approximately 66% less Proteobacteria phylum and 400% more BVAB1 

genera in the second-trimester microbiota of women who had puerperal infections at term (p < 

0.05).
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Conclusion—Women who develop puerperal infections at term have a significantly altered 

midtrimester cervicovaginal microbiome with less Proteobacteria and greater BVAB1. This 

finding may represent a potential method to identify women at an increased risk of puerperal 

infection.
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Puerperal infections (chorioamnionitis and endometritis) are a major source of maternal, 

neonatal, and long-term morbidity.1 These infections are polymicrobial, most often caused 

by bacteria that colonize the chorion/amnion or the endomyometrium by ascending from the 

lower genital tract.1–3 Numerous risk factors for both chorioamnionitis and endometritis 

have been described, including prolonged rupture of the membranes, prolonged labor, 

urogenital tract infections, and midtrimester bacterial vaginosis.1,4–6 Obesity has also been 

noted to be a strong risk factor for puerperal infections.1,7–12

Newer culture-independent molecular techniques using next-generation sequencing of the 

bacterial 16S rDNA have introduced a novel way to further characterize bacterial 

communities (microbiome) beyond the scope of traditional culture. Using these techniques, 

recent studies have not only shown that bacterial communities are relatively stable 

throughout pregnancy, but certain changes in microbial abundances may be associated with 

adverse pregnancy outcomes, particularly preterm birth.13–16

As both chorioamnionitis and endometritis are thought to arise from bacteria ascending from 

the lower genital tract, we hypothesized that (1) there are distinct microbial signatures in the 

midtrimester cervicovaginal microbiota of pregnant women who later develop puerperal 

infections at term and (2) maternal obesity affects this relationship. Therefore, we sought to 

evaluate the second-trimester cervicovaginal microbiota in women, comparing those who did 

and did not have clinically diagnosed puerperal infections at term. We also sought to 

evaluate differences in the cervicovaginal microbiota based on maternal obesity and evaluate 

any interaction between puerperal infection and maternal obesity.

Materials and Methods

Sample Collection

In this institutional review board-approved nested case-control study (N141222001), we 

utilized stored cervicovaginal samples collected at the University of Alabama at 

Birmingham during a population-based study of risk factors for preterm birth. Details of the 

parent study have previously been published.17 Briefly, during a vaginal speculum 

examination, a Dacron swab sample of the mucus on the ectocervix and in the posterior 

vaginal fornix was collected from women at a routine prenatal visit between 21 and 25 6/7 

weeks gestation. Each swab was left in place for 10 seconds, withdrawn, and placed in 750 

μL of fetal fibronectin buffer. These samples were then stored at −80°C. The samples for this 

study had not been subject to the previous thawing. Concurrently, vaginal smears were also 
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obtained and evaluated by the Nugent score for the presence or absence of bacterial 

vaginosis.18

Isolation of Microbial DNA and Creation of 16S V4 Amplicon Library

In our current study, microbial genomic DNA was isolated using the fecal DNA isolation kit 

from Zymo Research (Irvine, CA) (catalog no. D6010) following the manufacturer’s 

instructions (there are no kits specific for vaginal DNA isolation, and this kit is the standard 

for isolating DNA that is meant to be analyzed at the University of Alabama at Birmingham 

Microbiome Resource.). Once the sample DNA was prepared, polymerase chain reaction 

(PCR) was used with unique barcoded primers to amplify the V4 region of the 16S rDNA to 

create an “amplicon library” from individual samples.19,20 While previous studies, including 

those from the Human Microbiome Project, have used V1–V3 or V3–V5 primers, we opted 

to use V4 primers. Recent literature has shown that for both short and longer read sequences, 

the V4 region is an appropriate region for capturing microbial diversity.19,21–27 Details of 

the V4 primers and PCR protocol have been previously published.28

DNA Sequencing and Bioinformatics

The samples were first quantitated using Pico Green (Molecular Probes, Inc., Eugene, OR), 

adjusted to a concentration of 4 nM, and then used for sequencing.20 The PCR amplicon 

covered around 255 bases of the V4 region of the 16S rDNA. All the samples were 

multiplexed using barcodes, and 251 base paired-end reads were sequenced using the 

Illumina MiSeq platform (San Diego, CA).19,20 FASTQ conversion of the raw data files was 

performed following demultiplexing. Quality assessment of the FASTQ files was performed 

using FASTQC, and then quality filtering was done using the FASTX toolkit.29,30 Since the 

overlap between fragments was approximately 245 bases, both paired reads were merged to 

generate a single high-quality read using the module “fastq_-mergepairs” of USEARCH 

(Drive 5). Read pairs with an overlap of less than 200 bases or with too many mismatches (> 

20) in the overlapping region were discarded. Chimeric sequences were also filtered using 

the “identify_chimeric_seqs.py” module of USEARCH.31 The resulting reads with an 

average base quality Q score of < 20 were discarded. The remainder of the steps (explained 

below) were performed with the Quantitative Insights into Microbial Ecology (QIIME) 

suite, version 1.8 and an in-house developed wrapper for QIIME called QWRAP.21,29,32,33 

Following the quality control filtering, we excluded any sample containing fewer than 

10,000 passing reads. Total reads for the included samples ranged from 40,611 to 227,844 

and averaged 115,509.

Sequences were grouped into operational taxonomic units (OTUs) using the clustering 

program UCLUST at a similarity threshold of 97%.31 The Ribosomal Database Program 

(RDP) classifier was used to make taxonomic assignments (to the genus level) for all OTUs 

at a confidence threshold of 80% (0.8). The RDP classifier was trained using a version of the 

Greengenes (v13_8) 16S rRNA database modified to identify bacterial vaginosis-associated 

bacteria (BVAB).34–36 Details of our BVAB prediction model have been previously 

described in detail.28 The resulting OTU table included all OTUs, their taxonomic 

identification, and abundance information. To account for differences in read depth across 

different samples, the OTUs were rarified at a common sequence depth. OTUs whose 
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average abundance was less than 0.05% were filtered out. OTUs were then grouped together 

to summarize taxon abundance at different hierarchical levels of classification (e.g., phylum, 

class, order, family, genus). These taxonomy tables were also used to generate bar charts of 

taxon abundance. Multiple sequence alignment of OTUs was performed with PyNAST.30 

Alpha diversity (within sample diversity) was calculated using a variety of diversity metrics, 

including Shannon, Chao1, and Simpson, as implemented in QIIME.37 Beta diversity 

(between sample diversity) among different samples was measured using UniFrac analysis.
32 Principal coordinates analysis (PCoA) was performed by QIIME to visualize the 

dissimilarity matrix (β-diversity) between all the samples, such that samples that are more 

similar are closer in space than samples that are more divergent.38 Differences between 

groups of samples at the taxa level were performed by grouping OTUs by phylum, class, 

order, family and genus, and then testing for differences in frequency by a group using 

QIIME’s implantation of the Kruskal–Wallis test.

Subject Characteristics and Statistical Analysis

A total of 4,057 samples were available from the parent study. Given the known differences 

in microbial communities based on race or ethnicity, we chose samples only from Black 

women.39 In addition, because of the complexity of the microbial communities associated 

with bacterial vaginosis and the fact that bacterial vaginosis is a risk factor for both 

chorioamnionitis and endometritis, we included samples with Gram stains scored as normal 

flora (Nugent score: 0–3).6,18,39 To further eliminate any possible microbial changes 

associated with preterm birth, only women delivering at term were included.14,16

As such, samples from Black women with normal midtrimester flora delivering at term were 

randomly selected for analysis. These samples were categorized by the presence or absence 

of clinically diagnosed puerperal infection and secondarily by maternal obesity (body mass 

index ≥ 30 or < 30 kg/m2)–thus intending to create four equally sized groups (n = 30) with a 

total sample population of 120 (Fig. 1). Puerperal infection was diagnosed based on standard 

clinical diagnostic criteria.1,5 No histopathologic correlation was undertaken for the 

purposes of this study.

Descriptive characteristics of our sample populations were reported. Differences in 

demographics, labor and intrapartum characteristics, and comorbidities between women 

with and without puerperal infections were analyzed with chi-square test for categorical 

variables and Student t-test for continuous variables. For our primary analysis, the overall 

difference in the microbiome composition between groups defined by puerperal infection 

was analyzed using permutation-based anodis over all three β-diversity measures 

(PERMANOVA): Bray–Curtis, weighted UniFrac, and unweighted UniFrac. A planned 

independent secondary analysis evaluating differences in microbial composition was 

similarly undertaken to examine the effect of interaction with obesity. Because we 

anticipated marked predominance of Lactobacillus in all samples, we planned taxa specific 

analyses with the Kruskal-Wallis test. Differences with false-discovery rate (FDR) corrected 

p values less than 0.05 were considered significant.
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Results

A total of 117 samples were included in the analysis after quality control measures rendered 

the remaining inadequate for read depth. Analysis of these 117 remaining samples revealed 

four outliers. These four outliers had a predominant taxon of Gardnerella (96.7 and 24.2%), 

Mycoplasma (83.1%), or Prevotella (39.4%). These four outliers had no unique demographic 

characteristics to explain their taxonomic variability. Moreover, given the lack of 

Lactobacillus (as expected in normal vaginal microbial communities), they were considered 

false-negative Gram stains for bacterial vaginosis and excluded from further analysis. 

Demographic characteristics of the analyzed population (n = 113), stratified by puerperal 

infection, are presented in Table 1. As expected, women who developed puerperal infection 

were more likely to be nulliparous and have a cesarean for their mode of delivery. Maternal 

age and maternal morbidities were similar in women who developed a puerperal infection 

and those who did not. As expected given the study design, body mass index, and rates of 

maternal obesity were also similar between these two groups.

The remaining 113 samples were then analyzed by our primary variable, puerperal infection. 

When analyzing by PCoA, there were significant differences in β-diversity by unweighted 

UniFrac clustering (PERMANOVA p = 0.03), but not by weighted UniFrac or Bray–Curtis 

clustering (PERMANOVA p > 0.05) (Fig. 2). There were no significant differences in β–

diversity by the secondary variable of material obesity, using any of the three measures 

(PERMANOVA p > 0.05) (Fig. 2). For both puerperal infection as well as obesity, 

subclusters were discernable (Fig. 2). While a small component of these subclusters was 

attributed to two different Lactobacillus species, no unique demographic characteristics were 

available to explain the major differences in these unique clusters.

To determine which taxa were driving the differences between the infection and no-infection 

groups, we also performed taxa level analyses at the phylum, class, order, family, and genus 

level. We found significant differences at all taxonomic levels regarding puerperal infection, 

as presented in Table 2. There was decreased relative taxonomic abundance (~66% less) of 

Proteobacteria phylum seen in the midtrimester cervicovaginal microbiome of women who 

ultimately developed a puerperal infection at term (FDR-corrected p < 0.01) (Fig. 3). This 

difference was driven by the reduction of three orders of Proteobacteria (Caulobacterales, 

Burkholderiales, and Rhizobiales) in the infection group relative to no-infection group 

(FDR-corrected Kruskal-Wallis p < 0.05) (Table 2 and Fig. 4). Looking at individual 

samples, these orders were completely absent in patients with puerperal infection as 

compared with those without puerperal infection (Fig. 3). Several families and genera from 

these three orders, including a genus from order Pseudomonales, were also significantly 

reduced in the infection group (FDR-corrected Kruskal-Wallis p < 0.05) (Table 2). In 

addition to changes in Proteobacteria, there was an approximately 0.6% absolute increase in 

Firmicutes in the infection group relative to the no-infection group (FDR-corrected Kruskal-

Wallis p < 0.05). This mirrors, and may be due to, the reduction in Proteobacteria in the 

infection group.

Interestingly, we detected a bacterial vaginosis associated genus known as BVAB1 in both 

infection and no-infection patients.35,36 Although it was present at low frequencies (< 0.02% 
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on average in both groups), there was four times the abundance of BVAB1 in the infection 

group relative to the no-infection group (FDR-corrected Kruskal-Wallis p < 0.05) (Table 2).

Although there were no significant differences in clustering by obesity, we still tested for 

differences in taxa frequency. There were no taxa with significant differences in frequency 

between the obese and nonobese groups (Kruskal-Wallis p > 0.05 for all taxa).

Comment

We have demonstrated significant clustering of the midtrimester cervicovaginal microbiota 

between women who do and do not develop puerperal infections at term. In addition, we 

have shown that women who develop puerperal infections have less abundance of three 

orders of Proteobacteria and increased abundance of BVAB1 genera in their midtrimester 

cervicovaginal microbiome. Based on this, it appears that assessment of the midtrimester 

microbiome may be able to identify unique microbial signatures for women at an increased 

risk for puerperal infection months later, even when limited to lower risk women without 

bacterial vaginosis. Obesity, in this cohort of patients without bacterial vaginosis, did not 

affect the midtrimester cervicovaginal microbiome and there was no interaction between 

obesity and microbiome with relation to puerperal infection.

Prior studies have reported that deficiencies in Lactobacillus are associated with preterm 

premature rupture of the membranes, histological chorioamnionitis, and intra-amniotic 

infection.14,16,40–42 Our findings did not demonstrate deficiencies in Lactobacillus among 

women who developed puerperal infections. In fact, we noted a small increase in 

Lactobacillus that mirrored a lower abundance of three orders of Proteobacteria in the 

midtrimester cervicovaginal microbiome of women delivering at term who developed 

puerperal infections. Possible explanations for the differences seen in our analysis include 

analysis of a different clinical endpoint (puerperal infection) as well as analysis of only term 

births (as opposed to preterm births included in the above-mentioned studies). We did, 

however, show increased relative abundance of BVAB1 genera. While the abundance was 

not significantly increased to result in a clinical diagnosis of bacterial vaginosis, it does 

support the argument that microbes involved in bacterial vaginosis are a risk factor for 

chorioamnionitis and endometritis.6,18,39 These microbial changes should thus be further 

investigated prospectively to discern if they can be used to predict women (term or preterm) 

that may be at an increased risk of puerperal infection.

The strengths of our study include the use of samples from a well-described prospective 

cohort of patients. Data regarding maternal height, weight, and pregnancy outcomes were 

collected as part of the parent study. In addition, use of a standard definition of puerperal 

infections applied prospectively (chorioamnionitis and endometritis) at one institution allows 

a greater precision in the analysis of this outcome despite the fact that both diagnoses are 

made based on clinical criteria. Furthermore, the use of samples from women of a single 

race and exclusion of women with bacterial vaginosis avoids the complexities of microbial 

differences by ethnicity and a microbial process that is a risk factor for puerperal infections.
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However, this is a retrospective analysis of a subset of a previously collected cohort of 

patients. We recognize that the relatively small sample size necessitated by limited resources 

could be viewed as a limitation, but we did demonstrate small, but statistically significant 

differences in bacterial composition by puerperal infection. Another possible perceived 

limitation is the use of the V4 region for our 16S analysis. However, our group has published 

utilizing these methods, and justification for V4 usage is described in the Methods section 

above.19,21–27 Some region of 16S must be chosen unless whole genome sequencing is 

undertaken, and that latter approach is cost prohibitive for a large number of samples. 

Another potential limitation is the use of midtrimester cervicovaginal samples. While the 

stability of the microbiome in pregnancy has been described, it is possible that the 

midtrimester microbiome is not reflective of the cervicovaginal microbiome at term.13–16 In 

addition, the population studied in our analysis was Black women with normal flora 

delivering term gestations. We acknowledge that this is a select, low-risk population–arguing 

to generalizability. However, the ability to identify these microbial differences in a low-risk 

population could result in an even greater ability to identify microbial aberrations in high-

risk populations (including women with BV). Thus, our findings, if replicated in a variety of 

populations, may represent a potential biomarker to detect patients at risk of puerperal 

infections with delivery. Rapid and cheaper testing for these biomarkers in the midtrimester 

could be accomplished through rapid PCR-based tests in routine clinical-care settings. This 

may provide a way to screen and identify, patients who are at risk for developing puerperal 

infections. Furthermore, identification of such a biomarker could provide a target for 

treatment such as probiotic therapy.

In summary, while obesity does not appear to affect the cervicovaginal microbiota in the 

midtrimester of pregnancy, there are differences in the cervicovaginal microbiome between 

women who proceed to develop puerperal infections at term and those who do not. The 

relative reduced abundance of Proteobacteria and relative increase in abundance of BVAB1 

in women who develop puerperal infections that were observed in this study should be 

further explored prospectively to assess the presence of bacteria from this phylum as a 

potential biomarker of protection against puerperal infections.
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Fig. 1. 
Flow diagram showing intended sample stratification. These samples were subjected to 16S 

sequencing methods as described in the text.
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Fig. 2. 
Principle coordinates analysis (unweighted UniFrac) of all operational taxonomic units 

generated by 16S recombinant RNA sequencing by puerperal infection (top panel: infection 

blue, no infection = red) and obesity (bottom panel: obese blue, = nonobese = red). Samples 

closer in space are more similar in microbial composition. When analyzed for all taxa, there 

was a significant difference between groups for infection, but not obesity.
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Fig. 3. 
Phylum-level (left) and order-level (right) relative abundance (y-axis) by puerperal infection 

(top panel) and obesity (bottom panel). Stacked bar plots indicate the dominant phyla (left) 

or orders (right) for each group.
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Fig. 4. 
Vertical scatter plot demonstrating relative abundance frequencies of phylum: 

Proteobacteria, orders: Burkholderiales, Caulobacterales, Rhizobialis by the presence of 

puerperal infection. The image demonstrates a decreased relative taxonomic abundance of 

all orders in second-trimester samples from women who developed a puerperal infection at 

term (false-discovery rate corrected p < 0.05).
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