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Abstract 

Composition of vaginal microbiota during labor and the effect of lubricant use 

Kathleen Gresia McElroy, Doctor of Philosophy, 2016 

Dissertation Directed by: Mary Regan, PhD, RN, Associate Professor, University of 

Maryland School of Nursing 

Background: The composition of vaginal microbiota is critically important during 

pregnancy because maternal microbes transferred at birth form the basis of the neonate’s 

microbiome. Vaginal dysbiosis, a disruption in composition, is linked with many 

biological and behavioral factors, including use of personal lubricants. Studies show that 

lubricants can alter microbial composition and damage the integrity of vaginal 

epithelium. These findings are concerning because similar lubricants are frequently used 

during labor. However, the effect of lubricant use on vaginal microbiota during labor has 

not been studied.   

Purpose: This study aimed to characterize the composition of vaginal microbiota during 

labor and to investigate the effect of lubricant use on its bacterial composition. 

Methods: The prospective cohort study was nested within a federally-funded study 

(R01NR014826). Fifteen participants collected mid-vaginal specimens during pregnancy, 

labor, and in the postpartum period, and clinical labor data were extracted from medical 

records. 16S rRNA gene profiling was used for bacterial composition and multiple linear 

regression was used to investigate the effect of intrapartum lubricant use.  

Results: The composition of vaginal microbiota varied among participants, with a 

notable high abundance of Lactobacillus iners and Gardnerella vaginalis. A significant 

bivariate negative correlation between lubricant use and relative abundance of L. 



	  

crispatus disappeared when controlling for time since ruptured membranes. A trend 

between lubricant use and changes in the composition of vaginal microbiota as measured 

by the Jensen-Shannon distance was noted but not significant.  

Conclusions: The study offers novel information about the composition of vaginal 

microbiota during labor and the effect of lubricant use on its composition. The potential 

relationship between increased lubricant use and decreased L. crisptatus has important 

clinical significance for perinatal providers and can be used to begin to build evidence 

that supports a less invasive approach to perinatal practice. A larger study is needed to 

further elucidate the association between lubricant use and vaginal dysbiosis. 
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To pregnant women everywhere: 
Thank you for trusting us to care for you and your unborn child(ren). We will continually 

search for better and safer practices. 
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Chapter One - Introduction 

The work detailed in this document presents the findings of a study called “Labor 

and the Microbiota” (LAMB) that characterized the composition of the vaginal 

microbiota at 36 weeks gestation, at multiple time points during labor, and at postpartum. 

The central purpose of the study was to investigate the treatment effect of intrapartum 

lubricant use on the composition of the vaginal microbiota. The findings provide 

evidence to inform perinatal provider practice while building knowledge about the effect 

of lubricant use during labor on the composition of the vaginal microbiota. This chapter 

provides a brief background to the problem, followed by the purpose and approach of the 

LAMB study. The author assumptions are made clear and the novelty and significance of 

the work are discussed. The remaining dissertation chapters present the literature review 

(Chapter 2), methods (Chapter 3), results (Chapter 4) and the discussion (Chapter 5). 

1.1 Background 

The human microbiota, or the microbes that reside in and on the human body, is 

profoundly important to health. The microbiota has been studied for centuries and over 

that time, acknowledgement of the symbiotic relationship between microbes and humans 

has grown. We now understand that essential body processes, including digestion and 

immune function, largely depend on microbial involvement for success. 1,2 The human 

microbiota is so intrinsically linked to human physiology that it is considered to be a 

discrete body organ in its own right. 3 In fact, the human body contains 10 times more 

microbial cells than human cells and microbial genes outnumber human genes 100 times 

over. 4,5 Furthermore, the communities of microbes that comprise the microbiota are 

found in every niche, including the skin, ears, the gastrointestinal (GI) tract and the 
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reproductive tract. The ability to critically analyze the structure and function of each of 

these distinct communities has been enhanced by advancements in technology. Findings 

from these next-generation methods have been responsible for the rapid progression of 

omics science. 

Microbial DNA and RNA sequencing lies at the root of this emerging science. 

The molecular-based sequencing techniques surpass traditional culture-based methods in 

the characterization of an entire microbial community because they reveal the presence of 

microbes that may be difficult to cultivate or that may be present in diminutive 

proportions. 6,7 Additionally, sequencing enhances the precision of microbial 

phylogenetic classification by eliminating the reliance on limited phenotypic 

characteristics such as morphology and biochemical staining features. 8 Sequencing 

techniques have revealed a previously unrecognized complexity among the resident 

microbial communities that constitute the human microbiota. 

Much of the research on the human microbiota has focused on the GI tract, but 

research conducted over the past fifteen years have also provided foundational evidence 

about microbes in the vagina, called vaginal microbiota. Studies show that vaginal 

microbiota in most reproductive-aged women are typically dominated by Lactobacillus 

spp., but many other phylotypes are also present in varying abundance. 9–15 Dysbiosis, or 

a disruption in the composition leading to decreased density of Lactobacillus spp., is 

common in reproductive-aged women and is linked to many factors, including ethnicity, 

sexual activity, the use of personal vaginal lubricants, and hygiene behaviors such as 

douching. 16–22 Knowledge about the factors associated with dysbiosis is important 

because Lactobacillus spp. play a critical role in maintaining vaginal health by producing 
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lactic acid that acidifies the environment. 23 Lactic acid production results in a vaginal pH 

of approximately 3.5 to 4 that prevents infection by inhibiting the proliferation of 

opportunistic pathogens that generally thrive at higher pHs. 24–27 In pregnancy, 

composition of the microbial communities is particularly relevant because Lactobacillus 

spp. and other vaginal microbes may colonize the neonate during birth. 28,29  

Colonization of the neonate is critically important because of the role that 

microbes play in mediating the developing immune system. 30 The composition of the 

neonatal microbiota depends on many factors, including physical contact with the 

maternal microbial communities during the birth process. 28,31 Evidence suggests 

differences in the short and long-term colonization of the GI tract between neonates born 

vaginally versus by cesarean. 28,29,31–38 Implications of these differences in the 

composition of microbiota are not well understood, particularly for infants and children, 

but emerging evidence suggests that altered neonatal colonization from cesarean birth 

may initiate physiologic changes that generate long-term health effects. For example, 

children born by cesarean have increased risk of developing asthma, allergies, 

gastrointestinal disease, obesity and altered immunity when compared to children born 

vaginally. 39–46 Knowledge about the underlying mechanisms responsible for these 

disparities remains elusive, however, early composition of the neonatal microbiota likely 

impact the development of the neonate’s immune system and may account for these 

differences in health. 1,47 

The influence of maternal microbes on the development of the neonatal 

microbiota makes it imperative to understand the implications of the composition of 

vaginal microbiota during pregnancy. Evidence indicates that during pregnancy the 
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abundance of Lactobacillus spp. increases and other taxa decrease, reducing the diversity 

in the vaginal microbiota, but knowledge about the mechanism and purpose of the 

changes is still limited. 15,48–52 Minimal information also exists about the composition of 

vaginal microbiota during labor and the few studies reported in the literature were cross-

sectional in design, with small sample sizes. 28,53 At the same time, evidence suggests that 

certain factors known to increase dysbiosis are common during pregnancy, such as the 

use of vaginal lubricants. 54,55 This oversight is significant because healthcare providers 

use lubricants frequently during labor and birth when estimating labor progress. 

Therefore, the paucity of longitudinal data about the composition of vaginal microbiota 

during labor, and in particular the effects of lubricant use on microbial composition and 

function, reveals a significant gap in knowledge.  

1.2 Statement of the problem 

Multiple studies in non-pregnant have found an association between the use of 

vaginal lubricants and vaginal dysbiosis. 19,20,56 These findings are concerning because 

similar lubricants are used in labor and delivery units during intrapartum vaginal exams. 

Vaginal exams are performed frequently throughout labor, particularly as birth becomes 

imminent. Lubricant exposure from vaginal exams during labor could lead to changes in 

maternal vaginal microbiota and potentially adversely impact colonization of the neonate. 

However, to date, no studies have investigated the effect of vaginal lubricant use during 

labor on the composition of maternal vaginal microbiota.  

1.3 Statement of the purpose 

The overall goal of the LAMB study was to build understanding about the 

composition of the vaginal microbiota throughout labor, focused specifically on 
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evaluating the effect of lubricant exposure during vaginal exams. The conceptual model 

displayed in Figure 1 guided the study design. The model, adapted with permission from 

Rosenthal, et al. 57 (Appendix A), depicts various factors that influence the vaginal 

microbiota during pregnancy and labor. These influences include non-modifiable host 

factors such as genetics and demographics, including ethnicity and age. 11,20,21,58,59 

Modifiable host factors that may affect the vaginal microbiota are also shown and include 

behaviors such as smoking, sexual activity, and hygiene behaviors. 16,58,60–69 

Environmental factors include characteristics related to receiving health care, such as 

medication usage and exposure to medical products and devices. 19,20,56 

 

	  

Figure 1. Conceptual framework for the LAMB study. Shaded boxes and bolded arrows indicate concepts 
and relationships that were investigated in this study. 

	  
The model denotes multiple directions of influence; for example, environmental 

and behavioral characteristics each affect the other. Additionally, all of the factors likely 
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affect neonatal and maternal health outcomes independently, but are conceptualized to 

also indirectly influence health by initiating alterations in the composition of the vaginal 

microbiota.  This study aimed to increase knowledge about the composition of the 

vaginal microbiota before, during and after labor, and also to investigate effects of 

environmental characteristics, specifically exposure to lubricants during labor, while 

controlling for host demographics and behavioral characteristics.  Host genetics and 

health outcomes were not examined in this study. 

The central hypothesis for the study was that increased lubricant exposure during 

labor would be associated with changes in the vaginal microbiota in the short-term 

(during labor) and the long-term (postpartum). The study aimed to: 

1) Characterize the composition of vaginal microbiota in pregnant women prior 

to labor (36 weeks gestation), during labor and in the postpartum period. 

2) Evaluate whether lubricant exposure from intrapartum vaginal exams could 

predict dysbiosis in late labor. 

3) Explore the effect of lubricant exposure from intrapartum vaginal exams on 

the trajectory of dysbiosis from 36 weeks gestation to postpartum. 

1.4 Approach  

The LAMB study was a prospective cohort study nested within an existing cohort 

study (Birth, Eating and the Microbiota [BEAM], R01NR014826) investigating diet, 

vaginal microbiota and preterm birth. The BEAM study follows women from 12-22 

weeks gestation until 6-8 weeks postpartum. LAMB-eligible participants consisted of a 

subset of the BEAM participants who maintained their pregnancies until at least 37 
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weeks gestation and who delivered at the University of Maryland Medical Center during 

the LAMB study period. 

The LAMB study data consisted of a subset of BEAM data collected at multiple 

time points, including: 

• Demographic and history data extracted from the intake interview;  

• Self-collected weekly vaginal specimens, starting at 36 weeks gestation; 

• Vaginal specimens collected by nurses at two time points during labor (unique to 

the LAMB study); 

• Clinical labor and birth data from the medical record; and 

• A vaginal specimen self-collected by participants 6-8 weeks postpartum. 

 

Vaginal swabs were processed at the University of Maryland’s Institute for 

Genome Sciences (IGS). A broad 16S rRNA gene sequence-based characterization of the 

vaginal microbial population was performed. Descriptive analysis of the composition of 

vaginal microbiota at each time point was conducted using SPSS version 23 and R 

version 3.2.2. The influence of lubricant use on microbial composition was investigated 

using multiple linear regression and the profiles of vaginal microbiota composition over 

time were analyzed using diversity measures.  

1.5 Researcher assumptions 

Assumptions were based on discussions with the staff nurses at the clinical site 

and discussions with the committee members. The following assumptions were made: 

1. Healthcare personnel that performed the vaginal exams used the same brand of 

lubricant.  This assumption was based on reports from the hospital staff.  
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2. Healthcare personnel that performed the vaginal exams used similar amounts of 

lubricant.  This was based on clinical experience and hospital staff report. 

1.6 Significance 

This study is the first to characterize the vaginal microbiota over time during 

labor using molecular-based techniques. The longitudinal design was critically important 

to build comprehensive knowledge about the composition of vaginal microbiota before 

labor, during labor and in the postpartum period. The study is also the first to evaluate the 

effect of lubricant use on the composition of vaginal microbiota during labor. Findings 

from the study can expand our understanding of the factors that influence the 

composition of the vaginal microbiota. That knowledge can then be leveraged to develop 

targeted therapies and safer perinatal practices. The LAMB study also provides a basis 

for more extensive, future research about the dose effect of vaginal lubricants used during 

labor on the composition of vaginal microbiota.  
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Chapter Two - Literature Review  

2.1 Introduction 

The purpose of the LAMB study was to characterize the composition of vaginal 

microbiota in late pregnancy, early and late labor, and 6-8 weeks postpartum, with a 

focus on the effect of intrapartum lubricant use. This chapter summarizes the current data 

available about the composition of the vaginal microbiota during the reproductive years, 

including evidence about the effect of lubricants on the composition of vaginal 

microbiota. This review is limited to studies on bacterial communities that reside in the 

vagina, although the vaginal microbiota also consists of other microbes, such as yeast and 

viruses. This approach was selected because almost all research on vaginal microbiota 

has focused on bacteria. Additionally, the molecular methods used in this study only 

target bacterial rRNA genes.  

2.2 Structure and function of vaginal microbiota 

The vaginal microbiota consists of all microbes residing in the vagina and the 

ectocervix. The composition of the vaginal microbiota changes over time, with long-term 

shifts noted during puberty, pregnancy and menopause, and short-term alterations 

occurring throughout each menstrual cycle. 10,59,70–73 These variations are likely related to 

hormonal shifts  - the major changes that occur over the entire female lifecycle as well as 

the more subtle short-term variations associated with menses. 70,74 Multiple studies have 

demonstrated that from menarche to menopause, a diverse milieu of microbes inhabits 

the vaginal ecosystem but bacteria from the Lactobacillus genus typically dominate. 10–

12,14,15,51,59,75 These bacteria rely on glycogen deposits in the vaginal epithelium that are 
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converted into sugars such as maltose by human α-amylases. 76 During the reproductive 

years, the glycogen deposits are elevated due to elevated estrogen levels. 74,76  

Early studies using sequencing methods revealed that the vaginal microbiota in 

non-pregnant reproductive-aged women either: 1) were dominated by one of a few 

specific Lactobacillus spp., 2) contained a mixture of Lactobacillus spp., or 3) contained 

a diverse array of anaerobic bacteria such as Atopobium vaginae or Streptococcus spp. 

11,12 A large cross-sectional study by Ravel et al. 9 confirmed these findings and 

contributed additional evidence. Ravel demonstrated that the vaginal microbial 

communities in ethnically diverse non-pregnant reproductive-aged women were highly 

variable in composition but could be classified into six general groups, called community 

state types (CST). Four of the six CSTs were dominated by a distinct Lactobacillus spp., 

including L. crispatus, L. jensenii, L. gasseri and L. iners. The remaining two CSTs 

contained fewer Lactobacillus spp. and had more diverse arrays of bacterial anaerobes, 

particularly Prevotella, Atopobium, Gardnerella, Megasphaera and Sneathia.  

Subsequent research by Ravel and others yielded similar results with minor 

differences that were likely a result of sample size and/or ethnicity. These differences 

included results showing a lack of L. jensenii or L. gasseri, but also additional CSTs 

dominated by other bacterial species, including L. vaginalis or mixed taxa. 10,14,15,51,59,75,77 

A major conclusion drawn by most researchers studying the vaginal microbiota is that the 

composition varies widely between women and that no single microbial profile typifies 

health or disease. However, these studies have repeatedly shown that composition 

clusters into CSTs, based on the presence or absence of Lactobacillus spp. Additionally, 

emerging evidence indicates that microbial communities containing an abundance of L. 
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crispatus or L. jensenii, as opposed to L. iners, are associated with increased community 

stability and improved vaginal health, such as decreased rate of infections. 26,78,79  

The role of Lactobacillus spp. in vaginal infection control is becoming clearer, but 

much remains to be discovered. Currently there is evidence to show that high abundance 

of certain Lactobacillus spp. limits overgrowth of pathogens primarily by the 

acidification of the vagina by lactic acid that results from glycogen breakdown by human 

enzymes and subsequent metabolism of the smaller polymers by the Lactobacilli. 23,27,76 

In addition to producing lactic acid, a number of Lactobacillus spp. also produce 

bacteriocins that could impede the propagation of other opportunistic bacteria, including 

Gardnerella vaginalis, a known pathogen associated with vaginal dysbiosis 80,81. Indeed, 

hallmark signs of bacterial vaginosis (BV), a common vaginal microbiota perturbation, 

include decreased abundance of Lactobacillus and increased vaginal pH. 82  

A second function of the vaginal microbiota includes contributing to the origins of 

neonatal microbial colonization at birth. 28,29 Physical contact with the maternal 

microbiota during the birth process stimulates the initiation of microbial colonies in the 

neonate, particularly in the GI tract. 28,31 The relationship between the maternal and 

neonatal microbiota is not entirely clear, however, the vertical transmission of microbes 

at birth makes the composition of the vaginal microbiota during pregnancy critically 

important.  

2.3 Vaginal microbiota in pregnancy 

Studies using sequencing techniques to investigate the vaginal microbiota in 

pregnant women have only been available for a few decades and have recently become an 

affordable, efficient option. Findings show that during pregnancy Lactobacillus spp. 
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often continue to dominate the vaginal microbiota, although communities with elevated 

BV-associated bacteria can also persist. 15,48–52,77,83,84 A number of longitudinal studies, 

and studies comparing pregnant women with non-pregnant women, report that in 

pregnancy the abundance of Lactobacillus spp. increases, making vaginal microbiota less 

diverse overall, particularly as the pregnancy progresses. 15,48,51,78,85,86 In contrast, one 

large study reported no temporal changes throughout pregnancy. 87 However, critical 

changes in the microbiota during early pregnancy may have been missed due to a lack of 

samples collected in early pregnancy. Excluding that study, the majority of the findings 

indicate that the structure of the vaginal microbiota changes during pregnancy, although 

the reasons for these changes are unknown. Researchers posit that increased estrogen 

levels during pregnancy are associated with more abundant nutrients that contribute to a 

more hospitable environment for Lactobacillus spp., leading to increased density. 74 

Alternately, during pregnancy there may be an increased physiologic need for protection 

from vaginal infections that can trigger preterm labor, but to date, evidence to support 

either supposition is limited. 48,51 

Despite the growing amount of evidence about the vaginal microbiota during 

pregnancy, minimal knowledge exists regarding the composition of vaginal microbiota 

during labor. Two small, cross-sectional studies that collected vaginal swabs at one point 

in labor found some specimens to have predominantly Lactobacillus spp., and others with 

more diverse microbial profiles that contained an evenly distributed abundance of 

anaerobic taxa. 28,53 Of particular interest are two different studies that collected 

specimens during pregnancy and postpartum, but not during labor. 86,87 Both studies 

noted major shifts in the vaginal microbial community structure between late pregnancy 
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and postpartum, with decreased abundance of Lactobacillus spp. and increased diversity 

in the postpartum period. 86,87 The researchers speculated that decreased estrogen levels 

or the presence of lochia in the postpartum period could have been responsible for the 

observed changes. However, there is evidence that certain clinical practices during labor 

and birth can influence the composition of the vaginal microbiota, even well after birth. 

For example, broad-spectrum antibiotics are routinely given to laboring women that have 

a specific vaginal streptococcal colonization that is diagnosed in the 3rd trimester. 88 

Additionally, lengthy exposure to amniotic fluid, known to be more neutral than the 

typical vaginal environment, may alter the composition of the vaginal microbiota. 89 

Without longitudinal studies that collect multiple labor samples and corresponding 

metadata, these mitigating factors remain unknown and a full understanding of the 

relationship between maternal vaginal microbiota and neonatal colonization remains 

elusive. 

2.4 Development of neonatal microbiota 

Recent evidence demonstrates that the fetus may be exposed to commensal 

microbes in utero, as evidenced by the isolation of small amounts of nonpathogenic 

bacteria from placental specimens. 90–93 However, during the birth process, maternal 

vaginal microbiota contribute significantly to the colonization of the neonatal GI and 

respiratory tracts. Unlike the lifecycle alterations seen in the structure of vaginal 

microbiota over time, the composition of GI microbiota changes rapidly in the first one to 

three years of life and then stabilizes to resemble the adult GI microbiota. 29,32,94 Figure 2 

shows the many factors that influence the development of the early GI microbiota. 

Feeding method, antibiotic administration, external environment and transition to solid 
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food all influence the microbes that proliferate and persist in the neonatal GI tract. 

29,33,35,38,95 However, consensus is growing that the type of birth, vaginal or cesarean, 

plays a critical role in that the first microbes affect the growth of successive commensal 

bacteria. 31,96  

 

Figure 2. Development of infant gastrointestinal microbiota. 

 

Evidence shows that neonates born vaginally gain initial exposure to microbes 

present in maternal vaginal microbiota, including Lactobacillus spp. 28,31,94,97 Conversely, 

cesarean-delivered neonates acquire microbes associated with skin microbiota, typically 

transferred from parents and hospital staff. 28,29,97 Vaginal and skin microbial 

communities vary drastically in bacterial type and abundance (Table 1). 9,57,98 

 

Table 1 

 

A"partial"list"of"commensal"bacterial"genera"found"in"skin"and"vaginal"microbiota""
Skin  Vaginal 

Acinetobacterium  Atopobium Mycoplasma 
Brevibacterium  Corynebacterium Prevotella 

Corynebacterium  Dialister Sneathia 
Micrococcus  Gardnerella Staphylococcus 

Propionibacterium  Lactobacillus Streptococcus 
Pseudomonas  Megasphaera Ureaplasma 

Staphylococcus    
Streptococcus    

!
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These distinctions may translate into different colonization for vaginal versus 

cesarean-delivered neonates. 28,94,97 In fact, significant differences in GI microbiota 

structure between vaginal and cesarean infants have been noted. 28,29,31–38,95–97,99 

Specifically, the abundance of beneficial intestinal bacteria, including Bifidobacteria and 

Bacteroides, is elevated in the GI tracts of neonates born vaginally. 29,32–35,38,95,96 

Additionally, over time GI microbiota of cesarean infants exhibit less overall diversity 

when compared to vaginally delivered infants. 29,31–35,37,38 Implications of these 

differences in composition of microbiota are not well understood, particularly for infants 

and children. However, significant differences in short and long-term health problems 

have been noted in children born by cesarean versus vaginally, and there is evidence that 

links these problems with functions of the microbiota.  

Children born via cesarean demonstrate increases in the likelihood of many 

adverse health outcomes that are associated with dysbiotic microbiota. Multiple studies 

found elevated levels of immune-related conditions, such as asthma and allergies, in 

children born by cesarean, particularly if the amniotic membranes remained intact prior 

to cesarean. 42,43,45,100,101 This suggests that once amniotic membranes are ruptured, 

vaginal microbes can ascend to the fetus during labor and provide some level of vaginal 

microbial exposure. Additionally, cesarean birth increases the risk of obesity in children. 

39,102 Finally, a meta-analysis of twenty studies indicated that children born by cesarean 

had a 20% greater risk of type 1 diabetes than children born vaginally. 103 Although a 

number of factors related to cesarean birth may be associated with these differences, 

perturbations in the composition of the microbiota in early life have been hypothesized to 

contribute to their occurrence. 104  



 16 

As previously stated, implications of differential colonization at birth are not well 

understood. However, composition of the microbiota in early life may instigate 

physiologic changes that generate long-term health effects. 104 For example, colonization 

in early life with a more diverse microbiota, and in particular Lactobacillus spp., is linked 

with a decrease in later development of allergies. 104 Obese adults exhibit less GI 

microbial diversity than normal-weight adults, suggesting that diversity may be a crucial 

characteristic of health-promoting GI microbiota. 104 Knowledge about the physiologic 

mechanisms responsible for these disparities is becoming more apparent. Early influences 

on the neonatal microbiota, particularly decreased contact with healthy vaginal 

microbiota, appear to impact the development and function of the neonate’s immune 

system and may be associated with these differences in health. 31,47 Cesarean delivery 

represents the primary reason that neonates experience suboptimal microbial exposure, 

but perturbed maternal vaginal microbiota at birth may also contribute to altered 

colonization of the neonate.  

2.5 Vaginal dysbiosis 

Vaginal dysbiosis affects up to 50% of reproductive-aged women worldwide, 

depending on the geographic location. 21 Potential adverse effects from vaginal dysbiosis 

include discomfort, odor and itching, increased risk of preterm birth, increased 

postpartum infection, poor outcomes in future pregnancies, and increased incidence of 

sexually transmitted infections, including HIV. 22,105–108	  Dysbiosis is typically 

characterized by decreased abundance of Lactobacillus spp. and elevated pH. 10,75,109 

Factors associated with vaginal dysbiosis have been well documented (Table 2) and 

include ethnicity, smoking, sexual activity and hygiene practices. A notable finding 



 17 

includes evidence that women’s use of personal lubricant is associated with increased risk 

of BV. 19,20 The link between lubricant use and dysbiosis is of particular concern to 

perinatal providers because similar lubricants are frequently used during labor.  

 

Table 2 

 

2.6 Personal lubricants and vaginal dysbiosis 

Intrapartum vaginal exams enable perinatal providers to assess the progress of 

labor. Providers apply commercial lubricant to gloved fingers to decrease discomfort 

associated with the exams, and during the exams the lubricant coats the vagina and 

cervix. The exams are a very common intrapartum intervention despite a lack of evidence 

to support their use. 110 The World Health Organization (WHO) and the United 

Kingdom’s National Institute for Health and Care Excellence (NICE) recommend that 

vaginal exams be done no more than once every four hours during low-risk labor. 111,112 

Factors influencing vaginal dysbiosis 
Factor Findings related to dysbiosis 
Ethnicity/race • Black - more likely to have BV, less likely to have high 

abundance of Lactobacillus spp. 9–11,22,58,75,77,106,110  
• White - more often dominated by L. crispatus 9,10  
• Asian, Black & Hispanic - more often dominated by L. 

iners 9,14  
Smoking • Increased risk of BV 58,111,112 
Diet • Increased dietary fat – more likely to have BV 113  
Sexual Activity  

Number of sex 
partners 

• Increased number – increased BV or BV-associated 
bacteria 15,58,106,110,112,114  

Gender of sex 
partners 

• Female partner – increased BV 112,114,115 

Hormonal 
contraception 

• Decreased risk of BV 64,106,112,115  

Hygiene • Douching - Increased risk of BV 16–18,106 
• Vaginal washing – Increased risk of BV 64  

Lubricant Use • Increased risk of BV 19,20  
Notes. BV = bacterial vaginosis!
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However, in practice vaginal exams are performed much more frequently, and evidence 

reveals that vaginal exams are often conducted every two to three hours with almost 70% 

of laboring women receiving exams more frequently than recommended. 54,55 The 

findings related to the frequency of vaginal exams suggest that a recurrent exposure to 

lubricants during labor, particularly in the hours immediately preceding birth. The 

repeated application of lubricant just prior to neonatal passage is problematic when 

considering the reported positive association between lubricant use and dysbiosis. 

The underlying mechanism to explain the potential adverse relationship between 

lubricants and vaginal dysbiosis has not been studied experimentally in humans, but in 

vitro and animal models offer valuable information. For example, ingredients such as 

chlorhexidine, a microbicide added as a preservative to some commercial lubricants, can 

trigger dysbiosis. In vitro tests demonstrated that personal lubricants containing 

chlorhexidine either significantly decreased or completely eradicated multiple species of 

Lactobacillus. 113–115 The reported effects often occurred within 30 minutes of a single 

application of chlorhexidine. These findings demonstrate that although chlorhexidine 

may prolong the shelf life of lubricant products, the bactericidal effects on the vaginal 

microbial community may have unforeseen adverse effects, particularly for the neonate 

that needs exposure to commensal microbes. Not all lubricants contain chlorhexidine, but 

other ingredients and properties of lubricants can cause harm by disrupting the structure 

of vaginal microbiota. 

Multiple in vitro studies that investigated the safety of over-the-counter water and 

lipid-based vaginal lubricants found most products to be hyperosmotic, a property that 

can potentially damage the integrity of the epithelium. 113,114,116–118 The high osmolality 
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of extracellular lubricant depletes intracellular fluid, leading to apoptosis of epithelial 

cells. The cytotoxicity results in epithelial sloughing and decreased protection from 

pathogens. 113,119 The resulting disruption in epithelial integrity can make it more difficult 

for protective microbes, including Lactobacillus spp., to thrive without the benefit of 

epithelial glycogen deposits. Conclusions that certain lubricants can have harmful effects 

based on cell models have been generally supported by animal studies as well. 

Certain components of lubricants, such as parabens, have been examined in 

animal models. These ingredients are typically promoted as benign and are added as 

preservatives or to give lubricants certain preferred properties, such as a decreased cold 

sensation upon evaporation. 120 Until recently, these ingredients were rarely considered to 

affect safety. However, certain inactive components of lubricants were found to be 

hyperosmotic and to increase susceptibility to vaginal infections in a mouse model. 120 

Other studies using a macaque model demonstrated mixed effects of over-the-counter 

lubricants; one brand decreased Lactobacillus spp. abundance but none of the products 

disrupted vaginal epithelial integrity. 121,122 The findings from cell and animal studies, 

although varying, suggest that lubricants can potentially disrupt vaginal microbiota in 

humans. 

Results from human studies on lubricant use and dysbiosis are inconsistent but 

indicate a possible association. The few reported studies were observational in design, 

relied on personal recall and varied on the timing of lubricant use. For example, one 

study asked participants to report any lubricant use that occurred one day prior to 

specimen collection, while other studies reported on lubricant use at any time in the 

preceding month, or three months, or year. 19,20,56,123  Not surprisingly, the studies that 
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obtained detailed information on lubricant use closer to specimen collection showed a 

significant relationship between lubricant use and BV. 19,20 Further human research on 

lubricant use, particularly during pregnancy, is warranted.  

2.7 Conclusions 

Findings linking vaginal lubricants, dysbiosis and epithelial damage have critical 

implications for pregnant women and should be considered to be relevant by perinatal 

clinicians and researchers. Labor represents a profoundly vulnerable time when the 

composition of vaginal microbiota can affect both maternal and neonatal health. Evidence 

shows that adverse changes in the composition of vaginal microbiota occur very rapidly 

but the return to baseline structure happens more slowly. 10 Therefore, a dose effect from 

repeated lubricant use during labor that elicits prolonged dysbiosis provides no 

opportunity for vaginal microbiota to return to a balanced and healthy composition prior 

to birth.  Logically, the neonate that is exposed to and subsequently colonized by the 

dysbiotic microbiota may display microbial profiles similar to those seen in neonates 

born via cesarean, along with the accompanying adverse health outcomes. These are 

essential considerations, but no studies have examined the effect of vaginal lubricant use 

in the healthcare setting on maternal or neonatal microbiota. The liberal use of lubricants 

in obstetrics units necessitates the need for more research on these products. 
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Chapter Three - Methodology  

3.1 Introduction 

This chapter presents the methodology that was used to characterize the 

composition of vaginal microbiota at multiple time points and investigate the effect of 

vaginal lubricant use. The research approach and rationale for the approach are discussed. 

The setting, sample and data sources are described, and then data collection and analysis 

methods are presented. 

3.2 Research design and rational  

The LAMB study was a prospective study that was nested within a larger, 

ongoing cohort study (BEAM) that is investigating vaginal microbiota in pregnancy as it 

relates to diet and preterm birth. The LAMB study was designed to leverage BEAM 

infrastructure and procedures by including labor and birth biologic specimens and clinical 

data for a subset of participants. The BEAM study routinely collects biologic and 

biobehavioral data at various intervals, some of which were also used by the LAMB 

study (Table 3). For clarity, from this point on, discussion will not distinguish between 

data collected for BEAM versus LAMB.  

The study collected data over a period of approximately twelve weeks, starting in 

the 36th week of pregnancy and ending 6-8 weeks after delivery. The longitudinal design 

was necessary to capture temporal changes in vaginal microbiota composition from late 

pregnancy, during labor and into the postpartum period. A major gap in knowledge about 

temporal changes in vaginal microbiota composition during labor exists because of the 

lack of longitudinal studies. This study attempted to fill that gap. 
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Table 3 

	  
	  
3.3 Human subjects protection  

The study was reviewed and approved by the University of Maryland’s 

Institutional Review Board before recruitment began. Shortly after study activities started 

and at the request of the Human Research Protections Office at the University of 

Maryland, the LAMB study protocols and consent form were subsumed by the BEAM 

study protocols and consent form. All study participants received informed consent and 

signed an approved consent form before any study procedures were conducted.  

3.4 Setting 

 The LAMB study was conducted at the University of Maryland School of Nursing 

(UMSON), the University of Maryland Medical Center (UMMC), and the IGS.  The 

UMMC is a major teaching hospital in Baltimore City with an obstetrical department that 

offers comprehensive services for women of all ages and backgrounds. Two hospital 

BEAM and LAMB study activities, and contribution to LAMB study data  
Study Activity Timing Data used for LAMB 
Intake appointment One time, 12-22 weeks 

gestation 
Demographic and medical 
history data 

Weekly biologic 
specimen collection 

Weekly starting at 20 
weeks 

Vaginal specimens only, 
starting at 36 weeks 

Daily diary Daily 3rd trimester only 
Weekly diary Weekly No 
Monthly appointments Monthly 36 week and 40 week if 

applicable 
Labor specimen 
collectiona 

After 37 weeks gestation Yes 

Medical record 
extraction 

2-4 months after birth Yes 

Exit interview One time, 6-8 weeks 
postpartum 

Yes 

Notes. BEAM=Birth, Eating and the Microbiota; LAMB=Labor and the Microbiota 
a activities unique to LAMB study !
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units were involved in the study, the General Clinical Research Center (GCRC) and the 

Labor and Delivery (L&D) unit.  

 The GCRC is a dedicated research unit located on the 10th floor of the UMMC’s 

South Hospital. There are private patient rooms for interviews and appointments, and a 

dedicated nursing staff to provide patient care, if needed. The unit has a specimen 

refrigerator and an -80o C freezer that are housed in a secure laboratory accessible only to 

unit staff. Specimen log sheets for each study allow study personnel and GCRC staff to 

inventory specimens that are being stored.  

 The L&D unit is located on the 7th floor of the South Hospital. The unit performs 

approximately 1,800 births annually and is staffed by clerks, registered nurses, licensed 

nurse midwives, medical residents and attending physicians. All patients and visitors 

must check in at the admitting desk to gain entry. The unit has 7 private labor, delivery 

and recovery rooms, a 2-bed triage area, and 3 operating rooms. There are dedicated, 

secure specimen refrigerators on the unit. 

 The IGS is a multidisciplinary, collaborative team of investigators that spans 

multiple departments. There are approximately 38,000 square feet of office and meeting 

space, laboratories and refrigerator/freezer storage space. The state-of-the-art laboratory 

space has equipment and technology to perform a variety of sequencing and analysis 

services. 

3.5 Sample and data sources 

The LAMB study sample consisted of a subset of the BEAM study participants. 

The study aimed to enroll a convenience sample of diverse primigravid women between 

the ages of 18-34 with a singleton fetus, and less than 22 weeks gestation who planned on 
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remaining in the Baltimore area throughout the duration of the pregnancy and postpartum 

period. In order to be eligible to be included in the LAMB study, participants needed to 

maintain pregnancy until at least 37 weeks gestation and deliver at UMMC. An a priori 

power analysis was conducted for Aim 2 – the effect of lubricant use on composition of 

vaginal microbiota between the admission and late labor time points. The power analysis 

for multiple linear regression with five predictors was done in G-POWER to estimate a 

sample size with an alpha of 0.05, power of 0.80 and a moderate effect size of 0.30. The 

desired sample size was 45 participants. 

Participants were recruited from the Center for Advanced Fetal Care (CAFC) in 

UMMC during their first ultrasound appointment, between 12-22 weeks gestation. Each 

day, CAFC nurses identified eligible women and gave them printed information about the 

study. The study team called women who were interested in learning more about the 

study. Eligibility was verified and study procedures were briefly explained during the 

screening process. If women maintained interest, an intake appointment was scheduled to 

obtain informed consent and begin initial study procedures. 

Data were collected from multiple sources. Demographic data were collected 

directly from participants via custom structured questionnaires, vaginal specimens were 

collected directly from participants and labor/birth data were collected from printed 

hospital medical record. 

3.6 Data collection 

Data collection occurred in the following phases: 1) intake interview, 2) monthly 

appointments, 3) weekly specimen collection, 4) labor specimen collection, 5) medical 

record data extraction, and 6) exit/postpartum interview.  
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Intake appointment 

Location/Timing:  The intake appointment took place at the GCRC and occurred between 

12-22 weeks gestation.  

Data Collection: After informed consent, demographic, medical history and behavioral 

data were collected using a number of custom structured questionnaires (Appendix B). A 

study team member verbally asked each question to the participant and recorded the 

answers directly into a custom-built Filemaker database using an iPad or a laptop 

computer interface.  

Monthly appointments  

Location/Timing:  Participants attended appointments every four weeks at the GCRC. 

The LAMB study used specimens collected at the 36-week appointment and the 40-week 

appointment, if applicable. 

Participant Training: Participants were trained on how to obtain self-collected mid-

vaginal swabs using individual sterile Eswab collection and transport kits, and vaginal pH 

using a standard vaginal pH test stick. Both verbal and written instructions were given 

(Appendix C) and participants had the opportunity to ask questions. The specimen 

collection process lasted approximately 5 minutes or less. 

Specimen collection and storage: Each participant collected four swabs at a time. Two 

swabs were immediately placed into separate tubes with 1 ml of Amies transport 

medium, one was placed into a tube with 2 ml of Amies plus RNAlater, and one was not 

used for the LAMB study. The addition of RNAlater ensured the stability of bacterial 

DNA and RNA so that sequencing could be performed at a later date. Prior to collection, 

the three transport tubes were labeled with the participant’s unique study ID and the 
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collection date. The specimens were placed in labeled biohazard bags and temporarily 

stored in the -80°C freezer located in the GCRC until they could be transported by study 

staff to the -80°C study freezer located at IGS.  

Weekly specimen collection 

Location/Timing:  Participants continued to collect vaginal specimen sets at home every 

week until labor started. They were reminded to notify the study team via text message 

when labor started and to notify hospital staff of their participation in the study upon 

arrival at UMMC’s L&D unit for suspected labor or induction of labor. 

Labor data collection  

Location/Timing: Two sets of vaginal specimens were collected in L&D during hospital 

admission for birth labor. 

Staff training: During the planning phase, a group of ten L&D nurses self-identified as 

“superusers”. These nurses assisted in developing the procedures for labor specimen 

collection based on their usual workflow. Once procedures were finalized, a study binder 

with written procedures was created for the unit. The nurses were already trained on 

performing mid-vaginal specimen collection as a part of their usual nursing practice, 

therefore study training consisted of reviewing the procedures related to the labeling and 

storage of collected specimens and the location of study supplies. Study staff maintained 

close follow-up with the nurses and visited the unit on a bi-weekly basis. 

Specimen collection and storage: The L&D nurses were instructed to collect a set of mid-

vaginal specimens during the admission process, before any vaginal examinations had 

been performed. Three swabs and corresponding metadata were collected (Figure 3), and 

the tubes were stored in the unit’s specimen refrigerator in a container labeled with the 
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study name. Nurses obtained a second set of labor specimens when the participant was in 

late labor, defined as cervical dilation of 8-10 centimeters or at decision for cesarean, and 

the tubes were labeled and stored in the same fashion.  The nurses were instructed to 

contact the study team via telephone immediately after delivery so that the study team 

could transport the specimens to IGS. 

 

 

 

Figure 3. Sample label for hospital specimen and metadata collection. 

	  
Medical record data extraction 

Location/Timing:  These data were collected post-birth from UMMC’s medical records 

department approximately 2-4 months after delivery. 

Data collection: After records were printed at the medical records department, data of 

interest were extracted in the SON and entered into SPSS version 23. 

Exit interview 

Location/Timing:  Six to eight weeks after giving birth, participants were invited back to 

the GCRC for a brief final interview and the postpartum specimen collection. Study staff 

verbally asked the participants each interview question and entered the answers directly 

into the Filemaker database using an iPad or laptop computer interface. 
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Specimen collection and storage: The final specimen set was self-collected by the 

participants in the same fashion as the weekly sets. The tubes were labeled and stored 

temporarily in the GCRC freezer before transport to the IGS. 

3.7 Data analysis 

Processing of specimens into operational taxonomic units and community state types 

A broad 16S rRNA gene sequence-based characterization of the vaginal microbial 

community was performed at the IGS (Figure 4, Appendix D). Stored transport tubes 

were thawed and 200 μl of the transport fluid was removed into processing wells. Cells 

were mechanically lysed, and DNA was extracted from the fluid and purified using 

validated methods. 124 The hypervariable region V4 of the bacterial 16S rRNA gene was 

amplified using PCR. The Illumina HiSeq 2500 platform was used to determine the DNA 

sequence of the amplified DNA segments using a custom-made 300bp paired-end 

protocol, yielding a dataset of sequence reads. Quality checks were conducted on the 

reads before software was used to bin sequences and assign them to operational 

taxonomic units (OTU). The OTUs were then compared to known 16S rRNA gene 

sequences and taxonomy was assigned. Community state types were assigned by an IGS 

statistician using Jensen-Shannon divergence and hierarchical clustering with Ward 

linkage. 51 

 

 

Figure 4. Steps in the process for 16S rRNA gene profiling. 
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Phylotype and CST data were delivered from IGS electronically in a .csv file and 

were imported into Microsoft Excel for Mac version 14.6.1 for initial screening and then 

into SPSS version 23 for further analysis. 

Statistical analysis 

Aim 1 – Descriptive analyses of sample and composition of vaginal microbiota 

Variables 

 The relevant variables needed to characterize vaginal microbiota overall and at 

each time point included relative abundance of phylotypes and CST. The relative 

abundance of each bacterial phylotype present in at least 25% of specimens, from 36 

weeks until postpartum, was calculated in two ways – overall and by time point.  

1. The overall (across all time points) relative abundance of a phylotype was 

computed by dividing the number of sequence reads for that phylotype by the 

number of reads in the sequence data set.  

2. The relative abundance of a phylotype for each time point was computed by 

dividing the number of reads for that phylotype at that time point by the total 

number of reads for that time point. 

Approach 

Univariate and bivariate descriptive statistical analyses, including counts, 

percentages, measures of central tendency, variability and distribution were performed on 

the participants’ demographic, clinical and labor data using SPSS. Univariate and 

bivariate descriptive statistical analyses were performed on the sequence data using SPSS 

and R version 3.2.2. Spearman’s rho and hierarchical clustering was used to examine 
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groupings of correlations among the relative abundance of phylotypes. CST was analyzed 

by time point and ethnicity using cross-tabulation tables and chi-square. 

Aim 2 Effect of lubricant use on composition of the vaginal microbiota 

Outcome Variables 

The primary outcomes needed to evaluate the effect of lubricant on composition 

included two main variables. 

1. The difference in relative abundance of the most dominant phylotypes from 

admission (pre-lubricant) to late labor (post-lubricant) was calculated.  

a. The most dominant phylotypes were determined by rank ordering the overall 

relative abundance of each phylotype. Only phylotypes that were present in at 

least 25% of the samples AND at 1% or greater overall abundance were 

included. Present was defined as having at least one read identified. 

b. When examining differences in relative abundance of bacterial phylotypes 

between specimens (i.e. over time), it is appropriate to use the log10 

transformed proportion of the two relative abundances. 51 This method 

requires that the untransformed relative abundance always be greater than 

zero, however, not all phylotypes are present in every specimen. Therefore, 

1/10 of the smallest relative abundance in this data set was added to the 

relative abundance of every phylotype before transforming with log10. This 

method of adding a pseudocount increases the relative abundance of every 

phylotype to greater than zero without altering the basic distribution of the 

data. 125  
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c. The log proportion was calculated by dividing the relative abundance at late 

labor by the relative abundance at admission and then transforming with 

log10. If the relative abundance of the phylotype was the same at both time 

points, the proportion would equal one and the log proportion would equal 

zero. If the late labor relative abundance was larger than the admission 

abundance then the proportion would be greater than one, and vice versa. 

Therefore, a positive log proportion indicated that the phylotype 

increased in abundance from admission to late labor, and a negative log 

proportion indicated that the phylotype decreased in abundance. 

2. Beta diversity between the admission and late labor specimens was calculated. 

Beta diversity was indicated by the Jensen-Shannon distance, an index that takes 

into account the abundance of each species present and therefore measures 

differences between the composition at two time points. 51 The Jensen-Shannon 

distance was calculated using pre-existing R code libraries. 

Predictor Variables 

The primary predictor, lubricant exposure, was operationalized as the number of 

vaginal exams that were performed during labor. The number of vaginal exams was 

defined as the number of exams recorded in the medical record from the time of 

admission until the time of the late labor specimen collection. The clinical site used a 

single brand of lubricant called EZ Lube (Medline Industries, Inc.). Samples of the 

lubricant were obtained from the clinical site and tested for osmolality at the Johns 

Hopkins University. Potential confounding variables are detailed in Table 4.  
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Table 4 

 
 

Potential confounding variables for the LAMB study 
Variable Source Definition 
Ethnicity Self-reported at intake 

appointment; Filemaker 
database 

Selected from a list of 
ethnicities provided 

Smoking  Self-reported at intake 
appointment; Filemaker 
database 

Selected from current smoker, 
never smoked or former 
smoker. Yes (current) or No 
(never or former) 

Age at sexual debut Self-reported at intake 
appointment; Filemaker 
database 

 

Number of lifetime 
sexual partners 

Self-reported at intake 
appointment; Filemaker 
database 

 

Number of days since 
last sexual intercourse 

Self-reported daily; 
Filemaker database 

 

Number of days since 
last douching 

Self-reported daily; 
Filemaker database 

 

Number of days since 
last feminine powder 
or spray 

Self-reported daily; 
Filemaker database 

 

Internal monitor use Medical record Any documented use at any 
time in labor; Yes/No 

Foley catheter use in 
labor 

Medical record Any documented use at any 
time in labor; Yes/No 

Hours ROM Medical record Number of hours elapsed 
between time of ROM and birth 

Antibiotic use Medical record Any documented use during 
labor; Yes/No 

Antibiotic doses Medical record Number of total doses; 0 if not 
used 

Prostaglandin use Medical record Any documented use of 
vaginally-administered 
misoprostol at any time in 
labor; Yes/No 

Oxytocin use Medical record Any documented use during 
labor; Yes/No 

Notes. ROM=rupture of membranes!
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Approach 

Pearson’s r correlation coefficient and independent samples t-tests were used to 

investigate bivariate associations for each potential predictor on outcome variables. 

Significant predictors/outcomes in bivariate tests were used in a multiple linear 

regression model. Diversity measures (Shannon diversity index, Jensen-Shannon 

distance) were used to explore the trajectory of composition over time. These analyses 

were performed in SPSS and R. 

Aim 3 – Trajectory of composition over time 

Outcome Variables 

The primary outcome variables used to explore the trajectory of composition were 

relative abundance and diversity measures. 

1. The relative abundance of the most dominant phylotypes at 36 weeks, hospital 

admission, late labor and postpartum were calculated. 

2. The alpha diversity of each specimen, from 36 weeks until postpartum, was 

calculated using the Shannon divergence index. Alpha diversity refers to the 

number and abundance of all species present in a single specimen. 126  

            n 
Shannon index = - Σ pi*log10(pi) 
            

i=1
 

 
 

3. The Jensen-Shannon distances between each time point and the previous time 

point were used to measure the overall difference in bacterial composition over 

time. 
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Approach 

 Trajectory of the composition over time was displayed using stacked bar and line 

graphs for each individual and by CST at the 36 week specimen. 

3.8 Summary 

 This study used 16S rRNA gene sequence profiling to characterize vaginal 

microbiota from vaginal specimens obtained in late pregnancy, at two points in labor and 

6-8 weeks postpartum. Multiple linear regression was used to investigate the effect of 

lubricant use on the composition. The trajectory over time was investigated and displayed 

graphically.  	    
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Chapter Four - Results 

4.1 Introduction 

This study aimed to characterize the composition of vaginal microbiota during 

late pregnancy, early and late labor, and 6-8 weeks postpartum, with a focus on the effect 

of intrapartum lubricant use. This chapter presents the results from the study. General 

descriptive statistics for the demographic and clinical labor characteristics of the sample 

are presented, followed by descriptive statistics for the composition of vaginal microbiota 

follow. Finally, inferential analyses related to influences on composition of vaginal 

microbiota are shown. 

4.2 Description of the participants 

A total of 59 women were initially eligible for the study and 15 met final 

inclusion criteria. Table 5 outlines the reasons that the remaining 44 women were 

excluded. 

Table 5 

 

 Table 6 shows the general demographic characteristics of the final sample of 15 

participants. Two-thirds (66.7%) of participants reported their ethnicity as African 

American, three (20%) were Asian and two (13.3%) were Caucasian. The mean (SD) 

maternal age at delivery was 25.2 (4.4) years. The average age of first sexual intercourse 

was 16.8 (4.09) years and the median number of lifetime sexual partners was five. 

 

Number of women excluded from LAMB and reason, n=44 
n Reason for exclusion 
5 Delivered before 37 weeks gestation 
6 Dropped out before delivery  

13 Did not deliver at UMMC 
20 Labor specimens not collected or not viable 

Notes. UMMC=University of Maryland Medical Center 
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Table 6 

 

 
 
 Table 7 shows clinical labor and delivery characteristics for the sample. The mean 

(SD) number of hours that amniotic membranes were ruptured before birth was 9.7 

(7.75). The number of vaginal exams conducted throughout labor ranged from 2-15 with 

a mean of 7.9 (3.96). The mean number of hours between exams was 2.9 (1.09). Seven 

participants received antibiotic administration during labor, six for a positive Group B 

beta streptococcus culture in the third trimester and one for an intrapartum fever. The 

lubricant used at the clinical site, EZ Lube, was found to have an osmolality level of 

2400mOsm/kg. 

 

Demographic characteristics of the sample, N=15  
Characteristic N %    
Ethnicity/race      

African American 10 66.7    
Asian 3 20.0    
Caucasian 2 13.3    

Marital status      
Single 6 40.0    
Married 5 33.3    
Lives with partner 4 26.7    

Education level      
Some high school 1 6.7    
High school graduate or equivalent 6 40.0    
Some college 3 20.0    
College graduate or higher 5 33.3    

Annual income      
< $15,000 5 33.3    
$15,000-$25,000 3 20.0    
$25,001-$50,000 3 20.0    
>$75,000 3 20.0    

      
 Mean SD Median Min Max 
Age at delivery 25.2 4.40 25 19 32 
Age at sexual debut 16.8 4.09 15 11 27 
Number of lifetime sexual partners 9.4 13.46 5 1 50 

Notes. SD = standard deviation!
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Table 7 

	  
	  
4.3 Aim 1 - Composition of vaginal microbiota  

General summary 

A total of 85 mid-vaginal specimens were collected from the 15 participants. The 

sequence data set included 575,140 high-quality DNA sequence reads yielding a median 

number of 4,263 reads per specimen.  Figure 5 shows the distribution of reads by time 

point. The Late Labor time point yielded the least number of total reads and the fewest 

average reads per specimen (1,611).  

Clinical labor characteristics of the sample, N=15 
Characteristic Mean SD Median Min  Max 
Gestational age at delivery 39.0 1.31 39.0 37.0 41.3 
Total number of vaginal exams 7.9 3.86 8.0 2.0  15.0 
Number of hours between vaginal 
exams 

2.9 0.932 2.6 1.7  5.3 

      
Hours spent in hospital before birth 24.3 18.67 19.7 3.4 79.7 
Length of time of ROM, hours 9.7 7.75 9.7 0.2 26.0 
Hours between hospital specimens 19.5 17.87 17.3 3.4 75.0 
Number of antibiotic dosesa 3.3 2.63 3.0 1.0 9.0 

      
 N %    

Positive group B beta streptococcus 6 40.0    
Received antibiotics 7 46.7    
      
Cervical ripening with Foley bulb 3 20.0    
Cervical ripening with Misoprostol 7 46.7    
Labor induction/augmentation with 
oxytocin 

10 66.7    

      
Foley catheter used in labor 10 66.7    
IUPC used in labor 6 40.0    
FSE used in labor 5 33.3    
      
Artificial rupture of membranes 6 40.0    
Epidural 10 66.7    
Vaginal birth 12 80.0    

Notes. SD = standard deviation, ROM = rupture of membranes, IUPC=intrauterine pressure catheter, 
FSE=fetal scalp electrode, NICU=neonatal intensive care unit 
a For participants that received antibiotics 
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Figure 5. Number of total sequence reads by time point, N=85. 

 

Table 8 shows the number of specimens that were collected at each time point and 

the corresponding number of identified phylotypes. Fewer specimens were collected 

during weeks 37-40 because of the varying gestational ages at delivery for the 

participants. A total of 118 unique phylotypes were identified among the 85 specimens. 

Approximately 100 different phylotypes were identified at each time point except for 

week 40.  

Table 8 

 

Number of specimens collected and total number of phylotypes identified for each time 
point 

 Gestational Week    
 36a 37 38 39 40 Admission Late Labor PP b Total 

Specimens 15 10 9 5 3 15 15 13 85 
Phylotypes 101 100 103 94 64 106 109 100 118 
Notes. PP=postpartum 
a If the 36 week specimen was missing, the 35 or 37 week specimen was used instead (n=2) 
b Two participants did not contribute a postpartum specimen!
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Appendix E provides a list of every phylotype identified from week 36 through 

postpartum, and the number of participants that had each phylotype at each time point. 

The following phylotypes were present at every time point in almost every specimen: 

Atopobium vaginae, Gardnerella vaginalis, Lactobacillus crispatus, Lactobacillus iners, 

Mycoplasma hominis, Sneathia sanguinegens, and Ureaplasma parvum.  

Community state types 

Figure 6 displays the CST for each specimen by participant. None of the 

specimens were dominated by L. gasseri or L. jensenii, therefore no specimens were 

assigned to CST II or CST V, respectively. Two participants (5 and 8) maintained the 

same CST for every time point while all other women changed CSTs at least once. 

 

 

Figure 6. Community state type (CST) of each of the 85 specimens over time, by participant (N=15). 

 

The specimens that were assigned to CST IV-A had increased abundance of 

Corynebacterium accolens with smaller amounts of L. iners, Gardnerella vaginalis and 
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Staphylococcus lugdunensis. The larger number of specimens that were assigned to CST 

IV-B contained a mixture of Gardnerella vaginalis, L. iners, L. jensenii, Atopobium 

vaginae, Prevotella spp., Sneathia sanguinegens and Aerococcus christensenii. 

Figure 7 shows the percentage of specimens in each CST for each of the four 

major time points. Each participant collected only one specimen per time point. In all 

time points except postpartum, CST III was the most prevalent; in the postpartum period 

CST IV-B was most abundant at 61.5%. Appendix F presents detailed data on CST by 

time point. 

 

Figure 7. Percentage of specimens in each community state type (CST) by time point, N=15  
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Community state types at each time point were also examined by ethnicity (Figure 

8). For all ethnicities, minimal change in CST occurred between week 36 and hospital 

admission.  

 

Figure 8. Community state type (CST) by ethnicity and time point, n=15. 

 

Relative abundance of dominant phylotypes  

Relative abundance of phylotypes overall and change by time point was 

calculated (Appendix G). The most abundant phylotypes overall were Gardnerella 
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vaginalis (26.4%), followed by L. iners (25.2%) and L. crispatus (12.8%). A heatmap of 

the 25 most abundant phylotypes overall shows the clustering of phylotypes that make up 

the four CSTs that were identified in the 85 specimens collected by this sample of 

participants (Figure 9). Figures 10-13 show heatmaps of the 25 most abundant phylotypes 

at 36 weeks, admission, late labor and postpartum, respectively.  

 

	    

Figure 9. Heatmap of the 25 most abundant phylotypes overall with corresponding community state type 
(CST). 
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Figure 10. Heatmap of the 25 most abundant phylotypes from 36-40 weeks with corresponding community 
state types (CST). 
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Figure 11. Heatmap of the 25 most abundant phylotypes at admission with corresponding community state 
types (CST). 
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Figure 12. Heatmap of the 25 most abundant phylotypes in late labor with corresponding community state 
types (CST). 
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Figure 13. Heatmap of the 25 most abundant phylotypes at postpartum with corresponding community state 
types (CST). 
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The correlations of the 25 most abundant phylotypes were examined using 

Spearman’s rho and hierarchical clustering (Figure 14). Correlations between 

Lactobacillus spp. clustered together. 

 

 

Figure 14. Heatmap of the correlations among the 25 most abundant phylotypes. 

	  
	  
4.4 Aim 2 - Influence of lubricant on vaginal microbiota  

Bivariate comparisons between potential predictors showed that variables 

measuring hours spent in the hospital before delivery and number of vaginal exams 

-‐.5	  
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conducted were highly correlated (r = .886, p<.01, Appendix H), therefore only the 

number of vaginal exams was included in further analysis. Bivariate comparisons 

between potential predictors and the log proportion (late labor relative abundance divided 

by admission relative abundance) for phylotypes present at 1% or greater were conducted 

(Appendix H).  

The log proportion of L. crispatus abundance was significantly correlated with the 

number of vaginal exams conducted (r= -.671, p=.006) and with the length of time that 

amniotic membranes were ruptured (r=-.544, p=.036). The negative correlation 

demonstrated that as the predictor increased, the log proportion of L. crispatus decreased, 

meaning the abundance of L. crispatus decreased between admission and late labor. 

Based on these correlations, the log proportion of relative abundance of L. crispatus was 

regressed on the number of vaginal exams and hours of ruptured membranes (Table 9 and 

Appendix I). 

 
Table 9 

 

  

The model explained 40.7% of the variability in the change of L. crispatus 

between late labor and admission, and was significant (F=5.795, p=.017). The effect of 

the number of vaginal exams was twice as strong as the effect of hours of ruptured 

Factors predicting change in relative abundance of L. crispatus from admission to late 
labor, N=15 

 b SE Beta t p 
Constant 1.431 .397    
Number of vaginal exams -.131 .061 -.533 -2.145 .053 
Hours of ROM -.026 .026 -.246 -.991 .341 
      
R2  .407      
Notes. ROM=rupture of membranes.!



 49 

membranes. Controlling for hours of ruptured membranes, for every increase of one 

vaginal exam, the log proportion of L. crispatus abundance was predicted to decrease by 

.131 but did not reach significance (p=.053). After transforming the coefficient for he 

vaginal exams parameter back from log10, the proportion of L. crispatus between late 

labor and admission is predicted to decrease by .27. 

 The effect of lubricant on the total structure of the vaginal microbial was 

explored. Bivariate comparisons showed that the log-transformed Jensen-Shannon 

distance (difference between admission and late labor composition) was correlated with 

number of vaginal exams and hours of ruptured membranes (Figure 15 and Appendix H). 

A positive linear trend is visible in the plots, with a higher Jensen-Shannon value 

indicating more change between admission and late labor.  

 

 

Figure 15. Scatterplots of log-transformed Jensen-Shannon distance between admission and late labor, with 
number of vaginal exams and hours of ruptured membranes. 
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distance also increased from low to high, demonstrating a greater difference in 

composition between the two time points based on number of vaginal exams. 

 
 

 

Figure 16. Bar graph of number of participants with low (blue) versus high (green) Jensen-Shannon 
distance between admission and late labor, by number of vaginal exams. 

The Jensen-Shannon distance between admission and late labor was regressed on 

the number of vaginal exams and hours of ruptured membranes (Table 10). This model 

explained 25% of the variability in the Jensen-Shannon distance and was not significant 

(F=3.346, p=.070) 

Table 10 

 

 

Factors predicting change in Jensen-Shannon distance between composition from 
admission to late labor, N=15 

 b SE Beta t p 
Constant -.767 .077    
Number of vaginal exams .010 .012 .233 .834 .420 
Hours of ROM .008 .005 .436 1.563 .144 
R2  .251      
Notes. ROM=rupture of membranes.!
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4.5 Aim 3 - Trajectory of composition of vaginal microbiota over time  

The alpha diversity of each specimen was measured using the Shannon diversity 

index. Figure 17 shows the Shannon index for each participant over time, grouped by the 

CST of the 36-week specimen. Participants with CST I (abundant L. crispatus) at 36 

weeks displayed a marked increase in alpha diversity through labor that persisted into 

postpartum. Most participants that started in CST IV-B maintained a high level of 

diversity throughout labor. Appendix J shows stacked bar plots for each participant with 

the relative abundance of the 25 most abundant phylotypes by time point. 

 
Figure 17. Shannon diversity index for each participant over time, by 36-week community state type 
(CST). 
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Differences between the microbial communities as a whole over time grouped by the 

36-week CST is shown in Figure 18. Participants that started in CST I or IV-B showed 

increased change from time point to time point. Participants that started in CST III 

generally showed decreased change through labor. 

 

 

Figure 18. Jensen-Shannon distance over time, grouped by 36-week community state type (CST). 
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4.6 Summary  

 This study explored the composition of vaginal microbiota at different time points 

before, during and after labor, with a focus on the effect of lubricant use. Composition of 

the vaginal microbiota was varied among the 15 participants, with a notable high 

abundance of L. iners and G. vaginalis. A significant bivariate association between 

lubricant use and the relative abundance of L. crispatus disappeared when controlling for 

hours of ruptured membranes. A trend between lubricant use and changes in composition 

as measured by the Jensen-Shannon index was noted but was not significant. 
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Chapter Five Discussion  

5.1 Introduction 

This chapter presents the discussion related to the study findings on the 

composition of vaginal microbiota during labor. Results are synthesized with existing 

literature and areas for future research are proposed. Limitations to the study are 

suggested, and implications for nursing practice and education are discussed. 

5.2 Discussion 

 Eighty-five specimens collected from 36 weeks gestation through postpartum 

were analyzed and the output was used to describe the composition of the vaginal 

microbiota in a sample of 15 women that delivered at full-term. A marked decrease in the 

number of sequence reads obtained from the late labor specimens suggest that bacterial 

DNA was not as prevalent in late labor as it was at week 36 or at hospital admission.  

The high prevalence of CST III, dominated by L. iners, supports previous findings 

showing that it is either the first or second most prevalent community state during 

pregnancy. 51,86,87 The high prevalence of CST IV-B supports previous findings from 

Romero et al. 85 but is inconsistent with MacIntyre 86 et al. This is likely due to the 

demographics of the participants – similar to Romero et al., participants in our study were 

mainly African American but in MacIntyre86 et al., participants were primarily 

Caucasian. Prior research has shown an association between ethnicity and microbial 

composition, with African American women more likely than Caucasian women to have 

microbiota classified as CST-IV. 9,10 

Previous findings from two studies showing an increased prevalence of diverse 

microbiota in the postpartum period was also seen in this study. 86,87 Neither study 
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collected specimens during labor and the researchers surmised that postpartum factors, 

such as decreased estrogen or the presence of lochia, were responsible for the shift to a 

more diverse composition. 86 However, our results suggest that the shift begins during 

labor, particularly for participants with microbial compositions dominant in L. crispatus. 

We found that women with abundant L. crispatus at 36 weeks gestation demonstrated a 

marked decrease in relative abundance by late labor and an increased relative abundance 

of multiple phylotypes including G. vaginalis and Prevotella spp. For most of these 

women, L. crispatus did not return to pre-labor abundance in the postpartum period.  

The loss of protective microbes, such as L. crispatus, in the postpartum period has 

significant implications for women’s health, particularly as related to postpartum 

infection and/or increased risk of acquiring sexually transmitted infections after delivery. 

The cervical os remains slightly open in the weeks following birth, providing a direct 

pathway to the uterus for pathogens that proliferate in the absence of L. crispatus, and 

potential trigger an infection or inflammation. 105,127 Additionally, unprotected 

intercourse in the postpartum period when the composition of the vaginal microbiota 

remains dysbiotic places women at increased risk for acquiring sexually transmitted 

infections, including HIV. 22,79 

  The significant inverse correlation between lubricant use and relative abundance 

of L. crispatus found in this study has not been seen previously. In vitro testing by 

Dezzutti et al.113 demonstrated that only lubricants with the preservative chlorhexidine 

affected the viability of L. crispatus. The lubricant brand used at the clinical site in this 

study, EZ Lube (Medline Industries, Inc.), was found to be hyperosmolar at 2400 

mOsm/kg. This high level of osmolality is problematic and can contribute to epithelial 
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damage. In fact, other products with lower levels of osmolality have been shown to 

disrupt the integrity of the epithelial layer. 113,116,117 Osmolality is recognized as an 

important property for lubricant safety, as evidenced by the WHO’s recommendation that 

only lubricants with osmolality levels of <1200mOsm/kg should be used in order to 

decrease epithelial damage. 128 In this study, the repeated application of a hyperosmolar 

lubricant may have induced epithelial sloughing, thereby making it more difficult for L. 

crispatus to survive. In the absence of L. crispatus vaginal pH may increase, favoring the 

proliferation of opportunistic anaerobic bacteria. Our findings also show an increase in 

beta diversity (Jensen-Shannon distance) over time that appears more notable in 

participants that have increased L. crispatus at 36 weeks. These results suggest that L. 

crispatus is perhaps more readily affected by influencing factors during labor, such as 

lubricant use. 

The negative association seen in this study between duration of ruptured 

membranes and relative abundance of L. crispatus has been suggested in prior research.  

Keski-Nisula et al. 89 sampled newborns of women that had Lactobacillus-dominated 

microbiota in their 3rd trimester. The newborns were found to have a decrease in 

Lactobacillus abundance with longer maternal duration of ruptured membranes. 

However, that study was limited by the following: 1) the women were not sampled 

during labor so it is not known if Lactobacillus spp. were still dominant in the vaginal 

microbiota at birth, 2) the authors did not report which species of Lactobacillus were 

involved, and 3) sequencing techniques were not used. These factors make it difficult to 

draw conclusions from that study, however, it is possible that prolonged exposure to the 

more neutral amniotic fluid provides a less hospitable environment for some 
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Lactobacillus spp. and allows other phylotypes to proliferate. 89 A larger sample size is 

needed to further test the potential relationship between ruptured membranes and 

composition of vaginal microbiota. If the association persists, the common obstetrical 

practice of artificially rupturing membranes in early labor to stimulate contractions may 

need to be reconsidered.  

This study did not find a link between the administration of antibiotics during 

labor and composition of vaginal microbiota, likely due to the small sample size. In prior 

research, oral antibiotics have been shown to influence vaginal microbiota composition 

during pregnancy. 129 Additionally, intravenous antibiotic use during labor has been 

associated with different microbial colonization of the neonatal GI tract. 35,89,130 However, 

these findings could be the result of either: 1) altered maternal vaginal microbiota leading 

to differential transmission to the neonate, or 2) altered microbial growth in the neonatal 

GI tract due to antibiotics that crossed the placenta into fetal circulation just before birth. 

Serial maternal vaginal specimens obtained during labor and follow up with the neonate 

would be needed to answer that question. 

In this sample of primigravid women, vaginal exams were conducted less than 

every three hours on average, which is more often than recommended in low-risk labors. 

Two of the participants had elevated blood pressures and were considered to be high-risk, 

but the mean number of hours between exams for the other participants remained under 3 

hours when the two high-risk participants were removed from the calculation. There is no 

evidence that vaginal exams conducted more frequently then once every four hours leads 

to improved maternal or neonatal outcomes. 110 The findings from this study that link 
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lubricant exposure from vaginal exams to changes in composition of vaginal microbiota 

can begin to build evidence that supports a less invasive approach to perinatal practice. 

5.3 Limitations 

There were a number of limitations with the LAMB study. The primary limitation 

was the small sample size. The timeframe and budget of the LAMB study did not allow 

for the desired sample size to be obtained. Additionally, there were inherent problems 

with trying to collect biologic specimens during labor. The course of labor is highly 

unpredictable and the maternal emotional state is often labile. Women frequently forgot 

to inform hospital staff of their participation in the study. Other times, the medical 

circumstances took priority over specimen collection, as is appropriate. However, the 

decreased data collection during labor led to the small sample size and precluded the 

ability to perform definitive statistical analyses. A number of likely confounders, 

including ethnicity and antibiotic use, were unable to be included in the analysis because 

of the sample size.  

A post hoc power analysis using G-Power was conducted using the observed 

effect size of .5 (obtained from the linear regression analysis of relative abundance of L. 

crispatus and lubricant use), the current sample size of 15 and 2 predictors. The resulting 

power of the current study was .71, but using the observed effect size in a post hoc 

analysis may not be appropriate. 131  Another approach is to use the 95% confidence 

interval around the observed estimate of -.131, which was a 95%CI of -.265 to .002 

(obtained from the linear regression analysis of relative abundance of L. crispatus and 

lubricant use). This confidence interval indicates that the true estimate is likely less than 
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zero. A final approach uses post hoc power tables developed by Lenth 132 and these tables 

indicate that the power of this study was .51.  

Another limitation to this study was the unavailability of qPCR and RNA analysis 

to quantify the overall bacterial burden of the samples (estimate of true abundance) and 

identify those that were alive. Without the use of these estimates of true abundance, we 

cannot definitively determine whether the absolute abundance of the microbes changed 

between early and late labor. Additionally, it is not known if the bacterial DNA extracted 

from the specimens came from living or dead microbes. This distinction is important in 

order to determine whether the lubricant was actively killing the affected vaginal 

microbes or merely preventing replication. A 16S rRNA analysis (RT-PCR on 16S rRNA 

molecules) would have provided more information on the status of the microbes at 

collection time. These analyses will be included in future studies. 

Finally, a number of different providers performed the vaginal exams, potentially 

yielding different dosages of lubricant exposure based on how much lubricant was used. 

Options to save and weigh the lubricant packets were considered during study design but 

were ultimately determined to be too problematic and disruptive to the workflow of the 

hospital nurses. Additionally, the nurses reported that they routinely squeezed the entire 

lubricant packet onto the providers’ gloved hand prior to vaginal exams. 

5.4 Areas for future research 

 A major difficulty in studying personal lubricants persists in their classification as 

medical devices. This classification allows manufacturers to omit the rigorous testing 

reserved for products that are classified as drugs. 118 Consequently, manufacturers are not 

required to list ingredients of the products. However, these challenges should not deter 
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further research aimed at investigating the short and long-term effects of lubricant use 

during labor. The LAMB study findings provide a basis on which to build a larger cohort 

study that will enable more robust analyses of the composition of vaginal microbiota 

throughout labor, as well as the effects of lubricant use. A larger sample size is needed to 

control for ruptured membranes, ethnicity, antibiotic use and other potential confounders. 

More controlled timing of specimen collection during labor (i.e. prior to every vaginal 

exam or at set hourly increments) could be included in the study design to enable the use 

of more powerful statistical methods. If findings from larger studies show that lubricant 

use is associated with dysbiosis, alternatives to current commercial lubricants, such as 

sterile water or hypo/iso-osmolar products, can be explored in subsequent intervention 

studies.  

 The link between maternal vaginal microbial composition at birth and the 

neonatal GI microbiota should be investigated more thoroughly, and should include long-

term outcomes such as asthma and obesity. Other factors, including maternal and 

neonatal genetics, can be incorporated into these longitudinal studies to help explain 

differences in composition. Finally, other adverse effects from lubricant use, including 

epithelial damage that could contribute to perineal trauma, increased postpartum 

infection, increased perineal healing time and endometriosis should be examined in the 

postpartum population. Findings from future studies can build evidence to support 

changes to the education and practice of all practitioners working with laboring women. 

5.5 Implications for nursing practice and education 

If the deleterious effects of lubricants seen in cell and animal models translate into 

adverse outcomes for women and neonates, providers can implement safer practices 
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based on the evidence. Safer practices include limiting the number of vaginal exams or 

using alternatives to lubricants, such as water. Perinatal nurses play a key role in 

developing evidence-based practice guidelines, particularly in the development of order 

sets that specify the timing of care activities. Nurses can also provide targeted patient 

education to promote individual actions that contribute to optimal colonization, such as 

breastfeeding, and less use of douches and lubricants. 

Pilot work investigating the potential restoration of microbiota for infants born via 

cesarean has interesting implications. The small study found that infants swabbed with 

their mother’s vaginal secretions immediately after cesarean developed microbiota in 

early life that more closely resembled those of vaginally-born infants. 133 However, more 

evidence needs to be available before any similar intervention becomes implemented in 

clinical practice. For example, the authors report that L. iners was prevalent in the 

maternal vaginal fluid that was used to inoculate a few of the infants, yet consensus has 

not been reached on the influence of L. iners, its relationship to BV-associated bacteria, 

and whether it should be considered one of the more beneficial vaginal microbes. More 

research needs to be done to investigate the functions of the various phylotypes before 

determining the ones that will be most helpful for the development of the neonatal 

microbiota. Ultimately, an artificial microbiota that is composed of the most beneficial 

bacteria should be used and represents a safer alternative. 

At the institutional level, perinatal nurses can advocate for evidence-based hospital 

policies that support more stringent guidelines on the frequency of vaginal exams for 

low-risk women and/or the use of lubricant in clinical settings. Finally, support for 

broader health policies that require the disclosure of ingredients in products used in the 
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health care setting is also necessary. Professional nursing organizations can provide 

resources to perinatal providers that are interested in shaping policy to improve patient 

safety. Armed with quality evidence on how lubricant affects vaginal microbiota, 

perinatal nurses can improve obstetric care through safer practice, better education and 

sensible policies. 

5.6 Conclusions 

	   The LAMB study was limited by a small sample size but still offered valuable 

information on the composition of vaginal microbiota during labor and the association 

between lubricant use in the health care setting and dysbiosis. As expected, Lactobacillus 

spp. were prevalent in many microbiota throughout the study period, except postpartum. 

An inverse association was seen between lubricant use and the relative abundance of L. 

crispatus during labor. Additional research is warranted and a larger cohort study will 

address the limitations of this study. 
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Figure A 1. Permission to adapt conceptual model. 
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Appendix B 

	  

 
 

 
Figure B 1. Custom questionnaires used in data collection. 
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Appendix C   

	  
 

 
 

INSTRUCTIONS FOR WEEKLY SELF-COLLECTION  
OF VAGINAL SWABS AND pH 

 
 
You will be given a sample collection kit to take home. The research staff will go over this kit 
with you. If you have any questions, please ask the staff questions at any time.  
 
Your kit is labeled with STEPS 1-6 to correspond with the instructions below.  
 
 
*************************************************************************************************************** 
 

• Before you start collection, please wash your hands. 
 

• Locate the kit that you will use for the day’s collection.  
 

• Place all the tubes in the rack provided. You will use this rack during the study so do 
not throw it away. 
 

 
COLLECTION OF THE VAGINAL SWABS: 

 
 

1) Take one of the tubes from your kit.  
 

2) There is liquid in the tube so be careful not to spill it. Remove the top from the collection tube 
and place the tube upright in the rack provided. Place the cap upside down on a flat surface.  

 
 

 
 

3) Use any of the swabs. Remove the collection swab from the wrapper handle end first. Be very 
careful not to touch the tip of the swab or lay the swab down. 

Tube 



 66 

 

 
1) Using your non-dominant hand (not your writing hand) open the labia (lips of the vagina) to 

allow entrance of the swab into the vagina.  
 

                                      
 
 

2) Hold the swab in your hand as shown in diagram, placing your thumb and forefinger in the 
middle of the swab covering the scored part (narrow part). 

 

 
 

3) Insert the swab two inches into the vagina being careful not to touch the tip of the swab 
anywhere else in your genital area.  

 

                        
 

 
 

4) Twist the swab several times while inside of the vagina. 
 

Swab 
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1) Remove the swab the same way that you did for insertion. Again, be careful not to touch the tip 
of the swab outside of the vagina.                 

         
2) Place the swab into the liquid (tube LABELED STEP #1). Break the swab at the scored part of 

the handle until it snaps. Note: be careful not to spill the liquid in the bottom of the tube.  

 
3) Throw away the top part of the swab, leaving the rest in the tube. 

 
4) Screw the top firmly on the collection tube and place the tube back into your storage container. 

You will store the tubes in the container so that the swab stays in the liquid in the upright 
(standing) position. 

 
5) Follow the same procedure for the other two tubes. 

 
 

Throw away 

Keep in tube 
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Figure C 1. Written instructions given to participants for specimen collection. 

 
 
 

  

Alternate Method -- COLLECTION OF SWABS AT SAME TIME: 
 
You can collect the three swabs at the same time if you wish. 
 

1) Peel open the wrappers (handle-end first) from each of the three swabs 
and hold them all together in the same hand. 
 

2) Follow the instructions above for inserting, twisting and removing the 
swabs. 
 

3) Place each swab in a cup with all the tips of the swabs facing top. 
 

4) Take the three tubes from your kit. One by one, remove the top from the 
collection tubes and place each swab in a tube and snap off the end and 
cap the tube. 
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Appendix D  

Procedures for 16S rRNA gene characterization 

After the transport tubes were thawed, bacterial DNA was extracted from 200 ml 

of homogenized transport media using the Mobio Power Microbiome RNA/DNA kit 

(Mobio Laboratories, Carlsbad, CA) and processed on a Hamilton STAR automated 

liquid handling instrument (Hamilton Robotics, Reno, NV). Prior to PCR setup, Quant-iT 

PicoGreen dsDNA assay kits (Invitrogen, Carlsbad, CA) were used to assess final 

genomic DNA yield. A total of six controls were used, including two negative extraction 

controls, two positive PCR controls, and two no-template negative PCR controls for each 

batch of 90 extracted samples. A modified two-step approach was used to PCR amplify 

the hypervariable region V4 of the 16S rRNA gene in order to generate an Illumina 

compliant library. Briefly, V4 primers 515F (5’-GTGYCAGCMGCCGCGGTAA-3’) and 

806R (5’-GGACTACNVGGGTWTCTAAT-3’) were used to generate amplicon libraries 

with conserved CS1/CS2 sequence ends in a first round PCR. In a subsequent PCR, the 

first round products were diluted 1:20 and then used as template with primers designed to 

anneal and extend from the conserved sequence pads, adding 8nt Illumina i5/i7 indices 

and flowcell adapter sequences in the process. Libraries were SPRI cleaned (Beckman 

Coulter, La Jolla, CA) before normalization and pooling. Sequencing was performed on 

the Illumina HiSeq 2500 platform using rapid run chemistry adapted to run the paired end 

300bp (600 cycle) protocol. 134 Pre-processing of sequence data included trimming low 

quality sequence and assembling paired end reads. Chimeric and leading primer 

sequences were removed prior to analysis.  
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Taxonomic assignment was conducted at IGS using UCHIME software. Community state 

types were assigned by an IGS statistician using Jensen-Shannon divergence and 

hierarchical clustering with Ward linkage. 51 	   	  
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Appendix E 

	  
Table E 

 
 

 

List of phylotypes identified for each of the eight time points and number of participants (N=15) having 
that phylotype.  

 Week 
36 

Week 
37 

Week 
38 

Week 
39 

Week 
40 

Admit Dilate PP Time points 
Present 

Acinetobacter 
baumannii 

0 1 0 0 0 3 1 1 4 

Acinetobacter 
calcoaceticus 1 0 0 0 0 2 0 0 2 

Actinomyces 
meyeri 4 2 6 1 1 3 5 7 8 

Actinomyces 
neuii 

7 5 6 3 3 9 7 5 8 

Actinomyces 
urogenitalis 6 3 5 2 1 4 7 6 8 

Aerococcus 
christensenii 14 8 9 2 1 13 11 11 8 

Aerococcus 
viridans 5 5 5 2 1 7 3 3 8 

Agrobacterium 
tumefaciens 

1 0 0 0 0 0 1 0 2 

Alloscardovia 
omnicolens 1 1 3 2 2 5 5 1 8 

Anaerococcus 
tetradius 9 5 6 4 0 9 7 10 7 

Anaerococcus 
vaginalis 

4 2 4 4 1 6 4 7 8 

Arcanobacterium 
haemolyticum 4 2 3 2 0 4 6 1 7 

Arcanobacterium 
hippocoleae 6 3 3 1 1 8 8 4 8 

Arcanobacterium 
phocae 

5 2 4 1 0 5 2 6 7 

Atopobium 
minutum 

4 2 3 1 0 7 6 4 7 

Atopobium 
rimae 0 1 1 0 0 1 1 1 5 

Atopobium 
vaginae 14 8 8 4 1 14 14 13 8 

Bacteroides 
uniformis 

2 2 4 1 2 5 4 3 8 

Bifidobacterium 
bifidum 3 3 2 2 0 6 7 6 7 

Notes. PP=postpartum 
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 Week 
36 

Week 
37 

Week 
38 

Week 
39 

Week 
40 

Admit Dilate PP Time points 
Present 

Bifidobacterium 
breve 7 5 4 4 1 10 10 6 8 

Bifidobacterium 
longum 6 5 4 3 0 10 10 5 7 

BVAB1 9 7 4 3 1 13 12 8 8 
BVAB2 2 1 5 2 0 5 5 6 7 
BVAB3 0 0 2 1 0 1 4 1 5 
Campylobacter 
ureolyticus 3 0 3 1 0 2 2 4 6 

Candidate 
Division 
TM7 vaginal 

2 1 2 0 1 2 2 4 7 

Clostridium 
colicanis 0 1 1 0 0 3 2 1 5 

Corynebacterium 
accolens 11 7 7 5 3 13 13 9 8 

Dialister 
propionicifaciens 3 2 5 4 2 8 7 6 8 

Dialister1 11 8 8 3 2 11 11 12 8 
Dialister2 6 6 4 2 0 8 9 10 7 
Dialister3 0 0 2 0 1 1 0 0 3 
Eggerthella 8 6 6 4 1 11 12 9 8 
Enterococcus 
faecalis 5 6 4 4 0 8 10 5 7 

Enterococcus 
faecium 2 4 3 2 0 3 7 4 7 

Escherichia 
coli 2 2 1 1 2 2 7 3 8 

Eubacterium 
eligens 0 1 2 1 1 3 4 1 7 

Eubacterium 
rectale 6 4 2 3 1 11 9 6 8 

Eubacterium 
saphenum 0 1 1 1 0 0 1 0 4 

Eubacterium 
siraeum 2 1 0 1 0 3 3 1 6 

Finegoldia_magna 10 7 5 4 3 12 13 10 8 
Fusobacterium 
nucleatum 12 10 9 4 3 14 15 11 8 

Gardnerella 
vaginalis 14 9 9 4 2 15 15 13 8 

Gemella 9 5 7 3 1 13 11 9 8 
Howardella 
ureilytica 3 2 4 3 1 4 3 6 8 

Lactobacillus 
casei 0 0 1 0 0 0 1 0 2 

Notes. PP=postpartum 
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 Week 
36 

Week 
37 

Week 
38 

Week 
39 

Week 
40 

Admit Dilate PP Time points 
Present 

Lactobacillus 
coleohominis 

5 4 2 1 1 5 5 1 8 

Lactobacillus 
crispatus 14 9 8 5 3 15 15 11 8 

Lactobacillus 
fermentum 0 1 2 1 0 0 2 0 4 

Lactobacillus 
gasseri 

8 7 8 4 3 13 11 7 8 

Lactobacillus 
helveticus 12 8 6 4 2 13 11 6 8 

Lactobacillus 
iners 15 10 9 4 3 15 15 13 8 

Lactobacillus 
jensenii 12 9 8 4 3 15 15 10 8 

Lactobacillus 
rhamnosus 

0 0 0 0 0 0 1 0 1 

Lactobacillus 
salivarius 2 2 1 2 1 5 3 1 8 

Lactobacillus 
vaginalis 9 4 2 0 1 8 6 5 7 

Leptotrichia_ 
amnionii 

11 5 5 4 1 10 5 6 8 

Megasphaera1 13 8 7 3 3 12 15 12 8 
Megasphaera2 4 1 2 2 1 7 5 2 8 
Mobiluncus 
curtisii 3 2 5 2 0 3 1 5 7 

Mobiluncus 
mulieris 

4 2 2 2 0 3 2 0 6 

Mycoplasma 
genitalium 

13 9 8 4 3 14 15 11 8 

Mycoplasma 
hominis 14 8 9 5 3 14 15 13 8 

Parvimonas 
micra 7 3 5 3 2 7 8 5 8 

Pediococcus 
acidilactici 

7 4 3 3 2 7 2 3 8 

Peptoniphilus 
asaccharolyticus 1 0 2 0 0 0 0 2 3 

Peptoniphilus 
harei 9 5 6 4 2 12 10 9 8 

Peptoniphilus 
indolicus 

5 1 3 2 1 4 3 8 8 

Peptoniphilus 
lacrimalis 3 2 5 1 2 6 6 4 8 

Peptostreptococcus 
anaerobius 4 4 4 3 1 5 7 5 8 

Notes. PP=postpartum 
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 Week 
36 

Week 
37 

Week 
38 

Week 
39 

Week 
40 

Admit Dilate PP Time points 
Present 

Peptostreptococcus  
stomati 

5 4 4 3 0 10 9 5 7 

Porphyromonas 
bennonis 5 0 2 2 0 5 3 5 6 

Porphyromonas 
endodontalis 2 1 1 1 1 3 2 2 8 

Porphyromonas1 2 1 2 0 0 3 3 4 6 
Porphyromonas 
uenonis 2 2 2 2 1 5 4 7 8 

Prevotella 
bivia 14 8 8 5 3 14 12 12 8 

Prevotella 
buccalis 

2 2 5 1 1 3 5 7 8 

Prevotella disiens 8 4 6 3 1 7 10 8 8 
Prevotella1 6 5 5 2 1 7 8 5 8 
Prevotella2 9 4 7 3 2 8 11 9 8 
Prevotella3 2 3 5 2 0 8 7 4 7 
Prevotella4 3 2 2 2 0 2 6 1 7 
Prevotella6 1 1 1 1 1 2 5 4 8 
Prevotella7 5 5 7 1 0 5 3 5 7 
Prevotella 
melaninogenica 

3 3 2 2 0 5 7 5 7 

Pseudomonas 
aeruginosa 0 1 0 0 0 1 2 1 4 

Pseudomonas 
fluorescens 7 4 5 4 2 9 11 6 8 

Pseudomonas 
stutzeri 

0 0 1 0 0 0 0 0 1 

Raoultella 
planticola 

2 2 3 4 1 5 5 3 8 

Roseburia 
faecis 3 1 2 3 1 6 2 3 8 

Roseburia 
intestinalis 0 1 1 0 0 1 0 2 4 

Serratia 
marcescens 

0 0 0 0 0 1 1 0 2 

Shuttleworthia 
satelles 0 0 0 0 0 1 0 0 1 

Sneathia 
sanguinegens 14 10 9 4 3 15 15 13 8 

Staphylococcus 
aureus 

1 1 1 1 0 0 2 0 5 

Staphylococcus 
epidermidis 1 2 1 1 0 1 4 1 7 

Staphylococcus 
haemolyticus 4 2 2 3 0 4 4 2 7 

Notes. PP=postpartum!
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 Week 
36 

Week 
37 

Week 
38 

Week 
39 

Week 
40 

Admit Dilate PP Time points 
Present 

Staphylococcus 
hominis 

0 0 1 1 0 0 2 0 3 

Staphylococcus 
lugdunensis 6 6 4 5 1 10 14 3 8 

Staphylococcus 
warneri 1 1 1 1 0 0 3 0 5 

Streptococcus 
agalactiae 

3 2 1 4 0 8 5 5 7 

Streptococcus 
anginosus 8 5 7 4 3 10 8 8 8 

Streptococcus 
equinus 1 0 1 1 0 1 1 1 6 

Streptococcus 
intermedius 1 1 1 2 0 1 3 2 7 

Streptococcus 
mutans 

1 0 0 0 0 1 0 0 2 

Streptococcus 
oralis 2 1 0 1 0 1 0 1 5 

Streptococcus 
parasanguinis 1 2 2 1 0 3 4 3 7 

Streptococcus 
salivarius 

5 5 5 3 1 11 9 5 8 

Streptococcus 
sanguinis 1 1 1 0 0 0 2 0 4 

Sutterella 
morbirenis 1 0 0 0 0 0 0 1 2 

Sutterella 
stercoricanis 

4 2 1 0 0 2 4 2 6 

Sutterella 
wadsworthensis 

1 1 0 0 1 1 2 1 6 

Ureaplasma 
parvum 15 10 9 5 3 15 15 12 8 

Varibaculum 
cambriense 7 3 3 4 0 6 10 4 7 

Veillonella 
atypica 2 0 2 2 2 3 3 1 7 
Veillonella 
montpellierensis 3 1 0 0 0 2 4 1 5 
Veillonella_ 
parvul 1 0 0 2 1 3 3 0 5 
Weissella 
paramesenteroides 0 2 0 0 0 2 1 0 3 
Notes. PP=postpartum 
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Table F 

 

	  
	  
	   	  

Number and percent of specimens assigned to each community state type by time point  
CST Week 36 

(n=15) 
Weeks 37-40 

(n=27) 
Admit 
(n=15) 

Dilate 
(n=15) 

PP 
(n=13) 

Total 

I 4   (27) 5   (18)  4   (27) 2   (13)  1    (8) 16   (19)  
III 7   (47) 10  (37)  6   (40) 8   (53) 3  (23) 34   (40) 

IV-A - 3   (11) - 3   (20)  1    (8) 7   (89) 
IV-B 4   (27) 9   (33) 5   (33) 2   (13)  8  (61) 28  (33) 
Notes. CST= community state type, PP=postpartum 
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Appendix G 

Table G 

 
	  
	  

Relative abundance of phylotypes present in at least 25% of the specimens, overall and 
change over time 

Phylotype Total % 
Week 36 
Total % 

Admit 
+/- % 

Late Labor 
+/- % 

PP 
+/- % 

Gardnerella vaginalis 26.26 22.17 + 5.69 - 1.45 + 12.63 
Lactobacillus iners 25.07 40.96 - 13.51 - 9.22 - 6.21 
Lactobacillus crispatus 12.72 13.25 + 2.89 - 7.91 - 1.87 
Corynebacterium accolens 5.65 0.24 - 0.03 + 1.36 - 1.35 
Atopobium vaginae 3.48 2.57 + 0.93 - 2.22 + 7.58 
Prevotella bivia 3.37 3.49 - 2.37 + 2.85 + 3.88 
Lactobacillus jensenii 3.28 1.78 + 4.87 - 4.20 - 1.71 
Aerococcus christensenii 2.46 1.58 + 0.43 - 0.84 + 1.51 
Megasphaera1 1.81 1.45 - 0.13 + 1.61 + 0.98 
Sneathia sanguinegens 1.19 1.29 + 0.65 - 0.25 - 0.52 
Gemella 1.17 2.05 - 1.74 + 0.40 + 0.37 
Dialister1 1.14 0.74 + 1.20 - 1.40 - 0.31 
Leptotrichia amnionii 0.98 0.05 + 0.05 + 0.48 + 3.01 
Prevotella melaninogenica 0.84 0.24 + 1.83 - 1.87 - 0.17 
Actinomyces neuii 0.70 1.00 - 0.49 - 0.22 - 0.28 
Lactobacillus gasseri  0.68 0.13 + 0.51 + 1.07 + 0.94 
Ureaplasma parvum 0.66 0.56 - 0.09 + 0.55 - 0.44 
Lactobacillus helveticus 0.64 0.65 + 0.06 - 0.32 - 0.14 
Lactobacillus vaginalis  0.58 0.26 + 1.26 - 1.32 - 0.19 
Eggerthella 0.56 0.91 - 0.39 + 0.05 - 0.20 
Prevotella1 0.50 0.01 + 0.01 + 0.04 + 1.58 
Streptococcus agalactiae  0.50 0.01 + 0.02 + 10.56 - 10.19 
Prevotella2 0.50 0.70 - 0.55 + 0.35 - 0.31 
Peptoniphilus harei 0.46 1.03 - 0.98 + 0.85 - 0.40 
Mycoplasma hominis 0.41 0.68 - 0.51 + 0.44 - 0.48 
Anaerococcus tetradius 0.29 0.22 - 0.10 + 1.80 - 1.15 
Dialister2 0.27 0.17 - 0.07 + 0.01 + 0.19 
BVAB2 0.24 0.01 + 0.24 - 0.12 + 0.44 
Finegoldia magna 0.23 0.22 - 0.15 + 0.90 - 0.51 
Parvimonas micra 0.21 0.02 + 0.14 + 0.06 + 0.07 
Staphylococcus lugdunensis 0.20 0.01 + 0.01 + 1.47 - 1.48 
Streptococcus anginosus  0.19 0.05 + 0.05 + 1.67 - 1.62 
Prevotella buccalis 0.18 0.07 + 0.24 - 0.22 - 0.06 
Mycoplasma genitalium  0.17 0.11 + 0.06 + 0.68 - 0.74 
Peptostreptococcus anaerobius 0.16 0.01 + 0.01 + 0.09 + 0.58 
Prevotella3 0.15 0.01 + 0.01 + 0.08 + 0.47 
BVAB1 0.13 0.14 nc + 0.49 - 0.56 
Notes. PP=postpartum, nc=no change!
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Phylotype Total % 
Week 36 
Total % 

Admit 
+/- % 

Late Labor 
+/- % 

PP 
+/- % 

Prevotella7 0.12 0.24 - 0.20 - 0.02 + 0.05 
Megasphaera2 0.11 0.17 + 0.09 - 0.22 - 0.01 
Fusobacterium nucleatum 0.10 0.06 + 0.02 + 0.41 - 0.34 
Arcanobacterium 
haemolyticum 0.07 0.09 - 0.07 + 0.01 nc 
Anaerococcus vaginalis 0.06 0.01 nc + 0.97 - 0.91 
Enterococcus faecalis 0.06 0.02 + 0.01 + 0.33 - 0.31 
Prevotella disiens 0.06 0.02 + 0.01 + 0.27 - 0.18 
Lactobacillus coleohominis  0.05 0.03 + 0.08 - 0.07 - 0.03 
Bifidobacterium longum 0.05 0.01 + 0.04 + 0.22 - 0.23 
Peptoniphilus lacrimalis 0.05 0.10 - 0.06 + 0.06 - 0.08 
Mobiluncus curtisii 0.05 0.01 nc nc + 0.03 
Porphyromonas uenonis  0.04 0.05 - 0.01 + 0.04 - 0.04 
Actinomyces urogenitalis 0.04 0.06 - 0.05 + 0.09 - 0.04 
Streptococcus salivarius 0.04 0.03 + 0.02 + 0.10 - 0.12 
Bifidobacterium breve 0.04 0.02 + 0.04 + 0.09 - 0.13 
Peptostreptococcus stomatis  0.03 0.01 + 0.02 + 0.06 + 0.05 
Arcanobacterium hippocoleae 0.03 0.07 - 0.05 + 0.10 - 0.09 
Dialister propionicifaciens 0.03 0.00 + 0.02 + 0.22 - 0.22 
Pediococcus acidilactici 0.03 0.02 + 0.03 - 0.05 nc 
Porphyromonas bennonis 0.03 0.01 - 0.01 + 0.06 + 0.09 
Varibaculum cambriense 0.03 0.04 - 0.03 + 0.21 - 0.19 
Howardella ureilytica 0.03 0.01 + 0.02 + 0.01 + 0.03 
Pseudomonas fluorescens 0.03 0.01 + 0.02 + 0.08 - 0.09 
Eubacterium rectale  0.03 0.01 nc + 0.07 - 0.07 
Peptoniphilus indolicus 0.02 0.01 + 0.01 + 0.15 - 0.10 
Raoultella planticola 0.02 0.00 + 0.01 + 0.11 - 0.05 
Aerococcus viridans 0.02 0.03 - 0.02 + 0.09 - 0.06 
Arcanobacterium phocae 0.02 0.02 - 0.01 + 0.04 - 0.04 
Bacteroides uniformis  0.01 0.00 + 0.02 + 0.01 - 0.02 
Actinomyces meyeri 0.01 0.02 - 0.01 + 0.02 - 0.01 
Bifidobacterium bifidum 0.01 0.01 nc + 0.09 - 0.08 
Roseburia faecis 0.01 0.00 + 0.01 nc nc 
Staphylococcus haemolyticus 0.01 0.01 + 0.00 + 0.04 - 0.04 
Atopobium minutum 0.01 0.01 - 0.01 + 0.06 - 0.05 
Enterococcus faecium 0.01 0.00 nc + 0.09 - 0.08 
Notes. PP=postpartum, nc=no change 
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Appendix H 

Table H 1 

 
 

Table H 2 

 
 

Pearson’s r correlation matrix of continuous predictors 
 1 2 3 4 5 6 7 

1. Hours from admission 
to late labor specimen 1             

2. Number of doses of 
antibiotics -.002 1           

3. Number of VEs before 
late labor specimen .886** .205 1         

4. Timing of VEs .841** -.145 .568* 1       
5. Hours of ROM .558* .088 .559* .377 1     
6. Number of lifetime 

sexual partners .143 .744** .140 .250 .023 1   

7. Education level -.270 -.711** -.395 -.072 -.369 -.454 1 
Notes. VE=vaginal exam, ROM=rupture of membranes.  
* p<.05, ** p<.01 

Pearson’s r correlation coefficients of continuous predictors and change in relative 
abundance from admission to late labor for phylotypes present at 1% or greater 
 Doses of 

antibiotics 
Hours 
of ROM 

Number of lifetime 
sexual partners 

Education 
level 

Number of VEs before 
late labor specimen 

Aerococcus 
christensenii .279 .143 .614* -.077 -.009 

Atopobium 
vaginae .164 -.303 .156 -.229 -.134 

Corynebacteriu
m accolens .192 .146 .145 -.099 .220 
Dialister1 .189 .101 -.260 -.297 .354 
Gardnerella 
vaginalis -.079 -.214 -.032 .067 .020 

Gemella -.368 .328 -.618* .031 .125 
Lactobacillus 
crispatus -.099 -.544* -.268 .244 -.671** 

Lactobacillus 
iners -.306 -.635* -.149 .368 -.230 

Lactobacillus 
jensenii -.271 -.175 -.441 -.066 -.003 

Megasphaera1 -.169 .641** -.291 -.054 .244 
Prevotella bivia -.125 .389 -.281 -.215 -.143 
Sneathia 
sanguinegens .322 .212 .142 -.376 .477 
Notes. ROM=rupture of membranes, VE=vaginal exam. 
* p<.05, ** p<.01 
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Table H 3 

 
 

 

Table H 4 

 
 
 
 
 
  

Mean change in log relative abundances of phylotypes present at 1% or greater based on 
antibiotic use 

 No antibiotics Antibiotics  
 Mean SD Mean SD t 

Aerococcus christensenii -.462 1.506 .312 2.061 -.838 
Atopobium vaginae .208 .721 .149 .836 .147 
Corynebacterium accolens .161 1.500 .763 2.414 -.589 
Dialister1 .479 1.159 .079 1.679 .543 
Gardnerella vaginalis .187 .668 -.186 .568 1.157 
Gemella .646 1.674 -.554 1.627 1.403 
Lactobacillus crispatus .065 .858 .449 .777 -.902 
Lactobacillus iners .313 .460 -.184 .353 2.316 
Lactobacillus jensenii .481 .472 .334 .607 .524 
Megasphaera1 -.191 .856 .258 1.445 -.744 
Prevotella bivia -.229 1.437 .243 1.242 -.675 
Sneathia sanguinegens .396 .619 .506 .481 -.382 
 

Pearson’s r correlation coefficients of continuous predictors and log-transformed 
Jensen-Shannon distance between admission and late labor specimens 
 1 2 3 4 
1. Jensen-Shannon 1    
2. Number of exams .477 1   
3. Hours ROM .566* .559* 1  
4. Doses of antibiotics .237 .205 .088 1 
Notes. * p < .05. ROM=rupture of membranes. 
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Appendix I 

Table I  

 
 
Casewise diagnostics 

 Table I shows casewise diagnostics and reveals no values of concern. Although 

the leverage value for one of the outcomes cases was slightly over a possible level of 

concern, the case was left in the model because of the small sample size.  

Assumptions 

Multicollinearity between predictors was checked. Although there was a positive 

correlation between number of exams and hours ruptured (r = .559), the tolerance statistic 

was within normal limits. The average VIF was slightly elevated but at the smallest 

eigenvalue, the two variables did not load onto the same dimension (.97 for number of 

exams and .24 for hours ruptured). 

 The assumption of homoscedasticity was met, as evidenced by Figure I1. The 

scatterplot shows random distribution of residuals around zero. The assumption of 

independent errors was also met, as evidenced by the Durbin-Watson value. However, 

Diagnostic analysis of linear regression model shown in Table 9 
Criteria Value Comment 
Durbin-Watson 2.159 A value of 2 indicates independent errors 
Maximum absolute standardized 
residual 

1.562 No outliers 

Maximum Cook’s value .167 A value greater than 1 is concerning 
Maximum Mahalanobis distance 6.066 A value greater than 11 is concerning for 

this sample size and number of predictors 
Leverage  .357 

.433 
A value greater than .4-.6 is concerning for 
this sample size and number of predictors 

Maximum standardized DF Beta 
for constant and predictors 

.594 An absolute value greater than 1 is 
concerning 

Tolerance .687 A value below .2 is concerning 
Maximum VIF 1.455 A value greater than 10 is concerning 
Average VIF 1.455 A value much greater than 1 is concerning 
Notes. VIF=variance inflation factor 
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the assumption of normally distributed residuals was violated in this model, as shown by 

Figure I2 (Kolmogorov-Smirnov = .250, p=.012). Therefore, the model may not be 

generalizable beyond this sample. 

 
 

 
Figure I 1. Scatterplot of standardized residuals. 

 
 
 

 
 
Figure I 2. Histogram and normal probability plots of residuals. 
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Appendix J 

	  

	  
Figure J 1. Stacked bar graph of relative abundance of 25 most abundant phylotypes for participant 1. 

	  
Figure J 2. Stacked bar graph of relative abundance of 25 most abundant phylotypes for participant 2. 
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Figure J 3. Stacked bar graph of relative abundance of 25 most abundant phylotypes for participant 3. 

	  

. 
Figure J 4. Stacked bar graph of relative abundance of 25 most abundant phylotypes for participant 4. 
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Figure J 5. Stacked bar graph of relative abundance of 25 most abundant phylotypes for participant 5. 

 

 
Figure J 6. Stacked bar graph of relative abundance of 25 most abundant phylotypes for participant 6. 
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Figure J 7. Stacked bar graph of relative abundance of 25 most abundant phylotypes for participant 7. 

 

	  
Figure J 8. Stacked bar graph of relative abundance of 25 most abundant phylotypes for participant 8. 
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Figure J 9. Stacked bar graph of relative abundance of 25 most abundant phylotypes for participant 9. 

 

	  
Figure J 10. Stacked bar graph of relative abundance of 25 most abundant phylotypes for participant 10. 
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Figure J 11. Stacked bar graph of relative abundance of 25 most abundant phylotypes for participant 11. 

 

	  
Figure J 12. Stacked bar graph of relative abundance of 25 most abundant phylotypes for participant 12. 
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Figure J 13. Stacked bar graph of relative abundance of 25 most abundant phylotypes for participant 13. 

 
 
 

 
Figure J 14. Stacked bar graph of relative abundance of 25 most abundant phylotypes for participant 14. 
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Figure J 15. Stacked bar graph of relative abundance of 25 most abundant phylotypes for participant 15. 
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