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Abstract
To determine if different racial groups shared common types of vaginal microbiota we
characterized the composition and structure of vaginal bacterial communities in asymptomatic and
apparently healthy Japanese women in Tokyo, Japan and compared them with those of White and
Black women from North America. The composition of vaginal communities was compared based
on community profiles of terminal restriction fragments of 16S rRNA genes and phylogenetic
analysis of cloned 16S rRNA gene sequences of the numerically dominant bacterial populations.
The types of vaginal communities found in Japanese women were similar to those of Black and
White women. As with White and Black women, most vaginal communities were dominated by
lactobacilli, and only four species of Lactobacillus (L. iners, L. crispatus, L. jensenii and L.
gasseri) were commonly found. Communities dominated by multiple species of lactobacilli were
common in Japanese and White women, but rare in Black women. The incidence in Japanese
women of vaginal communities with several non-Lactobacillus species at moderately high
frequencies was intermediate between Black women and White women. The limited number of
community types found among women in different ethnic groups suggests that host genetic
factors, including the innate and adaptive immune systems, may be more important in determining
the species composition of vaginal bacterial communities than are cultural and behavioral
differences.
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Introduction
Each area of the human body has a unique collection of microorganisms. Though previous
studies have tended to focus on understanding etiological agents of infectious disease, there
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has recently been an increased emphasis on the role of indigenous microbiota in the
maintenance of human health. The notion of a mutualistic relationship between the human
host and its microbiome is being increasingly appreciated. (Backhed et al., 2005; Dethlefsen
et al., 2007). As a partner in a mutualism, the hosts exerts strong selective pressures on
determining the composition of microbiota found at different anatomical sites (Backhed et
al., 2005), and in turn the microbiota of humans are essential to many aspects of normal
human physiology, ranging from nutrition, metabolic activities, homeostasis of the immune
system (Backhed et al., 2004; Kelly et al., 2004; Rakoff-Nahoum et al., 2004; Cash et al.,
2006) and competitive exclusion of pathogens. Moreover, the microbiota in the human body
may reduce the risk of cancer, diabetes, obesity, arthritic diseases, cardiovascular disease,
and other serious ailments (Naruszewicz et al., 2002; Ohashi et al., 2002; Rayes et al., 2002;
Rozanova et al., 2002; Tannock, 2002). Hence, the benefits of accurately defining the
human microbiota and understanding their ecological function and role in human health may
be crucially important for understanding differential risk to disease, and ultimately in disease
prevention and treatment.

The human vagina is a dynamic and complex microbial ecosystem in which the symbiotic
vaginal microbiota play an important protective role in maintaining the health of women.
Disrupting these communities may increase susceptibility to various urogenital infections
including sexually transmitted diseases and HIV in women (Schwebke, 2005; McClelland et
al., 2008). Recently, several studies have characterized the vaginal microbial communities
using cultivation-independent methods, and tested whether differences in the species
composition of vaginal bacterial communities may predispose certain individuals to
bacterial vaginosis and various infectious diseases (Hyman et al., 2005; Fredricks et al.,
2005; Verhelst et al., 2004; Vitali et al., 2007; Shi et al., 2009). Previously, we have shown
that there were several kinds of vaginal microbial communities found in healthy North
American White and Black women. The community types in White women were similar to
those of Black women, but the relative frequencies of the types differed (Zhou et al., 2004;
Zhou et al., 2007). In this study, we extended our previous work by determining the
bacterial community types in vaginas of apparently healthy Asian women from Tokyo,
Japan and compared them to those of White and Black women. The aim of this study was to
determine whether the vaginal communities were similar types in all three racial groups.

Materials and Methods
Clinical study

The samples used in this study were collected as part of a study previously described by
Parsonnet et al. (Parsonnet et al. 2008). Vaginal samples were obtained from 73 Japanese
women from the Tokyo area of Japan. The subjects were evenly distributed among three age
groups: 18–25, 26–34, and 35–45 years old. For inclusion in this study the women enrolled
must self declare that they were born in Japan and be of Japanese ancestry. The criteria for
enrollment of healthy and asymptomatic Japanese women were essentially the same as those
employed for a previously reported study of White and Black women (Zhou et al., 2007).
Women of Japanese decent were eligible for enrollment if they had a history of regular
menstrual cycles for the past two years and agreed to refrain from the use of mouth wash,
mouth rinse or medicated drop or sprays, douching substances, vaginal medications,
suppositories, feminine sprays, genital wipes, or contraceptive spermicides, and from sexual
intercourse for 48 hours prior to sample collection. Subjects were also required to refrain
from bathing, showering, or swimming within 2 hours prior to sample collection. Women
were excluded if they worked in healthcare settings; had been hospitalized in the past six
weeks; had experienced a genital or sexually-transmitted infection within the past six weeks;
were pregnant, actively trying to become pregnant, or suspected they were pregnant; had
been diagnosed as having diabetes, kidney failure, hepatitis, HIV infection or TSS; were
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currently suffering from sinus infection or pharyngitis (self-declared); or had taken
immunosuppressive drugs, chemotherapy, or systemic or topical antimicrobial drugs within
the prior 30 days. The subjects enrolled did not have vaginal symptoms associated with BV
during the 6 weeks prior to enrollment. When the vaginal samples were collected the
attending health care practitioner noted any signs of possible genital infections (e.g.,
abnormal discharge, cervicitis, or foul odor). None of the subjects in this study had signs of
vaginal infection. These were samples of convenience and Nugent scores (Nugent et al.,
1991) were not available.

Written informed consent was obtained from the subjects prior to the collection of any
information or clinical samples. Subjects were removed from the study if they failed to meet
the inclusion criteria or satisfied any of exclusion criteria any time during the study. The
study protocol and informed consent document were reviewed and approved by the Ethics
Committee-Sogo Clinical Pharmacology Co., Ltd.

Each vaginal sample was collected by a physician by inserting a swab into the vagina
(without using a speculum) and swabbing the mid-upper vaginal walls approximately 5 cm
past the introitus. The labia were spread during this procedure to minimize the potential for
contamination by perineal flora (Parsonnet et al., 2008). The swab was placed in a sterile
cryovial and stored at −70° until analysis. When collecting of the vaginal sample the
attending health care practitioner noted any signs of possible genital infections (e.g.,
abnormal discharge, cervicitis, or foul odor); none of the subjects in this study had signs of
vaginal infection.

Extraction of genomic DNA
The bacterial cells retrieved on swabs were resuspended in 2ml cell lysis solution from
Wizard DNA purification kit (Promega, Madison, WI, USA). Genomic DNA was isolated
from 0.5 ml aliquots of the cell suspensions using a two-step cell lysis procedure as
previously described (Zhou et al., 2007). Briefly, bacterial cell walls were disrupted
enzymatically by mixing with mutanolysin (50 μg) and lysozyme (500 μg) followed by
incubation for 1 hour at 37°C. The cells were then mechanically disrupted by 6 freeze-thaw
cycles. Each cycle consisted of 2 minutes incubation at 100°C that was immediately
followed by 2 minutes in a dry-ice/ethanol bath. Between each freeze-thaw cycle, the cell
suspensions were incubated for 1 minute in an Ultrasonic Cleaning bath. Proteins in the
disrupted cell suspension were digested with proteinase K (Qiagen, Hilden, Germany)
during a 1 hour incubation at 55°C. Further purification of the total DNA extract was
performed using the Wizard DNA purification kit (Promega, Madison, WI, USA).

T-RFLP analysis of 16S rRNA genes
For analysis of terminal restriction fragment polymorphisms (T-RFLP) of 16S rRNA genes,
internal regions of 16S rRNA genes in each sample were amplified in two separate reactions
using fluorescently-labeled primer pairs, 8fm-926r and 49f-926r (based on Escherichia coli
sequence). Primers 8fm, 49f, and 926r were labeled with VIC, NED, and 6-carboxy-
fluorescein (6-FAM), respectively (Applied Biosystems, Foster City, CA). PCR was
performed as previously described (Zhou et al., 2004).

The profiles of terminal restriction fragments from the vaginal microbial communities were
determined as follows. A mixture of the two fluorescently labeled amplicons was equally
divided and separately digested with MspI or HaeIII, and the digested products were
recombined. The resulting mixture had 6 fluorescently labeled terminal restriction fragments
from the use of 3 fluorophores and 2 restriction enzymes. This allowed for high resolution of
the microbial communities. T-RFLP profiles were determined using an ABI PRISM 3100
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DNA Analyzer, GeneScan software (Applied Biosystems) and CST ROX 25-1000
(BioVentures, Inc., Murfreesboro, Tenn.) as an internal standard.

Cluster analysis of T-RFLP data
Cluster analysis of the T-RFLP community profiles for Japanese women from this study and
White and Black women from our previous study was performed to identify similar
communities and the number of clusters. The data was first standardized by defining a
threshold (baseline) and identifying the true peaks (Abdo et al., 2006). The fragments were
then binned based upon length; those fragments within 2 bp in length were binned together
and represented by their average length. The peak areas of binned fragments from the same
samples were summed. Second, the Pearson correlation distances between T-RFLP profiles
were calculated, these were hierarchically clustered based on Ward’s linkage method and a
dendrogram was constructed. Third, the number of clusters was determined using methods
previously described (Zhou et al., 2007).

Clone library construction and 16S rRNA gene sequence analysis
The samples used to construct clone libraries were chosen using a ‘coverage sampling
approach’ (Abdo et al., 2006). This approach provided a way to identify the fewest samples
necessary to describe 85% of the phylotype diversity within each cluster. The 16S rRNA
genes in each sample identified using this approach were amplified using primers 8fm-926r
without fluorescent labels and cloned as previously described (Zhou et al., 2004; Zhou et al.,
2007). Approximately 100 clones of each sample were randomly chosen from each library
and the cloned DNA fragments were partially sequenced using an ABI 3730 Prism DNA
Analyzer. Phylogenetic analysis of cloned 16S rRNA gene sequences from the numerically
dominant microbial populations was done to determine the composition of bacterial
communities in each sample. High quality sequences with less than 3% uncalled bases and
more than 500 bp long were analyzed using high-throughput methods (Brown et al., 2007)
to identify similar sequences among the eubacterial type strains found in the Ribosomal
Database Project (RDP) and GenBank databases.

Differences in the distribution of vaginal community among the different racial groups
There were two ways chosen to show the distribution of vaginal microbial communities
among the various racial groups, and both of them were based on the T-RFLP community
profiles. First, the distance matrix based on Pearson correlation distance analysis was
constructed, and subjected to multidimensional-scaling to graphically present the similarity
among the bacterial communities for each sample and each racial group. Second, we
evaluated differences in the species rank abundance of microbial communities of women in
each racial group. Pearson’s chi-squared test and Fisher’s exact test were used to assess
whether differences in the distribution of microbial community types among Japanese,
White and Black women were statistically significant.

Results
Classification of vaginal microbial communities based on T-RFLP and sequence data

The number of different kinds of bacterial communities in the vaginas of Japanese women
was determined by comparing T-RFLP profiles and by sequence analysis of cloned 16S
rRNA genes. We performed cluster analysis on the profiles of T-RFLPs and constructed a
dendrogram in which the neighboring communities had similar species composition and
structure (Figure 1). We categorized the communities into nine clusters (designated as
C1-9). Community types were further defined by sequence analysis of the 16S rRNA genes
in samples that were representative of each cluster. Clusters that had similar species
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composition were combined and assigned to a single group. For example, clusters C2 and
C4 (Figure 1) were both dominated by Lactobacillus crispatus and were combined into a
single group; namely group II (Tables 1, 2). Likewise, the communities with multiple non-
Lactobacillus species found in C8 and C9 were combined into group III. After combining
communities that were similar in terms of species composition there were seven different
groups of communities (groups I to VII). These communities were also found in our
previous study of vaginal microbiota in White and Black women (Zhou et al., 2007).

Species composition of vaginal communities
The 16S rRNA genes sequences from 19 clone libraries representing each of the major
groups of Japanese women were identified and their relative abundances were calculated.
The numerically important bacterial phylotypes that constituted >1% of a community in
Japanese women are summarized in Table 1.

These data were compared to those obtained the analysis of vaginal communities in White
and Black women (57 clone libraries; Zhou et al., 2007). The mean relative abundances of
populations in vaginal communities of women in all three racial groups are presented in
Table 2. Among the Japanese women, most of the vaginal communities were dominated by
species of Lactobacillus (group I, II and V to VII), and these communities were found in
about 75.3% (54/72) of the women. Only four species of Lactobacillus (L. iners, L.
crispatus, L. gasseri and L. jensenii) were found to be common in Japanese women, which
was similar to the findings for White and Black women. Of the Lactobacillus-dominated
communities of Japanese women, L. crispatus was the most common dominant species. The
data showed that 40.2% (29/72) of the Japanese women had microbial communities with
high numbers of L. crispatus (groups II and VI). In most cases, L. crispatus constituted from
78–100% of the clones (group II), and in a few of cases, L. crispatus represented less than
50% of the sequenced clones (group VI, mean values). The second most common
Lactobacillus species in Japanese women was L. iners, which occurred at high frequency in
27.8% (20/72) of the women sampled (groups I and VI). In Group I, L. iners was the
predominant species, but group VI also contained high proportions of several other
Lactobacillus species including L. crispatus and L. jensenii. Vaginal communities of groups
III and IV found in Japanese, White and Black women exhibited greater species evenness
and lower numbers of lactobacilli (Table 1 and 3). Group IV was characterized by
communities with high frequencies of Atopobium (20–50%), and included various other
species of strict or facultative anaerobes, for example, lactobacilli, Clostridium sp., Dialister
sp., Gemella sp., Lachnospiraceae sp., Leptotrichia sp., Megasphaera sp., Micromonas sp.,
Mobiluncus mulieris, Peptinophilus sp., Prevotella sp. Veillonella sp. and some novel
microorganisms that belong to the order Clostridiales. In contrast, group III contained
diverse species of anaerobes other than lactobacilli and Atopobium. The dominant members
included Streptococcus sp., novel microorganisms, Veillonella sp., Lachnospira sp.
Gardnerella vaginalis. Anaerococuus sp., Peptostreptococcus sp. Gemella sp.,
Lachnospiraceae sp., Megasphaera sp., Micromonas sp., Mycoplasma sp.
Peptostreptococcus sp. Prevotella sp., Escherichia coli and Shigella sp.

Distribution of vaginal community among the different racial groups
A multidimensional-scaling (MDS) analysis of T-RFLP data was employed to assess the
variation of vaginal microbial communities among the different women and racial groups
(Figure 2). Some communities were very similar and clustered together in the figure, while
others had little similarity to any other communities and were scattered across the graph. A
striking finding was the distribution of communities and the observation that, for all
clustered data, women of all three racial groups were represented. There were no isolated
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communities, nor any clusters of communities that included only a specific racial group.
Thus, we can conclude that all three racial groups share common vaginal community types.

The rank abundances of vaginal community types in Japanese, White and Black women are
shown in Figure 3. Although the types of vaginal microbial communities found in healthy
Japanese women were similar to those of the other two racial groups, there were significant
differences in the frequencies of communities in these groups (p < 0.01). Within groups III
and IV, the incidence of Japanese women (24.7%) was lower than in Black women (40.5%),
but higher than in White women (13.3%). These communities were not dominated by
lactobacilli, but had comparatively equal proportions of other dominant species. On the
other hand, communities dominated by multiple species of lactobacilli (group VI) were
common in both Japanese and White women, but were rare in Black women.

It should be noted that the age range in the Japanese women differed slightly from those of
White and Black women. The White and Black women sampled were on average younger
than the Japanese women. However, our previous studies have shown that there are not
significant differences in the distribution of community types between young (13–18y) and
older age groups (19–40y) (Yamamoto et al., 2009).

Discussion
In this study, we found that the types of vaginal microbial communities found in apparently
healthy Japanese women resembled those of White and Black women from North America.
In total, there were seven major kinds of microbial communities identified in Japanese
women, and the numbers of community types were the same as those in Black and White
women. As with White and Black women, most vaginal communities were dominated by
lactobacilli, and only four species of Lactobacillus (L. iners, L. crispatus, L. jensenii and L.
gasseri) were commonly found. Comparable results were reported by Shi et al. (Shi et al.,
2009) who analyzed the vaginal community composition of a limited number of Chinese
women. Taken together these findings suggest there may be limited differences among
women in different racial/ethnic groups in terms of the bacterial species found in the vagina.
Moreover, it suggests that host-determined factors, but not race per se, exert selective
pressures that permit persistent colonization of the vagina by only a limited number of
different kinds of bacterial species. Studies could be done in the future to directly test
whether here are differences in the vaginal communities in women of the same ethnic group
that reside in two widely separated geographical regions.

How host factors might govern the composition of vaginal bacterial communities is not well
understood. However, recent work has shown that the host immune system may influence
human-microbial symbioses, and differences in cell surface receptors may dictate adhesion
of beneficial microorganisms in the human gastrointestinal tract (Mazmanian et al., 2005;
Dethlefsen et al., 2007). It is thought that specialized tissues and cells actively sample the
intestinal content and initiate local immune responses that help to confine and shape the
microbial diversity of the human intestine (Macpherson et al., 2005). McFall-Ngai recently
proposed that adaptive immunity plays a role in recognizing and managing complex
community composition of beneficial microbes in vertebrates (McFall-Ngai, 2007). Similar
selectivity may occur in the human urogenital tract, in which case the local vaginal immune
system may play an important role in determining the composition of vaginal microbial
communities.

Complex food webs exist in most microbial communities in which populations occupy
different trophic levels (Azam & Malfatti, 2007), and this is likely to be true for the vagina
as well. This means that one or more populations are primary consumers, while others
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consume their metabolites, and so on. This results in a ‘network’, wherein the number and
strength of these ecological interactions determine the stability and resilience of the
community (Azam & Malfatti, 2007). Different lactic acid bacteria such as L. crispatus, L.
iners, Streptococcus sp. and Atopobium sp. are known to have different nutritional needs,
and thus ecological interactions, competition for resources, and cross-feeding among species
may determine whether the physiological needs of a given species can be met (Falsen et al.,
1999; Rodriguez Jovita et al., 1999). Conceptually, this may be important since vaginal
communities that differ in species composition may be more or less resilient to various kinds
of disturbances (Peterson et al., 1998) such as sexual intercourse, douching, spermicides,
and (in women of reproductive age) changes in the environment due to menses. If these
communities differ in their responses to disturbance, it could as well affect an individual’s
ability to resist invasive infectious agents.

Adhesins expressed by different strains of lactobacilli exhibit specificity in their ability to
mediate adhesion to host epithelial cells, mucus, and extracellular matrices (ECM) (Velez et
al., 2007). These proteins constitute a diverse group of molecules with important functions
related to adherence, signaling, and interaction with the host immune system or environment
(Dramsi et al., 2005). To date, several kinds of specific mucus adhesion proteins
(extracellular mucus-binding proteins, MUB) have been identified and functionally
characterized in lactobacilli (Velez et al., 2007). In addition, several Lactobacillus proteins
belonging to the sortase-dependent protein family have been functionally characterized
(Dramsi et al., 2005). These are all involved in the binding of a particular strain to human
epithelial cells and mucus and may play a role in mediating colonization of the human
vagina.

The vaginal bacterial communities of healthy women are not always dominated by
Lactobacillus species. The results from this study on Japanese women confirms our previous
findings that a fair proportion of women have vaginal communities dominated by lactic acid
bacteria other than Lactobacillus such as Atopobium and Streptococcus, in addition to a
number of populations of the order Clostridiales. This suggests that these various microbial
species are naturally selected by their host and constitute bacteria normally found in the
human vagina. Most of the communities that were dominated by these kinds of bacteria
appear to have greater species diversity than those dominated by Lactobacillus species, thus
we postulate that the ecology of these communities may differ from that of other kinds of
vaginal communities.
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Figure 1.
Dendrogram constructed by cluster analysis (Ward’s method) based on similarity in the T-
RFLP profiles among vaginal microbial communities in Japanese, White, and Black women.
The samples from White, Black and Japanese women are designated with an open circle,
closed circle and red triangle, respectively. The red line shows the grouping baseline. Big
triangles labeled with various colors indicate clusters. The clusters are designated with a “C”
followed by a number. Asterisks indicate the samples from each group used to construct
clone libraries of 16S rRNA genes.
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Figure 2.
Two dimensional scatter plot constructed by multidimensional-scaling (MDS) analysis
based on similarity in T-RFLP profiles among vaginal microbial communities in Japanese,
White and Black women. The samples from White, Black and Japanese women are
designated with green, black and red dots, respectively.
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Figure 3.
The rank abundances of vaginal communities found in White, Black and Japanese women.
Each column was designated with each group (community types; see Tables 1–3). The
proportion of Black and White women of North America, and Japanese women are shown as
dark gray, gray and light gray in each column, respectively.
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