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ABSTRACT

Introduction: Vaginoplasty is performed to create a neovagina for transgender individuals
who seek surgical transition or for cisgender individuals with congenital or acquired absence
of a vagina (or “cisvagina”). The current knowledge of the bacterial microenvironment of the
neovagina is limited. The objective of this study was to conduct a systematic review of
current knowledge regarding the microbiome of the neovagina in transgender women.
Methods: A systematic review of three medical databases (PubMed, MEDLINE, Web of Science)
was performed in December 2021. Articles were included if they discussed the bacterial flora
of the post-surgical neovagina in transgender women. Articles were excluded if their primary
focus was pathogenic disease of the neovagina. Articles were summarized qualitatively and
organized into a table.

Results: Ten articles were identified for the review. Surgical techniques included penile
inversion vaginoplasty (PIV) and intestinal/sigmoid vaginoplasty. PIV neovaginas were most
similar to cisvaginas with bacterial vaginosis, whereas intestinal vaginoplasty resulted in
microbiomes comparable to that of the colorectum. Oral probiotic supplements may be able
to encourage the growth of Lactobacillus in the neovagina. Maintenance protocols relating to
cleaning are largely surgeon- and institution-dependent, and evidence regarding the use of
estrogen and its effect on the neovagina is limited.

Conclusions: The microbiome of the neovagina is distinct from that of the cisvagina, and it
differs based on surgical technique. Further research is warranted to better characterize the
effect of different surgical techniques, patient characteristics, estrogen use, and cleaning
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habits on the health of the neovaginal microbiome.

Introduction

Vaginoplasty is defined as the surgical procedure
that either constructs or reconstructs a vagina by
creating a neovagina. Indications for the procedure
include gender dysphoria, congenital vaginal agen-
esis, acquired vaginal absence, vaginal contracture,
or stenosis, which may be due to trauma or cancer
(Horbach et al., 2015; McQuillan & Grover, 2014).
Vaginoplasty techniques include penile inversion,
intestinal, non-genital skin graft, buccal mucosa,
peritoneal, and non-surgical dilation-based vagino-
plasty (Dietrich, 2022). Penile inversion vagino-
plasty (PIV) is the most frequently performed and
extensively researched technique for gender vagi-
noplasty (Horbach et al., 2015).

The goal of vaginoplasty is to create a neova-
gina that is functionally and esthetically similar to
the vagina of cisgender women (CW), which we
will henceforth refer to as the “cisvagina”. As noted
in the “Standards of Care for the Health of
Transgender and Gender Diverse People, Version
8” (SOC 8), vaginoplasty is one of the most fre-
quently performed gender-affirming procedures
(Coleman et al., 2022). A neovagina can provide
patient satisfaction, identity affirmation, and
acceptable functional, esthetic, and erogenous out-
comes. In a systematic review and meta-analysis of
3716 TW who underwent vaginoplasty, a general
satisfaction rate of 93% was reported (Manrique
et al, 2018). High satisfaction specifically with
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sexual function has also been reported (Coleman
et al., 2022). However, little is known about the
biological composition of the neovagina in the
post-surgical period and the changes that occur
over time. Knowledge of the neovaginal microbi-
ome may allow for improved health outcomes for
patients who undergo vaginoplasty.

The goal of this systematic review is to identify
and analyze the published medical literature
regarding the microbiome of the neovagina. To
provide context for the results of the review, the
microbiome of the cisvagina will be briefly sum-
marized. The results of the review will follow,
organized by surgical technique. By aggregating all
published patient data on the topic of the neovag-
inal microbiome in transgender women, we aim to
provide a useful resource for physicians who per-
form vaginoplasty and engage in post-operative
management of patients who undergo vaginoplasty
and highlight areas for further research to improve
patient care for this unique population.

Microbiota of the cisvagina

The cisvaginal flora is a complex ecosystem that
changes throughout life, from birth to meno-
pause. The vaginal microbiota resides in and on
the outermost layer of the vaginal epithelium and
consists of species which typically do not cause
infections in women with normal immunity
(Amabebe & Anumba, 2018). The prepubertal
vaginal microbiome is predominantly anaerobic.
After puberty, increased estrogen levels promote
the accumulation of glycogen in vaginal epithelial
cells. This encourages the proliferation of
Lactobacillus, which metabolizes glycogen to pro-
duce lactic acid and create an acidic pH (< 4.5)
which is protective against the growth of oppor-
tunistic bacteria. Lactobacillus also produces
hydrogen peroxide that further deters the growth
of potentially harmful bacteria (Collins &
Aramaki, 1980). Under the influence of hor-
mones, such as estrogen, progesterone, and FSH,
the vaginal ecosystem undergoes cyclic changes
with the menstrual cycle. The composition of the
microbiota can also be affected by sexual activity,
cleaning habits, antibiotic therapy, pregnancy,
lactation, stress, and underlying diseases, e.g.
diabetes mellitus.

Disruption of the normal vaginal flora (vaginal
dysbiosis) can have significant clinical conse-
quences (Amabebe & Anumba, 2018). Bacterial
vaginosis (BV) is characterized by an increase in
mixed anaerobic bacteria, such as Bacteroides,
Ureaplasma, Mycoplasma, Streptococcus,
Prevotella, Mobiluncus, and Gardnerella, and a
decrease in Lactobacillus. While BV can be
asymptomatic, it can cause abnormal discharge
and reduce the acidity of the vaginal environ-
ment. Aerobic vaginitis (AV) is a similar condi-
tion due to an overgrowth of aerobic bacteria,
such as Escherichia coli, Enterococci, Group B
Streptococcus, and Staphylococcus, that tends to
cause more inflammation than BV. Both BV and
AV are associated with increased risk of sexually
transmitted infection (STI) acquisition and preg-
nancy complications.

Methods

The objective of the systematic review was to
identify all published articles that studied the
microbiome of the post-surgical neovagina in
transgender women. It was conducted in accor-
dance with the PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses)
guidelines. Due to the expected small amount of
literature on the subject, there were no restric-
tions on publication year. Studies were to be
included if they discussed the topic of the
post-surgical neovaginal microbiome, reported
novel human patient data, were written in English,
and if the full text of the article was available.
Studies were to be excluded if the primary focus
of the article discussed neovaginal pathology (e.g.
bacterial or viral infection, cancer, or another dis-
ease process), if they did not discuss the neovag-
inal microbiome, if they did not contribute any
novel patient data to the literature (e.g. a
meta-analysis or review article), if they were ani-
mal studies or only involved cisgender women, if
not written in English, or if the full text was not
available. The references of the selected articles
were reviewed for inclusion of potential articles
which would fit the inclusion criteria.

Medical databases (MEDLINE, PubMed, and
Web of Science) were queried with relevant search
terms (Figure 1). Articles were initially screened



by title and abstract. If it was unclear whether an
article met the inclusion criteria, the full text of
the article was obtained. Full text articles of all
included studies were then obtained. Data from

Figure 1. Visualization of search terms. Full search term was
entered into each database search engine as follows: “(neova-
gina and microbiota) or (neovagina and microbiome) or (neova-
gina and bacteria) or (neovagina and flora) or (vaginoplasty and
microbiota) or (vaginoplasty and microbiome) or (vaginoplasty
and bacteria) or (vaginoplasty and flora) or (neovaginoplasty
and microbiota) or (neovaginoplasty and microbiome) or
(neovaginoplasty and bacteria) or (neovaginoplasty and flora)."
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each article, including title, authors, publication
year, Level of Evidence, vaginoplasty technique,
number of patients, surgical indications, microbi-
ome findings, cleaning habits, estrogen use, and
conclusions were extracted and summarized in a
table. Articles were summarized qualitatively by
technique.

Results

Search of three medical databases (MEDLINE,
PubMed, and Web of Science) in December 2021
identified ten articles for inclusion in the review
(Figure 2, Table 1) (Birse et al., 2020; Grosse
et al., 2017; Kaufmann et al., 2014; Kim et al,
2011; Petricevic et al., 2014a, 2014b; Toolenaar
et al., 1993; van der Sluis et al., 2019; Weyers
et al.,, 2009; 2010). Most studies were case series
(Level of Evidence 4), with the exceptions of one

Figure 2. Flow diagram depicting results of systematic review of the literature on the topic of the neovaginal microbiome.
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retrospective cohort study (Level of Evidence 3)
and one prospective, double-blind randomized
clinical trial (Level of Evidence 2) (McNair &
Lewis, 2012).

Penile inversion vaginoplasty

Seven articles studied the microbiome of the
neovagina created using the PIV technique.
Weyers et al. (2009) conducted one of the first
studies to examine the microbiota of the neova-
gina. The authors collected neovaginal swabs
from 50 TW who underwent PIV. The mean
interval since vaginoplasty was 6.3years (SD
6.4years). Clinically, 23.5% reported malodorous
vaginal discharge, 22% reported vaginal irritation,
and 8% had frequent dysuria. The neovaginal pH
was elevated (mean 5.88) in comparison to the
cisvagina (pH < 4.5). An average of 8.6 bacterial
species were isolated per sample, the most com-
mon of which were Bacteroides ureolyticus,
Mobiluncus curtisii (both associated with bacte-
rial vaginosis), Corynebacterium, Enterococcus
faecalis,  Staphylococcus  epidermidis, and
Streptococcus anginosus. Only one sample con-
tained Lactobacillus. There were no associations
between certain species, dilatation/cleaning hab-
its, or malodorous discharge. There was a signif-
icant correlation between the presence of E.
faecalis and coitus with a male partner. The
authors concluded that PIV neovaginas harbored
a complex microflora comprised of species found
on the skin, in intestine, and in cisvaginas with
bacterial vaginosis.

The same study team also used Pap smears and
evaluated the neovaginal cytology of the same
cohort of 50 TW who underwent PIV (Weyers
et al., 2010). Evidence of bacterial vaginosis was
found in 50% of specimens, and Doderlein bacilli
(a type of Lactobacillus) were present in 4% of
specimens. One sample had combined Candida
and Gardnerella colonization and koilocytes, and
further testing diagnosed HPV infection. Weyers
and colleagues concluded that only a minority of
neovaginas demonstrated cytology similar to
“normal” cervical cytology in CW.

Petricevic et al. (2014a) studied the prevalence
of Lactobacillus species in 63 TW who under-
went PIV in order to determine whether penile
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skin could support Lactobacillus colonization.
The mean interval since vaginoplasty was 5.2 years
(SD 4.8years). The authors used the PCR-DGGE
(polymerase chain reaction-denaturing gradient
gel electrophoresis) technique, which allows for
the detection of bacteria that are difficult to cul-
ture or not detectable through other methods. In
contrast to the earlier study by Weyers et al.
(2009), the presence of Lactobacillus was detected
in 75% of samples. There were 13 different spe-
cies detected, and the most common species were
L. gasseri, L. crispatus, L. johnsonii, and L. iners,
which have also been isolated in CW. Ninety per-
cent (90%) of samples had two or more species,
60% harbored the most common four species
simultaneously, and 25% had up to 8 different
species. The authors conclude that neovaginas
created by the PIV technique support the growth
of Lactobacillus.

After demonstrating the prevalence of
Lactobacillus in the neovagina of TW, the same
research team sought to characterize the types of
Lactobacillus present in the neovaginas and rec-
tums of 61 TW who underwent PIV (Petricevic
et al., 2014b). The mean interval since vagino-
plasty was 4.9years (SD 0.5years). They found
that 70.5% of the TW harbored the same
Lactobacillus species in their neovagina and rec-
tum, and a majority (61%) had two or more
matching species. The most common matching
species were L. gasseri, L. johnsonii, L. crispatus,
L. iners, and L. jensenii. The authors noted that
co-colonization of the vagina and rectum has
been reported in healthy pregnant and
post-menopausal CW and associated with a pro-
tective effect against BV (Antonio et al., 2005; El
Aila et al., 2009; Petricevic et al., 2012). As the
neovagina does not communicate with any inter-
nal pelvic organs, the authors concluded that the
rectum acts as a reservoir for neovaginal
Lactobacillus. This finding supports the concept
that intestinal microbiota contributes to the main-
tenance of vaginal microbiota in both TW and CW.

In order to determine the feasibility of increas-
ing Lactobacillus in the PIV neovagina with oral
probiotic supplementation, Kaufmann et al. (2014)
conducted a clinical trial in which they random-
ized TW who underwent PIV to receive either
oral probiotics twice daily for seven days or
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placebo. The mean interval since vaginoplasty
was 5.2years (SD 4.8years). The probiotics
included four lyophilized Lactobacillus species
(L.crispatus,  L.rhamnosus,  L.jensenii  and
L.gasseri). Neovaginal swabs were evaluated using
the “Nugent scoring system’, used for evaluating
bacterial vaginosis, and culture (Nugent et al.,
1991). More TW in the intervention group
showed improvement in their Nugent scores
(48.5% vs. 14.8%, p<0.05), and their culture
results also demonstrated higher amounts of
Lactobacillus. It was also noted that 30% of par-
ticipants had normal Lactobacillus flora present
at the start of the study. The authors concluded
that oral probiotic supplementation can improve
neovaginal health by increasing the presence of
Lactobacillus and reducing the risk of developing
bacterial vaginosis in the TW.

Grosse et al. (2017) evaluated cytological samples
of 20 neovaginas to investigate their cellular compo-
sition and microbiology. The mean interval since
vaginoplasty was 11.6years (range 4.8 to 29years).
Multiple surgical techniques were utilized to create
the neovaginas, including PIV (n=9), intestinal
(n=3), and non-genital skin grafts (n=8). Indica-
tions for vaginoplasty included gender dysphoria
(n=12), Mayer-Rokitansky-Kuster-Hauser syndrome
(MRKHS, n=4), differences/disorders of sex devel-
opment (DSD, n=3), and vaginectomy secondary to
squamous cell carcinoma (n=1). The primary study
objective was to draw conclusions about HPV and
cancer risk, but they also reported on the presence
of Doderlein bacilli. While approximately 1/3 of the
neovaginas created with intestinal or non-genital
skin grafts demonstrated the presence of Doderlein
bacilli none of the PIV neovaginas did. These
results are in accordance with the earlier study by
Weyers et al. (2010), which reported a low presence
of Doderlein bacilli in a larger cohort of TW. A for-
mal statistical comparison was not made. The
authors concluded that while neovaginal cytology is
different than cisvaginal cytology, patients with
neovaginas should still undergo routine cancer
screening.

Most recently, Birse et al. (2020) utilized
meta-proteomic techniques to investigate the
neovaginal and rectal microbiome in 5 TW who
underwent PIV, and then compared the results to
the vaginal microbiome of 30 CW. The mean

interval since vaginoplasty was 9.5years (range
3.7-35.7years). They identified on average 8 spe-
cies of bacteria per neovaginal sample, of which
the most prevalent taxa were Porphyromonas,
Peptostreptococcus, Prevotella, and Mobiluncus.
The neovaginal samples demonstrated higher
overall bacterial diversity compared to the cisvag-
inal and rectal samples. The neovaginal samples
were more similar to non-Lactobacillus domi-
nant/polymicrobial cisvaginas than Lactobacillus
dominant cisvaginas. Differential protein analysis
demonstrated that neovaginas had immune
responses similar to cisvaginas with BV, such as
increased immune activation and reduced barrier
proteins. One of the TW had a sigmoid colon
graft in addition to PIV, and it was noted that
the sample had a microbiome more similar to an
intestinal microbiome, including bacteria such as
Bacteroidaceae, Enterobacteriaceae, and
Escherichia. The authors concluded that the
neovaginal bacterial profiles were most similar to
the bacterial compositions of uncircumcised
penises and cisvaginas with BV, which may be
due to insufficient estrogen in the neovagina.

Intestinal vaginoplasty

Three articles specifically studied the microbiome
of the neovagina created using the intestinal or
sigmoid colon technique. The bacterial flora of
the sigmoid neovagina was first described in 1993
in a study by Toolenaar et al. The mean interval
since  vaginoplasty was 52months (range
23-87 months). Indications for vaginoplasty in the
study included gender dysphoria (n=10) and
MRKHS (n=5). The average pH in the studied
individuals was 8. The average number of species
per sample was 6, and the most prevalent species
were  Escherichia  coli, Bacteroides, and
Lactobacillus, which was found in 67% of sam-
ples. The authors concluded that the intestinal
neovagina retains a similar pH to the pH of a
healthy colorectum. It also retains much of the
same flora, although the bacterial counts are
lower than that of a normal sigmoid colon, and
more facultative anaerobes were present, as
opposed to strict anaerobes.

The microbiome of the intestinal neovagina
was also briefly noted in a case series of



laparoscopic sigmoid vaginoplasty by Kim et al.
(2011). Twelve patients underwent the procedure,
and neovaginal characteristics were described at
6-12months post-operatively. Indications for the
procedure included congenital vaginal agenesis
(n=9), gender dysphoria (2), and
pseudo-hermaphroditism (n=1). Intravaginal pH
was 6, and in one patient, columnar epithelium
had transformed into squamous epithelium.
Culture studies demonstrated the presence of dif-
ferent bacteria at different time points: E. coli at
6months, E. coli and Proteus vulgaris at
12months, and E. coli, Streptococcus viridans,
and Streptococcus disgalactiae at 18 months after
the vaginoplasty surgery. No Lactobacillus species
were identified.

Most recently, van der Sluis et al. (2019)
studied samples from 28 patients who under-
went sigmoid vaginoplasty to analyze the
microbiome. The median interval since vagino-
plasty was 24 months (range 8-90 months). The
majority of patients (n=26) were TW; the other
two patients were CW with congenital or
acquired vaginal absence. Samples were col-
lected from the skin, neovagina, and rectum.
The bacterial species of the neovagina were
more similar to native rectum than to skin and
cisvagina microbiota. Species identified included
Sutterella, Bacteroides dorei, Bacteroides vulga-
tus, Alistipes finegoldii, Alistipes putredinis,
Prevotella denticola, Fecalibacterium prausnit-
zii, and Finegoldia magna. However, there were
differences in the abundance of the populations
between the neovagina and the rectum, most
notably in bacteria from the phylum
Bacteroidetes. There was no mention of
Lactobacillus. The authors concluded that these
differences may distinguish which intestinal
bacteria are dependent or independent of diet.

Discussion

The results of this systematic review present the
small body of literature that has studied the
microbiome of the neovagina. While few articles
directly compared techniques and many used dif-
ferent methodologies, some conclusions can be
drawn to compare the resultant microbiomes of
the techniques.
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Penile inversion vaginoplasty

Regarding PIV, most studies found a low preva-
lence of Lactobacillus, and thus dissimilarity
from the normal cisvagina, and instead found
bacterial populations more similar to the skin,
intestine, and cisvagina with bacterial vaginosis
(Birse et al., 2020; Grosse et al., 2017; Kaufmann
et al., 2014; Weyers et al., 2009; 2010). However,
studies using more advanced detection methods
and specifically searching for the presence of
Lactobacillus  found greater presence of
Lactobacillus, implying that while it may not be
present in as high abundance as in the cisva-
gina, it is still able to survive in the PIV neova-
gina (Petricevic et al., 2014a, 2014b). The only
prospective trial in the review demonstrated that
oral probiotic supplementation can improve the
abundance of Lactobacillus in the neovagina
(Kaufmann et al., 2014). This finding is corrob-
orated by similar research in premenopausal and
postmenopausal CW demonstrating that oral
probiotic supplementation can also improve
Lactobacillus presence in cisvaginas (Petricevic
et al., 2008; Reid et al., 2003).

Intestinal vaginoplasty

Regarding intestinal vaginoplasty, most studies
demonstrated that the neovagina retains a simi-
lar pH and flora as the colon in situ (Kim et al.,
2011; Toolenaar et al., 1993; van der Sluis et al,,
2019). The lower total bacteria counts and slight
differences in bacterial populations highlight the
effect of diet on the bacterial composition of the
microbiome (Toolenaar et al., 1993; van der
Sluis et al., 2019). Two studies reported the
presence of Lactobacillus, though only in a
minority of patients (Grosse et al, 2017;
Toolenaar et al, 1993). While both techniques
(PIV and intestinal) have been demonstrated
to create functional neovaginas that harbor
diverse bacterial populations, including some
Lactobacillus, neither seem to be inherently con-
ducive to supporting a Lactobacillus-predominant
microbiome. Future research could explore
whether oral probiotics could similarly improve
the presence of Lactobacillus in intestinal neova-
ginas, as they have been shown to do in PIV
neovaginas.
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Cleaning regimens

While maintenance habits of the neovagina were
not the primary focus of this review, a minority of
the included articles discussed cleaning regimens
of the neovagina (Birse et al., 2020; van der Sluis
et al, 2019; Weyers et al, 2009). Cleaning the
neovagina, which also may be referred to as rins-
ing, washing, or douching, is an important compo-
nent of neovaginal care that is not required of the
cisvagina. Cleaning protocols discussed in the
review articles included the use of different prod-
ucts, such as an iodine solution, low pH lactic acid
serum, body douche gel, and tap water (van der
Sluis et al, 2019; Weyers et al, 2009). Only one
study published a detailed protocol of their pre-
ferred post-operative cleaning schedule (van der
Sluis et al., 2019). In another study, the authors
found that the type of cleaning product was not
associated with the composition of the microbi-
ome, pH, or malodorous discharge (Weyers et al.,
2009). Beyond the studies of the review, some
authors have emphasized the importance of rins-
ing in the setting of symptomatic bacterial dysbio-
sis and wound dehiscence (van der Sluis et al.,
2020). The preferred cleaning protocol of the
senior author (AH) involves alternating use of
diluted vinegar, salt, betadine, and/or probiotic
solutions, depending on the presence or absence of
granulation tissue, time from surgery, and amount
or characteristics of vaginal discharge. In the pres-
ence of copious, thick vaginal secretions that are
resistant to changes in the cleaning regimen, a
course of oral antibiotics, such as Flagyl
(Metronidazole), can be used. To the best of our
knowledge, there has been no published direct
comparison of vaginoplasty cleaning protocols.
Cleaning protocols seem to be largely anecdotal
and surgeon- or institution-dependent, and further
research may be warranted in this area to deter-
mine the effect of cleaning protocols on the com-
position of the neovaginal microbiome.

Estrogen replacement therapy

The use of estrogen replacement therapy (ERT),
through oral, transdermal, or intravaginal deliv-
ery, could also play a role in the composition of
the microbiome of the neovagina. ERT has been

demonstrated to improve Lactobacillus coloniza-
tion and reduce the risk of bacterial vaginosis in
post-menopausal CW (Heinemann & Reid, 2005).
Four of the included studies reported the use of
ERT (Weyers et al., 2009, Weyers et al, 2010,
Grosse et al., 2017, Birse et al., 2020). Only one
study specified the delivery method as transder-
mal (Birse et al., 2020), and it is likely that the
patients in the other studies were taking oral
ERT. None reported the use of intravaginal ERT.
Some authors found an association between ERT
and the presence of nucleated squamous cells,
while others did not (Grosse et al., 2017, Weyers
et al,, 2010). ERT was also not associated with
inflammatory cells or BV (Weyers et al., 2010),
although these results are limited because most
study participants were using ERT. In two of the
studies, ERT use was reported, but no compari-
sons were made between participants who were
and were not using estrogen (Weyers et al., 2009,
Birse et al., 2020). Thus, there is limited evidence
regarding the effect of ERT on the neovagina,
and no studies have specifically evaluated the
effect of intravaginal estrogen. One study has
reported that intravaginal estrogen improved
Lactobacillus colonization in the vaginas of trans-
gender men (Winston McPherson et al, 2019).
Thus, future research efforts may aim to deter-
mine whether there is a role for intravaginal
estrogen in improving the flora of the TW
neovagina.

Future directions

While the research included in this review has
begun to contribute to the understanding of the
neovaginal microbiome, it is evident that more
work needs to be done to better understand it.
The microbiome of the neovagina is associated
with its origin tissue, which produces a microbi-
ome dissimilar from the cisvagina. Thus, the care
of the neovagina, including hygiene and prevent-
ing infection, cannot be assumed to be similar to
the cisvagina. As recommended by the SOC 8, it
is important that patients who undergo vagino-
plasty receive appropriate follow up care with
either their primary surgeon, or with a gynecolo-
gist or primary care provider that provides
gender-affirming care (Coleman et al., 2022).



Ongoing care allows for the detection of early
complications and prompt management, as well
as the opportunity for research. Future research
could explore the effect of different post-surgical
interventions, such as cleaning, intravaginal estro-
gen, and probiotics, on the health of different
types of neovaginas.

Many patients with neovaginas belong to the
LGBTQ+community, a population which has
been historically underserved both in medical
care and medical research (Baldwin et al., 2018;
Howard et al., 2019; Matthews et al., 2018). There
has been a call-to-action for increased study in
this specific area by the transgender population,
as evidenced by a recent editorial titled “The
Neglected Science of Neovaginas,” (Pearlman,
2021) and the creation of the TransBiome project,
a crowd-funded study based at Université de
Paris that seeks to study the bacterial diversity
of neovaginas and directly compare different
surgical techniques and post-operative protocols
(Transbiome: ~ Understanding  the  neovaginal
microbiome of transwomen). The scientific com-
munity should heed this call by continuing to
increase access to gender-affirming care and
research efforts that benefit both transgender
women with neovaginas and the LGBTQ + com-
munity at large.

Conclusion

The microbiome of the neovagina varies based
on surgical technique. Bacterial composition is
related to the origin of the neovaginal lining. PIV
neovaginas harbor complex microbiomes consist-
ing of bacteria found on skin, in the rectum, and
cisvaginas with bacterial vaginosis, while the
microbiome of intestinal neovaginas share more
similarities with the colorectum. Oral probiotic
supplements may be able to encourage the growth
and future survival of Lactobacillus in the neova-
gina, although further study is warranted. The
effects of estrogen replacement therapy and dif-
ferent cleaning protocols on the neovagina are
not well established and may be worthy topics for
future research inquiry. Through these efforts, we
can contribute to the scientific knowledge of the
neovagina and different vaginoplasty techniques,
further elucidate the interactions between skin,
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the gut, and the vaginal microbiomes, and
improve patient care for all patients with
neovaginas.

Disclosure statement

The authors declare that they have no conflicts of interest
and there are no competing interests to declare.

Ethical approval

This article does not contain any studies with human par-
ticipants or animals performed by any of the authors.

Funding

No funding was received for the preparation of this article.

ORCID

Jenna R. Stoehr
Civanni Moss

http://orcid.org/0000-0002-2152-2233
http://orcid.org/0000-0002-0276-9433
Hamidian Jahromi A (©) http://orcid.org/0000-0002-7585-847X

References

Amabebe, E., & Anumba, D. O. C. (2018). The vaginal mi-
croenvironment: The physiologic role of lactobacilli.
Frontiers in Medicine, 5, 181. https://doi.org/10.3389/
fmed.2018.00181

Antonio, M. A., Rabe, L. K, & Hillier, S. L. (2005). 1)
Colonization of the rectum by Lactobacillus species and de-
creased risk of bacterial vaginosis. The Journal of Infectious
Diseases, 192(3), 394-398. https://doi.org/10.1086/430926

Baldwin, A., Dodge, B., Schick, V. R., Light, B., Scharrs, P.
W, Herbenick, D., & Fortenberry, J. D. (2018).
Transgender and genderqueer individuals’ experiences
with health care providers: What's working, what’s not,
and where do we go from here? Journal of Health Care
for the Poor and Underserved, 29(4), 1300-1318. https://
doi.org/10.1353/hpu.2018.0097

Birse, K. D., Kratzer, K, Zuend, C. E, Mutch, S,
Noel-Romas, L., Lamont, A., Abou, M., Jalil, E., Veloso,
V., Grinsztejn, B., Friedman, R. K., Broliden, K., Bradley,
E, Poliquin, V., Li, E, Yanavich, C., Burgener, A., &
Aldrovandi, G. (2020). The neovaginal microbiome of
transgender women post-gender reassignment surgery.
Microbiome, 8(1), 61. https://doi.org/10.1186/
s40168-020-00804-1

Coleman, E., Radix, A. E., Bouman, W. P, Brown, G. R,, de
Vries, A. L. C., Deutsch, M. B., Ettner, R., Fraser, L.,
Goodman, M., Green, J., Hancock, A. B., Johnson, T. W,,
Karasic, D. H., Knudson, G. A., Leibowitz, S. F,
Meyer-Bahlburg, H. E L., Monstrey, S. J., Motmans, ]J.,


https://doi.org/10.3389/fmed.2018.00181
https://doi.org/10.3389/fmed.2018.00181
https://doi.org/10.1086/430926
https://doi.org/10.1353/hpu.2018.0097
https://doi.org/10.1353/hpu.2018.0097
https://doi.org/10.1186/s40168-020-00804-1
https://doi.org/10.1186/s40168-020-00804-1

632 J.R.STOEHRET AL.

Nahata, L., L. M., West, ... Arcelus, J. (2022). Standards
of Care for the Health of Transgender and Gender
Diverse People, Version 8. International Journal of
Transgender Health, 23(Suppl 1), S1-5259. https://doi.org/
10.1080/26895269.2022.2100644

Collins, E. B., & Aramaki, K. (1980). Production of hydro-
gen peroxide by Lactobacillus acidophilus. Journal of
Dairy Science, 63(3), 353-357. https://doi.org/10.3168/jds.
$0022-0302(80)82938-9

Dietrich, J. E. (2022). Review of surgical neovagina tech-
niques and management of vaginal stricture. Journal of
Pediatric and Adolescent Gynecology, 35(2), 121-126.
https://doi.org/10.1016/j.jpag.2021.10.001

El Aila, N. A., Tency, I, Claeys, G., Verstraelen, H.,
Saerens, B., Santiago, G. L., De Backer, E., Cools, P,
Temmerman, M., Verhelst, R.,, & Vaneechoutte, M.
(2009). Identification and genotyping of bacteria from
paired vaginal and rectal samples from pregnant wom-
en indicates similarity between vaginal and rectal mi-
croflora. BMC Infectious Diseases, 9(1), 167. https://
doi.org/10.1186/1471-2334-9-167

Grosse, A., Grosse, C., Lenggenhager, D., Bode, B,
Camenisch, U., & Bode, P. (2017). Cytology of the neova-
gina in transgender women and individuals with congen-
ital or acquired absence of a natural vagina. Cytopathology:
Official Journal of the British Society for Clinical Cytology,
28(3), 184-191. https://doi.org/10.1111/cyt.12417

Heinemann, C., & Reid, G. (2005). Vaginal microbial diversity
among postmenopausal women with and without hormone
replacement therapy. Canadian Journal of Microbiology,
51(9), 777-781. https://doi.org/10.1139/w05-070

Horbach, S. E., Bouman, M. B., Smit, J. M., Ozer, M.,
Buncamper, M. E., & Mullender, M. G. (2015). Outcome
of vaginoplasty in male-to-female transgenders: A sys-
tematic review of surgical techniques. The Journal of
Sexual Medicine, 12(6), 1499-1512. https://doi.org/10.1111/
jsm.12868

Howard, S. D., Lee, K. L., Nathan, A. G., Wenger, H. C,
Chin, M. H., & Cook, S. C. (2019). Healthcare experienc-
es of transgender people of color. Journal of General
Internal ~ Medicine, 34(10), 2068-2074. https://doi.
org/10.1007/s11606-019-05179-0

Kaufmann, U, Domig, K. J., Lippitsch, C. L, Kraler, M,
Marschalek, J., Kneifel, W., Kiss, H., & Petricevic, L. (2014).
Ability of an orally administered lactobacilli preparation to
improve the quality of the neovaginal microflora in male
to female transsexual European  Journal of
Obstetrics, Gynecology, and Reproductive Biology, 172, 102-
105. https://doi.org/10.1016/j.ejogrb.2013.10.019

Kim, S. K, Jeong, J. O., Kwon, Y. S,, Lee, K. C,, Park, K. J,
& Jung, G. (2011). Laparoscopic rectosigmoid flap vagino-
plasty. Journal of Plastic Surgery and Hand Surgery, 45(4-5),
226-231. https://doi.org/10.3109/2000656X.2011.613649

Manrique, O. J., Adabi, K., Martinez-Jorge, J., Ciudad, P,
Nicoli, F, & Kiranantawat, K. (2018). Complications and
patient-reported i
vaginoplasty-where we are today: A systematic review

women.

outcomes in male-to-female

and meta-analysis. Annals of Plastic Surgery, 80(6), 684-
691. https://doi.org/10.1097/SAP.0000000000001393

Matthews, A. K., Rak, K. Anderson, E. Bostwick, W,
Ramirez-Valles, J., Ruiz, R. A., Macapagal, K., Watson, K.
S., Jeremiah, R. D., Castillo, A.,, & Choure, W. (2018).
White paper from a CTSA workshop series on special
and underserved populations: Enhancing investigator
readiness to conduct research involving LGBT popula-
tions. Journal of Clinical and Translational Science, 2(4),
193-200. https://doi.org/10.1017/cts.2018.317

McNair, P, & Lewis, G. (2012). Levels of evidence in med-
icine. International Journal of Sports Physical Therapy,
7(5), 474-481.

McQuillan, S. K., & Grover, S. R. (2014). Dilation and sur-
gical management in vaginal agenesis: A systematic re-
view. International Urogynecology Journal, 25(3), 299-311.
https://doi.org/10.1007/s00192-013-2221-9

Nugent, R. P, Krohn, M. A., & Hillier, S. L. (1991).
Reliability of diagnosing bacterial vaginosis is improved
by a standardized method of gram stain interpretation.
Journal of Clinical Microbiology, 29(2), 297-301. https://
doi.org/10.1128/jcm.29.2.297-301.1991

Pearlman, A. (2021). The Neglected Science of Neovaginas.
Neo.Life. https://neo.life/2021/10/the-neglected-science-of-
neovaginas/

Petricevic, L., Domig, K. J., Nierscher, E ], Krondorfer, I,
Janitschek, C., Kneifel, W., & Kiss, H. (2012). Characterisation
of the oral, vaginal and rectal Lactobacillus flora in healthy
pregnant and postmenopausal women. European Journal of
Obstetrics, Gynecology, and Reproductive Biology, 160(1), 93—
99. https://doi.org/10.1016/j.ejogrb.2011.10.002

Petricevic, L., Kaufmann, U, Domig, K. J., Kraler, M,
Marschalek, J., Kneifel, W., & Kiss, H. (2014a). Molecular
detection of Lactobacillus species in the neovagina of
male-to-female transsexual women. Scientific Reports, 4,
3746. https://doi.org/10.1038/srep03746

Petricevic, L., Kaufmann, U, Domig, K. J., Kraler, M,
Marschalek, J., Kneifel, W.,, & Kiss, H. (2014b). Rectal
Lactobacillus species and their influence on the vaginal
microflora: A model of male-to-female transsexual wom-
en. The Journal of Sexual Medicine, 11(11), 2738-2743.
https://doi.org/10.1111/jsm.12671

Petricevic, L., Unger, E M., Viernstein, H., & Kiss, H.
(2008). Randomized, double-blind, placebo-controlled
study of oral lactobacilli to improve the vaginal flora of
postmenopausal women. European Journal of Obstetrics,
Gynecology, and Reproductive Biology, 141(1), 54-57.
https://doi.org/10.1016/j.ejogrb.2008.06.003

Reid, G., Charbonneau, D., Erb, ], Kochanowski, B.,
Beuerman, D., Poehner, R., & Bruce, A. W. (2003). Oral
use of Lactobacillus rhamnosus GR-1 and L. fermentum
RC-14 significantly alters vaginal flora: Randomized,
placebo-controlled trial in 64 healthy women. FEMS
Immunology and Medical Microbiology, 35(2), 131-134.
https://doi.org/10.1016/50928-8244(02)00465-0

Toolenaar, T. A., Freundt, 1., Wagenvoort, ]. H., Huikeshoven,
E J., Vogel, M., Jeekel, H., & Drogendijk, A. C. (1993).


https://doi.org/10.1080/26895269.2022.2100644
https://doi.org/10.1080/26895269.2022.2100644
https://doi.org/10.3168/jds.S0022-0302(80)82938-9
https://doi.org/10.3168/jds.S0022-0302(80)82938-9
https://doi.org/10.1016/j.jpag.2021.10.001
https://doi.org/10.1186/1471-2334-9-167
https://doi.org/10.1186/1471-2334-9-167
https://doi.org/10.1111/cyt.12417
https://doi.org/10.1139/w05-070
https://doi.org/10.1111/jsm.12868
https://doi.org/10.1111/jsm.12868
https://doi.org/10.1007/s11606-019-05179-0
https://doi.org/10.1007/s11606-019-05179-0
https://doi.org/10.1016/j.ejogrb.2013.10.019
https://doi.org/10.3109/2000656X.2011.613649
https://doi.org/10.1097/SAP.0000000000001393
https://doi.org/10.1017/cts.2018.317
https://doi.org/10.1007/s00192-013-2221-9
https://doi.org/10.1128/jcm.29.2.297-301.1991
https://doi.org/10.1128/jcm.29.2.297-301.1991
https://neo.life/2021/10/the-neglected-science-of-neovaginas/
https://neo.life/2021/10/the-neglected-science-of-neovaginas/
https://doi.org/10.1016/j.ejogrb.2011.10.002
https://doi.org/10.1038/srep03746
https://doi.org/10.1111/jsm.12671
https://doi.org/10.1016/j.ejogrb.2008.06.003
https://doi.org/10.1016/S0928-8244(02)00465-0

Bacterial flora of the sigmoid neovagina. Journal of
Clinical Microbiology, 31(12), 3314-3316. https://doi.
org/10.1128/jcm.31.12.3314-3316.1993

van der Sluis, W. B, Bouman, M. B.,, Mullender, M. G,
Degen, M. C., Savelkoul, P. H. M., Meijerink, W., de
Boer, N. K. H., van Bodegraven, A. A., & Budding, A. E.
(2019). The effect of surgical fecal stream diversion of the
healthy colon on the colonic microbiota. European Journal
of Gastroenterology & Hepatology, 31(4), 451-457. https://
doi.org/10.1097/MEG.0000000000001330

van der Sluis, W. B,, de Haseth, K. B., Elfering, L., Ozer, M,
Smit, J. M., Budding, A. E, van Bodegraven, A. A,
Buncamper, M. E., de Boer, N. K. H.,, Mullender, M. G., &
Bouman, M. B. (2020). Neovaginal discharge in transgender
women after vaginoplasty: A diagnostic and treatment algo-
rithm. International Journal of Transgender Health, 21(4),
367-372. https://doi.org/10.1080/26895269.2020.1725710

INTERNATIONAL JOURNAL OF TRANSGENDER HEALTH 633

Weyers, S., Lambein, K., Sturtewagen, Y., Verstraelen, H.,
Gerris, J., & Praet, M. (2010). Cytology of the ‘penile’
neovagina in transsexual women. Cytopathology:
Official Journal of the British Society for Clinical
Cytology, 21(2), 111-115. https://doi.
org/10.1111/j.1365-2303.2009.00663.x

Weyers, S., Verstraelen, H., Gerris, J., Monstrey, S., dos
Santos Lopes Santiago, G., Saerens, B.,, De Backer, E.,
Claeys, G., Vaneechoutte, M., & Verhelst, R. (2009).
Microflora of the penile skin-lined neovagina of transsex-
ual women. BMC Microbiology, 9(1), 102. https://doi.
org/10.1186/1471-2180-9-102

Winston McPherson, G., Long, T., Salipante, S. J., Rongitsch,
J. A., Hoffman, N. G., Stephens, K., Penewit, K., &
Greene, D. N. (2019). The vaginal microbiome of trans-
gender men. Clinical Chemistry, 65(1), 199-207. https://
doi.org/10.1373/clinchem.2018.293654


https://doi.org/10.1128/jcm.31.12.3314-3316.1993
https://doi.org/10.1128/jcm.31.12.3314-3316.1993
https://doi.org/10.1097/MEG.0000000000001330
https://doi.org/10.1097/MEG.0000000000001330
https://doi.org/10.1080/26895269.2020.1725710
https://doi.org/10.1111/j.1365-2303.2009.00663.x
https://doi.org/10.1111/j.1365-2303.2009.00663.x
https://doi.org/10.1186/1471-2180-9-102
https://doi.org/10.1186/1471-2180-9-102
https://doi.org/10.1373/clinchem.2018.293654
https://doi.org/10.1373/clinchem.2018.293654

	The microbiome of the neovagina: a systematic review and comparison of surgical techniques
	ABSTRACT
	Introduction
	Microbiota of the cisvagina

	Methods
	Results
	Penile inversion vaginoplasty
	Intestinal vaginoplasty

	Discussion
	Penile inversion vaginoplasty
	Intestinal vaginoplasty
	Cleaning regimens
	Estrogen replacement therapy
	Future directions

	Conclusion
	Disclosure statement
	Ethical approval
	Funding
	ORCID
	References


