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There is a general opinion that penile skin lined neovagina of transsexual women is not able to support the
growth of lactobacilli. This study was undertaken to prove if lactobacilli strains could survive in neovagina
and to characterise the most dominant Lactobacillus species. Sixty three male-to-female transsexual women
without abnormal vaginal discharge, clinical signs of infection were recruited on an ongoing basis from
among transsexual outpatients in an academic research institution and tertiary care centre. Neovaginal
smears were taken for molecular Lactobacillus spp. profiling by denaturing gradient gel electrophoresis
(PCR–DGGE). Lactobacillus species were detected from 47/63 transsexual women (75%). The 279
Lactobacillus signals detected by PCR-DGGE technique belonged to 13 different species. Lactobacilli of the
L. delbrueckii group (L. gasseri, L. crispatus, L. johnsonii, L. iners, L. jensenii) were predominant. More than
90% of women harboured a combination of two or more neovaginal Lactobacillus species. In this study we
report the frequent occurrence of lactobacilli from neovagina of transsexual women. Both, frequency and
composition were similar to the normal lactic acid bacterial microflora in both women of reproductive age
and postmenopausal women.

L
actobacilli as bacterial symbionts constitute the predominant organisms of a normal vaginal microflora. They
have the ability to adhere to vaginal epithelia, inhibit the adhesion and growth of pathogens, deplete nutrients
otherwise available to pathogens, and modulate the host immune response and microenvironment1,2. Burton

et al.3 and Reid et al.4 have shown Lactobacillus crispatus, L. jensenii, and L. iners to be the most common vaginal
species. Vásquez et al.5 and Antonio et al.6 found L. jensenii, L. crispatus, and L. gasseri to be the predominant
Lactobacillus species in the vagina. In our recent study7, L. casei, L. paracasei, L. jensenii, and L. iners were the most
frequently occurring species in the vaginas of postmenopausal women, with the vaginal microflora dominated by
either a single or a combination of two Lactobacillus species.

The neovagina of transsexual women is a relatively new microbial research field, and information on its
characteristics is scarce8,9. The transsexual neovagina is a skin-lined cavity without mucosa that does not com-
municate with internal pelvic organs. Considering relatively constant neutral pH, cyclic shifts in flora as a
response to monthly hormone cycles, would not be expected. The physiology and pathophysiology of the
neovagina, while still lacking in evidence, is certainly different than that of a natal vagina. However, understand-
ing the microfloral composition could be an important prerequisite for the follow-up of transsexual women.
Based on Gram stain, the majority of smears revealed a mixed microflora of aerobe and anaerobe species usually
found on the skin, in the intestinal microflora, or in bacterial vaginosis (BV) and contained various amounts of
cocci as well as polymorphous Gram-negative and Gram-positive rods8,9. lactobacilli were found in only up to 4%
of transsexual women8,9. PCR-DGGE (Denaturing gradient gel electrophoresis) detection of lactobacilli species in
transsexual women has not yet been performed.

There is a general opinion that penile skin lined neovagina is not able to support the growth of lactobacilli. In
this study we used PCR-DGGE, a technique capable of detecting even difficult or not culturable bacteria, to assess
the prevalence and characterise Lactobacillus species colonizing the neovagina of transsexual women.

Results
Between April 2011 and December 2011, a total of 63 male-to-female transsexual women of Caucasian origin
were included in this study. The mean age of the participants was 41.2613.1 years, mean height was
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176.566.4 cm, mean weight was 82.3619.9 kg, and mean interval
since sex reassignment surgery (SRS) was 5.264.8 years.

Using a PCR-DGGE based detection and identification strategy
based on the primers Lac1-f and Lac-2r, it was possible to detect
Lactobacillus species, which are difficult to detect or not detectable
by cultural methods. In 75% (47 from 63) male to female transsexual a
total of 279 Lactobacillus signals (DNA bands) presumptively corres-
ponding to members of the Genus Lactobacillus were recognized.
They belonged to 13 different species and the most frequently
detected Lactobacillus species were L. gasseri (n538), L. crispatus
(n536), L. johnsonii (n535), and L. iners (n535) (Figure 1). More
than 90% of the 47 Lactobacillus - positive women harboured two or
more species. Around 60% of transsexual women harboured the spe-
cies L. gasseri, L. crispatus, L. johnsonii and L. iners at the same time.

Discussion
Previous studies have reported that the penile skin lined neovagina of
transsexual women was dominated by a mixed microflora of aerobe
and anaerobe species with very limited number of lactobacilli8,9. Our
main research goal was to detect the lactobacilli from skin lined
neovagina of transsexual women using PCR-DGGE, as a technique
capable of detecting even difficult or not culturable bacteria and to
assess the frequency of the most common neovaginal Lactobacillus
strains in transsexual women. We verified that L. gasseri and L.
crispatus were the most frequently detected neovaginal species, fol-
lowed by L. johnsonii, L. iners, L. jensenii, and L. taiwanensis. The
neovaginal microflora of the 47 participants in whom lactobacilli
were detectable either contained a single or a combination of two
or more Lactobacillus species.

In their study of the neovaginal microflora of transsexual women,
Weyers et al. isolated lactobacilli in only 1 of 30 transsexual women
after culture on 5 different media and through identification of the
cultured isolates by tDNA-PCR8. The authors concluded that,
although transsexual women have serum oestradiol levels compar-
able to those of substituted postmenopausal women, the neovaginal
environment does not support the growth of lactobacilli. In another
report, Weyers et al.9 used microscopic analysis of neovaginal

cytology with papanicolaou (PAP) smear and found lactobacilli in
4% of transsexual women. In our study using a molecular detection
technique (PCR–DGGE), we verified lactobacilli in 75% of trans-
sexual women. The most important reason for these contradictory
data is the different methodologies applied. The lacking reliability of
cultural and phenotypic techniqes for the enumeration and species
identification obviously constitutes a major problem in character-
izing the vaginal Lactobacillus microbiota. Therefore molecular tools
are necessary to overcome the drawbacks of the cultural and pheno-
typical techniques.

There are no previous reports about the normal Lactobacillus
microflora of transsexual women. So far, data on what constitutes
a normal Lactobacillus microbiota is derived from studies in preg-
nant, postmenopausal, or non-pregnant sexually active women of
reproductive age3,13–15. Originally, the microbiota of healthy women
of childbearing age had been believed to be dominated by L. acid-
ophilus and L. fermentum, followed by L. brevis, L. jensenii, and L.
casei with all subgroups14, and other species. More recently, molecu-
lar methods have shown L. crispatus, L. jensenii, and L. iners to be the
most common isolates3,4. In our previous study13, L. crispatus and L.
gasseri were the most frequent species in the vagina of pregnant
women, followed by L. jensenii and L. rhamnosus.

To characterize the lactobacilli microbiota of transsexual women,
we used the taxonomy proposed by Felis et al.15 Our results are in
agreement with previous reports on the normal Lactobacillus micro-
flora of women13–15, with almost the same lactobacilli species of the L.
delbrueckii group (L. gasseri, L. crispatus, L. johnsonii, L. iners, L.
jensenii) predominating the neovaginal microflora of transsexual
women. Also, the current study applying PCR–DGGE showed that
more than 90% of the transsexual women harboured two or more
neovaginal Lactobacillus species. Surprisingly, about 25% of these
women even had up to 8 different Lactobacillus species at the same
time in neovagina. Referring to the applied analysis technique no
quantification of the detected single species is possible in the sense of
bacterial counts.

Reports about the absence of glycogen-rich epithelial cells and
Lactobacillus binding sites in the neovagina that are usually upregulated

Figure 1 | Diversity and frequency of Lactobacillus species observed in neovagina of lactobacilli positive woman (n547).
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by oestrogen in the normal vaginal mucosa8 open up a new dis-
cussion about the origin of lactobacilli in the penile skin lined
neovagina.

Some pathogenic bacteria infecting the female urogenital tract
emerge from the woman’s own intestinal microbiota ascending along
the perineum to the vagina. We assume the same mechanism in
transsexual women. Several bacterial species are known to colonise
both the gastrointestinal and the reproductive tracts. The rectum
may play an important role as a source of organisms that colonise
the vagina16, and the gut has been suggested as a reservoir for vaginal
colonisation by Lactobacillus spp., thereby contributing to the main-
tenance of a normal vaginal microbiota17,18. El AiIa et al.19 isolated the
same Lactobacillus species from both the vagina and the rectum in
37% of pregnant women. In our previous study7, 80% of pregnant
women and 40% of postmenopausal women had the same lactoba-
cilli species in both the vagina and rectum.

In summary, we assessed the prevalence and diversity of the
Lactobacillus species colonizing the neovagina of transsexual women
by molecular methods (PCR-DGGE). This research was undertaken
to prove if penile skin lined neovagina of transsexual women could
support the growth of lactic acid bacteria and not to explore the
clinical relevance of lactobacilli in transsexual women using men-
tioned diagnostic techniques. In contrast to previous reports on up to
4% of transsexual women harbouring neovaginal lactobacilli, we
found lactobacilli in 75% of women. Further investigations into the
possible recto-neovaginal connection are warranted to explain the
origin of lactobacilli in transsexual women with a penile skin linked
neovagina.

Methods
This observational study was performed after approval of the ethics committee of the
Medical University of Vienna (EK 982/2010) in accordance with the Declaration of
Helsinki and the guidelines for Good Clinical Practice. Informed consent was
obtained from all study participants prior to enrolment.

We observed male-to-female transsexual women without abnormal vaginal dis-
charge, clinical signs of infection, neoplasia, or bleeding who were recruited on an
ongoing basis from among transsexual outpatients of the Medical University of
Vienna during standard routine follow-up examinations. Transsexual women with
diarrhoea, constipation, rectal pathologies, including haemorrhoids, or urinary tract
infection and patients having received antibiotic therapy in the previous 4 weeks or
patients using vaginal probiotics were excluded from the study. All participants had
undergone sex reassignment surgery (SRS) using the inverted penile skin flap tech-
nique10 at least 1 year before enrolment. All transsexual women were treated
according to the Standards of Care of the World Professional Association of
Transgender Health (WPATH)11.

From each participant, a smear from both lateral walls of neovagina was taken,
transferred to transport medium (Copan innovation Italy), and sent to the University
of Natural Resources and Life Sciences, Vienna, for further processing. The smears
were examined by molecular profiling of lactobacilli using PCR-DGGE technique.
Bands with a migration pattern different from the marker bands were excised fol-
lowed by re-amplification and sequencing.

Examination of vaginal swabs. The cells of each swab were suspended in 1 ml sterile
phosphate buffered saline (PBS) for 1 minute and the suspension was directly used for
the extraction of bacterial DNA.

Bacterial strains and growth conditions. The DNA of the following bacterial type
strains was applied for the preparation of an marker ladder in the PCR-DGGE
analysis: L. plantarum (ATCC 14917), L. johnsonii (ATCC 33200), L. gasseri (ATCC
33323), L. jensenii (ATCC 25258), L. crispatus (ATCC 33820), L. salivarius subsp.
salivarius (ATCC 11741), L. paracasei subsp. paracasei (ATCC 25302), and L.
vaginalis (ATCC 49540). Lactobacilli were grown anaerobically (80% N2, 10% CO2,
10% H2) in MRS broth (Merck, Darmstadt, Germany) at 37uC. L. iners (LMG 19913)
was cultured on Columbia blood agar plates (PB0123, Oxoid, Wesel, Germany) under
microaerophilic conditions (GENbag microaer*, Biomérieux, Marcy l’Etoile, France)
and for 72 h at 37uC.

DNA extraction. The peqGOLD Bacterial DNA Kit (peqlab, Erlangen, Germany) kit
was used for the extraction of bacterial DNA. According to the instructions for Gram-
positive bacteria, the DNA was extracted from the overnight cultures of lactobacilli
and the swab suspensions described above.

Denaturing gradient gel electrophoresis (DGGE). Within the isolated DNA, a
specific region of the 16S rRNA gene was amplified by applying the primer
combination Lac1-f: 59-AGCAGTAGGGAATCTTCCA-39 and Lac2r: 59-ATTYCA

CCGCTACACATG-3912. A GC-clamp (59-CGC CCG GGG CGC GCC CCG GGC
GGC CCG GGG GCA CCG GGG G -39) was attached to the 59-end of the reverse
primer for the separation by denaturing gradient gel electrophoresis. The PCR
reactions were carried out in a Mastercycler (Eppendorf, Hamburg, Germany) in a
0.2 ml reaction tubes format. Each PCR reaction mixture consisted of 10 ml DNA
template, 1 ml of primer Lac1-f and Lac2r (10 pmol/ml for Lac1-f, 12.5 pmol/ml for
Lac2r), (Eurofins MWG Operon, Ebersberg, Germany) 2.5 ml 10x PCR buffer
(Finnzymes, Espoo, Finland), 0.5 ml dNTPs (10 mM, Carl Roth, Karlsruhe,
Germany), 0.5 ml Dynazyme DNA polymerase (2 U/ml; Finnzymes, Espoo, Finland),
and 9.5 ml sterile water. The amplification program was 95uC for 4 min, 35 cycles of
95uC for 30 s, 61uC for 40 s, 72uC for 1 min, and a final elongation step at 72uC for
5 min. The DCodeTM Universal Mutation Detection System (BioRad, Munich,
Germany) was applied for the DGGE according to the manufacturer’s instructions.
For the electrophoresis, an 8% polyacrylamide gel (37.551 acrylamide-bisacrylamide,
Serva, Heidelberg, Germany) with a denaturing gradient of 35%–55% formed by urea
and formamide was used. The gels were run in 1x TAE buffer at 60uC and 70 V for
16 hours. The separated bands were visualized by ethidium bromide staining,
identified by comparing the banding pattern to a ladder consisting of bands
originating from pure Lactobacillus type strains, and documented by digital
photography (BioRad Gel Doc XR1).

DNA sequence analysis. DGGE bands that differed from the DGGE-marker applied
for the identification were cut from the DGGE gel using a clean scalpel and incubated
overnight in 1x PCR buffer at 4uC. The following amplification was carried out using
the primers Lac1-f and Lac-2r (without GC-clamp)12. The PCR products obtained
were purified using the PCRExtract Mini Kit (5 Prime GmbH, Hamburg, Germany)
and sequenced (Eurofins MWG Operon, Ebersberg, Germany). The sequences were
analysed with the BLASTn tool (http://blast.ncbi.nlm.nih.gov). A minimum sequence
identity of 98% was chosen as criterion for species identification.

Statistics. Because this is the first study on lactobacilli isolation in transsexual women,
no historical estimates for sample size calculations were available. We included all
patients matching the inclusion criteria during one year. Demographic and
background information is summarized and displayed using descriptive statistical
techniques.

Main outcome measure. The main outcome measure was the molecularly detected
diversity of Lactobacillus species in the neovagina of male-to-female transsexual
women, including difficult to non-cultivable species.
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