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primarily polymicrobial and invasive and do not

contain biofilms
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BACKGROUND: The recent demonstration of a vaginal biofilm in
bacterial vaginosis and its postulated importance in the pathogenesis of
recurrent bacterial vaginosis, including relative resistance to therapy, has
led to the hypothesis that biofilms are crucial for the development of
vulvovaginal candidiasis. The histopathology and microbial architecture of
vulvovaginal candidiasis have not been previously defined; neither has
Candida, containing biofilm been reported in situ. The present study aimed
at clarifying the histopathology of vulvovaginal candidiasis including the
presence or absence of vaginal biofilm.

STUDY DESIGN: In a cross-sectional study, vaginal tissue biopsies
were obtained from 35 women with clinically, microscopically, and
culture-proven vulvovaginal candidiasis and compared with specimens
obtained from 25 healthy women and 30 women with active bacterial

vaginosis. Vaginal Candida infection was visualized using fluorescent in
situ hybridization with ribosomal gene—based probes.

RESULTS: Candida microorganisms were confirmed in 26 of 35 bi-
opsies obtained from women with vulvovaginal candidiasis; however,
Candida containing biofilm were not detected in any of the cases. Histo-
pathological lesions were exclusively invasive and accompanied by co-
invasion with Gardnerella or Lactobacillus species organisms.
CONCLUSION: Histopathological lesions of vulvovaginal candidiasis
are primarily invasive in nature and polymicrobial and do not resemble
biofilms. The clinical significance of Candida tissue invasion is unknown.

Key words: Atopobium, biofilm, Candida, Gardnerella, Lactobacillus
crispatus and iners, polymicrobial invasion, vulvovaginal candidiasis

ulvovaginal candidiasis (VVC),

specifically its recurrent form, is a
highly problematic and a common
clinical therapeutic challenge.' In clin-
ical practice the diagnosis is mainly
based on clinical signs and symptoms
and a typical picture apparent on wet
mount saline and 10% KOH
microscopy.

Candida by culture or polymerase
chain reaction validates clinical findings
but is not routinely obtained or justified.
Approximately 10—20% of asymptom-
atic healthy women harbor culturable
Candida sp. and other yeasts in the
vagina.’

The pathogenesis of acute VVC is
currently thought to reflect a micro-
biome imbalance or dysbiosis in the
vagina as well as an abnormal host
mucosal immune response to the
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Candida organism. The reasons for and
factors involved in the development of
dysbiosis are poorly understood. The
explanation as to why yeast that nor-
mally asymptomatically colonize the
vagina and can cause symptoms and
inflammation is controversial.™*

A more recent hypothesis includes a
switch from unstructured planktonic
yeast growth to biofilm formation that
facilitates transition from saprophytic to
pathogenic yeast behavior.” ” Poten-
tially, vaginal biofilm could explain acute
sporadic VVC or be more relevant in
recurrent VVC (RVVC) as a vaginal
reservoir for yeast organisms following
antifungal therapy and explain vaginal
recolonization. Indeed, planktonic and
biofilm forms of Candida seem to be
different entities. Candida-biofilms have
been demonstrated in a variety of
experimental conditions in vitro as well
as on prosthetic surfaces and endovas-
cular and urethral catheters in vivo.

As a result of growing interest in the
topic, numerous investigations have
been dedicated to unraveling factors
responsible for the development of
Candida biofilms.'°'> However, despite
the widespread belief and broad

acceptance of the possibility that
Candida biofilms are a critical factor in
VVC pathogenesis, we could find no
publication that actually demonstrates a
microscopic picture of the Candida
biofilm on the vaginal surface. The only
publication claiming Candida albicans
forms biofilms on the vaginal mucosa
exclusively includes pictures of smears
from vagina without vaginal epithe-
lium."” Confirmation of the presence of
Candida mucosal biofilm in vivo is thus
lacking.

Accordingly, we investigated the his-
topathology of VVC using fluorescent in
situ hybridization (FISH). Biopsies from
healthy women, women with bacterial
vaginosis (BV), and women with VVC
were comparatively investigated using
FISH probes specific for fungi and
bacteria.

Materials and Methods
Patients

The candidiasis group consisted of 35
randomly  selected  premenopausal
women with confirmed vulvovaginal
candidiasis (aged 19—37 years, mean 27
years), 25 women from Guangzhou,
China, and 10 women from the
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Why was this study conducted?

Biofilms are hypothesized as crucial for the development of vulvovaginal
candidiasis (VVC). We investigated vaginal biopsies from 35 women with VVC
using fluorescent in situ hybridization and compared with specimens from
healthy women and women with bacterial vaginosis.

Key findings

Contiguous Candida adherence was not detected in any of the cases or in con-
trols. Histopathological lesions in 26 of 35 biopsies from VVC were exclusively
invasive and accompanied by bacterial co-invasion. Lactobacilli (including
L. iners and L. crispatus), Gardnerella, and Atopobium were most frequently co-
invading.

What does this add to what is known?

Polymicrobial mucosal invasion is an unrecognized feature of Candida vaginitis.
Our results do not support lactobacilli being beneficial or protective. Different
from bacterial vaginosis, we found no biofilm elements in vaginal biopsies ob-

tained from women with VVC.

Friedrichhain Hospital in Berlin, Ger-
many. Five women from Berlin and 8
from China had RVVC, and all others
had sporadic VVC.

The diagnosis was based on the clin-
ical appearance and microscopic evalu-
ation of smears and culture. None of the
women received antifungal treatment for
2 months prior to the investigation. In
the candidiasis group, FISH-performing
researches were not blinded to group
diagnosis, but the investigators were not
aware of individual data including re-
sults of culture, swab investigations, and
clinical course.

Material from paraffin-embedded bi-
opsies from 25 healthy women (aged
20—35 years, mean 26.4 years) investi-
gated for routine care and 30 women
with bacterial vaginosis (aged 18—40
years, mean 27.2 years) served as con-
trols. All women in control groups were
premenopausal. These materials had
been preserved from previous studies
on Dbacterial vaginosis (BV) and
described.'*"”

Biopsies of about 3—5 mm diameter
were taken from the middle side wall of
the vagina with biopsy forceps (No. ER
058 R; Schubert, Aesculap, Tuttlingen,
Germany) and fixated with modified
nonaqueous Carnoy solution (6/1/2
volume ethanol/glacial acetic acid/
chloroform). The fixated materials could

be stored in Carnoy at room temperature
for up to 6 months. Usually the time
used was convenient for the investigated
subject and laboratory staff. Carnoy-
fixated material was processed and
embedded into paraffin blocks using
standard techniques.
Four-micrometer-thick sections were
placed on Super Frost plus slides
(R. Langenbrinck, Emmendingen, Ger-
many). Sections of vaginal biopsies were
hybridized with ribosomal RNA—based
FISH probes specific for all bacteria,

Gardnerella cluster, Atopobium cluster,
lactobacilli, Lactobacillus iners and
Lactobacillus crispatus, all yeasts, and
Candida albicans (Table 1).

All hybridizations were performed at
50°C wusing a protocol described
previously.'

A Nikon e600 fluorescence micro-
scope was used. The images were pho-
todocumented with a Nikon DXM
1200F color camera and software
(Nikon, Tokyo, Japan).

The study was reviewed and approved
by the Institutional Review Board of
Jinan University.

Results

Hybridizations signals positive for yeasts
were detected in biopsies from 26 of 35
women with VVC/RVVC. No yeasts were
observed in the healthy group and the
BV group, regardless of the protocol
used (Figure 1).

Within the candidiasis group, signals
were positive for Candida albicans in 18
women, and 8 further samples were
negative for Candida albicans but were
hybridized with the universal for most
yeasts PF2 probe (Table 2 and
Figures 2—6). The histological patterns
of candidiasis were identical in both
sporadic as recurrent VVC.

We found no yeast in the biopsies of
9 women from the VVC group (5 from
China and 3 from Berlin). This could

TABLE 1

Applied FISH probes

Probe name Sequence 5'—3' Target organism RNA values

Eub 338 GCT GCC TCC CGT AGG AGT Most bacteria 16S rRNA

Gard 662 CCA CCG TTA CAC CGC GAA Gardnerella cluster 16S rRNA

Liner23-2 CTG CTC ACC TAS TTT CCG G Lactobacillus iners 23S rRNA

Lab158 GGT ATT AGC A(T/C)C TGT TTC CA  Lactobacillus sp 16S rRNA
Enterococcus sp

Lcrisp16-1 CGT CAT TAC CGA AGT AAA TCT GT  Lactobacillus crispatus ~ 16S rRNA

At0291 GGT CGG TCT CTC AAC CC Atopobium cluster 16S rRNA

Fungi

Caal GCC AAG GCT TATACT CGC T Candida albicans 18S rRNA

PF2 CTC TGG CTT CAC CCTATT C Most yeasts 18S rRNA

rRNA, ribosomal RNA.
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FIGURE 1
Mucosa and biofilms

A, Biopsy from a healthy woman, Eub 338 Cy3 x 400, (all bacteria, yellow fluorescence). The
surface of the healthy vaginal epithelium is free from adherent bacteria. B, Biopsy from a woman with
bacterial vaginosis, multicolor hybridization x 1000, Lab Cy3 (lactobacilli, yellow fluorescence) and
Gard Cy5 (Gardnerella, dark red). Bacteria build a prolific, highly concentrated biofilm on the surface
of the vaginal epithelium. There is no infiltration of the epithelium.

Swidsinski et al. Vulvovaginal candidiasis: a histopathologic study. Am J Obstet Gynecol 2019.

be due to the nonuniform fungal in-
vasion over the epithelial surface,
with  some  regions remaining
uninvolved as demonstrated in
Figure 3 (al—a3).

All fungal cells detected by hybridiza-

hyphae penetrating more or less deeply
into the epithelial surface of the biopsy
(Figures 2—6) and leaving some of the
biopsy areas completely free (Figure 3
[al—a3]. The invasive character of the
infection was especially well seen when

4',6'-diamino-2-phenylindole ~ (DAPI)
counterstained, revealing all eukaryotic
cells (Figures 2—6).

Occasionally single fungal cells or
blastospores could be seen in slime-
covering  biopsies; however, a
fungal biofilm embedded in its own

extracellular matrix was never
observed.
Fungal infiltration was always

accompanied by co-invasion with bac-
terial components. Bacteria were either
evenly distributed over the depth of the
fungal invasion (typical for Gardnerella
and some lactobacilli, 18 cases total) or
concentrated at the forefront of the
fungal invasion (Lactobacillus iners co-
invasion, Figure 5 and 6, 8 cases total).

Co-invading bacteria were poly-
microbial, representing a broad spectrum
of wvaginal microbiota. Lactobacilli,
Gardnerella, and Atopobium were most
frequently seen. Gardnerella was always
associated either with considerable
amounts of lactobacilli ranging from 10°
to 10" (80%) and/or Atopobium (60%).
A high concentration of lactobacilli could
accompany the fungal invasion in the
absence of Gardnerella or Atopobium.
(Figures 5 and 6).

Co-infiltrating lactobacilli were often
but not exclusively represented by
Lactobacillus iners (Table 1).

Comment

Many excellent reviews are dedicated to
different aspects of  Candida
research.” >”*'>  Our perception of
VVC is based only on interpretation of

tion were mainly invasive, with variable fungal fluorescence hybridization was indirect indices: epidemiology of
TABLE 2
Histopathological findings
Infiltration by  Nonadherent Lab158
Superficial ~ fungi plus microorganisms  Candidal Gard 662 Ato291 (without
Variables biofilms bacteria in slime only other fungi  Garanerella  Afopobium  Gard or Ato) L. iners
WC (n = 35) 0 26% 2 18/8 10 6 19(9) 11
BV (n = 30) 30 0 0 0 30 25 21 (0) 12
Healthy (n = 25) 1 0 9 0 3 0 9(8) 3
Ato, Atopobium; BV, bacterial vaginosis; FISH, fluorescent in situ hybridization; Gard, Gardnerella; VWC, vulvovaginal candidiasis.
2 The fungal invasion was always accompanied by bacterial coinfiltration as detected with the Eub 338 FISH probe, which represents all bacteria. Such a bacterial coinfiltration is characteristic for VWG
and never occurred in healthy women or in BV. Gardnerella, even when highly concentrated, accompanied Candida in VC but did not build a characteristic biofilm as seen in BV.
Swidsinski et al. Vulvovaginal candidiasis: a histopathologic study. Am ] Obstet Gynecol 2019.
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FIGURE 2
Examples of Candida invasion

Biopsies from 5 women with vulvovaginal Candidiasis Caal Cy3 (Candida, yellow fluorescence) demonstrating different grades of infiltration of the vaginal
epithelium by Candida without adjacent adherent biofilms or components. The infiltration is particularly well seen by counterstaining of the vaginal tissues
with DAPI (blue fluorescence of the human tissue). Magnification, x 1000 (A); <400 (B, D, and E); x 100 (C).

DAPI, 4’ 6'-diamino-2-phenylindole.
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colonization and disease, macroscopic
appearance of lesions, symptoms,
investigation of vaginal smears using
microscopy, culture or molecular genetic
identification of microorganisms, and
simulation of infection/colonization
in vitro and in experimental animal
models.

This is the first study that directly vi-
sualizes Candida microorganisms in
vaginal biopsies, and the results sub-
stantially contradict widespread as-
sumptions. We found no biofilm

elements in vaginal biopsies obtained
from women with VVC. Results were
identical in women with acute sporadic
or recurrent VVC.

This is in contrast to biofilms seen in
bacterial vaginosis. Moreover, Candida
cells on the surface were single, non-
confluent, and what is most important
nonadherent to the vaginal epithelium.
This cannot be explained by processing
sample biases.

Carnoy solution, which we used for
fixation of the biopsy samples,

91.e4 American Journal of Obstetrics & Gynecology JANUARY 2019

demonstrated its high efficiency in pre-
serving biofilms and even bacteria-free
slime on different mucosal surfaces.'”
However, in appropriate and represen-
tative specimens obtained in VVC, we
were unable to detect any contiguous
Candida layer on the mucosal or
epithelial surface. It is possible that the
cementing properties of the extracellular
matrix, which is produced by Candida, is
very low, unable to maintain Candida
attachment to the vaginal surface and
not different from those produced by any
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FIGURE 3
Uneven infiltration of the mucosa

Candida hyphae on the surface of the vaginal biopsy in a patient with VWG

(DAPI stain x 100, blue fluorescence [A and B], Caal Cy3 x 1000, Candida,

yellow fluorescence [B]). Unlike in healthy women, bacteria in patients with VWC are not restricted to vaginal secretions but follow the Candida infiltration,
growing inside the epithelial layer. Lactobacilli remain predominant and include lactobacilli other than Lactobacillus iners. The yeast infiltration of the
vaginal surface is uneven, with some of the regions being completely intact, as shown in the marked areas al to a3. C, Lab Cy3 (lactobacilli, yellow
fluorescence). D, Same microscopic field as panel C hybridized with Lerisp Cy5 (Lactobacillus crispatus, dark red fluorescence) as a part of the lactobacilli
population presented in the figure. The hybridizations with Gardnerella and Afopobium FISH probes were negative in this case (not shown).

DAPI, 4’ 6'-diamino-2-phenylindole; FISH, fluorescent in situ hybridization; V/C, vulvovaginal candidiasis.
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other microorganisms growing in a col-
ony on a culture plate.

The fixation or adherence of Candida
microorganisms to the  vaginal
surface is possible or likely through
hyphal mucosal invasion. Visually
apparent white membranes, which
cover the vaginal epithelium in vulvo-
vaginal candidiasis and appear to be
biofilms, are actually deep inflamma-
tory infiltrates.

In the past, few studies have included
vaginal biopsies in women with VVC. In
the absence of such critical tissue status
information, vaginal candidiasis has
been considered as entirely superficial
mucosal infection and the lack of even
superficial invasion emphasized. In fact,
some clinicians refer to Candida vagi-
nitis as infection of vaginal secretions
only. Moreover, the histological appear-
ance of nonvaginal Candida lesions

presented in some publications are all
definitively invasive (Gow and Hube, 7
page 407, Figure 1, A, B, and C, and
Figure 2; Jabra-Rizk et al, 18 page 2729,
Figure 9, B and C; Gao et al, 6 page 737,
Figure 9; Allison et al, ” page 8, Figure 6)
and similar to our findings.

A most prominent feature in our
study is a deep infiltration of vaginal
tissue. The infiltration is not homoge-
neous with some regions affected more

JANUARY 2019 American Journal of Obstetrics & Gynecology 91.e5
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FIGURE 4
Candida- Gardnerella co-invasion

Biopsy from a woman with VWC, multicolor hybridization with a mix of probes Caal Cy3 (Candida, yellow fluorescence [A]) and Gard Cy5 (Gardnerella, dark

red [A and B]) x1000 and counterstained with DAPI (blue fluorescence showing all rich on DNA stuctures [B]) on the right side. Similar to the ob-
servations in bacterial vaginosis, Gardnerella can be demonstrated in VWC in high numbers in association with Candida (panel A) and a high density of
Gardnerella proliferation resembling a biofilm formation similar to that observed in BV, shown in Figure 1B. However, the DAPI counterstain demonstrates

clearly that in WC Gardenrellla is no longer only adherently attached but invasive and located below the epithelal surface (panel B).
BV, bacterial vaginosis; DAPI, 4',6'-diamino-2-phenylindole; VV/C, vulvovaginal candidiasis.

Swidsinski et al. Vulvovaginal candidiasis: a histopathologic study. Am ] Obstet Gynecol 2019.

heavily than others and some remaining
completely free. The removal of such
lesions is impossible without stripping
the integrity of the epithelial layer. In
spite of the depth of infiltration, it is not
full thickness, and disseminated infec-
tion is not reported clinically.

Candida colonization and infection
occur in polymicrobial environments.
Our findings suggest possible bacteria-
yeast interactions in tissue invasion.
With regard to VVC, Gardnerella spp.
was claimed to promote and lactobacilli

to supress Candida biofilms.”'” While
our data support a contributory pro-
moting role for Gardnerella, little was
forthcoming to support lactobacilli be-
ing beneficial or protective.

On the contrary, lactobacilli were
visualized  accompanying  Candida
infection even more often than Gard-
nerella. The concentrations or density of
lactobacilli within the vaginal epithelium
was high, both for L. iners and other
Lactobacillus species including
L. crispatus. Because the lactobacilli were

91.e6 American Journal of Obstetrics & Gynecology JANUARY 2019

homogeneously distributed within the
lesion and in some cases even enriched at
the forefront of Candida infiltration, a
pathogenic fungal-bacterial symbiosis
seems more likely than a secondary
saprophytic relationship.

Obviously  pathogenic  consortia
include a variety of different types of
bacteria as demonstrated in poly-

microbial BV biofilms. The interaction
between fungi and Dbacteria may
contribute to the switch from sapro-
phytic to invasive forms of fungal
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FIGURE 5 FIGURE 6 accepted, it will not be published elsewhere in
Homogeneous Candida LactObaCi"i on the forefront Of the the same form, in English or in any other lan-
lactobacilli co-invasion Candida invasion guage, including electronically without the writ-
ten consent of the copyright holder. Each author

Biopsy from a woman with VVC, multicolor FISH
using Liners Cy3 (Lactobacillus iners, yellow
fluorecence) and Caal Cy5 probes (Candida,
dark red), and counterstained with DAPI (blue
fluorescence) x1000. In contrast to patients
with BV and healthy women, Lactobacillus iners
were identified in dense association with
Candida infiltration simulating cohesion. Lacto-
bacilli are evenly distributed all over the region of
yeast invasion. No Gardnerella- or Afopobium-
positive signals were observed (not shown).

BV, bacterial vaginosis; DAPI, 4',6'-diamino-2-phenylindole;
FISH, fluorescent in situ hybridization; WWC, vulvovaginal
candidiasis.

Swidsinski et al. Vulvovaginal candidiasis: a histopathologic
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growth. Quorum-sensing research in-
vestigates stimuli that synchronize a
correlated response of the microor-
ganism to population density. Presently
it is mainly focused on cross talking
within single groups of microorgan-
isms,””"" this but should be widened to
polymicrobial populations.

In our series, 26% of the lesions did
not hybridize with the Candida albicans-
specific Caal FISH probe but were posi-
tive with the universal yeast probe. At
present, we cannot designate the origin
of these fungi. Either the Caal FISH
probe hybridizes less stringently to other
representatives of Candida, or the infil-
tration is indeed caused by non-Candida
yeasts in some cases, which were clini-
cally diagnosed as VVC. However, the
extent of the infiltration by Candida
albicans and other yeasts was identical,
even in the absence of hyphae (Figure 6),
indicating similar pathogenic potential.

Our data point to vaginal epithelial
surface or mucosal invasion as an

Lactobacillus iners co-invasion of the epithelial
layer is evident in a patient with WC. Liners Cy3
probe (Lactobacillus iners, yellow fluorecence)
and PF Cy3 probes (Candida, yellow fluores-
cence on the insertion left) were counterstained
with DAPI (blue fluorescence) x1000. Lacto-
bacilli are concentrated on the forefront of the

Candida invasion, indicating primarily co-
invasion rather than secondary diffusion into
the damaged epithelium.

DAPI, 4 @'-diamino-2-phenylindole; ~ W/C,
candidiasis.

vulvovaginal

Swidsinski et al. Vulvovaginal candidiasis: a histopathologic
study. Am J Obstet Gynecol 2019.

unrecognized feature of VVC. Although
vaginal biopsies were not obtained in
asymptomatic women without VVC but
colonized with Candida, it is likely that
such common saprophytic colonization
occurs in the absence of any tissue in-
vasion. Most importantly, no evidence of
in situ, in vivo Candida biofilm existence
emerged.

The clinical relevance of these findings
is largely unknown, but the absence of
finding a biofilm in VVC implies that
antibiofilm therapy is not indicated
because it may be required in BV. The
finding of tissue invasion in VVC may
have relevance to recolonization of va-
gina with candida organisms following
antifungal therapy (ie, the vaginal mu-
cosa may serve as Organism reservoir to

explain  recolonization  following
treatment”’). [ |
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