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ABSTRACT

iewing the vagina as an ecosystem supports a naturopathic approach to addressing a
\ / variety of vaginal problems. Remove the cause, restore balance, do no harm, etc. are
concepts that may well make more scientific sense than eradication of a single patho-
gen. This article presents the three elements of the vaginal “ecosystem” as vaginal epithe-
lium, vaginal microflora and the interactions between them, and the beginnings of a discus-
sion of clinical applications of this paradigm.

A review of the recent literature reveals a trend
toward viewing the vagina as an ecological sys-
tem. (1-5) An ecosystem is a complex interac-
tion between a habitat and its biota. In the
case of the vagina, the vaginal epithelium is
the habitat and the colonizing flora are the
biota. Understanding the vagina as an ecosys-
tem which maintains homeostasis through a
number of complex mechanisms, favors a
naturopathic approach to a number of vaginal
problems. In the vaginal ecosystem paradigm,
ideas such as removing the cause, restoring
balance, and using the least harmful treatment
take precedence over the more conventional
ideology of eradicating a single pathogen.

The vaginal flora are comprised of a wide
variety of bacterial and fungal species with
many complex physiochemical interactions
taking place between the flora and the vaginal
tissue as well as between the various biotic
species. (1) The species composition and den-
sity can be altered by changes in the physical
and chemical conditions of the vagina. Con-
versely, physical and chemical conditions can
be altered by changes in the species composi-
tion and density. So there are three elements
that make up the vaginal ecosystem: the vagi-
nal epithelium, the vaginal microflora and the
interactions between them that maintain a
dynamic equilibrium.
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VAGINAL EPITHELIUM
The vaginal epithelium is a cell renewal sys-
tem driven by estrogen stimulation. It pro-
vides the conditions necessary to promote
microbial colonization. The epithelium is
affected by the microbes and also by exter-
nal factors.

In order to support the growth of micro-
bial flora, nutrients must be available in the
vagina. The known vaginal secretion content
includes 90-95% water, organic and inorganic
salts, urea, carbohydrates, especially glyco-

gen, mucins, fatty acids, albumins and im-

munoglobulins. (6) These come from a num-
ber of sources including sloughed epithelial
cells, serous transudate, menstrual fluid, and
endocervical gland secretions. (1)

Both the pH and the oxidation reduction
potential of the vaginal environment influ-
ence the composition and density of the flora.
The pH during a woman’s reproductive pe-
riod is 4-4.5, which favors acidophilic spe-
cies such as Lactobacilli. The acidic envi-
ronment is unfavorable for the growth of cer-
tain microbes, probably the result of the pH
influencing the solubility of nutrients and/or
enzyme system function. (1) The low pHl is
partly due to lactic acid production from the
metabolism of glycogen by Lactobacilli, but
fatty acids produced by the vaginal epithelial
cells may be another important source. (6)
The vagina has a low oxidation-reduction po-
tential which favors anaerobic species such
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as Lactobacillus, Bifidobacterium,
etc. This may be the result of oxy-
den consuming species such as
Streptococcus, Staphylococcus and
E. coli depleting the environment of
oxygen. (1)

Microflora require some method
of adhering to the vaginal epithe-
lium. Fibronectin is found in vagi-
nal fluid. It is a glycoprotein with
adhesive properties, and can pro-
vide a foundation for microbial flora
to adhere to the mucosal surface.
Low pH enhances the binding of
Lactobacillus to fibronectin. (7)
Lactobacilli also exhibit a high de-
gree of adherence to the vaginal
epithelium through their glyco-
calyces (exopolysaccharides). (8)

VAGINAL MICROFLORA
The normal vaginal microflora are
relatively stable, and during the re-
productive period are dominated by
Lactobacillus species. However,
there is also a wide variety of
anaerobic and aerobic species.
Besides the dominant facultative
Lactobacilli, the normal flora can
include Staphylococcus, Urea-
plasma, Corynebacterium, Strepto-
coccus, Peptostreptococcus, Gard-
nerella vaginalis, Bacteroides, Myco-
plasma hominus, Candida, Eubac-
terium, Bifidobacterium, Propioni-
bacterium, Escherichia coli, Kleb-
siella pnuemoniae, Enterococcus,
and Fusobacterium. (6) It has been
observed that the composition of
the microflora can differ in each
anatomic region of the vagina. (6)

The initial colonization of the
vagina takes place as the infant
passes through the mother’s vagina.
Thus, the newborn girl is colonized
with the same microbial strains as
the mother. (3)

Estrogen stimulation probably
plays an important role in the spe-
cies composition of the vagina, evi-
denced by the difference in species
at different ages. (6) At birth, fe-
male infants have high levels of
transplacental maternal estrogen
and also have abundant Lactobacilli.
When the maternal estrogen is de-
pleted the glycogen content of the
epithelium drops, the pH rises to
7.0, the numbers of Lactobacilli
drop and a mixed flora of gram posi-
tive cocci, gram positive bacilli and
gram negative bacilli predominate
until menarche. At menarche, the
increased levels of estrogen once
again promote Lactobacilli coloniza-
tion through increased glycogen
content and decreased pH. At

menopause the environment gradu-
ally reverts to the premenarchal con-
ditions and the Lactobacilli again
decline. During pregnancy, with its
high estrogen levels, the Lactobacilli
beécome even more predominant.
(8) Candida also flourishes with the
higher estrogen levels, possibly due
to estrogen receptors on the Can-
dida. (2)

INTERACTIONS

Interactions between the vaginal
epithelium and the vaginal micro-
flora, and between the various vagi-
nal microflora serve to maintain a
state of dynamic equilibrium.

Recent research indicates that
the dominant Lactobacilli control
the microflora, including them-
selves, through a combination of
factors including production of lac-
tic acid, hydrogen peroxide, bac-
teriocidins and inhibitory proteins.
(2,3,6) In particular, studies dem-
onstrate that hydrogen peroxide-pro-
ducing Lactobacilli may be essential
to maintaining the normal ecologi-
cal balance. (9-13) Hydrogen per-
oxide-producing Lactobacilli have
been shown to inhibit vaginal colo-
nization with Bacteroides, Pepto-
streptococcus, Mobiluncus, Urea-
plasma, Gardnerella, Trichomonas,
Candida and Chlamydia. (10)

Synergistic interactions may be
occurring. For example, the meta-
bolic end product of one microor-
ganism might serve as the growth
substrate for a second species.
Species interdependence has been
demonstrated in the treatment of
polymicrobial infections which re-
spond to antibiotics to which some
of the pathogenic microorganisms
are not susceptible. (1)

DISRUPTION OF ECOLOGICAL
BALANCE

If the normal ecological balance is
disrupted, then symptomatic condi-
tions can result. (4) One prevalent
ecological imbalance is known as
bacterial vaginosis. This is a condi-
tion in which the normally dominant
Lactobacilli are replaced by other
vaginal species such as Gardnerella
or Mobiluncus. One study showed
that 96% of healthy women are colo-
nized with hydrogen peroxide-pro-
ducing Lactobacilli, while only 6%
of women with bacterial vaginosis
have adequate vaginal colonization.
(12) This has been confirmed by a
number of other researchers. (11,
13) More specifically, one study
demonstrated that hydrogen perox-
ide-producing Lactobacilli are toxic
to both Gardnerella and Bacteroi-

des, especially if combined with g
peroxidase and a halide such as
chloride (both present in the va-
gina). (11) In a study with pPregnant
women, those women colonized
with hydrogen peroxide-producing
Lactobacilli were less likely to have
bacterial vaginosis. (10) It appears
that a deficiency of hydrogen per-
oxide-producing Lactobaciili prob-
ably precedes bacterial vaginosis,
One researcher has even suggested
that bacterial vaginosis is a congeni-
tal disease, resulting when a woman
is colonized at birth with the “eco.
logically, wrong Lactobacillj.” (3)
Women colonized with hydrogen
peroxide-producing lactobacilli are
also less likely to have symptomatic
candidiasis. (10)

Also significant is that hydrogen
peroxide formed by lactic acid pro-
ducing bacteria in the presence of
peroxidase and a halide can kiil
viruses and tumor cells. (11)
Kiebanoff has shown that hydrogen
peroxide-producing Lactobacilli in
high concentration are viricidal to
HIV-1. (14) His findings suggest that
Lactobacilli may affect the hetero-
sexual transmission of HIV. Women
with few or absent hydrogen perox-
ide-producing Lactobacilli may be at
greater risk of HIV infection as well
as vaginosis and vaginitis.

Disruption can result in inflam-
matory conditions such as candidal
or bacterial vaginitis. Even a dis-
ruption in the normal balance of
hydrogen peroxide-producing Lacto-
bacilli species can result in a over-
growth of other Lactobacilli, caus-
ing symptoms. This condition is
characterized by a cytolytic vag-
inosis and is associated with a par-
ticularly long or short form of Lac-
tobacillus. (15) These long or short
Lactobacilli do not produce hydro-
dgen peroxide. (3) This Lactobacilli
imbalance mostly occurs after treat-
ment with various antimicrobial
agents, apparently through inhibi-
tion of hydrogen peroxide-producing
Lactobacilli, allowing overgrowth of
the other Lactobacilli.

ALTERATION OF THE
VAGINAL ECOSYSTEM
Many factors can alter the vaginal
ecosystem. Hormonal changes,
tampons, sexual activity, contracep-
tives, other medications, diseases
and even emotions can potentially
alter the vaginal epithelium or the
microflora.

Normal monthly cyclic changes
influence the estrogen effect on
vaginal epithelium and the amount
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and composition of endocervical
secretions. Menstrual flow through
the vagina results in changes in pH
and oxidation-reduction potential.
The vaginal pH increases to 7.0 with
the onset of flow, then drops sharply
to normal by the 4th day. (6) There
is a documented increase of gram
positive cocci, Enterobacteria,
Bacteroides and a decrease of Lac-
tobacilli during menses. (6) It
seems likely that frequent uterine
bleeding may alter the flora.

Tampons, especially superab-
sorbant types and those with plas-
tic applicators, have been shown to
result in microlacerations of the
vaginal epithelium, and chemicals
present in tampon products may
influence the microflora growth.
(16) Oxygen levels at the vaginal
surface increase suddenly with the
insertion of tampons and don't de-
crease for hours. (6) This could pre-
dispose a woman to infections with
aerobic flora such as gram-positive
cocci and enterococci. In fact, there
is a study that shows an increased
rate of isolation of coagulase nega-
tive staphylococci in tampon users.
(17)

The mechanical and chemical
stresses on the vaginal environment
from coitus can cause transient al-
terations in the microflora. Semen
increases the vaginal pH dramati-
cally. Research has shown that vagi-
nal pH takes 8 hours to return to
normal after ejaculatory inter-
course. (18) Frequent sexual activ-
ity could lead to prolonged alkaline
conditions in the vagina. One re-
searcher theorized that women who
have sexual intercourse more than
twice a day may seldom possess a
normal vaginal ecosystem. (18)
Semen also inhibits the local im-
mune defense mechanism of the
vagina, including complement. (2)
These factors may help to explain
why vaginosis and candidal vagini-
tis appear to be sexually transmit-
ted even though the male partner is
not colonized. The change in the
physical and chemical conditions in
the vagina results in an imbalance
of the microflora, rather than a
sexual transmission of microbes.

Related to sexual activity is use
of local contraceptives. Spermi-
cides have been shown to preferen-
tially inhibit hydrogen peroxide-pro-
ducing Lactobacilli. (19,20) Dia-
phragm use has been associated
with alteration of the vaginal eco-
system: increased pH, abnormal
fatty acid content, increased colo-

nization of the introitus by E. coli,
increased prevalence of bacterial
vaginosis, as well as symptoms of
acute UTL (21) A more recent study
showed increased vaginal coloniza-
tion with E. Coli, group B strepto-
cocci, group D streptococci and
other gram negative uropathogens
in women who used a diaphragm
with spermicide. (22) These women
also had increased Candida coloni-
zation and decreased Lactobacillus
colonization. Since high concentra-
tions of hydrogen peroxide-produc-
ing Lactobacilli are both viricidal to
HIV-1 and inhibited by spermicides,
the clinician might question the wis-
dom of spermicide use in women
at risk for exposure to HIV.

Oral contraceptives and hormone
replacement therapy are known to
affect the vaginal epithelium and
can alter the vaginal flora. It has
been observed that menopausal
women using estrogen replacement
therapy have higher levels of Lacto-
bacilli than untreated women. (23)
Botanicals such as Cimicifuga
racemosa, which has effects on the
vaginal epithelium similar to estro-
gen (24), have the potential to af-
fect the vaginal flora as well.

Some antibiotics may be espe-
cially likely to cause alterations in
the composition of the vaginal flora.
In particular, the use of long term
broad spectrum antibiotics is asso-
ciated with candida overgrowth.
Long term cytostatic, corticosteroid,
antiviral and antifungal therapy can
also alter the vaginal flora. (2) Dis-
ease states, such as diabetes and
AIDS, have a documented effect on
the vaginal ecosystem, resulting in
overgrowth of Candida.

Douching will alter the conditions
in the ecosystem, at least tempo-
rarily, -causing various changes de-
pending on what is used. (1) Infre-
quent or short term douching may
not have the same effect as would
regular douching.

Women with cervical intra-epithe-
lial neoplasia have an increased in-
cidence of altered cervical flora in-
cluding higher levels of colonization
with Gardnerella, Mycoplasma and
Bacteroides. (25) This information
raises the question of whether the
altered flora may in fact be at least
partially responsible for the neopla-
sia. Nitrosamines, produced by
these bacteria, have known onco-
genic potential. (2,28) In addition,
Gardnerella produces a hemolysin
capable of destroying leucocytes. (1)

Inhibition of the immune system

might allow for HPV to effect neo-
plastic changes. The viricidal effect
on HIV-1 by hydrogen peroxide-pro-
ducing Lactobacilli might be impor-
tant in HPV infection as well.

Emotional, psychological and
spiritual factors may influence the
ecosystem. Northrup suggests that
women with chronic vaginal prob-
lems may be experiencing feelings
of violation in a relationship. (27)

It is remarkable that most of the
time all of the above mentioned fac-
tors are compensated for by the
vaginal ecosystem, and its dynamic
balance is maintained. Possibly a
combination of factors may be nec-
essary to produce an imbalance.
Treatment of imbalance should have
as its goal returning the system to
its normal dynamic equilibrium.
Assisting the vaginal ecosystem in
returning to normal may be helped
by removing causes of imbalance,
re-establishing a normal vaginal epi-
thelium and re-establishing normal
biotic flora.

Removing or changing factors
which are known to alter the vagi-
nal ecosytem might be all that is
needed to allow the system to re-
turn to normal. Careful history in
women with vaginosis or vaginitis
will help to identify possible contrib-
uting factors. Removing possible
causes of imbalance makes sense
as the first step in restoring balance.
Re-establishing normal vaginal con-
ditions by acidification with lactic
acid has been shown to be helpful.
This local treatment restores normal
vaginal acidity and facilitates re-
colonization with Lactobacilli.

(28,29) Another local treatment

might be the use of dilute hydrogen
peroxide to decrease the levels of
pathogens. One study indicates that
hydrogen peroxide could be substi-
tuted for the hydrogen peroxide-pro-
ducing Lactobacilli. (11) In post-
menopausal women, systemic or
local treatment with estrogens (30),
or the use of phytoestrogens might
be helpful in changing the epithe-
lium to restore balance.
Re-establishing the dominance of
hydrogen peroxide-producing Lacto-
bacilli may be an effective therapy
to restore the ecosystem to balance.
There are a number of studies uti-
lizing yogurt or Lactobacillus that
have demonstrated some effective-
ness in the restoration of normal
flora. (31-36) Further studies are
needed to see if biotherapeutic
agents such as an adherent strain
of hydrogen peroxide-producing
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Lactobacillus can be effective in re-
storing the vaginal ecosystem.
(3.9,37)

Treatment with anti-microbials,
both pharmaceutical and botanical,
to decrease or eliminate pathogens,
should be prescribed carefully to
exclude agents which decrease or
eliminate the hydrogen peroxide-
producing Lactobacilli. (4)

Understanding the dynamics of
the vaginal ecosystem is far from ¢~
complete. Additional research is
needed to better comprehend the !~
normal balance in the vagina, the
effects of external factors, and the
ways in which the normal equilib-

rium can be restored. -
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