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Abstract

While Canadida albicarnshas long been acknowledged as a cause of vulvovaginitis,
the clinical significance of gastrointestinal candidiasis (GIC) has been a subject of
controversy. Although it is acknowledged that GIC can produce a disease state in
immuno-compromised patients, it now appears pathologic GIC may be more prevalent
than has been generally acknowledged. In recurrent vulvovaginal candidiasis, there is
ample evidence suggesting GIC is a major contributing factor, and that vaginal treatment
is unlikely to cure the condition unless the intestines are also treated. There is also
considerable evidence GIC can cause systemic symptoms in non-immuno-suppressed
humans, and is capable of translocation from the gastrointestinal tract to internal organs.
In addition, it is now known C. a/bicans produces gliotoxin, an endotoxin which has
been shown to impair immune response, and can interfere with normal intracellular
glutathione metabolism. Natural antifungal fatty acids, such as caprylic acid and
undecylenic (10-undecenoic) acid, have been used in the treatment of GIC, with /7 vitro
tests indicating undecylenic acid is a significantly more effective antifungal. /7 vitro
testing also shows the essential oils from certain plants, such as oregano, possess
significant activity against C. a/b/icans. Various probiotic organisms, including
Lactobacillus acidophilus and Saccharomyces boulardii, have been shown in animal
studies to inhibit the growth and translocation of C. albicans. It is therefore reasonable
to conclude, even in otherwise healthy individuals, C. a/bicans infections of the
gastrointestinal tract can cause significant symptoms which warrant treatment.

(At Med Rev1997;2(5):346-354)

Introduction

Although it is an acknowledged cause of vulvovaginitis, the dimorphic fungi Candida
albicans has been considered a normal inhabitant of the human gastrointestinal tract,* produc-
ing a disease state only in immuno-compromised patients — those with leukemia, AIDS, un-
dergoing chemotherapy or radiation treatment, or being treated with immuno-suppressive drugs.
Other conditions, such as diabetes mellitus, alcoholism, and the administration of systemic
antibacterial drugs have also been recognized as risk factors for alimentary tract candidiasis.?

Since publication of The Missing Diagnosisby Trussin 1983, followed by Crook’s The
Yeast Connection: A medical breakthrough,* a controversy has raged in both the popular press
and scientific circles regarding the significance of gastrointestinal candidiasis (GIC) and its
ability to cause systemic symptoms. Over a decade later, articles continue to appear in the
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scientific literature questioning the signifi-
cance of GIC and the symptoms attributed to
it.>¢ Other research evidence, however, indi-
cates pathologic gastrointestinal C. albicans
infections may be more prevalent than has
been generally acknowledged.”*?

Recurrent Vulvovaginal Candidiasis

The connection between GIC and re-
current vulvovagina candidiasisis perhapsthe
one areawhich most clearly demonstrates the
disease-causing potential of C. albicansinfec-
tionsof the gastrointestinal tract. Ninety-eight
consecutive patients complaining of recurrent
vagina candidiasis (three or more episodes)
wereevaluated. C. albicanswasfound in both
vaginal and fecal material in 52% of the pa-
tients; 47% of the patients were Candida-free
in both sites. In approximately one-third of the
patients, there had been no previous labora-
tory confirmation of candidiasis; however, in
no case was Candida previously isolated from
the vagina of a patient who subsequently
proved to be yeast-free. In only one patient
was C. albicans found in the stool but not in
the vagina. The authors state: “ The results of
this study demonstrate that vaginal candidi-
asis does not occur naturally without the con-
comitant presence of C. albicans within the
large bowel and that a ‘cure’ is not likely as
long as the vaginaremains the only treatment
target.”®

In a multicenter placebo-controlled
study, a total of 258 women with vulvovagi-
nal candidiasis who also exhibited Candida
organisms in the rectum were treated with ei-
ther oral nystatin or placebo, as well as with
either vaginal nystatin or clotrimazole. Micro-
scopic, culture, and symptomatic responses
were superior in the group receiving combined
intravaginal-oral therapy; 88% of thosetreated
by both routes remained clear of Candida af-
ter 21 days, as compared with 75% of those
receiving only intravaginal medication
(p<0.05).°

In a separate, prospective, placebo-
controlled study, patients with a history of re-
current vulvovaginitisand acurrent diagnosis
of candidal vaginitis were treated with oral
ketoconazole. All patientswereinitialy treated
for 14 days, then placed on either placebo daily
or one of two oral ketoconazole regimens for
six months. At the end of 12 months (six
months after the treatment was discontinued),
23.8% of the women who had received pla-
cebo during the six months of treatment were
asymptomatic and attack-free, as opposed to
42.9%-52.4% in the two ketoconazol e groups
(p<0.05). The authors conclude: “It appears
that maintenance prophylactic therapy with
oral ketoconazole is effective in preventing
recurrent episodes of vulvovaginal candidiasis,
but that relapse is common after withdrawal
of the drug. Because of the risk of hepatotox-
icity, caution is essential in selecting patients
for long-term ketoconazol e therapy andinfol-
lowing patients undergoing such treatment.” 1°

In patients with recurrent or resistant
vagina candidiasis, an acquired hypersensi-
tivity reaction to C. albicanshas also beenre-
ported, and desensitization therapy with C.
albicans antigen has been found to be an ef-
fective treatment.*%¢ In a clinical trial, ten
women with recurrent candidal vaginitiswere
treated with a commercially available C.
albicans antigen in increasing doses per ade-
sensitization protocol. Prior to treatment the
subjects’ average time to relapse was 5.1
months. After treatment the mean relapse rate
was 15.7 months (p< 0.01), with eight of the
ten showing dramatic improvement.’®

Both localized and systemic hypersen-
sitivity responses to C. albicans have been
demonstrated. In astudy to determine whether
an allergic component exists in recurrent
vaginitis, vaginal washingsand serum samples
were examined for anti-Candida albicans IgE
antibodies. In 64 subjects with recurrent
vaginitis, using ELISA-modified RAST test-
ing, specific IgE antibodies were identified in
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Table 1. Comparison of C. albicans stool culture
results with Crook’s Questionnaire.’

Culture Results Questionnaire Results
(Mean Values)

No growth
1-2 colonies
3-6 colonies
7-11 colonies
12+ colonies

18.8% of vagina washing samples, but only
in 6.1% of sera. None of the 20 controls were
positive for anti-Candida IgE. The authors
state: “ The detection of specific IgE antibod-
iesvaginaly but not in the peripheral circula-
tion suggested the occurrence of a localized
vaginal hypersensitivity response.” ¢ Although
no such response has been demonstrated asyet
in theintestinal tract, it is not unreasonable to
postulate that possibility. If true, this would
imply that various vague, generalized intesti-
nal symptoms accompanying GIC might in
fact be due to intestinal hypersensitivity re-
sponses to C. albicans.

Intestinal Candidiasis

While the connection between GIC
and recurrent vulvovaginal candidiasisisrela-
tively clear, other research demonstrates GIC
can also cause disease-related symptoms in
non-immuno-suppressed humans. A study con-
ducted at Seattle’s Bastyr University showed
the degree of C. albicans growth on stool cul-
ture correlated well with symptomatic scores
onthe" Crook Questionnaire.” ’ Subjects, who
had a negative history of gastrointestinal dis-
ease, were asked to complete a Crook Can-
dida Questionnaire! and were tested for GIC
by stool culture. A strong correlation between
C. albicans colony counts and questionnaire
scores was found, consistent with the
guestionnaire’s use for screening purposes.
(See Table 1).

C. albicans has also been shown to be
acauseof diarrhea.**2 In onethree-year study,
854 patients (640 children and 214 adults) with
acute or chronic diarrheawere screened. Fun-
gal proliferation was noted in 54.8% of these
patients (53.6% in children, 58.4% in adults).
The predominant fungal speciesisolated were
Candida albicans (64.5%), followed by C.
tropicalis(23.3%), C. krusei (6.9%), and Toru-
lopsis glabrata (1.6%). Trichosporon sp. and
Geotrichum sp. were found to be responsible
for the diarrheain 2.3% of adults.'

Trandocation and Systemic
Dissemination

A further area of candida-related con-
troversy relates to the ease with which C.
albicans can become systemically dissemi-
nated in non-immuno-suppressed patients. In-
dividuals can be predisposed to C. albicans
colonization of the gastrointestinal tract by
antibiotic administration, as demonstrated
through both animal and human studies. Anti-
biotic treatment decreased thetotal population
levels of theindigenous bacterial florain 86%
of Syrian hamsters, and predisposed animals
not only to gastrointestinal overgrowth but also
subsequent systemic dissemination (to liver,
kidneys, and spleen) by C. albicansfollowing
intragastric inoculation. None of the non-an-
tibiotic-treated control animals showed any C.
albicans when visceral organs were cultured.
In 10% of antibiotic-treated animals whose
intestinal florahad been reestablished prior to
C. albicansinoculation, C. albicans was cul-
tured from the liver, but not from either the
kidneysor spleen. Examination of the mucosal
surfaces of the intestinal tract also indicated
that animals with an intact intestinal microf-
lora had significantly lower numbers of C.
albicans adhered to the gut wallsthan did an-
tibiotic-treated animals.'®

The authors state: “The results

indicate that theindigenous microflorareduced
the mucosal association of C. albicans by
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forming adenselayer of bacteriainthe mucus
gel, out-competing yeast cells for adhesion
sites, and producing inhibitor substances
(possibly volatile fatty acids, secondary bile
acids, or both) that reduced C. albicans
adhesion. It is suggested, therefore, that the
indigenousintestinal microflorasuppressesC.
albicans col onization and dissemination from
the gut by inhibiting Candida-mucosal
association and reducing C. albicans
population levelsin the gut.” 8

In infant mice (15-19 days old), sys-
temic and gastrointestinal infection was estab-
lished after oral-intragastric challengewith C.
albicans. High levelsof organismsintheliver,
kidney, spleen, stomach and intestine were
found in all animals up to the 24th post-infec-
tion day.*®

Gastrointestinal colonization and sys-
temic dissemination by C. albicans and C.
tropicalis have been compared in both intact
and immuno-compromised mice. Five-day-old
CFW mice were inoculated orally with two
C. albicans and two C. tropicalis strains iso-
lated from the blood of patientswith acute leu-
kemia. Both C. albicans and C. tropicalis
spread to the lungs, liver, and kidneys within
30 minutes following inoculation. In animals
colonized with C. albicans, immuno-suppres-
sion with cortisone acetate and cyclophospha-
mide on days 30 and 33 after inoculation in-
creased the number of fungal organismsinthe
stomach 40- to 370-fold, and in the intestines
by 30- to 80-fold. C. albicans disseminated to
the internal organs more frequently and in
greater numbers than C. tropicalis. However,
20% of mice infected with C. tropicalis died,
compared with only 4% infected with C.
albicans.®

In 1969, Krause et al demonstrated in-
tact C. albicans organisms are capable of es-
caping the intestinal tract and reaching the
blood and urine in humans. Krause, himself
the subject, was examined to exclude any in-
testinal, pulmonary or renal disease, and had
not used local or systemic antibiotics in the

previous 10 years. Following an extensive
evaluation to eliminate the possibility of any
preexisting yeast infection, heingested alarge
dose (10* organisms) of C. albicans oraly.
Within 2 hours he developed pyrexia, shiver-
ing, and headache. Although most of the fun-
ga organisms probably remained in his gas-
trointestinal tract, the organism was cultured
from blood samplesat 3 and 6 hours, and from
urine specimenscollected 2 3/4 and 3 /4 hours
after inoculation. All colonies grown were
found to be identical to the strain adminis-
tered.? Clearly, it is possible for C. albicans
to crosstheintact gut wall and cause systemic
effectsin non-immuno-suppressed human sub-
jects.

Toxin Production

Endotoxins have recently been shown
to stimulate both in vitro and in vivo bacterial
translocation across the gut mucosa.? C.
albicans produces avariety of endo- and exo-
toxins,?2" including a toxic epipolythio-
dioxopiperazine metabolite called gliotoxin,
which has been shown to possess immuno-
modulating and antiphagocytic properties.?®
2 Significant levels of gliotoxin have been
foundinthe vaginal secretionsof patientswho
were symptomatic for vaginal candidiasis.?® In
one study, 32 out of 50 C. albicans strains
obtained from patient cultures were found to
contain gliotoxin and related toxins, suggest-
ing the possibility that these substances “ may
contribute to the virulence of the organism.”#

Gliotoxin exhibits profound immuno-
suppressive activity in vivo,* which could ac-
count for the GI C-related immune system sup-
pression reported by Truss® and Crook.*
Gliotoxin induces apoptosis in thymocytes,
splenocytes, and mesenteric lymph node cells,
and can selectively deplete bone marrow of
mature lymphocytes. The molecular mecha-
nism by which gliotoxin is thought to exert
these effectsis by preventing the activation of
transcription factor NF-kappaB in responseto
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avariety of stimuli in T and B cells.® In addi-
tion, gliotoxin may interfere with normal glu-
tathione metabolism within the cell,*>** pro-
viding at least a theoretical basis for the in-
creased chemical sensitivity frequently re-
ported to be caused by GIC.**

Therapeutic Approaches

In addition to Crook’s diversified,
fresh-foods diet which restrictsall refined car-
bohydrates, specific antifungal agents have
typically been employed to combat GIC.*
Pharmaceutical antifungals such as nystatin,
ketoconazole, amphotericin B, fluconazoleand
itraconazole have all been utilized, aswell as
various natural antifungal agents.

Antifungal Fatty Acidsand

Essential Oils

Fatty acids have been known and used
for centuriesasantimicrobial agents, originally
in the manufacture of soaps. In the last 50
years, however, they have found use both in
vitro asyeast and mold inhibitorsin food stuffs,
and as topical, intestinal, and systemic anti-
fungals. Inrecent years, both caprylic acid and
undecylenic acid have been used to treat GIC.

Undecylenic acid (10-undecenoic
acid) is an eleven-carbon, mono-unsaturated
fatty acid, C ;H, O,. A substance found in the
body (naturally occurring in sweat), unde-
cylenic acid is produced commercially by the
vacuum distillation of castor bean oil, asare-
sult of the pyrolysis of ricinoleic acid. It has
been used orally in humans as an unsuccess-
ful treatment for psoriasis and neurodermati-
tis, >3 and asan economical antifungal agent,*
as well as being commonly used as a topical
antifungal in such over-the-counter products
as Desenex®.

Undecylenic acid has very low toxic-
ity. In humans, as much as 20 grams per day
has been taken orally with only mild gas-
trointestina symptoms,* and up to 400 mg/

kg/day has been given orally to rats for 6-9
months, with no toxicity being noted.*

Caprylic acid, although present in
small quantities in coconut oil, can be pro-
duced commercially from the oxidation of
octanol.® Classified by some authors as an
hepatic failure toxin when used intrave-
nously,* caprylic acid (CH,,O,), is a direct
isomer of the anticonvulsant valproic acid.

Most organicfatty acidsarefungicidal.
Asearly as1945, Wyss et a demonstrated that
the greater the number of carbon atomsin the
fatty acid chain, the greater the fungicidal ac-
tivity, up to the point exceeding eleven car-
bons where solubility becomes the limiting
factor.”? In 1954, Neuhauser evaluated both
undecylenic and caprylic acidsin vitro against
C. albicans, and concluded caprylic acid was
more effective.® However, she used a ques-
tionable method of applying the fatty acids
which may have rendered the results inaccu-
rate. The pH of thetest environment iscritical
to accuratein vitro testing of antifungal agents.
Peck and Rosenfeld had earlier demonstrated
an acid environment alone (pH less than 5.8)
is sufficient to inhibit fungal growth in sev-
era species, including C. albicans.® There-
fore, great care must be exercised so that pH
is accurately controlled, to reflect only the
antifungal effect of the substance tested, and
not just its hydrogen ion (pH) effect.

Neuhauser tested undecylenic and ca-
prylic acids by adding C. albicans culture to
Sabourand’s agar media, adjusting the pH to
either 5.6 or 7.5, and then pouring the broth
into petri dishes and allowing it to cool. The
plates were then dusted with the fatty acid (in
a resin matrix) being tested, incubated, and
evaluated.® This method does not control pH
at the interface between the fatty acid and the
C. abicans organisms. Since both fatty acids
haveanintrinsically low pH, it can be assumed
the resultant pH at the actual point of contact
between the fatty acid and the C. albicansin
Neuhauser’s study was actually lower than
reported.
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Peck and Rosenfeld circumvented this
problem by mixing the fatty acid being tested
into the Sabourand’s media prior to adjusting
the pH, so the test conditions could be more
precisely controlled. Their study showed un-
decylenic acid was approximately six times
more effective as an antifungal than caprylic
acid,® a finding which is consistent with the
research of Wyss et a.*2

Essential oils of various plants also
have been shown to be antifungal, including
thyme, cloves, cinnamon, and oregano.* A re-
cent in vitro evaluation of essential oil of
oregano (Oreganumvulgare) showed the mini-
mum inhibitory concentration against C.
albicansto be <0.1ug per ml. In contrast, the
minimum inhibitory concentration for a mix-
ture of the calcium and magnesium salts of
caprylic acid was <0.5 mg per ml, indicating
that caprylatesare significantly less potent an-
tifungals than essential oil of oregano.® Al-
though no clinical studies have been published
supporting their usein GIC, essentia oilsare
recommended by some practitioners based on
clinical experience.

Probiotics

Whileingestion of probiotic organisms
such as Lactobacillus acidophilus has been
used empirically for treating candidiasis, only
one recent, controlled study has been per-
formed. In acrossover tria lasting 12 months
(six monthswith no yogurt, six monthswith 8
oz. of yogurt taken orally daily), Hilton et al
evaluated the effects of consumption of yo-
gurt containing L. acidophilus on patientswith
recurrent candidal vulvovaginitis. Patients had
significantly fewer vaginal candidal infections
while consuming yogurt (0.38+0.51) than dur-
ing the control period (2.54+1.66, P=0.001).%

Oral ingestion of four different
probiotic bacteriahas al so been shown to pro-
tect both athymic and euthymic mice from
mucosal and systemic candidiasis. The pres-
enceof L. acidophilus, L. reuteri, L. casel GG

or Bifidobacteriumanimalis prolonged the sur-
viva of the mice, decreased the severity of
mucosal and systemic candidiasis, and de-
creased the C. abicans colony count in the
alimentary tract.*

Oral administration of at least one
probiotic micro-organism, Saccharomyces
boulardii, has been shown in animal studies
toinhibit thetranslocation of C. albicansfrom
the gastrointestinal tract. Antibiotic-treated,
pathogen-free mice were orally inoculated
with C. albicans to promote intestinal over-
growth and subsequent translocation of this
organism. The oral S. boulardii regimen re-
duced theincidence of mesenteric lymph node
(MLN) cultures positive for C. albicans but
did not decrease the numbers of C. albicans
per gram of MLN inimmuno-competent mice.
However, steroid-induced immuno-suppres-
sion increased translocation of C. albicansto
the MLN, and allowed translocating C.
albicansto spread systemically to the spleen,
liver, and kidneys. In these immuno-sup-
pressed mice, orally administered S boulardii
decreased both the incidence of C. albicans
trandocation to the MLN, liver, and kidneys,
and the number of translocating C. albicans
per gram of MLN, spleen, and kidneys.*®

Conclusion

Although additional research needsto
be done in order to definitively determine the
systemic effects of GIC, upon taking an over-
all view of the published literature it is pos-
sible to make the following observations:
1) Ora antibiotics can dramatically increase
C. albicans levelsin the intestinal tract.
2) GIC may cause localized vaginal and per-
haps intestinal hypersensitivity responses.
3) GIC has been shown to cause significant
Symptoms in non-immuno-compromised hu-
mans.
4) Under certain conditions, even in the pres-
ence of an intact immune system, C. albicans
may translocate across the intestinal wall and
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spread systemically, as shown in both experi-
mental animals and in humans.
5) Certain strains of C. albicansand other fun-
ga organismsknown to inhabit the human gas-
trointestinal tract produce endotoxins which
canimpair immune response and perhaps even
cause chemical hypersensitivity.
6) Various natural antifungal agents and
probiotics can exert antifungal or other pro-
tective actions to inhibit C. albicans growth
or prevent translocation.

It is therefore reasonable to conclude,
even in otherwise healthy individuals, C.
albicansinfections of the gastrointestinal tract
can cause significant symptoms which war-
rant treatment.

Over forty yearsago, Irene Neuhauser,
M.D., stated: “Intestinal infectionsdueto Can-
dida albicans have recently become a subject
of muchinterest. The appearance of large num-
bers of this organism in the feces of patients
receiving certain antibiotics was noted soon
after theintroduction of these drugsinto clini-
cal medicine.... It is fortunate that the undes-
ired symptoms caused by antibiotic therapy
and the greatly increased numbers of C.
albicans organisms found in the feces of such
patients usually disappear within arelatively
short time after the use of the drug has been
discontinued. However, in afew casesthisis
not so and the patient continues to have more
or less severe symptoms which parallel the
presence of large numbers of C. albicans or-
ganisms in the feces.... Intractable intestinal
moniliasis is serious and is being seen much
more frequently than formerly.”% Dr.
Neuhauser’s assertions are still true today.
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