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The advent of the human immunodeficiency virus infec-
tion and the increasing prevalence of compromised indi-
viduals in the community due to modern therapeutic
advances have resulted in a resurgence of opportunistic
infections, including oral candidosis, which is by far the
most common oral fungal infection in man. Broad-spec-
trum antibiotics used in the treatment of a wide range of
disease conditions have also been attributed as a predis-
posing factor of oral candidosis. In this mini review we
discuss the research findings on the relationship between
antibiotics and oral candidosis and possible mechanisms
of pathogenicity following such therapy.
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Introduction

Oral candidosis in the form of thrush has been well
known since the time of Hippocrates (Samaranayake,
1990). The disease has assumed a renewed importance
with the introduction of broad-spectrum antibiotics and
immunosuppressants and lately with the advent of
acquired immune deficiency syndrome (AIDS) (Aren-
dorf et al, 1998). Oral candidosis is one of the earliest
manifestations of AIDS (Klein et al, 1984) and more
than 90% of HIV-infected individuals develop oral
candidosis which is by far the most frequent oral
manifestation in these patients (Arendorf et al, 1998).
Furthermore, since the first clinical definition of AIDS,
the CDC/WHO have recognized oral candidosis as one
of the major opportunistic infections and an indicator of
the disease (Ellepola and Samaranayake, 2000a). Oral
candidosis manifests in a variety of clinical guises
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ranging from pseudomembranous (thrush), erythema-
tous, linear gingival erythema associated with HIV
infection to Candida-associated denture stomatitis and
median rhomboid glossitis and angular stomatitis,
possibly of multifactorial origin (Ellepola and Samar-
anayake, 2000a).

Candida is a normal oral commensal (Samaranayake,
1990) and the majority of us carry Candida species in the
oral cavity. Nevertheless, only a few develop oral cand-
idosis in one form or the other. The translation of this
endogenous commensal to the disease-causing ‘parasite’
may be associated with factors other than the pathogenic
attributes of the organism itself, which is rather unique
compared with most of the other infectious discases,
where the virulence of the organism is considered to be the
key factor in the pathogenesis. Hence Candida species are
strictly opportunistic. It could be stated with little doubt
that neither the superficial nor the systemic forms of
Candida infections could be initiated in the absence of
underlying pathology.

Broad-spectrum antibiotic therapy is considered as
one of the most common iatrogenic factors which
initiate oral candidosis (Epstein and Polsky, 1998).
Hence Lehner (1966), in his early classification of oral
candidosis, categorized ‘antibiotic sensitive tongue’ or
‘antibiotic sore tongue’ consequent to broad-spectrum
antibiotic therapy. The latter is characterized by a raw,
erythematous dorsum of the tongue which may or may
not be painful. This condition now falls under the
category of erythematous candidosis as per the new
classification of Samaranayake (1991). Although there is
scant evidence as to the cause and effect relationship
between antibiotics, Candida and acute atropic candi-
dosis, there is little or no doubt that broad-spectrum
antibiotics contribute to Candida overgrowth rather
than narrow-spectrum antibiotics. The most common
broad-spectrum drug associated with oral candidosis is
tetracycline (Samaranayake, 1990). However, other
drugs such as metronidazole, ampicillin, etc., have been
occasionally attributed as agents that cause oral cand-
idosis (Simjee et al, 1985; Carr et al, 1998).

Tetracyclines are bacteriostatic antibiotics that inhibit
protein synthesis. They have a wide spectrum of action



against gram-positive and gram-negative bacteria, inclu-
ding anaerobes, rickettsiae, chlamydiae, mycoplasma,
and against some protozoa. It is used in the treatment of
acne, exacerbation of chronic bronchitis, and treatment
of chronic periodontitis. Tetracyclines enter microor-
ganisms in part by passive diffusion or active transport
and inside the cell, they bind reversibly to the 30s
subunit of bacterial ribosome and prevent the addition
of amino acids to the growing peptide, thus inhibiting
protein synthesis (Seymour and Heasman, 1995).

Metronidazole is also a bacteriostatic drug which
enters and converts into active form by reducing its nitro
group in anaerobic microorganisms, thus preventing
nucleic acid formation (Schmadel and McEvoy, 1990). It
is effective against anaerobes such as Bacteroides (Diniz
et al, 2003) and is usually used in the treatment of
diarrhoea (Vasa and Glatt, 2003), anaerobic, and
protozan infections (Diniz et al, 2003).

This brief review is an attempt to discuss the research
findings on the relationship between antibiotics and oral
candidosis.

Research findings

The most common broad-spectrum antibiotic associated
with oral candidosis is tetracycline and a number of
investigations have been conducted to assess this rela-
tionship (Table 1). Studies have been conducted in a
longitudinal prospective manner, which demonstrated a
higher oral carriage of the order of twofold, although
only one such study reached statistical significance
(P < 0.001) (McVay and Sprunt, 1951). Candida car-
riage was assessed by the swabbing technique in all the
investigations mentioned in Table 1. Hence studies
using the more accurate concentrated oral rinses or
imprint sampling methods should be considered
(Samaranayake et al, 1986). McKendrick et al (1967)
were the only group who studied antibiotic-treated and
antibiotic-untreated patients of equal clinical status,
over a period of 6 months using a sampling method
similar to the oral rinse technique mentioned above.
However, they could not demonstrate a significant
difference in the oral carriage of Candida in tetracycline-
and placebo-treated chronic bronchitis. Large-scale
surveys by Walker et al (1979) and Caldwell and Cluff
(1974) who studied superficial fungal infections in a total
of 21 842 hospital patients treated with a variety of
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antibiotics have found that the highest prevalence of
superficial candidosis was in patients treated with
aminoglycosides and the lowest was in those on peni-
cillin and tetracycline.

Minocycline, a long-acting tetracycline, is widely
used in the management of acne vulgaris. There is
considerable clinical evidence to suggest that minocy-
cline enhances the development of oral candidosis
infection. For instance, minocyclines are accountable
for oral candidosis in about 13.6% of patients on
these drugs for acne (Goulden ef al, 1996). The
tetracycline family of antibiotic drugs has been shown
to be effective in the treatment of immunobullous
disorders such as pemphigus vulgaris, pemphigus
foliaceous and bullous pemphogoid. A recent study
revealed that about 22% of patients on such therapy
developed oral candidosis because of minocycline
therapy (Ozog et al, 2000).

It is now known that the effect of metronidazole on
vaginal yeast carriage is significantly greater than that of
tetracycline (Odds, 1988) and it remains to be deter-
mined whether metronidazole, now commonly pre-
scribed for oral infections, has a similar effect on the
oral yeast flora. In a study performed by Simjee et al
(1985), out of 48 patients who were treated for amoebic
liver disease with metronidazole and tinidazole, the only
side effect reported was oral candidosis which developed
in two patients in each drug group. A study of 30
patients who received cancer chemotherapy in protected
environment units showed that yeasts were recovered
from 80% of patients after antibiotics compared with
the 17% before treatment. Of the 19 yeasts cultured 16
were Candida albicans (Johnston and Bodey, 1972).

Animal studies

The relationship between antibiotics (especially tetrac-
yclin) and oral candidosis in animal models has been
studied by a few workers. Animals such as Sprague—
Dawley rats and mice have been used for these experi-
ments and some examples of which follows. Allen et a/
(1985a,b) used two groups of Sprague—Dawley rats to
investigate the mucosal candidosis consequent to tetrac-
yclin treatment. Candidosis was induced in rats by
intraoral inoculation following treatment with tetracyc-
line solution and double distilled water. After 20 weeks,
inspection of tongues showed similar lesions on both

Table 1 Effect of tetracycline therapy on oral
carriage of Candida species

% Candida carriers

No. Post- Increase
Study population  individuals Pretreatment treatment  (fold) Reference
Healthy adults 12 0 23% - Meads et al (1951)
Hospital patients 30 20 70 3.5% McVay and Sprunt (1951)
Chest patients 24 21 25 1.2**  Tewari and Flecher (1966)
Hospital patients 50 16 30 1.9**  Shastry et al (1969)
Outpatients 122 15 16 1.1**  Mohapatra et al (1969)
Hospital patients 34 15 38 2.6**  Mistry and Apte (1971)

“Based on multiple cultures from same subjects over study period. Modified from Odds (1988).
*P < 0.001; **not significant.
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groups, which were confirmed histologically. No signi-
ficant difference in the number of lesions in both groups
was noted (Allen et al, 1985a,b). The aforementioned
studies reconfirmed the studies of Clark (1971), Russell
and Jones (1973) and Russell ez al (1976) who were able
to produce minimal effects. A murine model for
oropharyngeal candidosis using tetracycline hydrochlo-
ride and cortisone had been described by Kamai et al
(2001). Tetracycline had no effect on the number of
C. albicans while cortisone acetate induced a high level
of infection (Kamai et a/, 2001). In contrast to previous
reports, continuous oral inoculation (34 weeks) of
C. albicans was done in SPF rats after initial tetracycline
medication. Fifty percent of animals harbored C. albi-
cans in the mouth, and 25% of them demonstrated
pseudomycelial penetration of the mucosa. More than
90% of the candidal foci were found in non-keratinized
areas while only the dorsal surface of the tongue showed
foci of infection (Fisker et al, 1982a). In a similar study,
tetracycline was given to mice in drinking water, a day
prior to inoculation with C. albicans and evaluated after
3 days. Tetracycline treatment of mice resulted in oral
candidosis with a large number of viable Candida
compared with untreated controls (Takakura et al,
2003). Studies have also shown that orally administered
tetracycline in rats enhanced candidal colonization and
invasive infection (Jones et al, 1976; Fisker et al, 1982b;
Hassan et al, 1985).

Pathogenesis

There is little detailed evidence that in the healthy state,
the commensal oral microflora play an important role in
preventing the overgrowth of Candida. Much of the
evidence is indirect and there is uncertainty about the
mechanism involved. The commensal microflora could
regulate yeast numbers by inhibiting the adherence of
yeasts to oral surfaces (Samaranayake, 1990). However,
other mechanisms include competition between oral
bacteria and yeasts for the availability of nutrients.
Evidence that the former mechanisms exist and function
in vivo tends to be indirect, and is based on the
commonly accepted view that the inhibitory activity of
certain antibiotics (especially tetracycline) on the com-
mensal flora permits yeast overgrowth and subsequent
acute candidosis. However, caution must be exercised in
readily accepting this rather simplistic theory. Further
support for the idea that bacteria present in mixed saliva
compete successfully with yeasts for available nutrients
and thereby suppress yeast growth or adhesion is
provided by Wu and Samaranayake (1999), who repor-
ted that yeast growth occurred when glucose was added
in vitro to mixed saliva, creating a nutrient-excess
condition. Studies, using an agar disk screening method
developed by MacFarlane and Makrides (1982) have
shown that many strains of Streptococcus salivarius,
Streptococcus sanguis and Lactobacillus casei supressed
the growth of C. albicans. A similar result was reported
by Krasner et al (1956) using a variety of lactobacillus
species isolated from the mouth of humans. The latter
data support the currently popular ‘probiotic therapy‘ in
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the management of yeast infections in the gut and other
regions of the body.

The persistence of Candida on mucosal surfaces
requires fungal adherence to epithelial cells. A close
correlation was found between adhesion of Candida
species and their ability to cause infection (Ray et al,
1984; Klotz and Penn, 1987; Segal et al, 1988). Evidence
that the commensal bacterial flora may prevent the
colonization and overgrowth of Candida in the oral
cavity by inhibiting yeast adherence to oral surfaces was
first reported by Liljemark and Gibbons (1973). They
speculated that the oral colonization of gnotobiotic mice
by either S. salivarius or Streptococcus mitior suppressed
subsequent attempts at oral colonization with C. albi-
cans. Similar results have been obtained in vitro by
pretreating acrylic and HeLa cell monolayers with whole
bacterial cells and culture supernatants of various
streptococcal species (S. salivarius, Streptococcus mu-
tans, S. sanguis, S. mitior) and L. casei prior to per-
forming adherence assays (Samaranayake et al, 1980;
Makrides and MacFarlane, 1982; Samaranayake and
MacFarlane, 1982). The study by Velichko and Karaev
(1987) on tetracycline with respect to its effect on
Candida adhesion to epitheliocytes of oral mucosa
showed that administration of 0.1% solution of the
antibiotic to the mice for 4 days increased the candidal
adhesive number and adhesive index by up to 175 and
250% respectively.

There is also evidence that lipoteichoic acid from
L. casei and S. salivarius perhaps complexed with sur-
face fibrils, following its denudation from the bacterial
cell surfaces, may be involved in the inhibition of yeast
adherence to buccal epithelial cells (BEC). Other studies
have also shown that both gram-positive and gram-
negative aerobes and anaerobes such as S. salivarius,
Escherichia coli and Porphyromonas gingivalis signifi-
cantly suppressed adhesion of C. albicans to BEC (Nair
and Samaranayake, 1996a). The effect of bacteria on the
adhesion of Candida to BEC was investigated with a
modified membrane filter system. Candidal adhesion
was significantly reduced on preexposure to S. sanguis
and P. gingivalis (Nair and Samaranayake, 1996a) and
the adhesion of yeasts to acrylic surfaces is modulated
both by the quantity and quality of preexisting bacterial
flora on acrylic surfaces (Nair and Samaranayake,
1996b).

Whilst the foregoing indicate that a number of
mechanisms that pertain to specific groups of bacteria
may prevent yeast colonization of epithelial surfaces,
there are data to suggest that yeast colonization may be
indirectly promoted through coaggregation and agglu-
tination mechanisms between bacteria and yeasts.
Accordingly, Verran and Motteram (1987) reported
that the presence of S. sanguis and S. salivarius on non-
acrylic plastic surfaces enhanced the subsequent adher-
ence of C. albicans. The in vivo coaggregation described
by Bagg and Silverwood (1986) between C. albicans and
various oral bacteria including S. sanguis, S. salivarius,
S. mutans, Fusobacterium nucleatum, and Actinomyces
viscosus also suggested that oral bacteria may indirectly
promote the adherence of yeasts to host tissue. Holmes



et al (1995) also reported that coaggregation of Candida
with a variety of streptococcal species may promote oral
colonization by yeast cells. Therefore, it is possible that
the commensal oral flora can both facilitate and inhibit
the adherence to, and colonization of, oral surfaces by
Candida species, and a fine balance exists in the oral
population dynamics of fungal and bacterial flora.

On the other hand, the reasons for the differences
observed in the abovementioned studies could be due to
the differences in respective assays or inherent variations
in assay procedures and the quantity and quality of
bacterial flora used. Future workers in this field should
therefore pay heed to the assay technique in order to
obtain globally comparable data.

While the foregoing mechanisms may operate within
the confines of the oral cavity, the systemic effects of
antibiotics on the oral carriage of yeasts could possibly
operate via changes in the immune response (Figure 1).
There is intriguing evidence that some antibiotics, for
example penicillin or tetracycline, may enhance the
immune response to Candida (Domer and Hector, 1987)
whilst others such as erythromycin and co-trimoxazole
(Bridges et al, 1980) and some aminoglycosides (Ferrari
et al, 1980) reduce neutrophil candidacidal activity
in vitro. Yet, the immunomodulating effect of antibiotics
in vivo, and its effect on oral candidosis in the oral
cavity in particular, remains to be determined.
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v
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Saliva/crevicular
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Figure 1 The possible mechanisms by which antibiotic therapy may
foster proliferation of Candida in the oral cavity [This figure was
originally published in Oral Candidosis, Samaranayake LP, Host
factors and oral candidosis, pp. 66-103, Copyright Elsevier (1990)].
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Management

Antifungal agents that are available for the treatment of
candidosis fall into three main categories: the polyenes
(nystatin and amphotericin B); the ergosterol biosyn-
thesis inhibitors — the azoles (miconazole, clotrimazole,
ketoconazole, itraconazole, and fluconazole), allyl-
aminesthiocarbamates, and morpholines; and DNA
analog S5-fluorocytosine (White et a/, 1998), and newer
agents such as caspofungins (Pfaller ez al, 2003). How-
ever, the principal antifungals used against oral mycoses
belong to the polyenes and the azoles (Ellepola and
Samaranayake, 2000b). In addition, chlorhexidine has
also been used as an adjunct in the management of oral
candidosis (Ellepola and Samaranayake, 2001).

A few studies have investigated the effectiveness of a
combination of antifungals with antibiotics. The antifun-
gal activities of four tetracycline analogs in combination
with amphotericin B were determined against 20 strains of
C. albicans (Lew et al, 1977). The killing-curve technique
indicated that doxycycline had an intermediate degree of
synergistic activity, whereas tetracycline had no synergis-
tic activity at clinically relevant concentrations. On the
contrary, an in vitro study by Raab and Hogl (1980)
showed that the antimycotic activity of amphotericin B
was significantly higher in the presence of hydroxytetra-
cycline. The study by MacNeill et al (1997) showed that
tetracycline hydrochloride, even when used at high
concentrations in vitro, allowed uninhibited growth of
C. albicans whereas chlorhexidine gluconate inhibited
cell growth and replication. Although the results are
confusing, the management of oral candidosis by anti-
fungals alone is effective, provided the underlying pre-
disposing factor(s) is under control.

Conclusion and future directions

There is an alarming increase in the misuse of antibiotics
in developing countries; especially with the availability
of over-the-counter drugs. Hence both clinicians and the
public should be aware that misuse of antibiotics leads
not only to development of drug resistance in bacteria
but also to opportunistic infections such as candidosis.

As far as the oral cavity is concerned there is little
doubt that the basic mechanism by which antibiotics
enhance candidal growth is by reducing the commensal
bacterial population. Yet, the literature is incomplete
and further work is required to elucidate fully the
underlying mechanisms and processes that are involved
in the homeostasis of the oral environment vis-a-vis
bacteria and candida.
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