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Oesophageal candidiasis is frequently one of the first signs of HIV infection,Abstract
and a marker of HIV disease. Approximately 10% of patients with AIDS or other
immunodeficiency, whether due to an underlying disease, chemotherapy or radia-
tion therapy, will experience oesophageal candidiasis during their lifetime. In
addition, unless the underlying immunodeficiency is corrected, approximately
60% of patients will experience a relapse within 6 months of the initial infection.
The systemic azoles have gradually replaced the use of amphotericin B for
oesophageal candidiasis, and are generally safely used and effective agents for
this infection. A concern in some of these patients is the appearance of antifun-
gal-refractory oesophageal candidiasis, which frequently leads to a vicious cycle
of poor oral intake, weight loss, malnutrition and wasting syndrome, with occa-
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sional mortality due to malnutrition. Newer antifungals such as voriconazole and
caspofungin, which are more potent in vitro and have a broader spectrum of
activity, including activity against fluconazole-resistant Candida species are a
welcome addition to the antifungal armamentarium that may be used in the
management of refractory mucosal candidiasis.

Fungi are found ubiquitously in nature, in associ- days. The culture media, CHROMagar is used to
ation with plants, mammals and insects. According- rapidly identify many common Candida species,[8]

ly, humans are continually exposed to multiple gen- employing a chemical colourimetric reaction on
era of fungi via various routes, but particularly by agar that allows distinction between Candida albi-
the ingestion of food allowing colonisation of the cans, C. glabrata, C. krusei, C. tropicalis, and other
gastrointestinal tract. Depending on the interaction non-albicans Candida species.
between host mucosal defence mechanisms and fun-

2. Ecology and Epidemiologygal virulence factors, colonisation may be transient
or persistent, or local disease may ensue. The digestive tract, especially the oesophagus

Of the various pathogenic fungi, yeasts of the and the crop, is the most frequent source of yeast
Candida species constitute the dominant fungal ge- isolation in the majority of animals.[2] Although
nus responsible for human disease. Within the last most species of Candida have been isolated from the
three decades, Candida species have progressed GI tract of almost all animals, C. albicans has been
from infrequent pathogens largely considered con- recovered from a far wider range of animal hosts
taminants, to important and common human patho- than any other Candida species. C. albicans is also
gens causing a wide spectrum of superficial and the species with the highest prevalence among
deep disease. human yeast isolates and is the principal opportunis-

tic yeast pathogen in most warm-blooded animals.
1. The Pathogen Do-Carmo-Sousa concluded that C. albicans and C.

glabrata (or Torulopsis glabrata) are obligatory
Candida spp. are small (4–6µm), oval, thin- animal saprophytes, whereas other non-albicans

walled yeast-like fungi that reproduce by budding or Candida species may function as facultative sapro-
fission. The genus Candida is comprised of over 200
species and constitutes an extremely diverse yeast
genus whose common bond is the absence of a
sexual cycle.[1] Only a few species cause disease in
humans (table I).[2]

On culture media, Candida species form smooth,
creamy white, glistening colonies.[6,7] In most situa-
tions, they do not require special conditions for
growth. The different species of Candida are easily
identified on the basis of growth characteristics and
commercial kits that evaluate carbohydrate assimi-
lation and fermentation reactions and provide spe-
cies identification of Candida isolates within 2–4

Table I. Medically significant Candida species[3-5]a

Candida species Incidence (%)

C. albicans 50–60

C. glabrata 15–20

C. parapsilosis 10–20

C. tropicalis 6–12

C. krusei 1–3

C. lusitaniae 1–2

C. dubliniensis <1

C. stellatoidea <1

C. kefyr <1

C. guilliermondii <1

a Based on prevalence from blood stream, vaginal and rectal
isolates.
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phytes being recovered from sources other than ani- Higher concentrations (104/g) have been reported,
mals.[9] Candida species are frequently found in the with even higher concentrations when the patient is
hospital environment in food, air and on floors and treated with antibacterials.[16] Most studies indicate
other surfaces.[10,11] Point prevalence studies reveal a high carriage rate in the stomach and small intes-
that at any given time 30–55% of participants have tine with point prevalence rates similar to that ob-
Candida spp. identified in the GI tract. One may served in the oropharynx.[2]

reasonably conclude that Candida colonisation is C. albicans accounts for 70–80% of oral isolates,
almost universal.

and remains the major fungal pathogen of humans
Oesophageal candidiasis arises in individuals and the most common cause of mucosal and system-

colonised with Candida spp. who are predisposed ic fungal infection.[2] In addition, it is the best cha-
by illness, debility or local reduction in host resis- racterised species of Candida. C. glabrata and C.
tance to an overgrowth of their own indigenous tropicalis each account for approximately 5–8% of
yeast flora. Carriage-rates vary according to ana- infections, while other species occur only rare-
tomical site, a variety of local human host factors ly.[17,18] C. glabrata has become important because
and sampling methods used to measure Candida of its increasing incidence worldwide and decreased
colonisation. The overall prevalence of Candida susceptibility to antifungals. Its emergence is largely
colonisation in the GI tract is significantly lower in due to the increased incidence of candidiasis in the
normal individuals than patients with a variety of immunocompromised population and widespread
disorders. A peak frequency of oral yeast colonisa- use of antifungals.[19-21]

tion is found in infants up to 18 months of age, with
Of the non-albicans Candida species, C. tropi-

a lower frequency in older children and adults, in-
calis is either the 3rd or 4th most commonly recov-

creasing once more in healthy, middle-aged, and
ered Candida sp. from either the bloodstream or

elderly individuals, which may relate to the wearing
mucosal surfaces.[21,22] C. parapsilosis, although a

of dentures.[12,13]

common cause of systemic infection, is an unusual
Estimates of yeast concentrations indicate that cause of oesophageal candidiasis.[22-25] C. parap-

healthy colonised individuals have on average silosis is of importance because of its ability to
300–500 colony forming units (cfu)/mL of saliva, produce a form of ‘slime’ as a virulence factor,
with a diurnal as well as day to day variation. enabling it to adhere to environmental surfaces, skin
Imprint culture techniques in dental patients show and mucosal surfaces of hospital personnel.[24,26] C.
that the tongue is the oral site most densely populat- krusei, although less common (1–2%), is of clinical
ed with yeasts, followed by the palate and buccal significance because of its intrinsic resistance to
mucosa. Enhanced yeast carriage is associated with fluconazole and reduced susceptibility to all antifun-
poor oral hygiene.[14]

gals.[21,27] It is generally recovered from the mucosal
surfaces of patients with haematological malignan-Yeast isolation from faeces is slightly lower than
cies, specifically neutropenic patients.[27-29] C. dub-oral culture with a median of 23% in healthy indi-
liniensis is a more recently identified species ofviduals and 38% in hospitalised patients.[2] Some
Candida that was previously hidden among thestudies reveal a prevalence as high as 65%[15] and
germ tube positive strains of C. albicans and C.60–80% of the isolated yeast are C. albicans. Esti-
stellatoidea. Identified initially from the oral cavitymates of yeast concentrations in faeces indicate a
of HIV-positive patients in Dublin, Ireland,[30,31] itrange of 101–103 cfu/g in healthy individuals,[15]

has now been recovered from HIV-positive patientswhich is sufficiently low to make isolation difficult.
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throughout the world at rates ranging from studies of C. albicans using longitudinal cultures
have shown that each patient tends to harbour the19–32%.[31] On the other hand, it has now been
same genotype of C. albicans over long periods ofrecovered from 3–14% of oral cavities of HIV-
time.[10,42,44] Additionally, genotyping has also con-negative individuals, and has occasionally been as-
firmed the acquisition of C. albicans species fromsociated with candidaemia and invasive dis-
environmental and human sources.[10] Furthermore,ease.[32-34] C. dubliniensis is identified by germ tube
identical strains of C. albicans were also recoveredand chlamydospore production, and the inability to
from patient foods prior to patient acquisi-grow at 45°C and by a specific colony colour on
tion.[10,43,45]CHROMagar Candida medium.[8] It can now be

identified using the commercially available yeast
identification kits.[34] Other less commonly identi- 3. Predisposing Factors for
fied Candida species include: C. kefyr;[35] C. guil- Oesophageal Candidiasis
liermondii;[36] C. lusitaniae;[37,38] and C. stellatoidea
closely related to C. albicans, by producing germ

A variety of local and systemic host and exoge-
tubes in vitro, a morphologic characteristic only

nous factors increase the prevalence of GI tract
seen in C. albicans and some C. dubliniensis

Candida spp. carriage and population levels, and
strains.[31,39-41]

enhance the transformation from the colonising/car-
It is not uncommon for a patient to harbour more rier blastoconidial phase to the more virulent hyphal

than one Candida species from a single site. Further- phase. The severity and extent of candidal infections
more, occasionally more than one C. albicans geno- tend to increase with the number and severity of
type has been reported from a single site, this is even predisposing factors (table II).
more common in the HIV-positive population.[2,22,23]

The prevalence of multiple species is usually <10%,
and may include the combinations of C. albicans
with either C. glabrata, C. krusei or C. tropicalis,
which are the most commonly described combina-
tions.

Epidemiological data of Candida spp. colonisa-
tion, transmission and infection was incomplete be-
cause of a lack of a reliable strain delineation (ge-
notyping) system.[42] Genotyping has shown that
most individuals who carry C. albicans as a com-
mensal or pathogen, tend to carry the identical geno-
type simultaneously in different anatomical
sites,[2,42] and most patients carry their own unique
strains. However, not infrequently two or more dif-
ferent genotypes or strains are found at different
sites in the same person.[43,44] No difference in the
distribution frequency of genotypes is found when
colonising organisms are compared with pathogenic
isolates. Prospective molecular epidemiological

Table II. Factors predisposing to oesophageal candidiasis

Host factors

Age: infancy, elderly

Immunological

mucocutaneous candidiasis

acquired immunodeficiency syndromes

Depressed phagocytic function

quantitative (neutropenia)

qualitative (myeloperoxidase deficiency, CGD)

Diabetes mellitus and other endocrinopathies

Disruption of mucosal integrity

mucositis/ulceration (chemotherapy)

radiation

trauma/surgery

ischaemia

neoplasms

Debilitation

Exogenous factors

Antibacterial agents

Immunosuppressives

(corticosteroids and miscellaneous immunosuppressives)

Microbial synergy
CGD = chronic granulomatous disease.
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3.1 Age candidiasis is incompletely understood. Segal
demonstrated increased in vitro adherence of

The association of thrush with neonates dates Candida spp. to exfoliated buccal and vaginal epi-
back to the time of Galen.[46] Studies by Taschdjian thelial cells facilitating colonisation.[59] Finally, in-
and Kozinn[47,48] showed that most cases of oral sulin-deficient diabetics especially when acidotic,
infection within the first few days of life arise show impaired polymorphonuclear neutrophil
primarily because of maternal contamination of the phagocytic and fungicidal activity.[59,60]

neonates with yeast from the birth canal.
Although the elderly are more likely to develop 3.4 Other Endocrinopathies

oral candidiasis, it is unclear whether this is the
Mucosal candidiasis maybe associated with en-direct effect of age per se, since multiple other

docrine disorders other than diabetes including: hy-factors simultaneously interact or contribute to oral
pothyroidism, hypoparathyroidism[61,62] and hy-candidiasis.
poadrenocorticism,[63] and paradoxically Cushing’s
syndrome, although oesophageal candidiasis is only3.2 Innate Immunity
rarely reported.[64]

The role of T cells in the normal gastrointestinal
mucosal defence mechanism against Candida spp. is 3.5 Dietary Factors
highlighted by the frequent occurrence of oral[49-52]

Several investigators have suggested that a highand oesophageal[22,53] candidiasis in patients with
carbohydrate diet, especially refined sugar, favoursAIDS. Following HIV infection, oral carriage of
multiplication of yeast in the gut resulting in higheryeasts and risk of mucosal invasion increases in
carriage rates,[65] particularly in the oral cavity.[66]

frequency in patients with progressive reductions in
CD4+ cells.[54,55] The anti-Candida protective mech-

3.6 Local Trauma
anism of T cells at a mucosal level is incompletely
understood; however, investigations have shown Oral thrush and occasionally oesophageal
that cytokines, especially interferon-γ, inhibit trans- candidiasis is a common complication after irradia-
formation of Candida blastoconidia to the more tion of head and neck cancer, and is a frequent
invasive hyphal phase.[56] complication of chemotherapy-induced mucositis.

The role of phagocytic cells in GI tract mucosal
3.7 Antibacterial Agentsdefence against Candida spp. is emphasised by the

high prevalence of candidal mucositis in patients
The most commonly reported cause of higher

with granulocytopenia.[39,57] Absence of neutrophils
gastrointestinal yeast carriage rate, population levels

and monocytes not only predispose to mucosal
and symptomatic oral candidiasis is the use of anti-

candidiasis but also are associated with candidal
bacterials. No antibacterial is free from this common

invasion of the gut wall and subsequent candidiasis.
adverse effect, although certain broad-spectrum
agents, most notably the tetracyclines and the β-3.3 Diabetes Mellitus
lactam agents are considered at higher risk of en-

Higher than normal frequencies of yeast carriage hancing yeast overgrowth.[67,68] The prevalence of
in the oral cavity[57,58] and faeces[57] have been re- symptomatic GI tract superinfection with Candida
ported in patients with diabetes. The mechanism by spp. is, however, generally low (<2%) following
which diabetes increases host susceptibility to antibacterial use, even in hospitalised patients,
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where it is often difficult to separate several contrib- form to another appears to have a direct influence on
utory factors.[69,70] the capacity of the organism to cause disease. At

least 15 genes are recognised as playing a role in
3.8 Corticosteroids morphogenesis.[79]

The first step in any infection is epithelial surface
Several surveys have shown a higher oral yeast

colonisation, in turn dependent on microorganism
prevalence in patients receiving corticosteroids,[71]

adherence to epithelial cells and proteins, allowing
and many experimental animal studies have found

them to withstand fluid forces that serve to expel
that corticosteroids enhance the susceptibility to lo-

particulates.[80,81] Adhesive ability of C. albicans has
cal, superficial, invasive and disseminated candidal

been correlated with pathogenesis of infection.
infections. In addition, C. albicans possesses an

Invasion of host cells by Candida involves pene-intracellular steroid-binding protein (receptor) with
tration and damage of the outer cell envelope.high specificity for corticosterone and progester-
Phospholipids and proteins represent the majorone.[72]

chemical constituents of the host cell membrane.
Phospholipases, by cleaving phospholipids, induce3.9 Malignancy
cell lysis facilitating tissue invasion.[82] A family of

Gastrointestinal colonisation has been studied at least nine genes makes up the secreted aspartyl
most extensively in patients with acute leukaemia proteinases (SAP) isoenzymes.[83] Several studies
and in bone marrow transplant recipients.[73] In a have now confirmed the importance of secreted
study of 91 patients with acute leukaemia, cultures aspartyl proteinases in pathogenesis of C. albicans-
taken upon admission revealed that 47% were induced disease, particularly tissue invasion.[83]

colonised by C. albicans, 14% by C. glabrata and
18% by other Candida species.[74-76]

5. Clinical Manifestations

4. Virulence Factors
Hippocrates[84] is credited with first describing

The biological features that contribute to the abil- oral thrush in debilitated individuals. Nineteenth-
ity of Candida spp. to cause disease have previously century authorities such as Trousseau[85] and Par-
been defined phenotypically. Total genome se- rot,[86] recognised that thrush invariably arose as a
quencing of C. albicans has allowed measurement consequence of pre-existing illness. The initial dis-
of the effects of gene knockouts on the virulence of covery of the organism causing thrush was not made
C. albicans in animal models. Genes required for until 1939, when Langenbeck[87] described a fungus
virulence are regulated in response to environmental in buccal aphthae in a patient with typhus. It was it
signals indigenous to the host environment.[77] left to Berg in 1846[88] to establish a cause-effect
These signals include temperature, pH, osmotic relationship between the fungus and oral lesions. In
pressure, iron concentration and calcium ion con- 1875, Haussmann[89] demonstrated that the causal
centrations. Adaptation to a changing environment agent of oral and vaginal thrush were the same. The
facilitates the organism’s ability to adapt and survi- taxonomic confusion accompanying the above ob-
ve within the host niche.[78] servations continued until 1923 when Berkhout[1]

C. albicans undergoes reversible morphological proposed the genus name Candida, separating the
transition between budding pseudohyphal and hy- genus from the universal Monilia genus moulds
phal growth forms.[79] The ability to switch from one affecting fruit and vegetables.

 Adis Data Information BV 2003. All rights reserved. Drugs 2003; 63 (10)



Treatment of Oesophageal Candidiasis 977

In contrast to the skin, oral and enteric mucosa Oesophageal candidiasis presents most common-
where infection is common, the oesophagus is an ly with dysphagia, odynophagia and retrosternal
uncommon site of infection. Thus, candidal chest pain. Constitutional findings, including fever,
oesophagitis invariably occurs in predisposed indi- only occasionally occur, and epigastric pain is rarely
viduals. the dominant symptom. Even before AIDS, a male

to female predominance was noted.[57,94,95] Most pa-C. albicans is also the commonest cause of
tients have underlying haematological malignan-oesophagitis and after the oropharynx, the oesopha-
cies, HIV infection or have undergone recent trans-gus is the commonest site of gastrointestinal

candidiasis. Autopsy studies of patients with sys- plantation. Although oesophagitis may arise as an
temic candidiasis detected oesophageal involvement extension of oropharyngeal candidiasis, in more
in 28–56% and gastric involvement in 23–35%.[57,90] than two thirds of published reports, the oesophagus
The prevalence of candidal oesophagitis has in- was the only site involved and more often in the
creased because of AIDS, as well as the increased distal two thirds than in the proximal third of the
pool of transplanted, cancer and severely immu- oesophagus. An occasional feature of oesophageal
nocompromised patients. candidiasis in patients with AIDS is the complete

lack of symptoms in spite of extensive objectiveCandida microorganisms are frequently recov-
oesophageal involvement.[96]ered from the oesophageal surface and reach the

oesophagus in oral secretions. In contrast to oral Physical findings are variable in distribution,
candidiasis, little is known about host and yeast character and severity. Kodsi classified oesophageal
factors operative in the pathogenesis of oesophageal candidiasis on the basis of endoscopic appear-
candidiasis and experimental models have not been ance.[97] Type I refers to a few white or beige
established. However, it is likely that the usual yeast plagues, up to 2mm in diameter. In type II, the
virulence factors and defects in host defence mecha-

plaques are more numerous and larger than 2mm in
nisms also operate in the oesophagus.

diameter. In these milder grades, plaques may be
Oesophageal candidiasis in an HIV-positive pa- hyperaemic or oedematous, but there is no ulcera-

tient may be the first manifestation of AIDS.[91,92] In tion. Type III involves confluent, linear and nodular
cancer patients, factors predisposing to oesophagitis elevated plagues with hyperaemia and frank ulcera-
include previous exposure to radiation, recent tion, and Type IV additionally has increased friabili-
cytotoxic chemotherapy, antibacterial therapy, corti- ty of the mucosa and occasional narrowing of the
costeroid therapy and neutropenia.[93-95] The high lumen.
prevalence of oesophagitis in patients with AIDS

Uncommon complications of oesophagitis in-indicates the critical role of cell-mediated immunity
clude bezoar formation, perforation,[98,99] aortic-oe-in normally protecting the oesophagus from inva-
sophageal fistula formation[98,99] and, rarely, exten-sion by Candida spp. Candidal oesophagitis tends to
sive necrosis destroying the entire oesophageal mu-occur later in the natural history of HIV infection
cosa.[57] In neutropenic patients, oesophagealand almost invariably in those with a low CD4+
candidiasis may lead to candidaemia and dissemi-count.[91,92,96] Histological sections of oesophagitis
nated candidiasis, and when extensive ulceration islesions reveal yeast hyphae forms in the mucosal
present, may provide a portal of entry for bacteria,epithelium, accompanied by a neutrophilic response

as seen in oral thrush.[57] resulting in bacteraemias.
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Table III. In vitro susceptibility of the medically relevant Candida species against seven antifungals[3,38,102]

Candida species Fluconazole Itraconazole Voriconazole Flucytosine Caspofungin Micafungin Amphotericin B

C. albicansa S S S S S S S

C. glabrataa S-DD S-DD S S S S S to S-DD

C. tropicalisa S S S S S S S

C. parapsilosisa S S S S S to S-DD S to S-DD S

C. kruseia R S-DD to R S to –S-DD I-R S S S to S-DD

C. lusitaniaeab S S S S S S S to R

C. dubliniensisc S S S S S S S

a On the basis of blood stream isolates.[3]

b Clinical isolates.[38]

c Based on oral isolates.[102]

I = intermediate resistance; R = resistant; S = susceptible; S-DD = susceptible dose-dependent.

6. Diagnosis radiology has been replaced by endoscopy which
not only provides a rapid and highly sensitive diag-

A reliable diagnosis can only be made by histo- nosis, but is also the only reliable method of differ-
logical evidence of tissue invasion in biopsy materi- entiating among the various causes of
al. Nevertheless, antifungal therapy is frequently oesophagitis.[93] The characteristic endoscopic ap-
initiated empirically with minimal criteria in a high- pearance is described as yellow-white plaques on an
risk patient. However, the mere association of the erythematous background, with varying degrees of
presence of Candida spp. within an oesophageal ulceration. White plaques and pseudomembranes
lesion by smear or culture does not provide suffi- are not exclusive to infection with Candida spp. and
cient evidence to distinguish Candida spp. as a erythema in the absence of plaques may be due to
commensal, from Candida spp. as an invasive path- Candida spp. Radionuclide tests are of little value in
ogen. While oesophageal brushings are highly sensi- the diagnosis of oesophageal candidiasis and no
tive in diagnosing oesophagitis, specificity is not serological tests reliably diagnose invasive oe-
high and neither is the positive predicative value.[93]

sophageal candidiasis
This is because the presence of Candida hyphae in

Differential diagnosis includes radiation
oesophageal brushings is just as compatible with

oesophagitis, reflux oesophagitis, cytomegalovirus
colonisation as it is with infection.

or herpes simplex virus infection. In the patient with
In the absence of biopsy material, radiological

AIDS, it is not uncommon to identify more than one
features previously formed the basis for diagnosis.

aetiological agent causing oesophagitis.[22,23]

A barium contrast upper GI radiograph in oe-
sophageal candidiasis may reveal shaggy mucosal

7. Managementirregularities and nodular filling defects.[100,101] As
severity increases, the nodular pattern becomes ex-

The principal systemic agents with anti-Candidatensive giving a cobblestone appearance. Peristaltic
activity include amphotericin B, ketoconazole,abnormalities are also common.[100] Infrequently,
itraconazole, fluconazole, voriconazole,discrete ulceration and stenosis may be observed.
posaconazole, caspofungin, micafungin and flu-Unfortunately, the sensitivity of barium swallow is
cytosine. The activities of these agents againstrelatively low and radiological abnormalities are
Candida spp. are predictable and vary with speciesoften absent in mild to moderate oesophagitis, espe-
(table III).cially in patients with AIDS.[22,57,91,92] Accordingly,

 Adis Data Information BV 2003. All rights reserved. Drugs 2003; 63 (10)



Treatment of Oesophageal Candidiasis 979

It is important to recognise that the endpoint or lation data are available for fluconazole,
goal of antimycotic therapy in oral thrush is rapid itraconazole and flucytosine versus Candida
relief of symptoms, and prevention of complications spp.[3,106-108] Tentative interpretive breakpoints for
and early relapse immediately following cessation these three drugs when tested have been proposed
of therapy. The goal is not to achieve sterilisation of and are summarised in table IV.[3] For fluconazole
the mucosal surface. Mycological eradication is and itraconazole, the novel category S-DD, implies
rarely achieved, although routine cultures may be- that susceptibility is dependent on obtaining the
come negative towards the end of a standard course maximal possible drug concentration. For
of therapy. In the latter patients, low numbers of fluconazole, this implies the use of doses ≥400 mg/
yeast persist in numbers below the threshold of day in adults with normal renal function. For
detection of swab cultures. itraconazole, it implies that measures should be tak-

en to ensure that enough drug is absorbed to produceThe drug of choice depends on the infecting
a measurable blood concentration, preferably one ofspecies and the clinical setting. C. albicans isolates
least 0.5 µg/mL. Large datasets correlating MICsare the most susceptible to all of the antifungal
with outcomes are not available for flucytosine andagents. The pattern for C. tropicalis and C. parap-
this situation is further complicated by the fact thesilosis is quite similar, with just slightly higher
drug is only rarely used as monotherapy.[109]

minimum inhibitory concentrations (MICs) for
fluconazole. C. parapsilosis tends to have higher Using these breakpoints, C. albicans, C. parap-
MICs for all of the echinocandin agents, including silosis, C. tropicalis and C. lusitaniae are suscepti-
caspofungin, micafungin and anidulafungin.[21,103] ble to fluconazole, whereas isolates of C. glabrata

C. glabrata tends to have fluconazole MICs that are typically have an MIC that places them in the S-DD
16–32-fold higher than those for C. albicans. C. category for fluconazole. For itraconazole, C.
krusei isolates have the highest fluconazole and glabrata and C. krusei often have MICs in the S-DD
flucytosine MICs of any of the species, whereas C. category, while the other major Candida species are
lusitaniae isolates frequently have elevated generally susceptible. In general, virtually all azoles,
amphotericin B MICs and failure of amphotericin B including the latest generation azoles, voriconazole
therapy is well described.[38,104,105] and posaconazole, are 10–100 times less active

against C. glabrata and C. krusei strains when com-Interpretation of the MIC results shown in table
pared to C. albicans. Finally, all species but C.IV is controversial in spite of the use of National
krusei are generally susceptible to flucytosine.Committee for Clinical Laboratory Standards

M27-A methodology.[105] The most extensive corre- The choice of an antifungal agent for the manage-
ment of oesophageal candidiasis is based on the
integration of multiple factors such as drug efficacy,
drug toxicity, patient status and microbiological in-
formation (table V). Amphotericin B is fungicidal in
vitro for most Candida species.[3,106,110,111] Both the
deoxycholate and lipid-based derivatives of
amphotericin B are similarly active against Candida
species,[111-113] although higher doses of the lipid-
based formations are required. The azoles in general
are generally fungistatic against most Candida spe-

Table IV. Definition of interpretive breakpoints for Candida
species[3]

Antifungal agent MICs (µg/mL)

susceptible susceptible-DD resistant

Fluconazole ≤8 16–32 >32

Itraconazole ≤0.125 0.25–0.5 >0.5

Flucytosine ≤4.0 8–16 >16

Amphotericin Ba <1.0 >1.0

a Not approved by National Committee for Clinical Laboratory
Standards M27-A methodology.

DD = dose dependent; MIC = minimum inhibitory concentration.
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candidiasis. Oral fluconazole at a dose of 100–200
mg/day for 14–21 days enjoys a superior safety
profile, excellent gastric absorption with >92%
bioavailability and, when necessary, can be given
parenterally.[120] Clinical trials of fluconazole com-
pared with ketoconazole reveal high cure rates supe-
rior to those encountered with other imidazoles,
along with a more rapid onset of action.[119,120] A
striking feature of fluconazole is the rapidity of
response, usually within 10 days.

Itraconazole oral solution is also being used with

Table V. Antifungals for management of oesophageal candidiasis

Antifungal agent Formulations Strengths Dosages

Amphotericin B IV 50 mg/vial 0.3–0.5 mg/kg/day

Ketoconazole Tablet 200mg 1–2 tablets od–bid

Fluconazole Tablet/IV 100mg 1 tablet od

Solution 10 mg/mL 10mL od

Itraconazole Capsule/IV 100mg 200mg od

Solution 10 mg/mL 10–20mL od–bid

Voriconazolea Tablet 50mg, 200mg 1 tablet (200mg)
bid

Caspofungin IV 50mg 50mg od

Micafungina IV 50–100mg 50–100mg od

a Not approved by US FDA for oesophageal candidiasis.

bid = twice daily; IV = intravenous; od = once daily.

increased frequency. The itraconazole cyclodextrin
solution is currently used for therapy, since it has acies.[114-116] The echinocandin antifungal group is
greater bioavailability than do the capsules. In sev-fungicidal and broad spectrum against Candida spe-
eral clinical studies, patients treated withcies.[103,117]

itraconazole oral solution 100–200 mg/day had
Oesophageal candidiasis requires systemic ther-

clinical response rates comparable to that of patients
apy, topical preparations are of no value.[118] Gener-

treated with fluconazole tablets 100–200 mg/day
ally, either fluconazole or itraconazole have been

(94% and 91%, respectively).[124-126] Both regimens
demonstrated to be efficacious.[22,119,120] Occasional-

were well tolerated without any significant adverse
ly parenteral fluconazole may be required initially if

events. In addition, the mycological cure rates were
the patient is unable to take oral medications.

not statistically different at, 92% and 78%, respect-
Ketoconazole 200 mg/day was the first oral sys-

ively.
temic imidazole antifungal agent used in the man-

Several concerns have been raised about theagement of oesophageal candidiasis, and is effective
widespread use of the more potent oral triazoles.even in debilitated immunocompromised patients,
These concerns include drug interactions, adverseincluding those with malignancy or AIDS.[22,57] In
effects, increased expense and risk of resistance. Inaddition, ketoconazole has also been effective in
addition, several studies have documented the selec-patients with chronic mucocutaneous
tion of C. glabrata and C. krusei, which are eithercandidiasis,[121] with cure rates in excess of 80%
resistant or less susceptible to the azole antifun-with daily ketoconazole administered for 10–14
gals.[28,29,127] C. albicans resistance to azoles is stilldays.[114,121-123] However, ketoconazole has now
uncommon; however, both clinical failure and inbeen replaced by the newer triazoles (fluconazole
vitro resistance has been observed in HIV-positiveand itraconazole) because of its limitations and ad-
patients receiving prolonged and often indiscrimi-verse effect profile. Ketoconazole therapy has been
nate therapy with fluconazole.[22,128]

limited by fears of hepatotoxicity and concerns
about the reliability of gastric absorption, especially Given the high success rate achieved with
in patients receiving histamine H2-receptor block- fluconazole and itraconazole, amphotericin B is
ers. In addition, a parenteral form of ketoconazole is generally reserved for patients with endoscopically
not available for patients unable to swallow. proven oesophageal candidiasis who have failed

In general, fluconazole has become the standard standard doses of azole therapy. Low-dose
of care in the management of oesophageal amphotericin B (0.3–0.5 mg/kg or 10–20 mg/day for
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10 days) is often sufficient for moderate disease, but Intrinsic or primary resistance to flucytosine may
higher doses may be necessary for patients with be present in any species of Candida.[109] More
AIDS and refractory mucosal importantly, acquisition of resistance by susceptible
candidiasis.[22,123,129,130] Oral flucytosine 100–150 isolates during flucytosine monotherapy is common
mg/kg/day in four divided doses is effective, but is and flucytosine should not be used as monotherapy
rarely prescribed alone because of the tendency for for this reason.[137]

resistance to develop. Routine susceptibility testing of all Candida iso-
In spite of the rapid responses to antimycotic lates is not indicated, although all invasive isolates

therapy, patients with AIDS are at high risk of should be identified to the species level. Testing is
developing symptomatic recurrences of either oro- justified in patients with refractory disease (e.g.
pharyngeal or oesophageal refractory oropharyngeal or oesophageal candidiasis
candidiasis.[91,124-126,131-133] Approximately 60% of in patients with AIDS or persistent candidaemia
patients who experience one episode of oesophageal while receiving antifungal therapy).
candidiasis will relapse within 3 months.[22] Accord-

The combination of flucytosine with either
ingly, some clinicians will begin secondary prophy-

amphotericin B or an azole has been used previous-
laxis with oral therapy using either fluconazole or

ly, and these combinations often appear with at least
itraconazole after a single episode of oesophageal

additive activity in vitro.[137] The use of amphoter-
candidiasis.

icin B and azoles in combination for treatment of
Suppressive antifungal therapy with fluconazole

candidiasis is extremely controversial. The overlap-
100–200mg either daily or weekly is effective in

ping mechanisms of action of these agents raise the
preventing recurrent episodes, but it should only be

possibility of antagonism and the little available
used if the recurrences become frequent or are asso-

information has not excluded this theoretical possi-
ciated with malnutrition as a result of poor oral

bility. Antagonism has been occasionally seen in
intake and wasting syndrome.

some circumstances, especially when ketoconazole
or itraconazole are combined with amphotericin
B.[138-141] Sugar[140,141] concluded that interactions8. Management of Refractory
ranging from antagonism to synergy have been re-Oesophageal Candidiasis
ported depending on dose, experimental model and
design, and organism studied.Development of resistance to azole antifungal

agents is not uncommon following prolonged ther- The clinical impact of antifungal resistance in
apy of recurrent mucocutaneous candidiasis in HIV- patient with AIDS was recently demonstrated in
positive patients.[22] Emergence of resistance during patients who failed standard antifungal therapy for
a course of therapy in other settings is uncommon[21] oropharyngeal candidiasis.[142] After the onset of
but has occasionally been reported.[134,135] Primary fluconazole-refractory thrush, patients had a median
infection with a resistant strain of C. albicans also survival of 184 days. Moreover, after the onset of
has been described.[136] Resistance to amphotericin clinical resistance to amphotericin B, the patients
B is relatively uncommon, but has been described had an astonishing 83-day median survival rate.
for all Candida species. Resistance to amphotericin Although mucosal candidiasis does not produce
B implies that the isolate is also likely to be resistant death directly, clinical failure is probably a co-
to the newer lipid-based formulations of amphoter- morbidity factor in the rapid demise of these pa-
icin B.[112] tients. However, clinical failure is also probably a
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marker of severe immunosuppression and a non-
functional immune system.

Antifungal resistance can be divided into two
categories, clinical and in vitro. Clinical resistance
signifies failure of the antifungal to eradicate the
infection in the absence of in vitro resistance. Such
resistance may occur for a variety of reasons. In
vitro resistance can also be subdivided into either
primary (innate or intrinsic) or secondary (acquired)
resistance.[22]

Investigators have reported antifungal success
and failures in patients with oropharyngeal
candidiasis and Candida isolates with both low and
high MIC values.[143] In fact, one group reported that
several HIV-infected patients with documented in
vitro fluconazole-resistant mucosal candidiasis were
able to respond to fluconazole therapy.

Investigators have identified several key risk fac-
tors for the development of fluconazole-resistant
mucosal candidiasis in patients with AIDS.[133]

These risk factors include: greater number of epi-
sodes of oropharyngeal candidiasis (6.1 vs 1.8),

Table VI. Alternative therapy for the management of antifungal-
refractory mucosal candidiasisa

Antifungals High-dose fluconazole (400–800 mg/day) PO/IV

Fluconazole suspension 200–400 mg/day PO

Itraconazole oral solution 200mg bid PO

Voriconazole 200mg bid PO

Voriconazole 3–4 mg/kg bid IV

Caspofungin acetate 50mg IV

Parenteral amphotericin B 0.3–1.0 mg/kg/day

Lipid preparations of amphotericin B 3–5
mg/kg/day

Combination Amphotericin B + flucytosine

therapy Amphotericin B + fluconazole

Fluconazole + flucytosine

rhuGM-CSF + fluconazole[146]

Fluconazole + terbinafine[147]

Investigational Micafungin – Fugisawa Healthcare Inc,
antifungal Deerfield, IL, USA

agents[148-153] Anidulafungin (VER-002) – Versicor Inc (now
Vicuron Pharmaceuticals), Fremont, CA, USA

Posaconazole (SCH-56592) – Schering-Plough,
Kenilworth, NJ, USA

Ravuconazole – Bristol-Myers Squibb,
Princeton, NJ, USA

a Many of the alternative therapies are not US FDA approved and
are not supported by adequate clinical trials.

bid = twice daily; IV = intravenous; PO = orally; rhuGM-CSF =
recombinant human granulocyte-macrophage colony-stimulating
factor.

lower median CD4+ cell count (11 vs 71 cells/
mm3), longer median duration of all antifungal ther-

ic improvement is generally transient and mucosal
apy (419 vs 118 days), and longer duration of sys-

candidiasis quickly reappears. In some patients with
temic azole administration (272 vs 14 days). When

fluconazole-refractory mucosal candidiasis, use of
the authors used two controls matched by CD4+ cell

the fluconazole suspension may be beneficial. Sev-
count, resistant cases continued to have a greater

eral reports describe improvement in these patients,
median exposure time to azoles (272 vs 88 days; p =

possibly because of increased salivary levels ob-
0.005) as the significant risk factor.[128,133]

tained when the suspension is taken with the swish-
Management of fluconazole-resistant mucocut- and-swallow technique.[144,145]

aneous candidiasis is frequently unsatisfactory and
In a study evaluating 250 isolates recovered fromresponse is short-lived, with periodic and rapid re-

93 HIV-infected patients with acute oropharyngealcurrences.
candidiasis, in vitro ketoconazole and itraconazole

Generally, many patients with refractory mucosal
resistance was less than 15% for C. albicans strainscandidiasis will improve by simply increasing the
which were resistant to fluconazole.[154]

dose of fluconazole (table VI).[22] For example, if
Several studies evaluating itraconazole oral solu-patients fail to respond to a dosage of fluconazole

tion demonstrated promising results in patients with200 mg/day, a dosage increase to 400 mg/day will
AIDS who had failed to respond to fluconazole atfrequently produce a good clinical response, at least

for a short period of time. However, the symptomat- doses of 200 mg/day.[155-157] Clinical cure or im-
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provement occurred in 55–70% of patients. As ex- Although not yet approved for mucosal
pected, mycological cure rates were low (<30%) and candidiasis in the US, voriconazole appears to be a
relapses following treatment cessation were rapid, useful compound in patients with oropharyngeal or
usually within 14 days. oesophageal candidiasis. In a randomised, double-

blind, multicentre trial comparing voriconazole toIn patients with severe disease, parenteral
fluconazole for the treatment of oesophagealamphotericin B at dosages of 0.4–0.6 mg/kg/day are
candidiasis in 391 immunocompromised patients,required to achieve response. After the clinical re-
voriconazole 200mg twice daily was as effective as,sponse is achieved, it is essential to continue sup-
but no better than, fluconazole 200mg daily withpressive amphotericin B therapy in an attempt to
clinical cure rates of 98.3 and 95.1%, respective-increase disease-free intervals.
ly.[151] In addition, because of its broad spectrum of

Several new systemic antifungal compounds
activity and its excellent in vitro activity againsthave recently been approved for use. Voriconazole
fluconazole-resistant Candida species, voriconazoleis in the azole family of compounds, and is structur-
may also prove to be a useful agent in the manage-ally similar to fluconazole except with a broad-
ment of fluconazole-refractory mucosal candidiasisspectrum of antifungal activity.[148-150] It is a lipo-
in patients with AIDS.[152]

philic azole and available in both the parenteral and
Caspofungin was approved by the US FDA inoral forms. However, because of its excellent

2001 for the treatment of refractory aspergillosis andbioavailability of 96%, the oral formulation is ex-
in 2002 for the management of oesophagealtremely useful as step down therapy. In vitro suscep-
candidiasis.[148,153] It is a new class of antifungaltibility studies have demonstrated efficacy against
compound called the echinocandins. The echino-most Candida species, including fluconazole-resis-
candins mechanism of action is the specific and non-tant C. albicans, C. glabrata and C. krusei.[148-150]

competitive inhibition of the (1,3)-β-D-glucanUnlike fluconazole, it has minimal renal excretion
synthase enzyme complex that is essential for theand is metabolised primarily by the liver. It has US
formation of glucan polymers of fungal cellFDA approval as primary therapy of invasive asper-
walls.[103,117] Fortunately, mammalian cells do notgillosis and for refractory fungal infections, specifi-
have (1,3)-β-D-glucan, thus these antifungals pro-cally due to Fusarium spp. and Scedosporium apios-
vides the advantage of selective toxicity.[148,153] Cas-permum. As with other azoles, voriconazole is meta-
pofungin is active against a variety of fungal patho-bolised by the cytochrome P450 (CYP) enzymes
gens, including most Candida spp., including azole-3A4, 2C19, and 2C9. Thus, the potential exists for
resistant Candida spp., Aspergillus spp., Histoplas-interactions with other drugs metabolised by these
ma encapsulatum and Blastomyces spp. Unfortu-specific enzymes (table VII).
nately, this compound only has a parenteral formu-
lation and is administered once daily. Caspofungin
has minimal renal excretion (~2%), and minimal
hepatic metabolism. Because of this, there are rare
drug-drug interactions, and its primary adverse ef-
fect is hepatotoxicity in approximately 10% of pa-
tients.

A recent clinical trial with caspofungin evaluated
two different caspofungin dose administration regi-

Table VII. Voriconazole drug-drug interactions[148]

Interaction Drugs

These drugs decrease Rifampin, barbiturates (long-
voriconazole concentrations acting), carbamazepine,

rifabutin, phenytoin

Voriconazole increases Sirolimus, cyclosporin,
concentrations of these drugs tacrolimus, astemizole, cisapride,

pimozide, quinidine, ergot
alkaloids, warfarin, sulfonylurea,
omeprazole, HMG-CoA
reductase inhibitors (statins)
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mens versus amphotericin B for the treatment of The classic management of infections in the com-
promised host has always depended on antimicrobi-oesophageal candidiasis. Overall, both caspofungin
al agents, without taking into account host defects.regimens were equivalent to amphotericin B 0.5 mg/
Several cytokines developed and produced by re-kg/day in 123 immunocompromised patients with
combinant technology also show promise in assist-oesophageal candidiasis. Clinical success was
ing the host response to eradicate a fungal infec-achieved in 74 and 89% of patients receiving cas-
tion.[160] There have been several reports recently onpofungin at 50 and 70 mg/day, respectively, and in
the use of human recombinant granulocyte-macro-63% of patients receiving amphotericin B.[158] In
phage colony stimulating factor (rhuGM-CSF) inaddition, because of its potent in vitro activity
patients with oropharyngeal or oesophagealagainst fluconazole-resistant Candida species, cas-
candidiasis refractory to either fluconazole orpofungin may also be a reasonable alternative to
amphotericin B.[146,161] Although no large studiesamphotericin B in patients with fluconazole-refrac-
have been published, the few case reports describetory mucosal candidiasis.
good response rates with rhuGM-CSF in patients

Two new antifungals are currently in phase III of
with advanced HIV-infection and refractory muco-

development and also appear encouraging in early in
sal candidiasis.[22,146,161]

clinical trials.[148,153] Posaconazole, is an extended
spectrum azole, similar to voriconazole. It also has

9. Conclusionexcellent in vitro activity against fluconazole-resis-
tant isolates.[148,153] In addition, a new echinocandin,

 In conclusion, recent progress in antifungal re-micafungin has also recently been submitted to the
search has resulted in two newly approved antifun-US FDA for approval and is being evaluated in
gal compounds and four more antifungals in eitherseveral clinical trials. In vitro results and early
phase II or III of development.[148-153,158] These new-clinical trials are promising against many Candida
er antifungal agents have an extended spectrum ofspecies, including the fluconazole-resistant C. albi-
activity, ease of administration, and fewer adversecans, C. glabrata, and C. krusei.[148,153]

events than older antifungals. The impressive results
In addition to the use of antifungals in these

of these new compounds make them attractive in the
severely immunocompromised patients, it is also

management of fungal infections in the compro-
important not to underestimate the significance of

mised host. However, difficulties in managing these
the dysfunctional immune system in patients with

infections should remind us that we can not rely
AIDS and refractory fungal infections.[22] The addi-

solely on antifungals alone. We must also continue
tion of highly active antiretroviral therapy

to strive to find ways to improve the function of the
(HAART) along with the addition of a new antifun-

body’s dysfunctional immune system in order for it
gal may prove extremely beneficial in resolving

to work synergistically and eliminate opportunistic
these recalcitrant fungal infections. HAART alone

fungal infections.
has the potential to lower HIV viral loads, increase
CD4+ cell counts and, theoretically, improve

Acknowledgementsimmune function of a patient with advanced HIV-
infection. Thus, treatment with aggressive HAART
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