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Summary Invasive Candida infections are important causes of morbidity and mortality in
immunocompromised and hospitalised patients. This article provides the joint
recommendations of the German-speaking Mycological Society (Deutschsprachige
Mykologische Gesellschaft, DMyKG) and the Paul-Ehrlich-Society for Chemotherapy
(PEG) for diagnosis and treatment of invasive and superficial Candida infections. The
recommendations are based on published results of clinical trials, case-series and expert
opinion using the evidence criteria set forth by the Infectious Diseases Society of
America (IDSA). Key recommendations are summarised here: The cornerstone of
diagnosis remains the detection of the organism by culture with identification of the
isolate at the species level; in vitro susceptibility testing is mandatory for invasive
isolates. Options for initial therapy of candidaemia and other invasive Candida
infections in non-granulocytopenic patients include fluconazole or one of the three
approved echinocandin compounds; liposomal amphotericin B and voriconazole are
secondary alternatives because of their less favourable pharmacological properties. In
granulocytopenic patients, an echinocandin or liposomal amphotericin B is
recommended as initial therapy based on the fungicidal mode of action. Indwelling
central venous catheters serve as a main source of infection independent of the
pathogenesis of candidaemia in the individual patients and should be removed
whenever feasible. Pre-existing immunosuppressive treatment, particularly by
glucocorticosteroids, ought to be discontinued, if feasible, or reduced. The duration
of treatment for uncomplicated candidaemia is 14 days following the first negative
blood culture and resolution of all associated symptoms and findings. Ophthalmoscopy
is recommended prior to the discontinuation of antifungal chemotherapy to rule out
endophthalmitis or chorioretinitis. Beyond these key recommendations, this article
provides detailed recommendations for specific disease entities, for antifungal treatment
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in paediatric patients as well as a comprehensive discussion of epidemiology, clinical
presentation and emerging diagnostic options of invasive and superficial Candida

infections.
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Introduction

Invasive fungal infections caused by yeast of the genus
Candida are important causes of morbidity in immuno-
compromised and hospitalised patients. Regional factors
have a profound impact on the epidemiology of infec-
tions due to Candida. Management of patients with
invasive Candida infection is increasingly challenging for
the clinician due to an increase in non-culture based
diagnostic techniques that are introduced into clinical
practice and the availability of new antifungal treat-
ment options. Therefore, it appears to be important to
review current data on the aetiology, epidemiology,
diagnosis and treatment of invasive candidosis.

This article includes the joined recommendations
of the ‘Deutschsprachigen Mykologischen Gesellschaft
(DMYKG) and the ‘Paul-Ehrlich-Gesellschaft fiir
Chemotherapie (PEG)’ on the diagnosis and treatment
of superficial and invasive candidosis. The recommen-
dations were drafted by a joint working group of experts
of both societies chaired by the chairmen of the DMYKG
and the Antifungal Chemotherapy Section of the PEG
using an iterative process based on published clinical
trials, case-series and expert opinion. The recommen-
dations are graded using a system suggested by the
Infectious Diseases Society of America (IDSA) (see
Table 1)."* The strength of the recommendations is

Table 1 Evidence criteria as used by the Infectious Diseases Society
of America (IDSA).'

1. Strength of recommendation
A = good evidence to support a recommendation
B = moderate evidence to support a recommendation
C = poor evidence to support a recommendation
2. Quality of evidence
| = evidence from >1 properly randomised controlled trial
Il = evidence from >1 well-designed clinical trial, without
randomisation; from cohort or case-controlled analytic studies
(preferably from >1 centre); from muiltiple time-series; or from
dramatic results from uncontrolled experiments
Il = evidence from opinions of respected authorities, based on
clinical experience, descriptive studies, or reports of expert
committees
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ranked from A—C and the quality of the evidence for a
recommendation by I-IIL

Aetiology

Yeast of the genus Candida are frequent colonisers of the
skin and mucous membranes of animals and dissemi-
nation in nature is widespread. Only a few of the more
than 150 described species are regularly found as
infectious agents in humans. Candida albicans is consid-
ered to be the most important pathogen. Others, such as
Candida parapsilosis, Candida glabrata, Candida tropicalis,
Candida krusei, Candida dubliniensis, Candida lusitaniae
and Candida guilliermondii are increasingly being recog-
nised as causes of Candida infections.>

Pathogenesis and risk factors

The spectrum of diseases caused by Candida consists of
superficial and invasive Candida infections.

Infections of the mucous membranes are associated
with defects in cellular immunity such as the depletion
of CD4-positive T-helper cells in patients with HIV-
infection, after haematopoietic stem cell transplanta-
tion, in patients treated with steroids and antineoplastic
agents (e.g. fludarabine), in graft-versus-host disease
(GVHD) or after radiation therapy.*°® Other predisposing
factors include diabetes mellitus, therapy with antibac-
terial agents or local factors such as the use of a dental
prosthesis.” ™

Most infections are caused by yeast that colonise the
skin or mucous membranes.'® The oropharynx and the
gastrointestinal tract are considered to be the most
important portals of entry. In addition, intravenous
catheters, which may be colonised through the skin or
via the bloodstream, serve as entry for yeast to the
bloodstream. In addition, poor hand hygiene of health
care professionals is a potential source for nosocomial
infections.”' 13

Clinical manifestations include pyrexia, a sepsis-like
syndrome, and disseminated infection with micro-
abscesses or infarctions of various organs such as skin,
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the kidneys, the myocardium, the liver, the spleen, the
bone, the CNS or eyes with retinal lesions and consec-
utive symptoms due to loss of function of these
structures. ' 1° Persistent candidaemia is an important
risk factor for disseminated infection/disease, especially
in children.!” Chronic infections may be characterised
by small abscesses or a granulomatous reaction in
infected tissue that may lead to calcification with only a
limited number of vital fungi. Patterns of tissue damage
may vary depending on the involved organ (liver, lung
and CNS).18-20

Risk factors for invasive candidosis include the
prolonged use of broad spectrum antibacterial agents,
treatment with steroids, central venous catheters, par-
enteral nutrition, the colonisation of mucous mem-
branes, major abdominal surgery, especially after gut
perforation, a prolonged duration of granulocytopenia,
acute renal failure, haemodialysis and a birth weight
below 1000 g (see Table 2).2'28

Invasive candidosis is a serious, potentially lethal
disease. Studies from the early 1980s demonstrated
mortality rates of up to 70%.%?*° Recent publications
reported an attributable mortality between 15% and
50%.21737 Factors associated with mortality are: (1)
persistent positive blood cultures, (2) visceral dissemi-
nation, (3) persistent granulocytopenia and (4) a
delayed start of antifungal therapy.>>%3% 42

Epidemiology

There are no recent data on the incidence of oral and
oesophageal candidosis. Oropharyngeal candidosis
is found in 6% to 93% of HIV-infected patients.*

Table 2 Risk factors for nosocomial Candida infections.

Immunosuppressive therapy

Treatment with broad spectrum antibiotics 2 weeks'

Centralvenous- or arterial catheters'

Parenteral nutrition

Mechanical ventilation 210 days

Colonisation with Candida at >2 regions’

Haemodialysis'

Relapsed gastrointestinal perforation with secondary or tertiary
peritonitis, surgical intervention in patients with acute pancreatitis

Severe illness as measured by ‘morbidity score’ (APACHE II/1ll >20)

Acute renal failure'

Granulocytopenia

Acute and chronic graft-versus-host disease (GvHD) following
allogeneic stemcell transplantation (HSCT)

Intensive care unit for 29 days

Polytransfusions

Preterm neonates (<1000 g)

1

ndependent’ risk factors.>!~2°
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The incidence has dramatically decreased since the
introduction of highly active antiretroviral therapy
(HAART).***> Without antifungal prophylaxis, 25-35%
of patients with cancer or after haematopoietic stem
cell transplantation develop oropharyngeal candido-
sis.>?*%%7 Most infections are caused by C. albicans,
although mixed infections (in combination with
C. glabrata or C. dubliniensis) may be found especially
in HIV-infected patients.*>¢

Candidaemia is most often caused by C. albicans (45—
65%), followed by C. glabrata (15-30%), C. tropicalis
(10-30%), C. parapsilosis, C. krusei, C. lusitaniae and
C. guilliermondii. Other species such as C. dubliniensis,
Candida rugosa, Candida stellatoidea, Candida famata,
Candida norvegensis and Candida kefyr are only rarely
recovered from blood cultures. The aetiology of candi-
daemia may differ between patient groups, different
hospitals and geographic regions. While C. albicans
remains the most important agent among all risk
groups, a shift to non-Candida albicans yeast is being
reported from several hospitals.>! Especially in patients
with haematological malignancies, non-Candida albicans
yeast (C. glabrata and C. krusei) are more frequently
found than in patients with solid tumours or in non-
granulocytopenic ICU patients.>>>" Candida parapsilosis
is more prevalent in the paediatric patient population
(especially in association with intravenous catheters)
while C. glabrata is more often found in older
patients.’’™* In addition, exposure to fluconazole,
broad spectrum antibacterial agents and severe under-
lying diseases are known predispositions for non-Candida
albicans yeast, especially C. glabrata.>*

Pathogens of the species Candida are found in 5% to
15% of all positive blood cultures. The rates differ
among different countries, hospitals and wards.”®
Nosocomial candidaemia is diagnosed in 5-10 patients
per 10 000 hospital admissions. In acute care hospitals
in the US, 4.8 cases of candidaemia were found per
10 000 days with central venous catheters.’® The
incidence of nosocomial candidaemia in adults
increases with patient age but is highest among
neonatals.>®>7">% A large survey in the US documented
the incidence of candidaemia in neonates with 15 per
10 000 hospital admissions, compared to 4.7 in paedi-
atric patients and 3.0 in adults.>®>® A European point
prevalence study that included all 3147 patients treated
for sepsis in intensive care units documented Candida
spp. in 17% of cases as the aetiological agent.’”®” In
autopsied cancer patients, invasive candidosis is found
in 7% up to 30% of patients.®’*®? After intensive
chemotherapy for solid tumours, candidaemia is found
in 0% to 5%.>"37°°
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Epidemiological trends may differ between European
countries. Whereas the incidence and species distribu-
tion in Switzerland did not change between 1991 and
2000, an increasing incidence has been described in
Scandinavian countries (from 1.7 to 2.2 cases per
100 000 inhabitants in Finland and from 6.5 to 15.6
cases in Norway) without a shift in the relative amount
of different Candida species.®” "' A shift in the aetiology
of candidaemia has been documented in Slowakia and
France, where the rate of non-Candida albicans yeast,
especially C. glabrata increased in 10 years from 0% to
46%.7*73 By contrast, in Spain and Italy, C. parapsilosis
is the predominant agent of candidaemia after
C. albicans.”*”> A study in Denmark documented an
increase in the incidence of candidaemia from 2003 to
2004 with C. glabrata being second after C. albicans. The
rate of C. glabrata varied between 8% and 32% in
different hospitals.”® A study in the UK also found
C. albicans (64.7%) and C. glabrata (16.2%) as the most
important agents with the highest incidence of
C. glabrata described in surgical patients.”” The aetiol-
ogy in Germany is comparable with the data from the
UK and Denmark (C. albicans 58.5%, C. glabrata 19.1%,
C. parapsilosis 8.0%, C. tropicalis 7.5%).”%7°

Fungaemia due to non-Candida yeast (e.g. Trichospo-
ron spp., Blastoschizomyces (Geotrichum) capitatum,
Rhodotorula rubra or Saccharomyces cerevisiae) are
reported infrequently. However, the correct identifica-
tion requires additional laboratory tests that are not
available in all laboratories.®%®> These yeast are often
characterised by a reduced in vitro activity of antifungal
agents.®®8” The diagnosis of mixed infections is impor-
tant as this may have therapeutic consequences.85 88

Clinical manifestations

Several clinical entities of invasive candidosis have been

distinguished by Bodey et al. This scheme is mainly used

in the US and English-speaking countries®’:

e [solated candidaemia (with, or without intravenous
catheter);

e Acute disseminated candidosis with/without funga-
emia and disseminated organ involvement;

e Invasive candidosis restricted to only one organ (e.g.
endocarditis, meningoencephalitis, peritonitis);

e Chronic disseminated candidosis in patients with
haematological malignancy.

Superficial candidosis may be subdivided in infections of

the skin and the mucous membranes such as oral and

vulvovaginal candidosis. Oral candidosis is character-

ised by white, adherent, painless discrete or confluent

patches, may be associated by angular cheilitis and
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dysgeusia and can impair oral food intake.’® In the HIV-
infected patient, oral candidosis is typically seen in
advanced immunodeficiency.’’™* In the absence of
distinct patches, diagnosis of oral candidosis may be
impaired when only inflamed and dry, atrophic oral
mucosa is present.” %>

Oropharyngeal candidosis can spread to the larynx
and the oesophagus. These manifestations may also
occur in the absence of oral disease and are character-
ised by painful swallowing or stridor.”?%°” The diag-
nosis of oesophageal candidosis is typically suspected
in patients with oral infection and difficult swallowing.
The diagnosis can be established by culture or histo-
pathology from samples obtained by endoscopy but
usually patients are treated when symptoms suggest
oesophageal candidosis and typical oral manifestations
are seen. Endoscopy with culture and histopathology is
needed when patients treated empirically do not
respond to antifungal therapy.?

The diagnosis of infections of the skin, hair and
vulvovaginal candidosis should be confirmed by micros-
copy and culture. Details on the diagnosis and man-
agement of these entities can be found in the clinical
guidelines provided by the ‘Deutschsprachige Mykolog-
ische Gesellschaft’ which can be accessed via the AWMF
homepage. 8%

Candidaemia is the most frequent manifestation of
deeply invasive candidosis. Pyrexia is typically found.
Often the infection is associated with intravenous
catheters. The serious prognosis associated with candi-
daemia is highlighted by a recent survey of 60 cases
with candidaemia due to C. albicans (n = 38) and non-
albicans (n = 22): 8% developed severe sepsis and 27%
septic shock. The all cause mortality was 42%.'%°

The term acute disseminated candidosis is not widely
used in Europe. This entity is found in patients with
malignancy and prolonged granulocytopenia. Patients
present with sepsis, persisting candidaemia, haemody-
namic instability and disseminated skin or organ
involvement. It is associated with a high mortal-
ity.27?%1%1 Chronic disseminated candidosis (e.g. hep-
atosplenic candidosis) is also found in patients with
malignancy typically after recovery from granulocy-
topenia. Patients present with persisting fever after bone
marrow recovery, a liver that is painful on palpation,
elevated alkaline phosphatase (AP) and subsequently
focal lesions of the liver, spleen, sometimes the kidneys
and lungs as demonstrated by ultrasound, CT or MRI.
Blood cultures frequently remain negative in this
entity, 19102105

Other manifestations of invasive candidosis such as
meningoencephalitis, osteomyelitis, endocarditis, end-

© 2011 Blackwell Verlag GmbH e Mycoses 54, 279-310



ophthalmitis and peritonitis are infrequently found.
Clinical symptoms are determined by the affected organs
and the extent of organ involvement.” 97101

Diagnosis

The diagnosis of systemic candidosis is based on the
cultivation of yeast from sterile clinical specimens or the
demonstration of yeast by histopathology from infected
tissue.'°® Yeast of the genus Candida are saprophytes,
ubiquitous on the skin and mucous membranes. Yeast
cultured from sterile specimens should always be
identified to the species level. In vitro resistance testing
should be performed from all isolates recovered from
invasive infections. The distinction between colonisation
and infection is not possible when yeast are cultured
from non-sterile specimens such as sputum.

Microbiology

Culture

A number of studies in the ICU setting have documented
that the colonisation of more than one body site is
associated with invasive infection.'®”''” The magni-
tude of colonisation can be quantified by the Candida-
Colonisation-Index (CCI) (see Fig. 1a). A CCI > 0.5
precedes a systemic infection by 6 days; the positive
predictive value (PPV) was 66%, the negative predictive
value (NPV) 100%.'°7 The inclusion of the quantity of
colonising yeast (corrected colonisation index, cCCI) (see
Fig. 1a) further increased the usefulness of the index
with a PPV and NPV of 100%.°7 Cultivation of Candida
from one or two body sites (urine and stool) only was not
a predictor for candidaemia.’’ A prospective French
study showed that pre-emptive antifungal therapy based
on the cCCI significantly reduced the rate of candida-
emia.''! Based on these data, some experts recommend

Diagnosis and therapy of Candida infections

the routine use of monitoring the colonisation with yeast
in intensive care unit patients.'®® By adding of clinical
risk factors for invasive Candida infections to the CCI,
Leon evaluated a ‘Candida score’ for the prediction of
invasive infections in prospective cohort studies.'**13
The score includes the colonisation with Candida, previ-
ous surgery, total parenteral nutrition and the presence
of severe sepsis (see Fig 1b). A score >3 was highly
predictive for invasive candidosis.!'*

Blood cultures are the method of choice for the
diagnosis of candidaemia. Two pairs of blood culture
bottles (10 ml each) should be obtained for aerobic and
anaerobic culture when candidaemia is suspected before
the initiation of antifungal therapy.''®> Using this
approach, about 90% of candidaemia episodes can be
detected. It appears that the detection of C. glabrata is
enhanced in anaerobic media. To increase the yield of
blood cultures above 95%, up to four blood culture pairs
have to be obtained in 24 h.''® However, this approach
is not routinely used. Standard blood culture media
detect most Candida species. The addition of special
fungal media may further enhance the speed and
recovery of yeast from blood (‘Mycosis-IC/F-Medium’
or BacT/ALERT 3D)."'7~''¥ However, a separate blood
culture bottle has to be used for this procedure.

About 30-40% of all episodes of candidaemia are
associated with intravenous catheters,'??11%:120-122 1y
patients with central venous lines and suspected candi-
daemia, one pair of blood cultures should be obtained via
the central line and from a peripheral site. A distinction
between catheter-associated and non-catheter-associ-
ated candidaemia might be achieved by comparing the
time to positivity [time to positivity (TTP); 17 vs. 38 h]
or by comparing the number of CFUs from the blood
drawn via the catheter and the peripheral blood.'?31%*
In cancer patients, outcome of candidaemia was corre-
lated with time to positivity in blood cultures.'?’

(@) Number of body regions colonised with Candida

CCI=

Number of regions tested per patient

Number of body regions with high numbers of Candida *

¢CCI=CCI x
Number of body regions per patient colonised with Candida

Figure 1 (a) Candida Colonisation Index (b)
(CCI/cCCI; according to Pittet et al., - - . -

5 Multifocal Candida Colonisation =1 point
[107]). *High numbers >10° CFU ml™". P - toral ‘tm.t.l “ - - D ot
(b) Candida (Leon) score.''>11* Points arentera n.u rition : po%n
need to be added and a cumulative score of Sev.ere Sepsis =2 pOfntS
>3 is asscociated with invasive candidosis. Major surgery = 1 point
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In patients with chronic disseminated candidosis,
cultures frequently remain sterile. Depending on patient
characteristics, the number of blood cultures, the
cultured volume and the culture detection system used,
the sensitivity ranges between 40% and 68%.'09-115:126

Growth of Candida from urine is typically associated
with urinary catheters. A distinction between colonisa-
tion and urinary tract infections by Candida might be
facilitated by the quantification of yeast in the urine.
The cultivation of a high number of colony forming
units (CFUs), the presence of leucocyturia and symp-
toms of a urinary tract infection favours the presence of
a urinary tract infection vs. a colonisation. The culti-
vation of more than 100 000 yeast per ml of urine or
more than 1000 yeast per ml of urine collected by a
sterile disposable catheter is used as a cut off for the
diagnosis of infection.?'2” When yeast are cultivated
from respiratory specimens, a distinction between col-
onisation and infection is not possible. As invasive
respiratory infections are only rarely caused by Candida
spp., the cultivation of Candida from respiratory infec-
tions alone does not prove an invasive infection.'*>128
However, the cultivation from respiratory sites is
important when it is part of a multi-site colonisation
as a basis for pre-emptive treatment strategies using the
CCI or cCCL'"

In vitro susceptibility testing (determination of the
minimal inhibitory concentration, MIC) is indicated for
all isolates from blood and other sterile specimens. MIC
testing can be performed for all antifungals by standar-
dised techniques. The most frequently used techniques
are the North American standard (CLSI M27-A3/S3),
the European standard (EUCAST) and in Germany the
DIN-method.'2°7*37 Only the US standard (CLSI M27-
A3/S3) defines breakpoints for the distinction of
susceptible and resistant organisms for the most fre-
quently used antifungals (see Tables 6 and 7). The
European standard (EUCAST) and the DIN-standard
define breakpoints for fluconazole and voriconazole
only. As all these protocols use labour-intensive micro-
dilution methods, alternatives such as the E-test are
frequently used in clinical care.

The correlation between the MIC and response to
antifungal therapy was established for the treatment of
oropharyngeal candidosis with fluconazole. The corre-
lation is less established in the treatment of invasive
candidosis with fluconazole or voriconazole.'3*1387140
Newer data suggest a correlation between the MIC, the
fluconazole dosage and the area under the curve (AUC)
as a marker for drug exposure and the therapeutic
efficacy.!*"'*2 There are currently no data that suggest
a predictive value of the MICs for the treatment outcome
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when amphotericin B and echinocandins are used to
treat systemic candidosis. Despite this, the current North
American standard (CLSI M27-A3) suggests MIC break-
points for these antifungals.!>>

Non-culture methods
The identification of cultured yeast to the species level
needs 1-3 days depending on the identification method
used. A commercial assay based on fluorescence in situ
hybridisation [peptide nucleic acid fluorescent in situ
hybridisation (PNA FISH); e.g. Yeast Traffic Light™
(AdvanDx, Inc., Vedbaek, Denmark) PNA FISH™]
allows for a rapid presumptive differentiation between
C. albicans, C. glabrata, C. tropicalis, C. parapsilosis and C.
krusei, the most commonly cultured agents of candida-
emia recovered from blood cultures.'*> Recently,
matrix-assisted laser desorption ionisation-time of flight
mass spectrometry (MALDI-TOF MS) has been described
for rapid routine identification of clinical yeast isolates
with high diagnostic accuracy and reliability.!**

Serological tests may be used as adjunctive diagnostic
tests. A commercially available latex agglutination test
(e.g. Cand-Tec®-Test; Ramco Laboratories, Houston,
TX, USA), detects a Candida antigen not thoroughly
characterised. Sensitivity (30-77%) and specificity (70—
88%) varies widely between different studies. False
positive results have been described in the presence of
rheumatoid factor and in patients with impaired renal
function.'*>1%° The monoclonal antibody EB-CA1
binds to mannan-epitopes of different human-patho-
genic Candida species. It is commercially available as
latex-agglutination (Pastorex-Candida; BioRad, BioRad
Laboratories GmbH, Munich, Germany) or as a Sand-
wich-ELISA (Platelia-Candida; BioRad). Both have com-
parable specificity (70-80%), but the ELISA shows an
improved sensitivity (42-98%).">1"*2 Further improve-
ments in the sensitivity (76%) can be achieved by the
combination of the sandwich ELISA with the detection
of specific antibodies (Platelia-Candida).**®**° The early
increase of mannan antigen and anti-mannan antibod-
ies was suggested as helpful for the diagnosis of
hepatosplenic candidosis.'>>

The detection of circulating 1,3-beta-p-Glucan (e.g.
Fungitell® Assay; Cape Cod, MA, USA) from the cell wall
of yeast has been suggested for the diagnosis of invasive
candidosis. A correlation between antigenemia and
disease outcome was established in animals as well as
in patients with invasive candidosis. So far, clinical data
are not sufficient to define the clinical usefulness of the
test. The test cannot distinguish between infections
caused by different fungal agents such as Candida,
Aspergillus and Pneumocystis jirovecii.*>*1>°
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The use of PCR for the diagnosis of invasive candi-
dosis has been evaluated for 20 years but is not yet part
of the routine diagnostic. The detection of DNA from
Candida in body fluids and from blood cultures were the
first attempts to use molecular methods for the diagnosis
of fungal infections. Buchman et al. were the first to
describe a method to amplify DNA from C. albicans in
urine, wound secretions, respiratory tract specimens
and blood from surgical patients in 1990.">7 Since then,
a number of protocols have been published that
improved the specificity of primers and probes and the
PCR platform. However, no single assay has been
established as a standard assay.'>571¢?

Recently, a number of commercial assays have been
introduced that allow the molecular detection of Candida
(and other fungi) in blood (e.g. Lightcycler Septifast-
Test, Roche Diagnostics GmbH, Mannheim, Germany).
As for the serological methods, the clinical validation of
these assays is insufficient to define their role in patient
management.'”® However, the speed of molecular
methods may provide a prognostic benefit.

Tissue examination

A definite diagnosis of proven systemic candidosis
requires histological and/or cultural evidence from
tissue samples or resection material.

In rare entities such as hepatosplenic candidosis
(HSC), microscopy may detect fungal elements in up to
50% of samples. However, culture is rarely positive in
HSC, even in samples positive by rnicroscopy.zo‘171
Whether molecular methods improve this yield is not yet
clear but they should be used in difficult cases.!”? False
negative results have been described in samples obtained
by needle aspiration of hepatic lesion in patients with
hepatosplenic candidosis and laparoscopic guidance has
been suggested to improve the rates of detection.'”> The
sensitivity of biopsy might be highest during the first
three weeks after bone marrow regeneration.

Diagnostic imaging

Ultrasound-, computed tomography (CT) and magnetic
resonance imaging scans (MRI) are important tools
for the diagnosis of invasive candidosis (e.g. HSC), the
monitoring of treatment response and as a guide for
obtaining biopsies. Studies comparing the different
methods are difficult to interpret because of differences
in technology and experience of investigators. Whereas
ultrasound is useful for screening and follow up
studies, a negative result does not exclude invasive
mycosis. Therefore, an additional MRI scan might be
needed to diagnose HSC or other forms of invasive
candidosis, 103-105.174.175
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Hepatosplenic candidosis in patients with malignancy
after recovery from granulocytopenia is characterised
by small abscessed lesions in liver, spleen and sometimes
other organs.'”*'7® Other disease entities (e.g. CNS
abscess) do not show characteristic results in imaging
studies and therefore require tissue biopsies to characte-
rise the aetiology of lesions.

Therapy

Currently, antifungal agents from four different groups
are licensed for the treatment of invasive fungal
infections: polyenes, azoles, echinocandins and nucleo-
side analogues.

The list of licensed antifungals of the polyene class
consists of amphotericin B deoxycholate (b-AMB), the
lipid formulations of amphotericin B (liposomal ampho-
tericin B (L-AMB), amphotericin B lipid complex
(ABLC) and amphotericin B colloidal dispersion
(ABCD). ABCD is licensed in some countries (e.g.
Austria) but not in Germany. Mixtures of D-AMB with
fat emulsions (e.g. Intralipid®, Fresenius Kabi, Graz,
Austria) are not licensed and should therefore not be
used, 179180

Additional antifungals used for systemic therapy
include the triazoles fluconazole, itraconazole, posaco-
nazole and voriconazole, the echinocandins anidulafun-
gin, caspofungin and micafungin and the nucleoside
analogue flucytosine. Flucytosine is only used as a part
of a combination regimen because of the rapid emer-
gence of resistance.'®1'1%% Flucytosine is the only
systemically used antifungal for which therapeutic drug
monitoring is established to avoid toxic effects.'8183
However, data are emerging that suggest the potential
usefulness of therapeutic drug monitoring when itrac-
onazole, posaconazole and voriconazole are used in
prophylactic or therapeutic regimens.!3+18°

Detailed descriptions of the pharmacology of systemic
antifungals can be found in recent reviews and the
prescribing information.'87-18%

Table 3 provides an overview on important pharma-
cological characteristics of antifungals. Tables 4 and 5
describe dosing in patients with renal- and hepatic
insufficiency.

Important considerations when choosing the anti-
fungal agent and the mode of application (i.v. vs.
oral) in systemic candidosis include the localisation of
the infection, the severity of disease (e.g. sepsis and
septic shock), impairment of organ functions (espe-
cially liver and kidney), previous exposure to antifun-
gals, the identified fungal strain, local resistance
patterns and patient characteristics such as age. In
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Table 3 Pharmacokinetics of systemic antifungal agents for the treatment of superficial and systemic Candida infections.

Parameter AMB 5-FC FCz ITZ PCZ VCZ ANID CAS MICA

Mode of administration i.v. iv./(p.o.)! p.o./i.v. p.o./i.v. p.o. p.o./i.v. iLv. v v

Dose linearity 3 + + - ? - + + +

Oral availability (%) N/A >90 >90 >50 >50 >90 N/A N/A N/A

Plasma protein binding (%) 3 10 12 >99 >95 58 84 97 99

Volume of distribution (1 kg™") 3 0.7 0.7 >5 >5 2 0.7 N/A 0.25

Elimination half-life (h) Days 6 30 <40 25 6 24 8-10 15

Substrate /inhibitor of - - 3A4 3A4 3A4% 3A4 - - -

cytochrome-P450-enzymes 1A2 1A2 2C9

2C9,10,19 2C9 2C19

Route of elimination E, U/F E, U E, U M, F>U E,F>U M, U>F D, F D/M M

U>F F>U

AMB, amphotericin B; 5-FC, flucytosine or 5-flucytosine; FCZ, fluconazole; I1TZ, itraconazole; PCZ, posaconazole; VCZ, voriconazole; ANID,
anidulafungin; CAS, caspofungin; MICA, micafungin; E, excretion unchanged; M, metabolisation; D, degradation; U, urine; F, faeces; ?, dose
linearity is unclear for posaconazole

!p.o. available in Germany via import.
20Only inhibitor, no substrat.
*Depending on the carrier.

Table 4 Dosage recommendations in adult patients with candidaemia and renal insuciency.

GFR ml min™" (MDRD)

>50 10-50 <10
Amphotericin B deoxycholate (D-AMB) 0.7-1.0 mg kg™' day™" 100%"
Liposomales amphotericin B (L-AMB) 3mg kg™ day™’ 100%
AMB lipid complex (ABLC) 5mg kg™' day™’ No data available'
AMB colloidal dispersion’ (ABCD) 3-4 mg kg™' day™’ 100%"

Flucytosine 4 x25mg kg™ day™’ Two times 50% per Single dose 100%2
day?
Caspofungin Day 1, 70 mg day™" 100%
From day 2, 1 x 50 mg day™"
Micafungin 1 x 100 mg day™ 100%
Anidulafungin Day 1, 200 mg day™" 100%
From day 2, 100 mg day™"
Fluconazole 400-800 mg day™" 100% 50% 50% 50%° 50%
[traconazole Day 1-2, 2 x 200 mg 100% Not indicated when GFR is below
From day 3, 1 x 200 mg 30 ml min™"
Voriconazole Day 1, 2 x 6 mg kg™' day™ 100%*
From day 2, 2 x 3 mg kg™ day™"
Posaconazole 4 % 200 mg day™" 100%

GFR, glomerular filtration rate; MDRD, Modification of Diet in Renal Disease (formula).

1Should not be used in renal insufficiency.

>Therapeutic drug monitorring needed when GFR <20 ml min™"', therapeutic range: 25—-50 mg 1™1. bone marrow suppression more
frequent in renal insufficiency.

3 Administration after haemodialysis (HD).

1

“Due to acumulation of the carrier when GFR <55 ml min™' i.v. for 14 Tage only recommended, no limitation for oral administration.

addition, contraindications and warnings summarised
in the respective prescribing information need to be
considered.

All antifungals have good activity against a broad
range of Candida spp, especially C. albicans. Some non-
Candida albicans spp are characterised by special
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susceptibility patterns to antifungals, e.g. C. krusei is
resistant against fluconazole but susceptible for voric-
onazole. About 30% of C. glabrata isolates show a
reduced susceptibility for fluconazole and other azoles,
another 30% are in vitro resistant to fluconazole
with variable cross resistance for other triazoles.
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Table 5 Dosage recommendations for adult patients with candidaemia and hepatic insuciency.

Child Pugh Score

A B C

Amphotericin B 0.7-1.0 mg kg~ day™’
deoxycholate
(D-AMB)
Liposomales 3 mg kg™ day™
amphotericin
B (L-AMB)
Amphotericin 5 mg kg™" day~
B lipid complex
(ABLC)
Amphotericin 3-4 mg kg™' day™’
B colloidal
dispersion (ABCD)
Flucytosine 4 x 25 mg kg~ day~
Caspofungin Day 1, 70 mg day™' loading
From day 2, 1 x 50 mg day™"

1

1

Micafungin 1 x 100 mg day™’
Anidulafungin Day 1, 200 mg day™" loading
From day 2, 100 mg day™" Erhaltung
Fluconazole 400-800 mg day™’
Itraconazole Day 1-2, 2 x 200 mg i.v. loading
From day 3, 1 x 200 mg
Voriconazole Day 1, 2 x 6 mg kg~' day™' loading

From day 2, 2 x 3 mg kg™ day™" Erhaltung

Posaconazole 4 x 200 mg day™’

1 1 1

No clinical data
No dose adjustment Dose reduction to 35 mg day™" ab
CHILD 7-9 (according to prescribing
information)
No dose adjustment Not recommended (according
to prescribing information)
No dosage adjustment

Loading dose unchanged, No clinical data
maintenance dose 50%
reduced

No clinical data

Loading dose unchanged, No clinical data
maintenance dose 50%
reduced

No clinical data

'No recommendations due to insufficient data.

Table 6 Breakpoints for in vitro resistance testing of Candida spp. against systemic antifungals according to ‘Reference Method for Broth
Dilution Antifungal Susceptibility testing of Yeasts. Approved Standard M27-A3/S3’ of Clinical Laboratory Standards Institutes

(CLSI)l 35,376

Susceptible Susceptible, dose Intermediate Resistant Not
Drug (S) dependend (S-DD) 0} (R) susceptible (NS)
Anidulafungin <22 - - - >2
Caspofungin <2 - - - >2
Fluconazole <8 16-32 - >64 -
Flucytosine <4 - 8-16 >32 -
ltraconazole <0.125 0.25-0.5 - >1 -
Micafungin <2 - - >2
Voriconazole <1 - >4 -

No breakpoints have been determined for amphotericin B and posaconazole. For echinocandins the category ‘not susceptible’ has been

introduced.

Candida lusitaniae has a variable in vitro susceptibility
for D-AMB and the MICs for the echinocandins
of C. parapsilosis and C. guilliermondi are higher
than for other Candida species'®'°° (see Tables 6
and 7).
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Candidaemia

The preferred antifungal therapy for candidaemia and
other systemic Candida infections is either flucona-
zole (400-800 mg day™! i.v.; double dose as ‘loading
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Table 7 In vitro susceptibility of Candida spp. isolates from blood cultures (modified from Ostrosky-Zeichner et al., [189]).

AMB' 5-FC FCz Iz vz PCZ' AFG CFG MFG
Candida albicans S S S S S S S S S
Candida glabrata S S I-R S-I-R S-I-R S-I-R S S S
Candida tropicalis S S S-l S S S S S S
Candida parapsilosis S S S S S S I | I
Candida krusei S R R I-R S-I-R S-I-R S S S
Candida guilliermondii S S S S S S R R R
Candida lusitaniae S-I-R S S S S S S S S

Based on resistance testing using the CLSI-M27-A3 method.

AMB, amphotericin B — formulations; 5-FC, flucytosine; FCZ, fluconazole; 1TZ, itraconazole; VCZ, voriconazole; PCZ, posaconazole; AFG,
anidulafungin; CFG, caspofungin; MFG, micafungin; S, susceptible; I, intermediate; R, resistant.

'No breakpoints have been determined for amphotericin B and posaconazole.

Table 8 Dosage recommendations for adults with candidaemia.

Antifungal drug Dosage Evidence Comment
Monotherapy
Polyenes
Amphotericin B deoxycholate (D-AMB) 0.7-1.0 mg kg™" day™" Cl [191,200]
Liposomal amphotericin B (L-AMB) 3 mg kg™" day™ A-l [195]
Amphotericin B lipid complex (ABLC) 5mg kg~' day™" -l [220]
Amphotericin B colloidal dispersion (ABCD)* 3-4 mg kg’1 day’1 (@]]] [377,378]
Echinocandins
Anidulafungin Day 1, 200 mg day™" loading A-l [194]
From day 2, 100 mg day™"
Caspofungin? Day 1, 70 mg day™" loading A-l [193]
From day 2, 1 x 50 mg day™
Micafungin 1 x 100 mg day™’ A-l [195]
Azoles
Fluconazole 400-800 mg day™ A-l [191,192]
ltraconazole Day 1-2, 2 x 200 mg i.v. loading c-’ [379]
From day 3, 1 x 200 mg
Posaconazole 4 % 200 mg day™’ C-Ill No data
Voriconazole Day 1, 2 x 6 mg kg™' day™' loading A-l [200]
From day 2, 2 x 3 mg kg™ day™’
Others
Flucytosine 4 %25 mg kg™ day™’ In combination with [182]
polyenes only. Therapeutic
drug monitoring
Combination therapy
Amphotericin B deoxycholate 0.7 mg kg™" day™’ B-I [192]
and fluconazole 800 mg day™'
Amphotericin B lipid complex or 1x5mg kg™ day™’ c-i [214,380]
liposomal amphotericin B (with Efungumab?) (or)
1x3mg kg™ day™’
(1 mg kg™ day™" dose 1-5)
Amphotericin B deoxycholate and flucytosine 0.7-1.0 mg kg~ day™" c-i [212]
and 4 x 25 mg kg™' day™’
'Data not available in peer reviewed format; no licensed indication.
’In patients with more than 80 kg, maintenance is 70 mg day .
3Efungumab is not yet licensed by the EMEA /FDA and not available.
*ABCD is not licensed in Germany.
dose’ on day 1) or an echinocandin, such as dose’, then 50 mgday™® iv.) or micafungin
anidulafungin (200 mg  ‘loading  dose’,  then (100 mg day™' iv. without °‘loading dose’)!?1719°
100 mg day™' iv.), caspofungin (70 mg ‘loading (AT) (see Table 8).
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Fluconazole has been evaluated in two randomised
clinical trials using dosages of 400 mg day ' or
800 mg day™! (+/— AmB-D). Whether the higher
dosage leads to increased clinical efficacy is
unknown.'?*'%?  Fluconazole should not be used
in breakthrough infections in patients receiving
prophylactic azoles or in infections due to C. glabrata
and C. krusei because the in vitro susceptibility might be
reduced (C. glabrata) or because of resistance
(C. krusei).'® A direct comparison between fluconazole
and anidulafungin showed a similar safety profile, a
better treatment response and a trend towards better
survival in patients treated with anidulafungin.'®*
Empiric therapy with fluconazole should not be used
in critically ill, septic patients. Instead, an echinocandin
or liposomal amphotericin B should be used in these
patients.

A direct comparison of caspofungin and micafungin
showed similar efficacy and safety. In addition, no
difference in safety or efficacy was seen in patients
treated with two different dosages of micafungin
(100 mg day™! or 150 mg day *).'°® Further studies
comparing different echinocandins are lacking. Higher
dosages of caspofungin (150 mg day™' vs. 70/50
mg day™!) and micafungin (150 mg day™' vs. 100
mg day™!) showed a trend towards improved efficacy
in subgroups of patients (APACHE-II score >20, gran-
ulocytopenia) and might be used in selected pa-
tients'2®°7 (BIII). As a result of increased MICs and a
higher rate of persistent fungaemia, the use of echino-
candins in candidaemia due to C. parapsilosis may not be
regarded as therapy of first choice,}8%:190:193.194.198.199
As a result of alterations of hepatocytes [foci of altered
hepatocytes (FAH)] and hepatic tumours observed in
rats exposed to micafungin for extended periods of time,
micafungin should only be used after careful consider-
ation of benefits and risks. The clinical relevance of these
findings is unknown. Comparable long-term safety data
have not been obtained for the other echinocandins.

As an alternative to fluconazole or the echinocandins,
liposomal amphotericin B (L-AMB, 3 mg kg™" day™’
without ‘loading-dose’) or voriconazole (2 X 6 mg
kg! day™' iv. ‘loading dose’, then 2 x4 mg
day )1>2°° may be used as antifungal therapy for
invasive candidosis. L-AMB has a higher rate of
nephrotoxicity compared with the triazoles and the
echinocandins. Voriconazole (and itraconazole) has a
higher potential for drug—drug interactions via cyto-
chrome p450-dependent enzymes than fluconazole, the
echinocandins or liposomal amphotericin B.2?!202

Itraconazole and posaconazole have not been studied
in candidaemia to justify their use in this indication. The
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use of D-AMB is associated with significant toxicity
(infusion-related electrolyte imbalances and nephrotox-
icity) and its use is therefore discouraged outside
resource poor settings as a first line agent for the
treatment of invasive candidosis.®!-321062037209 cop-
tinuous infusion (24 h) of amphotericin B deoxycholate
is better tolerated, but the efficacy has not been
documented in randomised trials and therefore, it
should not be used.?'°

As a result of the lack of data from randomised
clinical trials, the combination of D-AMB (0.7—
1.0 mg kg™ day™') with flucytosine (100 mg kg™*
day™!, divided in 3-4 doses) is only recommended for
certain disease entities (endocarditis, meningitis, perito-
nitis and arthritis)>*'*~>!3 (B-III). The combination of
D-AMB (0.7 mg kg™ Tag™)  with  fluconazole
(800 mg Tag ' i.v.) was compared with monotherapy
with fluconazole (800 mg Tag™' i.v.) in a randomised
clinical trial. The combination treatment showed a
significantly improved microbiological response (69%
vs. 56% P = 0.043), but a significant higher rate of
nephrotoxicity (23% vs. 3%) as well.'* A randomised
clinical trial comparing lipid-associated amphotericin B
(L-AMB or ABLC) monotherapy and a combination of
either lipid-associated amphotericin B with a heat shock
protein (HSP-) 90-antibody inhibitor (Mycograb)
showed a favourable response of the combination
therapy.?'* However, this monoclonal antibody is not
currently available for clinical use. Other combinations
of currently licensed antifungals have not been studied.

Every blood culture that reveals growth of yeast
together with clinical signs of infections represents an
infection that needs prompt management including the
initiation of antifungal therapy (A-I) and the removal of
central venous lines (A-IT). When cultures of only a
catheter tip grow yeast, while blood cultures remain
sterile, systemic antifungals are not indicated in every
case, depending on the clinical condition of the
patient.?'> Rapid initiation of correctly dosed antifun-
gals is critical for patient prognosis‘u'42216 (A-TI).
Whether pre-emptive treatment strategies in febrile
non-granulocytopenic ICU patients improve the out-
come is not proven.'°”?'7 The prophylactic use of
antifungals is beyond the scope of this manuscript.
However, a meta-analysis of studies in non-granulocy-
topenic ICU patients documented a reduction in mor-
tality of 24% and a reduction in the incidence of
invasive fungal infections of 50% in patients treated
with prophylactic fluconazole or ketoconazole.>'®
Ketoconazole is not used for this indication, but fluco-
nazole may be an option for selected high-risk
patients.>'® Beside the importance of early antifungal
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therapy, other prognostic factors have been determined,
such as the underlying disease, the severity of the illness
(APACHE-II-Score), the amount of immunosuppression,
advanced age and impairment of the renal func-
tion.!92-21¢ By contrast, the prognosis appears not to
be affected, whether a polymicrobial (e.g., isolation of
more than one Candida spp) or monomicrobial aetiology
is determined. Therefore therapy is not different, espe-
cially when an echinocandin is used.®’

In accordance with other guidelines, antifungal
treatment for uncomplicated candidaemia is recom-
mended for 14 days after the first negative blood culture
and resolution of all clinical signs of infection.” This
recommendation is derived from the duration used in
clinical registration trials. Therefore, drawing of blood
cultures is recommended after initiation of antifungal
therapy. In clinical trials, the mean duration of
antifungal therapy is 12—-16 days (up to 66 days in
selected cases). Therefore, if follow up cultures are not
available, antifungal treatment should be continued at
least for 14 days after the last positive blood culture and
all clinical signs of infection have resolved.'?3 19200 [
most clinical trials, the median time to the first negative
blood culture was 2-3 days. Persistent positive blood
cultures in clinically stable patients with susceptible
organisms (MIC testing) until day 3 after the start of
antifungal therapy and removal of central venous lines
may not reflect treatment failure, as 20% of successfully
treated patients still have positive blood cultures at day
3.193:290 However, in clinically unstable patients, anti-
fungal treatment should be changed in the absence of
clinical improvement after day 3—4 (C-III). In patients
failing antifungal therapy, deep tissue involvement
should be excluded, the class of antifungals should be
switched or a combination therapy with two in vitro active
drugs be started (CIII). Treatment failure can be defined as
persisting positive blood cultures for more than 3 days in
the absence of clinical improvement or a worsening of
clinical signs (B-II). Potential invasive (tissue) infection
causing treatment failure with persisting or relapsing
candidaemia include catheter or implant associated
infections, endocarditis, peritonitis, bone infections or
abscesses which must be excluded in these cases.

If clinically feasible, immunosuppressive therapy
should be reduced or stopped (B-III).>'® Fundoscopy
should be performed in all patients with invasive
candidosis before antifungal therapy is discontinued to
exclude chorioretinitis® (B-III). Further tests, such as
ultrasound or echocardiography are not routinely
indicated in uncomplicated candidaemia.

After improvement of clinical signs, sterilisation of
blood cultures and documented in vitro susceptibility of
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the causative yeast, step down therapy after initial
treatment with an echinocandin (anidulafungin, caspo-
fungin and micafungin) was shown to be effective with
oral fluconazole starting on day 10 or in another study
with D-AMB compared with voriconazole on day 4
of antifungal therapy, and may be recommended if
oral drug intake and gastrointestinal absorption is

possible] 93,194,196,200 (B—HI)

Candidaemia in granulocytopenic patients

Although data are limited, the response to antifungal
therapy is reduced by 15-20% in the granulocytopenic
host.'?319%19¢ The clinical response to amphotericin B
lipid complex was reduced by 20-30% in patients who
where granulocytopenic at diagnosis or became gran-
ulocytopenic after diagnosis when compared with the
whole cohort consisting of granulocytopenic and non-
granulocytopenic patients included in a large cohort
study [Collaborative Exchange of Antifungal Research
(CLEAR) database].22° To reduce the duration of granulo-
cytopenia, G-CSF or GM-CSF may be used in granulo-
cytopenic patients (C-II[).>?! In animal models of
systemic fungal infections, the use of G-CSF in addition
to antifungals showed a positive effect, presumably by
improving the function of neutrophils.>?? Selected
granulocytopenic patients may benefit from the infusion
of granulocytes.”??®> However, the routine use of
G-CSF/GM-CSF or the infusion of granulocytes is not
recommended as standard therapy (C-III).

A randomised clinical trial** and a cohort study>! did
not show a significant difference in antifungal efficacy
between fluconazole and amphotericin B deoxycholate
in granulocytopenic patients with systemic candidosis.
However, the number of patients was small and there
was a trend to a lower response to antifungal treatment
in patients with neutrophil counts below 1000 ul_l
treated with fluconazole when compared with amphoter-
icin B. Therefore, fluconazole is not recommended as first
line therapy in granulocytopenic patients. Although
D-AMB, anidulafungin, caspofungin or micafungin have
been tested in controlled clinical trials,"*>™'”° the number
of granulocytopenic patients in these trials was limited.
For voriconazole, only data from salvage therapy
studies are available.”** Given the high rate of infections
due to non-Candida albicans yeast in granulocytopenic
patients and the importance of a fungicidal mode of
action, echinocandins or liposomal amphotericin B are
preferred as the first line therapy for systemic candidosis in
granulocytopenic patients (B-IIT).

In addition to fundoscopy, an abdominal ultrasound
(liver, spleen and kidneys) should be performed in
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granulocytopenic patients with candidaemia after bone
marrow recovery to exclude chronic disseminated infec-
tion/hepato-splenic candidosis that may not be associ-
ated with clinical symptoms other than fever (B-III).

Acute disseminated candidosis

Acute disseminated candidosis is the most severe form of
systemic candidosis in granulocytopenic patients. It is
characterised by haemodynamic instability, persistent
positive blood cultures and deep organ and/or skin
involvement. In i.v. drug users, a comparable disease
entity may become symptomatic only hours after i.v.
drug use. Patients present with sepsis, spiking fever,
shaking chills and disseminated lesion of the skin and
sometimes other organ infections such as endophthalm-
itis or osteomyelitis.>*>**® Contamination of the drugs
or solvents used is being discussed as potential sources
of yeast.>?” Echinocandins or liposomal amphotericin B
is recommended as initial antifungal treatment (B-III).
In this condition, fluconazole is not recommended (C-
III). The duration of treatment depends on the clinical
response to treatment and the time to elimination of
Candida from bloodstream. No definite duration of
antifungal therapy has been established.

Management of intravenous lines

Central venous lines should be regarded as an infectious
focus and should be removed whenever possible, regard-
less if they are the primary portal of entry or if they are
secondarily colonised??%® (A-II). A rapid sterilisation of
the bloodstream is only achieved by the removal of
infected central venous lines including implanted
catheters (Port-/Hickman/Broviac-Systems). Removal
should be performed with the initiation of antifungal
therapy. If the central venous lines are retained, the
duration of candidaemia increases (from 3 to 6 days) as
does the mortality of patients.?!21%-228:229 Thjs is partic-
ularly supported by data for infections due to C. albicans
and C. parapsilosis, but less for other Candida species. The
best time for removal is controversial but should generally
be performed as early as possible.>2° The role of catheter
removal in granulocytopenic patients is particularly
controversial as the gastrointestinal mucosa, damaged
by cytotoxic chemotherapy, is thought to be the main port
of entry for yeast to the bloodstream.?°%231-232 However,
as the central venous line might be colonised, it is
recommended to remove them in these patients (B-III).
Whether the superior activity of echinocandins and
liposomal amphotericin B against biofilms on catheters,
as shown in in vitro models compared with fluconazole,
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is clinically relevant is not proven.??>723° Data from

clinical trials do not answer this question and as long as
no new data emerge from clinical trials, removal of
catheters is recommended'?>71? (B-II).

Paediatric patients

Concerning the choice of the antifungal agent and the
disease management, the same rules as for adults apply
for paediatric patients. The reduced or missing activity
of fluconazole to C. glabrata and C. krusei, previous
exposure to antifungals, potential side effects, interac-
tions of antifungals with other drugs and other infor-
mation as documented in the prescribing information
have to be considered.

As for adult patients, for which most of the clinical
data have been collected, central venous lines should be
viewed as a potential focus of infection and should
therefore be removed. The duration of antifungal
therapy in uncomplicated candidaemia is 14 days
starting with the last negative blood culture and the
resolution of all clinical signs of infection. The duration
of antifungal therapy in other systemic Candida infec-
tions depends on the treatment response. After clinical
improvement and the demonstration of in vitro suscep-
tibility of the organism, therapy can be switched to oral
fluconazole as step down therapy. Fundoscopy should be
performed before the end of antifungal therapy in all
invasive infections to exclude chorioretinitis.?>°

Paediatric patients beyond the neonatal period

Based on data from paediatric dose finding studies and a
randomised clinical trial in systemic Candida infections
in paediatric patients beyond the newborn period,
liposomal amphotericin B or micafungin may be
recommended as first line therapy (AI). Other well
evaluated therapeutic options include caspofungin (AII)
and fluconazole (AIl).?3772® Voriconazole and ampho-
tericin B lipid complex?*7-2*% are options for second line
therapy (AII). As for adults, D-AMB is not considered as
a first line therapy of Candida infections (CIII). The
indications of the combination of D-AMB and flucyto-
sine*®? has not been clearly defined because of a lack of
clinical trial data and should therefore not be considered
as a standard regimen (CIIT) (Dosage recommendations
see Table 9).

Newborns and premature neonates

Therapeutic recommendations are based on dose finding
studies and small phase II clinical trials and include

291



M. Ruhnke et al.

Table 9 Dosage of systemic antifungals in paediatric patients be-
yond the newborn period.?3%*

Table 10 Dosage recommendations for newborn and preterm
newborns.?3%*

Indication Drug/dosage Drug Dosage

Superficial Fluconazole (6 mg kg™ day™' q.i.d. p.o./i.v.) Superficial Fluconazole (6 mg kg™ day™' q.i.d. p.o./i.v.)
infection’ Itraconazole (2.5 mg kg™" day™' b.i.d. p.0.)? infection’

Systemic Caspofungin (50 mg m~2 q.i.d. i.v.; day 1 Systemic Amphotericin B deoxycholate (0.7-1.0 mg kg™
infection ‘oading” 70 mg m~2; max. 70 mg) infection day™" g.id. iv.) +/-

Fluconazole (12 mg kg™' day™" q.id. iv;
max. 800 mg)
Liposomal Amphotericin B
(3mg kg™' day™' q.id. iv.)
Micafungin (<40 kg: 2-4 mg kg~' day™’
q.i.d. i.v.; 240 kg: 100-200 mg day™")
Second line’:
Amphotericin B deoxycholate
(0.7-1.0 mg kg™ q.i.d. i.v.) +/— Flucytosine
(100 mg kg™" day™" in 3-4 doses i.v.;
TDM needed)*
Amphotericin B lipid complex
(5mg kg™ day™" q.id. iv.)®
Voriconazole (=12 years: 8 mg kg™’
b.i.d. iv.; day 1: loading’ 12 mg kg™' b.i.d.;
<12 years: 14 mg kg™' day™" b.i.d. iv.)>®

TDM, therapeutic drug monitoring.
*Alphabetic order, not in order of activity.

'Oropharyngeal and vulvovaginal candidosis, Candida-Infections of
the skin, hair, nails and chronic mucocutaneous candidosis. In
refactory cases drugs as for systemic infections.

Not licensed for paediatric patients, Dosage validated in clinical
trials.

Due to toxicity /drug--drug interactions/status of licensing.
“Status of licensing.
°Not sufficiently validated in children below 13 years.

®Potential for interactions, benefits compared with fluconazole
undefined.

liposomal amphotericin B,

complex, caspofungin,
ole237:244249-253 (AT)

amphotericin B lipid
micafungin and fluconaz-
Amphotericin B deoxycholate
is considered as a second line therapy in this patient
population (CIIT). The role of combination therapy with
D-AMB and flucytosine is undefined (CIII) (Dosage
recommendations are summarised in Table 10).

Organ infections

The therapeutic approach to invasive organ infections is
similar to that of candidaemia combined with surgical
resection or debridement of infected tissue. In selected
cases, a higher dosage of the antifungal may be
indicated (e.g. caspofungin maintenance dose of 100—
150 mg instead of 50 mg), but supporting data are
limited'?”2°* (Recommendations are summarised in
Table 11).
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"in 3-4 doses i.v.;

Flucytosine (100 mg kg™' Tag™
TDM needed)
Amphotericin B lipid complex (5 mg kg™’
day™" qg.i.d. i.v.)
Caspofungin (25 mg m~2 q.i.d. iv.)
Fluconazole (12 mg~'kg day™" q.i.d. i.v.)
Liposomal Amphotericin B (3 mg kg™
day™" qg.i.d. i.v.)
Micafungin (2 mg kg~" day™" q.i.d. i.v.)

TDM, therapeutic drug monitoring.
*Alphabetic order, not in order of activity.
'Oropharyngeal and diaper rash.

Central nervous system candidosis

Candida infections of the central nervous system (CNS)
may present as meningoencephalitis or as ventriculitis
associated with foreign bodies such as shunts or, rarely,
brain abscess. As a result of the fungicidal activity of
amphotericin, the excellent CSF penetration of flucyto-
sine,"®” documented synergism in vitro and in vivo,>>>
and documented clinical activity in infections due to
Candida®'! and in cryptococcal meningoencephalitis,?>°
many experts prefer the use of D-AMB (0.7-1.0 mg
kg™ day™!) with flucytosine (100 mg kg™* day ™! in 3—
4 doses) as initial therapy (BIII). Data on newer
antifungal from clinical trials are not available.>*>”

Alternative options include liposomal amphotericin B
or fluconazole (BIII). The rationale for the use of
liposomal amphotericin B (5 mg kg™* day™) is found
in studies in experimental Candida meningoencephali-
tis?>® and clinical data from preterm newborns.?*° The
efficacy of fluconazole alone or in combination with
flucytosine is supported by case reports only.>>* How-
ever, the efficacy of fluconazole alone or in combination
with flucytosine or D-AMB for cerebral Candida infec-
tions (e.g. meningitis) is suggested by its proven efficacy
in other yeast-associated diseases such as cryptococcal
meningitis.” Fluconazole, alone or in combination with
flucytosine, may be used as an oral consolidation
therapy (BIII).

Among the newer antifungals, voriconazole is a
reasonable, although unstudied, therapeutic option for
Candida meningoencephalitis due to good CNS levels*®©
and promising data in patients with CNS aspergillo-
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Table 11 Treatment of organ infections in adults.

Diagnosis and therapy of Candida infections

Organ infection Drug Dosage Evidence Comment
Meningitis/CNS D-AMB i.v. 0.7-1.0 mg day™" Blll [381]
+ flucytosine 25 mg kg™' q.i.d. BIll" Tissue penetration of Echinocandins undefined
L-AMB 3 mg kg™' day™" Bill"
Fluconazole? 800/400 mg day™" BIll"
Voriconazole? 8/4 mg kg™ b.id. !
Endophthalmitis / Fluconazole 800/400 mg day‘1 Blll [382] [275]
chorioretinitis Voriconazole 8/4 mg kg™ b.id. BIll Tissue penetration of Echinocandins undefined
Endocarditis D-AMB i.v. 0.7-1.0 mg day™" BIl [284] [282] [287] [288] [254]
+ flucytosine 25 mg kg™' q.i.d. Blll
Caspofungin 70/50 mg day ™" !
Pneumonia Anidulafungin 200/100 mg day™ ! Diagnostic confirmation needs histological proof
Caspofungin 70/50 mg day™" !
Fluconazole 800/400 mg day™" !
Voriconazole 8/4 mg kg™ q.id. !
Peritonitis Anidulafungin 200/100 mg day™ !
Caspofungin 70/50 mg day™" ! [212]
Fluconazole 800/400 mg day™" BII [213]
Voriconazole 8/4 mg kg™ b.i.d. !
D-AMB i.v. 0.7-1.0 mg day™" BI
+ flucytosine 25 mg kg™ q.i.d.
Osteomyelitis / Fluconazole 800/400 mg day™" BII [383] [325]
arthritis Voriconazole 8/4 mg kg™ b.id. Bl
Candiduria, Fluconazole 400/200 mg day™" BI [384]
cystitis, nephritis
Chronic disseminated Fluconazole 800/400 mg day™" Blll Step down therapy after 2 weeks of
Candidosis (if isolate susceptible) 6-12 mg kg™ day™ Bl caspofungin/L-AMB with oral fluconazole /
Voriconazol 8/4 mg kg™ b.i.d. BIll voriconazole /posaconazole
Caspofungin 70/50 mg day™" Bl
L-AMB 3 mg kg™" day™’ !

'Data difficult to evaluate.

2Good CSF penetration of azoles documented but place in primary therapy not well documented, therefore preferred for Step down therapy.

SiS.261'262

Animal

models suggest

the

potential

usefulness of the echinocandins in Candida meningo-
encephalitis,?®32°* although higher doses might be
required (as studied for micafungin).?®> Clinical data are
limited to case reports?*-2°° (CIII).

Antifungal therapy for cerebral Candida infections is
recommended for at least 4 weeks after the resolution of
all signs and symptoms of the infection (BIII). In foreign
body associated infections of the central nervous system,
removal of the foreign bodies is indicated. Brain
abscesses usually require neurosurgical intervention.?

Candida endophthalmitis and chorioretinitis

Candida infections of the eye include endophthalmitis,
chorioretinitis and keratitis. Candida endophthalmitis is
a rarely diagnosed complication of disseminated Candida
infection.?®” Older studies have described endophthalm-
itis (e.g. ‘cotton wool spots’) in up to 78% of patients
with candidaemia, but recent reports found a much
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lower incidence.?®®727° In patients treated in a rando-
mised clinical trial (voriconazole vs. amphotericin B),
Candida chorioretinitis was diagnosed in 9.5%, while
endophthalmitis was diagnosed in 1.6%.%°° Of note is
the association of i.v. drug abuse, disseminated candi-
dosis and Candida chorioretinitis. However, the patho-
genesis is not clear.?”1272

The antifungal therapy of Candida chorioretinitis is
similar to candidaemia but the treatment is continued
until the resolution of all symptoms and signs. Thera-
peutic options of Candida endophthalmitis include
D-AMB, alone or in combination with flucytosine
(B-IIT), or as step-down therapy, fluconazole (B-III).
Alternative agents include voriconazole or caspofungin
but failure of echinocandin therapy have been reported
and may occur because of low tissue penetration.?”>27>
Case reports also suggest that patients with relevant
alterations in visual acuity may benefit from early
vitrectomy (e.g. ‘pars plana’- vitrectomy), combined with
intravitreal application of amphotericin B.?®7276-277
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In animal models of Candida keratitis, topical treatment
(s.a. fluconazole, micafungin) was successful and this
has been confirmed in case reports.””®2%° Systemic
therapy of fungal endophthalmitis should be performed
using high dosages to maximise antifungal exposure of
the infected structures. Treatment should be continued
for at least 4—6 weeks until resolution of all signs and
symptoms.2

Candida endocarditis

The exclusion of Candida endocarditis needs repeatedly
negative blood cultures and a transesophageal echocar-
diogramm. This procedure should be performed
promptly whenever endocarditis is suspected.?®172%3

The therapy of Candida endocarditis includes the
surgical removal of affected tissue in combination with
antifungal therapy.”3%28%% Most published reports on
antifungal therapy used D-AMB in combination with
flucytosine®8287-288 for at least 6 weeks after valve
surgery (B-III), with an optional consolidation therapy
with fluconazole (B-III).

Individual patients with native valve endocarditis,
especially due to C. parapsilosis, have been successfully
treated with fluconazole alone,?**?*° or in combina-
tion with liposomal amphotericin B,2°*?°! with caspo-
fungin alone or in combination with fluconazole or
voriconazole or with continuous infusions of
D-AMB.?862927296 Among three patients with Candida
endocarditis treated with higher doses of caspofungin
(100 mg day™!), treatment was successful in one
case.”>*

Adequate management should include MIC testing of
the isolates to exclude in vitro resistance, especially in
patients with persistently positive blood cultures.?®”
This is particularly important in relapsed disease as
combined resistance against echinocandins and azoles
has been documented during treatment.?®”

Candida endocarditis is a rare disease.>*® Intravenous
drug users and immunocompromised patients are
susceptible to this infection. Management is particularly
difficult when the infectious process is not restricted to
the valves, but includes the endocard. It may not be
possible to repair the resulting tissue damage. Therefore,
management should include antifungal therapy and
surgery preferentially during the first 3 weeks after the
diagnosis.?®* Surgery is definitely needed in patients
experiencing congestive heart failure or thromboembo-
lic events®®? (BIII). As surgery may not be possible in all
patients, combination therapy is frequently applied but
evidence for its usefulness is restricted to case reports.
One case report described the successful treatment of
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Candida endocarditis due to C. parapsilosis without
cardiac surgery with a combination of caspofungin
and voriconazole.?® (see Tables 6 and 7).

Candida pneumonia and laryngeal candidosis

Candida pneumonia is a rare condition. As yeast are
frequently cultivated from respiratory secretions, biopsy
of lung tissue is the only reliable means of establishing
the diagnosis in patients with pulmonary candido-
sis.2?%2%% However, postmortem studies document pul-
monary involvement in up to 50% of patients with
disseminated candidosis.®!*3°%-3%! Cultivation of Candida
spp. from BAL per se is no indication for systemic
treatment with antifungals or their inhalation. Newer
data suggest that even when a colonisation of the
respiratory tract with Candida spp. is documented by
BAL, pneumonia is still rarely present.?8

Candida pneumonia has mostly been reported in
patients with neoplastic diseases.>**°> The infection
is acquired after aspiration of oropharyngeal secretions
containing Candida spp, or more often after haematog-
enous dissemination. As a result of a lack of specific
treatment trials, therapeutic options are in accordance
with candidaemia and acute disseminated candidosis.
Candida infections of the larynx or epiglottis>*®3°7 are
treated in accordance with the recommendation given
above (see Tables 6 and 7).

Candida peritonitis

Candida peritonitis is typically seen in patients undergo-
ing peritoneal dialysis>*®3%° or after gut perforation
with subsequent secondary or tertiary peritonitis, typ-
ically in surgical patients.>'°1* Cultivation of Candida
from peritoneal swabs or biopsies in patients with
secondary peritonitis should be interpreted as evidence
for a peritoneal infection with Candida spp and should be
treated with systemic antifungals.®'’

Recommendations consisted of D-AMB with or with-
out flucytosine or fluconazole, for >2 weeks (B-III). In
addition, catheters for peritoneal dialysis should be
removed if present,>?%3%931% and adequate surgical
interventions are necessary when perforations are
suspected (B-III). Concomitant treatment with flucyto-
sine at the start of antifungal treatment is useful
because of its favourable pharmacological properties
and good antifungal activity (B-IIT). Newer therapeutic
options include caspofungin, anidulafungin, micafungin
or liposomal amphotericin B (B-III),* 237195254 although
data on these newer antifungals are restricted to case
reports. 316317
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Optimal duration of peritonitis has not been estab-
lished but depending on the response to therapy,
2-4 weeks of systemic therapy may be required?
(B-III) (see Tables 6 and 7).

Candida osteomyelitis and Candida arthritis

Debridement, removal of foreign materials in addition to
systemic antifungal treatment for 6-12 months is
recommended on the basis of the existing literature for
the treatment of Candida osteomyelitis and Candida
arthritis caused by fluconazole susceptible yeast®>'®
(BII). Concomitant therapy with flucytosine at the
beginning of systemic antifungal therapy is suggested
because of its favourable pharmacological properties
and good antifungal activity (in vitro synergy and high
tissue levels) but clinical data are lacking.>'’

Whether treatment with conventional amphotericin
B, lipid-formulations of amphotericin B, voriconazole or
one of the echinocandins is associated with therapeutic
benefits is unknown. Published data of the use of
echinocandins are limited to case reports.>>*3207323 In
a case series including patients with systemic candidosis
in the absence of candidaemia, treatment with 100-
150 mg of caspofungin was successful in four of four
patients with osteomyelitis and arthritis.>>* Besides case
reports on voriconazole in the treatment of Candida bone
infections,>** data on 20 immunocompromised patients
with Aspergillus osteomyelitis or spondylodiscitis have
been published. Most patients received voriconazole as
salvage therapy for a median treatment duration of
83 days (range 4-395 days). A complete response was
documented in four patients while seven patients
achieved a partial response.>*’

As a result of the lack of randomised studies in these
rare conditions, treatment recommendations are based
on expert opinion [C-III].

Chronic disseminated candidosis

Chronic disseminated candidosis (e.g. hepato-splenic
candidosis) is not usually a life threatening condition
but may often require systemic antifungal therapy for
months. After stabilisation of signs and symptoms,
chronic disseminated candidosis is not a contraindication
for the continuation of antineoplastic chemotherapy or
haematopoietic stem cell transplantation in patients with
malignancy.'%232® Two small case series document a
continued response in the majority of patients (73% and
87%) with continued systemic antifungal therapy.>>7"-32%

Data on antifungal treatment in patients with chronic
disseminated candidosis are limited to case series with
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D-AMB with or without flucytosine,'®>?® lipid-formu-
lations of amphotericin B,*?° fluconazole*3%>3! and
caspofungin.?®* As a result of the need for prolonged
antifungal therapy, oral agents such as fluconazole are
recommended. The echinocandins or liposomal ampho-
tericin B should be used as initial therapy in unstable
patients or refractory patients [B-III]. As a result of the
lack of randomised clinical trials, the recommendations
on the use of the antifungal agents are based on expert
opinion [CIII].

The duration of antifungal therapy in patients with
chronic disseminated candidosis should be individua-
lised and may be continued until the resolution of all
radiographic signs or calcification of the lesions. By
contrast, newer data suggest that hepato-splenic cand-
idosis may represent an immune reconstitution syn-
drome as concomitant treatment with steroids in
addition to antifungals may be associated with rapid
resolution of clinical signs.>>? With continuation of
chemotherapy or in patients receiving haematopoietic
stem cell transplantation, antifungal therapy should be
continued? [C-IIT].

Mucocutaneous candidosis

Oropharyngeal and oesophageal candidosis

Uncomplicated oropharyngeal candidosis (OPC) can be
treated with topical agents such as polyenes or azoles
(B-I1),>°° systemic (or topical) fluconazole (200—
400 mg day™%; p.o. or i.v.) (A-I) or itraconazole solution
(A-I), for 7-14 days.>**7*37 In OPC cases refractory to
fluconazole or in breakthrough infections during pro-
phylaxis with fluconazole, itraconazole (oral solution)
(A-II), posaconazole (B-II), anidulafungin, caspofungin,
micafungin (B-II) or voriconazole (p.o. or iv.)
(B-I1)**33%7 can be used. D-AMB (i.v.) should only be
used after failure of the before mentioned therapeutic
options>*® (see Table 12).

Oesophageal candidosis should be treated with sys-
temic antifungals (A-II). First choice of therapy is
fluconazole (i.v. or p.o.) for 14 to 21 days (A-I). In
patients presenting with typical signs and symptoms
(OPC together with odynophagia) pre-emptive antifun-
gal therapy may be indicated (B-II).>>*° Symptomatic
improvements are seen within 7 days in most of the
patients. Therapeutic alternatives that can also be
used in infections refractory to fluconazole are itraco-
nazole (oral solution) (A-I), voriconazole (p.o. or i.v.)
(A-T), posaconazole (A-I), anidulafungin (A-I), caspo-

fungin (A-I), micafungin (A-I) or D-AMB (i.v.)
(B-IT),50-342344-347.350-358
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Vulvovaginal candidosis

Most cases of Candida vaginitis can be succesfully treated
with topical azoles or polyenes. Topical therapy should
be applied for more than 7 days. Oral therapy with
fluconazole or itraconazole for 1-3 days is an effective
alternative®>?3°" (A-I). Severe, refractory or relapsed
infections may need a prolonged topical treatment, oral
fluconazole or itraconazole for more than 14 days,
followed by a continous suppressive therapy
(B-II1).2°%3%° Newer antifungals such as voriconazole
or echinocandins have not been properly evaluated in
this indication. Especially during pregnancy, drugs such
as griseofulvin, ketoconazole, voriconazole, flucytosine
or potassium iodide are contraindicated.>®! Immuno-
therapy is not a standard approach to the treatment of
genital candidosis.>®2

The treatment of chronic relapsing Candida vulvovag-
initis is challenging and may not only require antifungal
therapy, as psychosomatic factors may be involved.>®3

Candiduria

In patients with urinary catheters, candiduria usually
represents colonisation rather than infection and needs
no antifungal treatment. Catheter removal alone clears
the urine from Candida in 40% of the cases, while a
change of the catheter leads to a durable sterilisation of
the urine in <20% of the patients. A significant benefit

Table 12 Treatment for mucocutaneous infections in adults.

of the use of antifungals in patients with colonisation of
the urinary tract is not documented.?®*3%°

By contrast, in patients with symptomatic candiduria
or in granulocytopenic patients, antifungal therapy is
recommended (B-III) as is the removal or change of
foreign bodies (catheters and stents).? If urinary cultures
persistently grow Candida, an ultrasound should be
performed to exclude renal infection (B-III). Systemic
antifungal therapy using fluconazole (>7 days) or
D-AMB (<7 days) has been shown to be effective
(B-II).% As a result of its activity in non-Candida albicans
yeast and high concentrations in urine, flucytosine is
recommended as part of a combination therapy espe-
cially in complicated infections or infections due to non-
Candida albicans yeast (B-II1).3%® Bladder irrigation with
D-AMB (50-200 pg ml™Y) is an inferior option in most
cases and is limited by local toxicity (C-III).> In
infections due to non-Candida albicans yeast, caspofun-
gin or micafungin may be used*®”2®® (C-III). Data on
the use of anidulafungin or voriconazole in urinary tract
infections are lacking. The role of echinocandins in the
treatment of candiduria has not been properly studied
(C-IID).

Candida infections of the skin and nails

Skin infections due to Candida are treated with topical
azoles or polyenes (A-II). In severe or refractory cases,
oral azoles such as fluconazole or itraconazole are

Disease Drug Dosage Evidence Comment
Oropharyngeal Amphotericin B 0.5 (to 2.4) g day™’ Bl Drug—drug interactions
candidosis (oral suspension /tablets) Al
Nystatin (oral suspension) 6 x 100.000 I.E day™ Al
Fluconazole 50-200 mg day™" Al
ltraconazole (oral solution) 100-200 mg day™" Al
Posaconazole 100 mg day™
Laryngitis As for oropharyngeal No data
Oesophagitis Fluconazole 200-400 mg day™" Al Selection of resistant organisms with
ltraconazole (oral solution) 2 x 200 mg day™" Al fluconazole /itraconazole
D-AMB (i.v.) 0.5-0.7 mg kg~' day™" cll
L-AMB (i.v.) 1-3 mg kg™' day™ Al
Anidulafungin 100 mg day™ Al
Caspofungin 50 mg day™ Al
Micafungin 150 mg day ™" Al
Voriconazole 400 mg day™ Al
Vaginal candidosis Clotrimazole (suppository) Topic All Frequent relapses in immunocompromised
Fluconazole 150 mg day™ All host; Candida glabrata in HIV+
Skin/nails Fluconazole 50-200 mg day™’ All
ltraconazole 100-200 mg day™ All
Chronic mucocutaneous Fluconazole 50-400 mg day™" BIll Suppressive therapy frequently needed
candidosis (CMC) ltraconazole 100-400 mg day™" Blll
Posaconazole 100-400 mg day™ Blll
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recommended®®® (A-II). Treatment of choice for ony-
chomycosis is itraconazole or fluconazole®® (A-II). As
terbinafine is active in vitro against dermatophytes only,
and not against Candida spp, its use is limited to
infections due to dermatophytes.>®’

Chronic mucocutaneous candidosis

Chronic mucocutaneous candidosis is a rare disorder
that is characterised by persisting or relapsing Candida
infections of the skin and mucous membranes. Patients
may have congenital immunological disorders or endo-
crine abnormalities. Tn most of the patients, the
syndrome manifests early in infancy. Underlying mech-
anisms may include disturbances in the activation of
T-lymphocytes.>”® In addition, newer data report on
disturbances in the signal transduction after human
cells encounter yeast as a potential underlying mech-
anism as documented by mutations in the CARD-9 gene
and the Dectin-1-Receptor in some patients with
chronic mucocutaneous candidosis.>”' 7% As the
underlying defects are not treatable, patients typically
receive continous or intermittant antifungal therapy
with an azole such as fluconazole, itraconazole, voric-
onazole or posaconazole.” Case reports document the
usefulness of caspofungin or micafungin in selected
cases.’’*375 As a result of a lack of randomised
controlled trials, the optimal agent is not defined.
The recommendations are summarised in Table 12.

Acknowledgments

We thank Karen Pankraz for technical assistance
translating the manuscript.

References

1 Kish MA. Guide to development of practice guidelines.
Clin Infect Dis 2001; 32: 851-4.

2 Pappas PG, Kauffman CA, Andes D et al. Clinical practice
guidelines for the management of candidiasis: 2009
update by the Infectious Diseases Society of America. Clin
Infect Dis 2009; 48: 503-35.

3 Ruhnke M. Epidemiology of Candida albicans infections
and role of non-Candida-albicans yeasts. Curr Drug Targets
2006; 7: 495-504.

4 Powderly WG, Gallant JE, Ghannoum MA, Mayer KH,
Navarro EE, Perfect JR. Oropharyngeal candidiasis in
patients with HIV: suggested guidelines for therapy. AIDS
Res Hum Retroviruses 1999; 15: 1619-23.

5 Redding SW, Zellars RC, Kirkpatrick WR et al. Epidemi-
ology of oropharyngeal Candida colonization and infec-

© 2011 Blackwell Verlag GmbH e Mycoses 54, 279-310

Diagnosis and therapy of Candida infections

tion in patients receiving radiation for head and neck
cancer. | Clin Microbiol 1999; 37: 3896-900.

6 Silverman S Jr, Luangjarmekorn L, Greenspan D.
Occurrence of oral Candida in irradiated head and neck
cancer patients. J Oral Med 1984; 39: 194-6.

7 Walsh TJ, Hiemenz JW, Anaissie E. Recent progress and
current problems in treatment of invasive fungal infec-
tions in neutropenic patients. Infect Dis Clin North Am
1996; 10: 365-400.

8 Soysa NS, Samaranayake LP, Ellepola AN. Antimicrobials
as a contributory factor in oral candidosis — a brief
overview. Oral Dis 2008; 14: 138-43.

9 Davies AN, Brailsford SR, Beighton D. Oral candidosis in
patients with advanced cancer. Oral Oncol 2006; 42:
698-702.

10 Reagan DR, Pfaller MA, Hollis R], Wenzel RP. Charac-
terization of the sequence of colonization and nosocomial
candidemia using DNA fingerprinting and a DNA probe.
J Clin Microbiol 1990; 28: 2733-8.

11 Bodey GP. The emergence of fungi as major hospital
pathogens. | Hosp Infect 1988; 11(Suppl. A): 411-26.

12 Strausbaugh L], Sewell DL, Ward TT, Pfaller MA, Heitz-
man T, Tjoelker R. High frequency of yeast carriage on
hands of hospital personnel. | Clin Microbiol 1994; 32:
2299-300.

13 Nucci M, Anaissie E. Revisiting the source of candidemia:
skin or gut? Clin Infect Dis 2001; 33: 1959-67.

14 Thorn JL, Gilchrist KB, Sobonya RE, Gaur NK, Lipke PN,
Klotz SA. Postmortem candidaemia: marker of dissemi-
nated disease. | Clin Pathol 2010; 63: 337-40.

15 Schwesinger G, Junghans D, Schroder G, Bernhardt H,
Knoke M. Candidosis and aspergillosis as autopsy findings
from 1994 to 2003. Mycoses 2005; 48: 176-80.

16 Donhuijsen K, Pfaffenbach B, Samandari S, Leder LD.
Autopsy results of deep mycoses in hematologic neo-
plasms 1053 patients. Mycoses 1991; 34(Suppl. 1): 25—
27.

17 Zaoutis TE, Greves HM, Lautenbach E, Bilker WB, Coffin
SE. Risk factors for disseminated candidiasis in children
with candidemia. Pediatr Infect Dis ] 2004; 23: 635-41.

18 Meister H, Heymer B, Schafer H, Haferkamp O. Role of
Candida albicans in granulomatous tissue reactions. L. In
vitro degradation of C. albicans and immunospecificity of
split products. J Infect Dis 1977; 135: 224-34.

19 Thaler M, Pastakia B, Shawker TH, O’Leary T, Pizzo PA.
Hepatic candidiasis in cancer patients: the evolving pic-
ture of the syndrome. Ann Intern Med 1988; 108: 88—
100.

20 Masood A, Sallah S. Chronic disseminated candidiasis in
patients with acute leukemia: emphasis on diagnostic
definition and treatment. Leuk Res 2005; 29: 493-501.

21 Blumberg HM, Jarvis WR, Soucie JM et al. Risk factors for
candidal bloodstream infections in surgical intensive care
unit patients: the NEMIS prospective multicenter study.
The National Epidemiology of Mycosis Survey. Clin Infect
Dis 2001; 33: 177-86.

297



M. Ruhnke et al.

22

23

24

25

26

27

28

29

30

31

32

33

34

298

Michalopoulos AS, Geroulanos S, Mentzelopoulos SD.
Determinants of candidemia and candidemia-related
death in cardiothoracic ICU patients. Chest 2003; 124:
2244-55.

Munoz P, Burillo A, Bouza E. Criteria used when initiat-
ing antifungal therapy against Candida spp. in the
intensive care unit. Int | Antimicrob Agents 2000; 15: 83—
90.

Wenzel RP. Nosocomial candidemia: risk factors and
attributable mortality. Clin Infect Dis 1995; 20: 1531-4.
Wey SB, Mori M, Pfaller MA, Woolson RF, Wenzel RP.
Risk factors for hospital-acquired candidemia. A matched
case—control study. Arch Intern Med 1989; 149: 2349—
53.

Stoll BJ, Hansen N, Fanaroff AA et al. Late-onset sepsis in
very low birth weight neonates: the experience of the
NICHD Neonatal Research Network. Pediatrics 2002;
110: 285-91.

Saiman L, Ludington E, Pfaller M et al. Risk factors for
candidemia in Neonatal Intensive Care Unit patients. The
National Epidemiology of Mycosis Survey study group.
Pediatr Infect Dis | 2000; 19: 319-24.

Farmaki E, Evdoridou J, Pouliou T et al. Fungal coloni-
zation in the neonatal intensive care unit: risk factors,
drug susceptibility, and association with invasive fungal
infections. Am ] Perinatol 2007; 24: 127-35.
Maksymiuk AW, Thongprasert S, Hopfer R, Luna M,
Fainstein V, Bodey GP. Systemic candidiasis in cancer
patients. Am | Med 1984; 77: 20-27.
Meunier-Carpentier F, Kiehn TE, Armstrong D. Fungemia
in the immunocompromised host. Changing patterns,
antigenemia, high mortality. Am J Med 1981; 71: 363—
70.

Anaissie EJ, Vartivarian SE, Abi-Said D et al. Fluconazole
versus amphotericin B in the treatment of hematogenous
candidiasis: a matched cohort study. Am | Med 1996;
101: 170-6.

Anaissie EJ, Darouiche RO, Abi-Said D et al. Management
of invasive candidal infections: results of a prospective,
randomized, multicenter study of fluconazole versus
amphotericin B and review of the literature. Clin Infect Dis
1996; 23: 964-72.

Besnard M, Hartmann O, Valteau-Couanet D, Robert MC,
Brugieres L, Lemerle J. Systemic Candida infection in
pediatric BM autotransplantation: clinical signs, outcome
and prognosis. Bone Marrow Transplant 1993; 11: 465—
70.

Viscoli C, Castagnola E, Giacchino M et al. Bloodstream
infections in children with cancer: a multicentre sur-
veillance study of the Italian Association of Paediatric
Haematology and Oncology. Supportive Therapy Group-
Infectious Diseases Section. Eur | Cancer 1999; 35: 770—
4.

Viscoli C, Girmenia C, Marinus A et al. Candidemia in
cancer patients: a prospective, multicenter surveillance
study by the Invasive Fungal Infection Group (IFIG) of the

36

37

38

39

40

41

42

43

44

46

47

48

49

European Organization for Research and Treatment of
Cancer (EORTC). Clin Infect Dis 1999; 28: 1071-9.
Zaoutis TE, Argon J, Chu J, Berlin JA, Walsh TJ, Feudtner
C. The epidemiology and attributable outcomes of can-
didemia in adults and children hospitalized in the United
States: a propensity analysis. Clin Infect Dis 2005; 41:
1232-9.

Gudlaugsson O, Gillespie S, Lee K et al. Attributable
mortality of nosocomial candidemia, revisited. Clin Infect
Dis 2003; 37: 1172-7.

Fraser VJ, Jones M, Dunkel ], Storfer S, Medoff G, Duna-
gan WC. Candidemia in a tertiary care hospital: epide-
miology, risk factors, and predictors of mortality. Clin
Infect Dis 1992; 15: 414-21.

Goodman JL, Winston DJ, Greenfield RA et al. A con-
trolled trial of fluconazole to prevent fungal infections in
patients undergoing bone marrow transplantation.

N Engl ] Med 1992; 326: 845-51.

Goodrich JM, Reed EC, Mori M et al. Clinical features and
analysis of risk factors for invasive candidal infection after
marrow transplantation. | Infect Dis 1991; 164: 731-40.
Garey KW, Rege M, Pai MP et al. Time to initiation of
fluconazole therapy impacts mortality in patients with
candidemia: a multi-institutional study. Clin Infect Dis
2006; 43: 25-31.

Morrell M, Fraser V], Kollef MH. Delaying the empiric
treatment of Candida bloodstream infection until positive
blood culture results are obtained: a potential risk factor
for hospital mortality. Antimicrob Agents Chemother 2005;
49: 3640-5.

Shiboski CH, Wilson CM, Greenspan D, Hilton ], Green-
span JS, Moscicki AB. HIV-related oral manifestations
among adolescents in a multicenter cohort study. | Ado-
lesc Health 2001; 29: 109-14.

Hood S, Bonington A, Evans J, Denning D. Reduction in
oropharyngeal candidiasis following introduction of pro-
tease inhibitors. AIDS 1998; 12: 447-8.

Chiou CC, Groll AH, Mavrogiorgos N, Wood LV, Walsh
TJ. Esophageal candidiasis in human immunodeficiency
virus-infected pediatric patients after the introduction of
highly active antiretroviral therapy. Pediatr Infect Dis ]
2002; 21: 388-92.

Groll AH, Just-Nuebling G, Kurz M et al. Fluconazole
versus nystatin in the prevention of Candida infections in
children and adolescents undergoing remission induction
or consolidation chemotherapy for cancer. | Antimicrob
Chemother 1997; 40: 855-62.

Slavin MA, Osborne B, Adams R et al. Efficacy and safety
of fluconazole prophylaxis for fungal infections after
marrow transplantation — a prospective, randomized,
double-blind study. | Infect Dis 1995; 171: 1545-52.
Darouiche RO. Oropharyngeal and esophageal candidia-
sis in immunocompromised patients: treatment issues.
Clin Infect Dis 1998; 26: 259-72.

Sullivan DJ, Westerneng TJ, Haynes KA, Bennett DE,
Coleman DC. Candida dubliniensis sp. nov.: phenotypic and

© 2011 Blackwell Verlag GmbH e Mycoses 54, 279-310



molecular characterization of a novel species associated
with oral candidosis in HIV-infected individuals. Micro-
biology 1995; 141(Pt 7): 1507-21.

50 de Wet N, Llanos-Cuentas A, Suleiman ] et al. A ran-
domized, double-blind, parallel-group, dose-response
study of micafungin compared with fluconazole for the
treatment of esophageal candidiasis in HIV-positive
patients. Clin Infect Dis 2004; 39: 842-9.

51 Tortorano AM, Peman ], Bernhardt H et al. Epidemiology
of candidaemia in Europe: results of 28-month European
Confederation of Medical Mycology ECMM) hospital-
based surveillance study. Eur ] Clin Microbiol Infect Dis
2004; 23: 317-22.

52 Zaoutis TE, Foraker E, McGowan KL et al. Antifungal
susceptibility of Candida spp. isolated from pediatric
patients: a survey of 4 children’s hospitals. Diagn Micro-
biol Infect Dis 2005; 52: 295-8.

53 Diekema DJ, Messer SA, Brueggemann AB et al. Epide-
miology of candidemia: 3-year results from the emerging
infections and the epidemiology of Iowa organisms study.
] Clin Microbiol 2002; 40: 1298-302.

54 Pfaller MA, Diekema DJ. Epidemiology of invasive candi-
diasis: a persistent public health problem. Clin Microbiol
Rev 2007; 20: 133-63.

55 Wisplinghoff H, Bischoff T, Tallent SM, Seifert H, Wenzel
RP, Edmond MB. Nosocomial bloodstream infections in
US hospitals: analysis of 24,179 cases from a prospective
nationwide surveillance study. Clin Infect Dis 2004; 39:
309-17.

56 Trick WE, Fridkin SK, Edwards JR, Hajjeh RA, Gaynes RP.
Secular trend of hospital-acquired candidemia among
intensive care unit patients in the United States during
1989-1999. Clin Infect Dis 2002; 35: 627-30.

57 Kao AS, Brandt ME, Pruitt WR et al. The epidemiology of
candidemia in two United States cities: results of a pop-
ulation-based active surveillance. Clin Infect Dis 1999;
29: 1164-70.

58 Zaoutis TE, Heydon K, Localio R, Walsh TJ, Feudtner C.
Outcomes attributable to neonatal candidiasis. Clin Infect
Dis 2007; 44: 1187-93.

59 Vincent JL, Sakr Y, Sprung CL et al. Sepsis in European
intensive care units: results of the SOAP study. Crit Care
Med 2006; 34: 344-53.

60 Vincent JL, Bihari D], Suter PM et al. The prevalence of
nosocomial infection in intensive care units in Europe.
Results of the European Prevalence of Infection in
Intensive Care EPIC) Study. EPIC International Advisory
Committee. JAMA 1995; 274: 639-44.

61 Groll AH, Shah PM, Mentzel C, Schneider M, Just-Nue-
bling G, Huebner K. Trends in the postmortem epidemi-
ology of invasive fungal infections at a university
hospital. | Infect 1996; 33: 23-32.

62 Meunier F. Candidiasis. Eur | Clin Microbiol Infect Dis
1989; 8: 438-47.

63 Ridola V, Chachaty E, Raimondo G et al. Candida infec-
tions in children treated with conventional chemother-

© 2011 Blackwell Verlag GmbH e Mycoses 54, 279-310

64

65

66

67

68

69

70

71

72

73

74

75

76

Diagnosis and therapy of Candida infections

apy for solid tumors (transplant recipients excluded): The
Institut Gustave Roussy Pediatrics Department experi-
ence. Pediatr Blood Cancer 2004; 42: 332-7.

Samonis G, Rolston K, Karl C, Miller P, Bodey GP. Pro-
phylaxis of oropharyngeal candidiasis with fluconazole.
Rev Infect Dis 1990; 12(Suppl. 3): S369-73.

Pagano L, Caira M, Picardi M et al. Invasive Aspergillosis
in patients with acute leukemia: update on morbidity and
mortality — SEIFEM-C Report. Clin Infect Dis 2007; 44:
1524-5.

Pagano L, Caira M, Candoni A et al. The epidemiology of
fungal infections in patients with hematologic malig-
nancies: the SEIFEM-2004 study. Haematologica 2006;
91: 1068-75.

Marchetti O, Bille J, Fluckiger U et al. Epidemiology of
candidemia in Swiss tertiary care hospitals: secular
trends, 1991-2000. Clin Infect Dis 2004; 38: 311-20.
Arendrup MC, Fuursted K, Gahrn-Hansen B et al. Semi-
national surveillance of fungaemia in Denmark 2004—
2006: increasing incidence of fungaemia and numbers of
isolates with reduced azole susceptibility. Clin Microbiol
Infect 2008; 14: 487-94.

Klingspor L, Tornqgvist E, Johansson A, Petrini B, Forsum
U, Hedin G. A prospective epidemiological survey of
candidaemia in Sweden. Scand ] Infect Dis 2004; 36: 52—
55.

Poikonen E, Lyytikainen O, Anttila V], Ruutu P. Candi-
demia in Finland, 1995-1999. Emerg Infect Dis 2003; 9:
985-90.

Sandven P, Bevanger L, Digranes A, Haukland HH,
Mannsaker T, Gaustad P. Candidemia in Norway (1991
to 2003): results from a nationwide study. J Clin Microbiol
2006; 44: 1977-81.

Krcmery V Jr, Kovacicova G. Longitudinal 10-year pro-
spective survey of fungaemia in Slovak Republic: trends
in etiology in 310 episodes. Slovak Fungaemia study
group. Diagn Microbiol Infect Dis 2000; 36: 7-11.
Sendid B, Cotteau A, Francois N et al. Candidaemia and
antifungal therapy in a French University Hospital: rough
trends over a decade and possible links. BMC Infect Dis
2006; 6: 80.

Almirante B, Rodriguez D, Cuenca-Estrella M et al. Epi-
demiology, risk factors, and prognosis of Candida
parapsilosis bloodstream infections: case—control popula-
tion-based surveillance study of patients in Barcelona,
Spain, from 2002 to 2003. J Clin Microbiol 2006; 44:
1681-5.

Bassetti M, Trecarichi EM, Righi E et al. Incidence, risk
factors, and predictors of outcome of candidemia. Survey
in 2 Ttalian university hospitals. Diagn Microbiol Infect Dis
2007; 58: 325-31.

Arendrup MC, Fuursted K, Gahrn-Hansen B et al. Semi-
national surveillance of fungemia in Denmark: notably
high rates of fungemia and numbers of isolates with
reduced azole susceptibility. | Clin Microbiol 2005; 43:
4434-40.

299



M. Ruhnke et al.

77 Kibbler CC, Seaton S, Barnes RA et al. Management
and outcome of bloodstream infections due to Candida
species in England and Wales. | Hosp Infect 2003; 54: 18—
24.

78 Borg-von-Zepelin M, Kunz L, Ruchel R, Reichard U, Weig
M, Gross U. Epidemiology and antifungal susceptibilities
of Candida spp. to six antifungal agents: results from a
surveillance study on fungaemia in Germany from July
2004 to August 2005. | Antimicrob Chemother 2007; 60:
424-8.

79 Seifert H, Aurbach U, Stefanik D, Cornely O. In vitro
activities of isavuconazole and other antifungal agents
against Candida bloodstream isolates. Antimicrob Agents
Chemother 2007; 51: 1818-21.

80 Aucott JN, Fayen ], Grossnicklas H, Morrissey A, Leder-
man MM, Salata RA. Invasive infection with Saccharo-
myces cerevisiae: report of three cases and review. Rev
Infect Dis 1990; 12: 406-11.

81 Krcmery V Jr, Oravcova E, Spanik S et al. Nosocomial
breakthrough fungaemia during antifungal prophylaxis
or empirical antifungal therapy in 41 cancer patients
receiving antineoplastic chemotherapy: analysis of aeti-
ology risk factors and outcome. | Antimicrob Chemother
1998; 41: 373-80.

82 Krcmery V Jr, Mrazova M, Kunova A et al. Nosocomial
candidaemias due to species other than Candida albicans
in cancer patients. Aetiology, risk factors, and outcome of
45 episodes within 10 years in a single cancer institu-
tion. Support Care Cancer 1999; 7: 428-31.

83 Krcmery V, Krupova I, Denning DW. Invasive yeast
infections other than Candida spp. in acute leukaemia.

J Hosp Infect 1999; 41: 181-94.

84 Krcmery V, Barnes AJ. Non-albicans Candida spp. causing
fungaemia: pathogenicity and antifungal resistance.
] Hosp Infect 2002; 50: 243-60.

85 Jensen J, Munoz P, Guinea ], Rodriguez-Creixems M,
Pelaez T, Bouza E. Mixed fungemia: incidence, risk fac-
tors, and mortality in a general hospital. Clin Infect Dis
2007; 44: e109-14.

86 Girmenia C, Pagano L, Martino B et al. Invasive infections
caused by Trichosporon species and Geotrichum capitatum
in patients with hematological malignancies: a retro-
spective multicenter study from Italy and review of the
literature. ] Clin Microbiol 2005; 43: 1818-28.

87 Groll AH, Walsh TJ. Uncommon opportunistic fungi: new
nosocomial threats. Clin Microbiol Infect 2001; 7(Suppl.
2): 8-24.

88 Bougnoux ME, Dupont C, Turner L, Rouveix E, Dorra M,
Nicolas-Chanoine MH. Mixed Candida glabrata and Can-
dida albicans disseminated candidiasis in a heroin addict.
Eur ] Clin Microbiol Infect Dis 1997; 16: 598-600.

89 Bodey GP, Anaissie EJ, Edwards JE Jr. Definitions of Can-
dida infections. In: Bodey GP (ed.), Candidiasis. New York,
USA: Raven Press, Ltd, 1993: 407-8.

90 Reinel D, Plettenberg A, Seebacher C et al. Oral candidi-
asis. ] Dtsch Dermatol Ges 2008; 6: 593-7.

300

91 Dodd CL, Greenspan D, Katz MH, Westenhouse JL, Feigal
DW, Greenspan JS. Oral candidiasis in HIV infection:
pseudomembranous and erythematous candidiasis show
similar rates of progression to AIDS. AIDS 1991; 5:
1339-43.

92 Greenspan D, Greenspan JS. HIV-related oral disease.
Lancet 1996; 348: 729-33.

93 Plettenberg A, Reisinger E, Lenzner U et al. Oral candi-
dosis in HIV-infected patients. Prognostic value and cor-
relation with immunological parameters. Mycoses 1990;
33: 421-5.

94 Patton LL. Sensitivity, specificity, and positive predictive
value of oral opportunistic infections in adults with
HIV/AIDS as markers of immune suppression and viral
burden. Oral Surg Oral Med Oral Pathol Oral Radiol Endod
2000; 90: 182-8.

95 Patton LL, Phelan JA, Ramos-Gomez FJ, Nittayananta W,
Shiboski CH, Mbuguye TL. Prevalence and classification
of HIV-associated oral lesions. Oral Dis 2002; 8(Suppl. 2):
98-109.

96 Rodriguez L], Rex JH, Anaissie EJ. Update on invasive
candidiasis. Adv Pharmacol 1997; 37: 349-400.

97 Walsh TJ, Gonzalez C, Lyman CA, Chanock SJ, Pizzo PA.
Invasive fungal infections in children: recent advances in
diagnosis and treatment. Adv Pediatr Infect Dis 1996; 11:
187-290.

98 Mendling W, Seebacher C. Guideline vulvovaginal cand-
idosis: guideline of the German Dermatological Society,
the German Speaking Mycological Society and the
Working Group for Infections and Infectimmunology of
the German Society for Gynecology and Obstetrics.
Mycoses 2003; 46: 365-9.

99 Seebacher C, Brasch J, Abeck D et al. Onychomycosis.

] Dtsch Dermatol Ges 2007; 5: 61-66.

100 Wisplinghoff H, Seifert H, Wenzel RP, Edmond MB. In-
flammatory response and clinical course of adult patients
with nosocomial bloodstream infections caused by
Candida spp. Clin Microbiol Infect 2006; 12: 170-7.

101 Ostrosky-Zeichner L, Rex JH, Bennett J, Kullberg BJ.
Deeply invasive candidiasis. Infect Dis Clin North Am
2002; 16: 821-35.

102 Pagano L, Mele L, Fianchi L et al. Chronic disseminated
candidiasis in patients with hematologic malignancies.
Clinical features and outcome of 29 episodes. Haemato-
logica 2002; 87: 535-41.

103 Horger M, Brodoefel H, Fritz J, Hartmann J. Imaging in
hepatosplenic candidiasis. Rofo 2006; 178: 1051-6.

104 Karthaus M, Huebner G, Geissler RG, Heil G, Ganser A.
Hepatic lesions of chronic disseminated systemic candi-
diasis in leukemia patients may become visible during
neutropenia: value of serial ultrasound examinations.
Blood 1998; 91: 3087-9.

105 Pestalozzi BC, Krestin GP, Schanz U, Jacky E, Gmur J.
Hepatic lesions of chronic disseminated candidiasis may
become invisible during neutropenia. Blood 1997; 90:
3858-64.

© 2011 Blackwell Verlag GmbH e Mycoses 54, 279-310



106

107

108

109

110

111

112

113

114

116

117

118

119

dePauw B, Walsh TJ, Donnelly JP et al. Revised defini-
tions of invasive fungal disease from the European
Organization for Research and Treatment of Can-
cer/Invasive Fungal Infections Cooperative Group and
the National Institute of Allergy and Infectious Diseases
Mycoses Study Group (EORTC/MSG) Consensus Group.
Clin Infect Dis 2008; 46: 1813-21.

Pittet D, Monod M, Suter PM, Frenk E, Auckenthaler R.
Candida colonization and subsequent infections in criti-
cally ill surgical patients. Ann Surg 1994; 220: 751-8.
Solomkin JS. Timing of treatment for nonneutropenic
patients colonized with Candida. Am ] Surg 1996; 172:
44S-48S.

Eggimann P, Garbino J, Pittet D. Management of Candida
species infections in critically ill patients. Lancet Infect Dis
2003; 3: 772-85.

Playford EG, Lipman ], Kabir M et al. Assessment of
clinical risk predictive rules for invasive candidiasis in a
prospective multicentre cohort of ICU patients. Intensive
Care Med 2009; 35: 2141-5.

Piarroux R, Grenouillet F, Balvay P et al. Assessment of
preemptive treatment to prevent severe candidiasis in
critically ill surgical patients. Crit Care Med 2004; 32:
2443-9.

Leon C, Ruiz-Santana S, Saavedra P et al. A bedside
scoring system (*‘Candida score”) for early antifungal
treatment in nonneutropenic critically ill patients with
Candida colonization. Crit Care Med 2006; 34: 730-7.
Ostrosky-Zeichner L, Sable C, Sobel J et al. Multicenter
retrospective development and validation of a clinical
prediction rule for nosocomial invasive candidiasis in the
intensive care setting. Eur ] Clin Microbiol Infect Dis 2007
26: 271-6.

Leon C, Ruiz-Santana S, Saavedra P et al. Usefulness of
the ““Candida score” for discriminating between Candida
colonization and invasive candidiasis in non-neutropenic
critically ill patients: a prospective multicenter study. Crit
Care Med 2009; 37: 1624-33.

Ruhnke M, Bohme A, Buchheidt D et al. Diagnosis of
invasive fungal infections in hematology and oncology —
guidelines of the Infectious Diseases Working Party (AGI-
HO) of the German Society of Hematology and Oncology
(DGHO). Ann Hematol 2003; 82(Suppl. 2): S141-8.

Lee A, Mirrett S, Reller LB, Weinstein MP. Detection

of bloodstream infections in adults: how many blood
cultures are needed? | Clin Microbiol 2007; 45: 3546-8.
Horvath LL, George BJ, Hospenthal DR. Detection of fif-
teen species of Candida in an automated blood culture
system. ] Clin Microbiol 2007; 45: 3062—4.

Horvath LL, George BJ, Murray CK, Harrison LS, Ho-
spenthal DR. Direct comparison of the BACTEC 9240 and
BacT/ALERT 3D automated blood culture systems for
Candida growth detection. | Clin Microbiol 2004; 42:
115-8.

Fricker-Hidalgo H, Lebeau B, Pelloux H, Grillot R. Use of
the BACTEC 9240 System with Mycosis-IC/F blood cul-

© 2011 Blackwell Verlag GmbH e Mycoses 54, 279-310

120

121

122

123

124

125

126

127

128

129

130

131

132

133

Diagnosis and therapy of Candida infections

ture bottles for detection of fungemia. | Clin Microbiol
2004; 42: 1855-6.

Voss A, Hollis R], Pfaller MA, Wenzel RP, Doebbeling BN.
Investigation of the sequence of colonization and candi-
demia in nonneutropenic patients. | Clin Microbiol 1994;
32: 975-80.

Raad I, Hanna H, Boktour M et al. Management of cen-
tral venous catheters in patients with cancer and candi-
demia. Clin Infect Dis 2004; 38: 1119-27.

Aliyu SH, Enoch DA, Abubakar II et al. Candidaemia in a
large teaching hospital: a clinical audit. QJM 2006; 99:
655-63.

Ben-Ami R, Weinberger M, Orni-Wasserlauff R et al.
Time to blood culture positivity as a marker for catheter-
related candidemia. | Clin Microbiol 2008; 46: 2222-6.
Raad I, Hanna HA, Alakech B, Chatzinikolaou I, Johnson
MM, Tarrand J. Differential time to positivity: a useful
method for diagnosing catheter-related bloodstream
infections. Ann Intern Med 2004; 140: 18-25.

Taur Y, Cohen N, Dubnow S, Paskovaty A, Seo SK. Effect
of antifungal therapy timing on mortality in cancer
patients with candidemia. Antimicrob Agents Chemother
2010; 54: 184-90.

Berenguer ], Buck M, Witebsky F, Stock F, Pizzo PA,
Walsh TJ. Lysis-centrifugation blood cultures in the
detection of tissue-proven invasive candidiasis. Dissemi-
nated versus single-organ infection. Diagn Microbiol Infect
Dis 1993; 17: 103-9.

Kauffman CA. Candiduria. Clin Infect Dis 2005; 41(Suppl.
6): S371-6.

Meersseman W, Lagrou K, Spriet I et al. Significance of
the isolation of Candida species from airway samples in
critically ill patients: a prospective, autopsy study. Inten-
sive Care Med 2009; 35: 1526-31.

Cuenca-Estrella M, Moore CB, Barchiesi F et al. Multi-
center evaluation of the reproducibility of the proposed
antifungal susceptibility testing method for fermentative
yeasts of the Antifungal Susceptibility Testing Subcom-
mittee of the European Committee on Antimicrobial
Susceptibility Testing (AFST-EUCAST). Clin Microbiol
Infect 2003; 9: 467-74.

Espinel-Ingroff A, Barchiesi F, Cuenca-Estrella M et al.
International and multicenter comparison of EUCAST
and CLSI M27-A2 broth microdilution methods for test-
ing susceptibilities of Candida spp. to fluconazole, itraco-
nazole, posaconazole, and voriconazole. ] Clin Microbiol
2005; 43: 3884-9.

Espinel-Ingroff A, Fothergill A, Ghannoum M et al.
Quality control and reference guidelines for CLSI broth
microdilution susceptibility method (M 38-A document)
for amphotericin B, itraconazole, posaconazole, and
voriconazole. ] Clin Microbiol 2005; 43: 5243-6.

Perea S, Patterson TF. Antifungal resistance in patho-
genic fungi. Clin Infect Dis 2002; 35: 1073-80.

Rex JH, Pfaller MA. Has antifungal susceptibility testing
come of age? Clin Infect Dis 2002; 35: 982-9.

301



M. Ruhnke et al.

134

135

136

137

138

139

140

141

142

143

144

145

146

302

Pfaller MA, Diekema DJ, Rex JH et al. Correlation of MIC
with outcome for Candida species tested against vorico-
nazole: analysis and proposal for interpretive breakpoints.
] Clin Microbiol 2006; 44: 819-26.

Clinical and Laboratory Standards Institute. Reference
Method for Broth Dilution Antifungal Susceptibility test-
ing of Yeasts. Approved Standard M27-A3. Clinical and
Laboratory Standards Institute 2008; 28: 1-25.
Subcommittee on Antifungal Susceptibility Testing (AFST)
of the ESCMID European Committee on Antimicrobial
Susceptibility Testing (EUCAST). EUCAST technical note
on voriconazole. Clin Microbiol Infect 2008; 14: 985-7.
The European Committee on Antimicrobial Susceptibility
Testing — Subcommittee on Antifungal Susceptibility
Testing (EUCAST-AFST). EUCAST technical note on
fluconazole. Clin Microbiol Infect 2008; 14: 193-5.

Rex JH, Pfaller MA, Barry AL, Nelson PW, Webb CD.
Antifungal susceptibility testing of isolates from a ran-
domized, multicenter trial of fluconazole versus ampho-
tericin B as treatment of nonneutropenic patients with
candidemia. NIAID Mycoses Study Group and the Can-
didemia Study Group. Antimicrob Agents Chemother 1995;
39: 40-44.

Rex JH, Pfaller MA, Walsh TJ et al. Antifungal suscepti-
bility testing: practical aspects and current challenges.
Clin Microbiol Rev 2001; 14: 643-58, table.

Pfaller MA, Diekema DJ, Sheehan DJ. Interpretive
breakpoints for fluconazole and Candida revisited: a
blueprint for the future of antifungal susceptibility test-
ing. Clin Microbiol Rev 2006; 19: 435-47.

Pai MP, Turpin RS, Garey KW. Association of fluconazole
area under the concentration-time curve/MIC and
dose/MIC ratios with mortality in nonneutropenic
patients with candidemia. Antimicrob Agents Chemother
2007; 51: 35-39.

Rodriguez-Tudela JL, Donnelly JP, Pfaller MA et al. Sta-
tistical analyses of correlation between fluconazole MICs
for Candida spp. assessed by standard methods set forth by
the European Committee on Antimicrobial Susceptibility
Testing (E.Dis. 7.1) and CLSI (M27-A2). ] Clin Microbiol
2007; 45: 109-11.

Shepard JR, Addison RM, Alexander BD et al. Multicenter
evaluation of the Candida albicans/ Candida glabrata pep-
tide nucleic acid fluorescent in situ hybridization method
for simultaneous dual-color identification of C. albicans
and C. glabrata directly from blood culture bottles. ] Clin
Microbiol 2008; 46: 50-55.

Marklein G, Josten M, Klanke U et al. Matrix-assisted laser
desorption ionization-time of flight mass spectrometry for
fast and reliable identification of clinical yeast isolates.

] Clin Microbiol 2009; 47: 2912-7.

Reiss E, Obayashi T, Orle K, Yoshida M, Zancope-Oliveira
RM. Non-culture based diagnostic tests for mycotic
infections. Med Mycol 2000; 38(Suppl. 1): 147-59.
Mitsutake K, Miyazaki T, Tashiro T et al. Enolase antigen,
mannan antigen, Cand-Tec antigen, and beta-glucan in

147

148

149

150

151

152

153

154

155

156

157

158

159

patients with candidemia. J Clin Microbiol 1996; 34:
1918-21.

Yera H, Sendid B, Francois N, Camus D, Poulain D.
Contribution of serological tests and blood culture to the
early diagnosis of systemic candidiasis. Eur ] Clin Micro-
biol Infect Dis 2001; 20: 864-70.

Sendid B, Poirot JL, Tabouret M et al. Combined detection
of mannanaemia and antimannan antibodies as a strat-
egy for the diagnosis of systemic infection caused by
pathogenic Candida species. ] Med Microbiol 2002; 51:
433-42.

Sendid B, Caillot D, Baccouch-Humbert B et al. Contri-
bution of the platelia Candida-specific antibody and anti-
gen tests to early diagnosis of systemic Candida tropicalis
infection in neutropenic adults. J Clin Microbiol 2003; 41:
4551-8.

White PL, Archer AE, Barnes RA. Comparison of non-
culture-based methods for detection of systemic fungal
infections, with an emphasis on invasive Candida infec-
tions. J Clin Microbiol 2005; 43: 2181-7.

Ibanez-Nolla J, Torres-Rodriguez JM, Nolla M et al. The
utility of serology in diagnosing candidosis in non-neu-
tropenic critically ill patients. Mycoses 2001; 44: 47-53.
Herent P, Stynen D, Hernando F, Fruit ], Poulain D.
Retrospective evaluation of two latex agglutination tests
for detection of circulating antigens during invasive
candidosis. | Clin Microbiol 1992; 30: 2158-64.

Prella M, Bille J, Pugnale M et al. Early diagnosis of
invasive candidiasis with mannan antigenemia and
antimannan antibodies. Diagn Microbiol Infect Dis 2005;
51: 95-101.

Odabasi Z, Mattiuzzi G, Estey E et al. Beta-D-glucan as a
diagnostic adjunct for invasive fungal infections: valida-
tion, cutoff development, and performance in patients
with acute myelogenous leukemia and myelodysplastic
syndrome. Clin Infect Dis 2004; 39: 199-205.
Ostrosky-Zeichner L, Alexander BD, Kett DH et al. Mul-
ticenter clinical evaluation of the (1 — 3) beta-p-glucan
assay as an aid to diagnosis of fungal infections in
humans. Clin Infect Dis 2005; 41: 654-9.

Presterl E, Parschalk B, Bauer E, Lassnigg A, Hajdu S,
Graninger W. Invasive fungal infections and (1,3)-beta-
p-glucan serum concentrations in long-term intensive
care patients. Int | Infect Dis 2009; 13: 707-12.
Buchman TG, Rossier M, Merz WG, Charache P. Detec-
tion of surgical pathogens by in vitro DNA amplification.
Part I. Rapid identification of Candida albicans by in vitro
amplification of a fungus-specific gene. Surgery 1990;
108: 338-46.

Einsele H, Hebart H, Roller G et al. Detection and identi-
fication of fungal pathogens in blood by using molecular
probes. ] Clin Microbiol 1997; 35: 1353-60.
Chryssanthou E, Andersson B, Petrini B, Lofdahl S,
Tollemar J. Detection of Candida albicans DNA in serum by
polymerase chain reaction. Scand | Infect Dis 1994; 26:
479-85.

© 2011 Blackwell Verlag GmbH e Mycoses 54, 279-310



160

161

162

163

164

165

166

167

168

169

170

171

172

Fujita S, Lasker BA, Lott TJ, Reiss E, Morrison CJ. Mic-
rotitration plate enzyme immunoassay to detect PCR-
amplified DNA from Candida species in blood. ] Clin
Microbiol 1995; 33: 962-7.

Garaizar J, Brena S, Bikandi J, Rementeria A, Ponton J.
Use of DNA microarray technology and gene expression
profiles to investigate the pathogenesis, cell biology,
antifungal susceptibility and diagnosis of Candida albicans.
FEMS Yeast Res 2006; 6: 987-98.

Kasai M, Francesconi A, Petraitiene R et al. Use of
quantitative real-time PCR to study the kinetics of
extracellular DNA released from Candida albicans, with
implications for diagnosis of invasive Candidiasis. | Clin
Microbiol 2006; 44: 143-50.

Klingspor L, Jalal S. Molecular detection and identifica-
tion of Candida and Aspergillus spp. from clinical samples
using real-time PCR. Clin Microbiol Infect 2006; 12: 745-
53.

Wiesinger-Mayr H, Vierlinger K, Pichler R et al. Identifi-
cation of human pathogens isolated from blood using
microarray hybridisation and signal pattern recognition.
BMC Microbiol 2007; 7: 78.

Carvalho A, Costa-De-Oliveira S, Martins ML et al. Mul-
tiplex PCR identification of eight clinically relevant Can-
dida species. Med Mycol 2007; 45: 619-27.

Spiess B, Seifarth W, Hummel M et al. DNA microarray-
based detection and identification of fungal pathogens in
clinical samples from neutropenic patients. | Clin Micro-
biol 2007; 45: 3743-53.

Metwally L, Fairley D], Coyle PV et al. Improving
molecular detection of Candida DNA in whole blood:
comparison of seven fungal DNA extraction protocols
using real-time PCR. ] Med Microbiol 2008; 57: 296—
303.

Schabereiter-Gurtner C, Selitsch B, Rotter ML, Hirschl
AM, Willinger B. Development of novel real-time PCR
assays for detection and differentiation of eleven
medically important Aspergillus and Candida species

in clinical specimens. | Clin Microbiol 2007; 45: 906—
14.

White PL, Perry MD, Barnes RA. An update on the
molecular diagnosis of invasive fungal disease. FEMS
Microbiol Lett 2009; 296: 1-10.

Mussap M, Molinari MP, Senno E et al. New diagnostic
tools for neonatal sepsis: the role of a real-time poly-
merase chain reaction for the early detection and iden-
tification of bacterial and fungal species in blood samples.
] Chemother 2007; 19(Suppl. 2): 31-34.

Rossetti F, Brawner DL, Bowden R et al. Fungal liver
infection in marrow transplant recipients: prevalence at
autopsy, predisposing factors, and clinical features. Clin
Infect Dis 1995; 20: 801-11.

Kappe R, Okeke CN, Fauser C, Maiwald M, Sonntag HG.
Molecular probes for the detection of pathogenic fungi in
the presence of human tissue. ] Med Microbiol 1998; 47:
811-20.

© 2011 Blackwell Verlag GmbH e Mycoses 54, 279-310

Diagnosis and therapy of Candida infections

173 Anttila V], Farkkila M, Jansson SE et al. Diagnostic lap-
aroscopy in patients with acute leukemia and suspected
hepatic candidiasis. Eur | Clin Microbiol Infect Dis 1997;
16: 637-43.

174 Semelka RC, Shoenut JP, Greenberg HM, Bow EJ. Detec-
tion of acute and treated lesions of hepatosplenic candi-
diasis: comparison of dynamic contrast-enhanced CT and
MR imaging. ] Magn Reson Imaging 1992; 2: 341-5.

175 Semelka RC, Kelekis NL, Sallah S, Worawattanakul S,
Ascher SM. Hepatosplenic fungal disease: diagnostic
accuracy and spectrum of appearances on MR imaging.
AJR Am | Roentgenol 1997; 169: 1311-6.

176 Pastakia B, Shawker TH, Thaler M, O’Leary T, Pizzo PA.
Hepatosplenic candidiasis: wheels within wheels. Radio-
logy 1988; 166: 417-21.

177 Anttila V], Lamminen AE, Bondestam S et al. Magnetic
resonance imaging is superior to computed tomography
and ultrasonography in imaging infectious liver foci in
acute leukaemia. Eur | Haematol 1996; 56: 82-87.

178 Rudolph J, Rodenwaldt J, Ruhnke M, Hamm B, Kopka L.
Unusual enhancement pattern of liver lesions in hepa-
tosplenic candidiasis. Acta Radiol 2004; 45: 499-503.

179 Caillot D, Reny G, Solary E et al. A controlled trial of the
tolerance of amphotericin B infused in dextrose or in
Intralipid in patients with haematological malignancies.
J Antimicrob Chemother 1994; 33: 603-13.

180 Schoffski P, Freund M, Wunder R et al. Safety and toxicity
of amphotericin B in glucose 5% or intralipid 20% in
neutropenic patients with pneumonia or fever of un-
known origin: randomised study. BMJ 1998; 317: 379—
84.

181 Viviani MA. Flucytosine — what is its future? J Antimicrob
Chemother 1995; 35: 241-4.

182 Francis P, Walsh TJ. Evolving role of flucytosine in
immunocompromised patients: new insights into safety,
pharmacokinetics, and antifungal therapy. Clin Infect Dis
1992; 15: 1003-18.

183 Pasqualotto AC, Howard SJ, Moore CB, Denning DW.
Flucytosine therapeutic monitoring: 15 years experience
from the UK. ] Antimicrob Chemother 2007; 59: 791-3.

184 Glasmacher A, Prentice A. Current experience with itr-
aconazole in neutropenic patients: a concise overview of
pharmacological properties and use in prophylactic and
empirical antifungal therapy. Clin Microbiol Infect 2006;
12(Suppl. 7): 84-90.

185 Pascual A, Calandra T, Bolay S, Buclin T, Bille J,
Marchetti O. Voriconazole therapeutic drug monitoring
in patients with invasive mycoses improves efficacy and
safety outcomes. Clin Infect Dis 2008; 46: 201-11.

186 Walsh TJ, Raad I, Patterson TF et al. Treatment of inva-
sive aspergillosis with posaconazole in patients who are
refractory to or intolerant of conventional therapy: an
externally controlled trial. Clin Infect Dis 2007; 44: 2—12.

187 Boucher HW, Groll AH, Chiou CC, Walsh TJ. Newer
systemic antifungal agents: pharmacokinetics, safety and
efficacy. Drugs 2004; 64: 1997-2020.

303



M. Ruhnke et al.

188

189

190

191

192

193

194

196

197

198

199

200

201

304

Groll AH, Gea-Banacloche JC, Glasmacher A, Just-Nue-
bling G, Maschmeyer G, Walsh TJ. Clinical pharsmaco-
logy of antifungal compounds. Infect Dis Clin North Am
2003; 17: 159-91, ix.

Ostrosky-Zeichner L, Rex JH, Pappas PG et al. Antifungal
susceptibility survey of 2,000 bloodstream Candida iso-
lates in the United States. Antimicrob Agents Chemother
2003; 47: 3149-54.

Pfaller MA, Boyken L, Hollis RJ, Messer SA, Tendolkar S,
Diekema DJ. In vitro activities of anidulafungin against
more than 2,500 clinical isolates of Candida spp.,
including 315 isolates resistant to fluconazole. ] Clin
Microbiol 2005; 43: 5425-7.

Rex JH, Bennett JE, Sugar AM et al. A randomized trial
comparing fluconazole with amphotericin B for the
treatment of candidemia in patients without neutropenia.
Candidemia Study Group and the National Institute.

N Engl ] Med 1994; 331: 1325-30.

Rex JH, Pappas PG, Karchmer AW et al. A randomized
and blinded multicenter trial of high-dose fluconazole
plus placebo versus fluconazole plus amphotericin B as
therapy for candidemia and its consequences in non-
neutropenic subjects. Clin Infect Dis 2003; 36: 1221-8.
Mora-Duarte ], Betts R, Rotstein C et al. Comparison of
caspofungin and amphotericin B for invasive candidiasis.
N Engl ] Med 2002; 347: 2020-9.

Reboli AC, Rotstein C, Pappas PG et al. Anidulafungin
versus fluconazole for invasive candidiasis. N Engl ] Med
2007; 356: 2472-82.

Kuse ER, Chetchotisakd P, da Cunha CA et al. Micafungin
versus liposomal amphotericin B for candidaemia and
invasive candidosis: a phase III randomised double-blind
trial. Lancet 2007; 369: 1519-27.

Pappas PG, Rotstein CM, Betts RF et al. Micafungin ver-
sus caspofungin for treatment of candidemia and other
forms of invasive candidiasis. Clin Infect Dis 2007; 45:
883-93.

Betts RF, Nucci M, Talwar D et al. A Multicenter, double-
blind trial of a high-dose caspofungin treatment regimen
versus a standard caspofungin treatment regimen for
adult patients with invasive candidiasis. Clin Infect Dis
2009; 48: 1676-84.

Pfaller MA, Boyken L, Hollis R], Messer SA, Tendolkar S,
Diekema DJ. In vitro susceptibilities of Candida spp. to
caspofungin: four years of global surveillance. | Clin
Microbiol 2006; 44: 760-3.

Cheung C, Guo Y, Gialanella P, Feldmesser M. Develop-
ment of candidemia on caspofungin therapy: a case
report. Infection 2006; 34: 345-8.

Kullberg BJ, Sobel JD, Ruhnke M et al. Voriconazole ver-
sus a regimen of amphotericin B followed by fluconazole
for candidaemia in non-neutropenic patients: a rando-
mised non-inferiority trial. Lancet 2005; 366: 1435-42.
Walsh TJ, Pappas P, Winston DJ et al. Voriconazole
compared with liposomal amphotericin B for empirical

202

203

204

205

206

207

208

209

210

211

212

213

214

215

antifungal therapy in patients with neutropenia and
persistent fever. N Engl ] Med 2002; 346: 225-34.
Kofla G, Ruhnke M. Voriconazole: review of a broad
spectrum triazole antifungal agent. Expert Opin Phar-
macother 2005; 6: 1215-29.

Arning M, Dresen B, Aul C, Schneider W. Influence of
infusion time on the acute toxicity of amphotericin B:
results of a randomized double-blind study. Recent Results
Cancer Res 1991; 121: 347-52.

Bates DW, Su L, Yu DT et al. Correlates of acute renal
failure in patients receiving parenteral amphotericin B.
Kidney Int 2001; 60: 1452-9.

Bates DW, Su L, Yu DT et al. Mortality and costs of acute
renal failure associated with amphotericin B therapy. Clin
Infect Dis 2001; 32: 686-93.

Harbarth S, Pestotnik SL, Lloyd JF, Burke JP, Samore MH.
The epidemiology of nephrotoxicity associated with con-
ventional amphotericin B therapy. Am | Med 2001; 111:
528-34.

Ostrosky-Zeichner L, Marr KA, Rex JH, Cohen SH.
Amphotericin B: time for a new ‘“‘gold standard”. Clin
Infect Dis 2003; 37: 415-25.

Anaissie EJ, Rex JH, Uzun O, Vartivarian S. Predictors of
adverse outcome in cancer patients with candidemia. Am
J Med 1998; 104: 238-45.

Bohme A, Ruhnke M, Buchheidt D et al. Treatment of
invasive fungal infections in cancer patients — recom-
mendations of the Infectious Diseases Working Party
(AGIHO) of the German Society of Hematology and
Oncology (DGHO). Ann Hematol 2009; 88: 97-110.
Eriksson U, Seifert B, Schaffner A. Comparison of effects of
amphotericin B deoxycholate infused over 4 or 24 hours:
randomised controlled trial. BMJ 2001; 322: 579-82.
Smego RA Jr, Perfect JR, Durack DT. Combined therapy
with amphotericin B and 5-fluorocytosine for Candida
meningitis. Rev Infect Dis 1984; 6: 791-801.

Kujath P, Lerch K, Kochendorfer P, Boos C. Comparative
study of the efficacy of fluconazole versus amphotericin
B/flucytosine in surgical patients with systemic mycoses.
Infection 1993; 21: 376-82.

Abele-Horn M, Kopp A, Sternberg U et al. A randomized
study comparing fluconazole with amphotericin

B/ 5-flucytosine for the treatment of systemic Candida
infections in intensive care patients. Infection 1996; 24:
426-32.

Pachl J, Svoboda P, Jacobs F et al. A randomized, blinded,
multicenter trial of lipid-associated amphotericin B alone
versus in combination with an antibody-based inhibitor
of heat shock protein 90 in patients with invasive can-
didiasis. Clin Infect Dis 2006; 42: 1404-13.

Perez-Parra A, Munoz P, Guinea ], Martin-Rabadan P,
Guembe M, Bouza E. Is Candida colonization of central
vascular catheters in non-candidemic, non-neutropenic
patients an indication for antifungals? Intensive Care Med
2009; 35: 707-12.

© 2011 Blackwell Verlag GmbH e Mycoses 54, 279-310



216

217

218

219

220

221

222

223

224

225

226

227

228

229

Labelle AJ, Micek ST, Roubinian N, Kollef MH. Treat-
ment-related risk factors for hospital mortality in Candida
bloodstream infections. Crit Care Med 2008; 36: 2967—
72.

Schuster MG, Edwards JE Jr, Sobel JD et al. Empirical
fluconazole versus placebo for intensive care unit
patients: a randomized trial. Ann Intern Med 2008; 149:
83-90.

Playford EG, Webster AC, Sorrell TC, Craig JC. Antifungal
agents for preventing fungal infections in non-neutrope-
nic critically ill and surgical patients: systematic review
and meta-analysis of randomized clinical trials. ] Anti-
microb Chemother 2006; 57: 628-38.

Pelz RK, Hendrix CW, Swoboda SM et al. Double-blind
placebo-controlled trial of fluconazole to prevent candidal
infections in critically ill surgical patients. Ann Surg
2001; 233: 542-8.

Ito JI, Hooshmand-Rad R. Treatment of Candida infections
with amphotericin B lipid complex. Clin Infect Dis 2005;
40(Suppl. 6): S384-91.

Aapro MS, Cameron DA, Pettengell R et al. EORTC
guidelines for the use of granulocyte-colony stimulating
factor to reduce the incidence of chemotherapy-induced
febrile neutropenia in adult patients with lymphomas and
solid tumours. Eur | Cancer 2006; 42: 2433-53.
Graybill JR, Bocanegra R, Luther M. Antifungal combi-
nation therapy with granulocyte colony-stimulating fac-
tor and fluconazole in experimental disseminated
candidiasis. Eur ] Clin Microbiol Infect Dis 1995; 14:
700-3.

Safdar A, Hanna HA, Boktour M et al. Impact of high-
dose granulocyte transfusions in patients with cancer
with candidemia: retrospective case—control analysis of
491 episodes of Candida species bloodstream infections.
Cancer 2004; 101: 2859-65.

Perfect JR, Marr KA, Walsh TJ et al. Voriconazole treat-
ment for less-common, emerging, or refractory fungal
infections. Clin Infect Dis 2003; 36: 1122-31.

Benjamin DK Jr, Miro JM, Hoen B et al. Candida endo-
carditis: contemporary cases from the International Col-
laboration of Infectious Endocarditis Merged Database
(ICE-mD). Scand ] Infect Dis 2004; 36: 453-5.

Miro JM, del Rio A, Mestres CA. Infective endocarditis in
intravenous drug abusers and HIV-1 infected patients.
Infect Dis Clin North Am 2002; 16: 273, viii.

Miro JM, Puig de la BJ, Odds FC et al. Systemic candidiasis
in Spanish heroin addicts: a possible source of infection.
J Infect Dis 1987; 156: 857-8.

Rex JH, Bennett JE, Sugar AM et al. Intravascular cath-
eter exchange and duration of candidemia. NITAID
Mycoses Study Group and the Candidemia Study Group.
Clin Infect Dis 1995; 21: 994-6.

Wenzel RP, Gennings C. Bloodstream infections due to
Candida species in the intensive care unit: identifying
especially high-risk patients to determine prevention
strategies. Clin Infect Dis 2005; 41(Suppl. 6): S389-93.

© 2011 Blackwell Verlag GmbH e Mycoses 54, 279-310

230

231

232

233

234

235

236

237

238

239

240

241

242

243

244

Diagnosis and therapy of Candida infections

Nucci M, Anaissie E, Betts RF et al. Early removal of
central venous catheter in patients with candidemia does
not improve outcome: analysis of 842 patients from 2
randomized clinical trials. Clin Infect Dis 2010; 51: 295—
303.

Raad I, Hanna H, Maki D. Intravascular catheter-related
infections: advances in diagnosis, prevention, and man-
agement. Lancet Infect Dis 2007; 7: 645-57.

Wolf HH, Leithauser M, Maschmeyer G et al. Central
venous catheter-related infections in hematology and
oncology : guidelines of the Infectious Diseases

Working Party (AGIHO) of the German Society of
Hematology and Oncology (DGHO). Ann Hematol 2008;
87: 863-76.

Bachmann SP, Ramage G, VandeWalle K, Patterson TF,
Wickes BL, Lopez-Ribot JL. Antifungal combinations
against Candida albicans biofilms in vitro. Antimicrob
Agents Chemother 2003; 47: 3657-9.

Ramage G, Wickes BL, Lopez-Ribot JL. Biofilms of Candida
albicans and their associated resistance to antifungal
agents. Am Clin Lab 2001; 20: 42—44.

Schinabeck MK, Long LA, Hossain MA et al. Rabbit model
of Candida albicans biofilm infection: liposomal ampho-
tericin B antifungal lock therapy. Antimicrob Agents
Chemother 2004; 48: 1727-32.

Groll AH, Ritter J. Diagnosis and management of fungal
infections and pneumocystis pneumonitis in pediatric
cancer patients. Klin Padiatr 2005; 217 (Suppl. 1): S37-66.
Chiou CC, Walsh TJ, Groll AH. Clinical pharmacology of
antifungal agents in pediatric patients. Expert Opin
Pharmacother 2007; 8: 2465-89.

Groll AH, Walsh TJ. Antifungal chemotherapy: advances
and perspectives. Swiss Med Wkly 2002; 132: 303-11.
Walsh TJ, Adamson PC, Seibel NL et al. Pharmacokinet-
ics, safety, and tolerability of caspofungin in children and
adolescents. Antimicrob Agents Chemother 2005; 49:
4536-45.

Odio CM, Araya R, Pinto LE et al. Caspofungin therapy of
neonates with invasive candidiasis. Pediatr Infect Dis |
2004; 23: 1093-7.

Lee JW, Seibel NL, Amantea M, Whitcomb P, Pizzo PA,
Walsh TJ. Safety and pharmacokinetics of fluconazole in
children with neoplastic diseases. | Pediatr 1992; 120:
987-93.

Seibel NL, Schwartz C, Arrieta A et al. Safety, tolerability,
and pharmacokinetics of Micafungin (FK463) in febrile
neutropenic pediatric patients. Antimicrob Agents Chemo-
ther 2005; 49: 3317-24.

Wiley JM, Seibel NL, Walsh TJ. Efficacy and safety of
amphotericin B lipid complex in 548 children and ado-
lescents with invasive fungal infections. Pediatr Infect Dis |
2005; 24: 167-74.

Queiroz-Telles F, Berezin E, Leverger G et al. Micafungin
versus liposomal amphotericin B for pediatric patients
with invasive candidiasis: substudy of a randomized
double-blind trial. Pediatr Infect Dis ] 2008; 27: 820-6.

305



M. Ruhnke et al.

245

246

247

248

249

250

251

252

253

254

255

256

257

258

259

260

306

Novelli V, Holzel H. Safety and tolerability of fluconazole
in children. Antimicrob Agents Chemother 1999; 43:
1955-60.

Zaoutis TE, Jafri HS, Huang LM et al. A prospective,
multicenter study of caspofungin for the treatment of
documented Candida or Aspergillus infections in pediatric
patients. Pediatrics 2009; 123: 877-84.

Walsh TJ, Karlsson MO, Driscoll T et al. Pharmacokinetics
and safety of intravenous voriconazole in children after
single- or multiple-dose administration. Antimicrob Agents
Chemother 2004; 48: 2166-72.

Walsh TJ, Seibel NL, Arndt C et al. Amphotericin B lipid
complex in pediatric patients with invasive fungal infec-
tions. Pediatr Infect Dis | 1999; 18: 702-8.

Kingo AR, Smyth JA, Waisman D. Lack of evidence of
amphotericin B toxicity in very low birth weight infants
treated for systemic candidiasis. Pediatr Infect Dis ] 1997
16: 1002-3.

Juster-Reicher A, Flidel-Rimon O, Amitay M, Even-Tov S,
Shinwell E, Leibovitz E. High-dose liposomal amphoteri-
cin B in the therapy of systemic candidiasis in neonates.
Eur ] Clin Microbiol Infect Dis 2003; 22: 603-7.
Juster-Reicher A, Leibovitz E, Linder N et al. Liposomal
amphotericin B (AmBisome) in the treatment of neonatal
candidiasis in very low birth weight infants. Infection
2000; 28: 223-6.

Wiirthwein G, Groll AH, Hempel G, Adler-Shohet FC,
Lieberman JM, Walsh TJ. Population pharmacokinetics of
amphotericin B lipid complex in neonates. Antimicrob
Agents Chemother 2005; 49: 5092-8.

Heresi GP, Gerstmann DR, Reed MD et al. The pharma-
cokinetics and safety of micafungin, a novel echinocan-
din, in premature infants. Pediatr Infect Dis ] 2006; 25:
1110-5.

Cornely OA, Lasso M, Betts R et al. Caspofungin for the
treatment of less common forms of invasive candidiasis.
] Antimicrob Chemother 2007; 60: 363-9.

Polak A. Combination therapy for systemic mycosis.
Infection 1989; 17: 203-9.

Bennett JE, Dismukes WE, Duma RJ et al. A comparison of
amphotericin B alone and combined with flucytosine in
the treatment of cryptoccal meningitis. N Engl | Med
1979; 301: 126-31.

Black KE, Baden LR. Fungal infections of the CNS:
treatment strategies for the immunocompromised
patient. CNS Drugs 2007; 21: 293-318.

Groll AH, Giri N, Petraitis V et al. Comparative efficacy
and distribution of lipid formulations of amphotericin B in
experimental Candida albicans infection of the central
nervous system. | Infect Dis 2000; 182: 274-82.
Charlier C, Hart E, Lefort A et al. Fluconazole for the
management of invasive candidiasis: where do we stand
after 15 years? | Antimicrob Chemother 2006; 57: 384—
410.

Lutsar I, Roffey S, Troke P. Voriconazole concentrations
in the cerebrospinal fluid and brain tissue of guinea pigs

261

262

263

264

265

266

267

268

269

270

271

272

273

274

and immunocompromised patients. Clin Infect Dis 2003;
37: 728-32.

Schwartz S, Ruhnke M, Ribaud P et al. Improved out-
come in central nervous system aspergillosis, using
voriconazole treatment. Blood 2005; 106: 2641-5.
Schwartz S, Ruhnke M, Ribaud P, Reed E, Troke P,
Thiel E. Poor efficacy of amphotericin B-based

therapy in CNS aspergillosis. Mycoses 2007; 50:
196-200.

Petraitiene R, Petraitis V, Groll AH et al. Antifungal
activity of LY303366, a novel echinocandin B, in
experimental disseminated candidiasis in rabbits. Anti-
microb Agents Chemother 1999; 43: 2148-55.

Petraitis V, Petraitiene R, Groll AH et al. Comparative
antifungal activities and plasma pharmacokinetics of
micafungin (FK463) against disseminated candidiasis
and invasive pulmonary aspergillosis in persistently
neutropenic rabbits. Antimicrob Agents Chemother 2002;
46: 1857-69.

Hope WW, Mickiene D, Petraitis V et al. The pharmaco-
kinetics and pharmacodynamics of micafungin in exper-
imental hematogenous candida meningoencephalitis:
implications for echinocandin therapy in neonates.

] Infect Dis 2008; 197: 163-71.

Liu KH, Wu CJ, Chou CH et al. Refractory candidal
meningitis in an immunocompromised patient cured by
caspofungin. | Clin Microbiol 2004; 42: 5950-3.

Khan FA, Slain D, Khakoo RA. Candida endophthalmitis:
focus on current and future antifungal treatment options.
Pharmacotherapy 2007; 27: 1711-21.
Rodriguez-Adrian L], King RT, Tamayo-Derat LG, Miller
JW, Garcia CA, Rex JH. Retinal lesions as clues to dis-
seminated bacterial and candidal infections: frequency,
natural history, and etiology. Medicine (Baltimore) 2003;
82: 187-202.

Donahue SP, Greven CM, Zuravleff JJ et al. Intraocular
candidiasis in patients with candidemia. Clinical impli-
cations derived from a prospective multicenter study.
Ophthalmology 1994; 101: 1302-9.

Benjamin DK Jr, Poole C, Steinbach W], Rowen JL, Walsh
TJ. Neonatal candidemia and end-organ damage: a crit-
ical appraisal of the literature using meta-analytic tech-
niques. Pediatrics 2003; 112: 634-40.

Collignon PJ, Sorrell TC. Disseminated candidiasis: evi-
dence of a distinctive syndrome in heroin abusers. Br Med
J (Clin Res Ed) 1983; 287: 861-2.

Leen CL, Brettle RP. Fungal infections in drug users.

] Antimicrob Chemother 1991; 28(Suppl. A): 83-96.
Sarria JC, Bradley JC, Habash R, Mitchell KT, Kimbrough
RC, Vidal AM. Candida glabrata endophthalmitis treated
successfully with caspofungin. Clin Infect Dis 2005; 40:
e46—e48.

Gauthier GM, Nork TM, Prince R, Andes D. Subthera-
peutic ocular penetration of caspofungin and associated
treatment failure in Candida albicans endophthalmitis. Clin
Infect Dis 2005; 41: e27-E28.

© 2011 Blackwell Verlag GmbH e Mycoses 54, 279-310



275

276

277

278

279

280

281

282

283

284

286

287

288

289

290

Breit SM, Hariprasad SM, Mieler WF, Shah GK, Mills MD,
Grand MG. Management of endogenous fungal endoph-
thalmitis with voriconazole and caspofungin. Am ] Oph-
thalmol 2005; 139: 135-40.

Essman TF, Flynn HW Jr, Smiddy WE et al. Treatment
outcomes in a 10-year study of endogenous fungal end-
ophthalmitis. Ophthalmic Surg Lasers 1997; 28: 185-94.
Martinez-Vazquez C, Fernandez-Ulloa ], Bordon | et al.
Candida albicans endophthalmitis in brown heroin addicts:
response to early vitrectomy preceded and followed by
antifungal therapy. Clin Infect Dis 1998; 27: 1130-3.
Hiraoka T, Kaji Y, Wakabayashi T, Nanbu PN, Okamoto
F, Oshika T. Comparison of micafungin and fluconazole
for experimental Candida keratitis in rabbits. Cornea 2007;
26: 336-42.

Matsumoto Y, Dogru M, Goto E, Fujishima H, Tsubota K.
Successful topical application of a new antifungal agent,
micafungin, in the treatment of refractory fungal corneal
ulcers: report of three cases and literature review. Cornea
2005; 24: 748-53.

Al-Badriyeh D, Neoh CF, Stewart K, Kong DC. Clinical
utility of voriconazole eye drops in ophthalmic fungal
keratitis. Clin Ophthalmol 2010; 4: 391-405.

Mylonakis E, Calderwood SB. Infective endocarditis in
adults. N Engl ] Med 2001; 345: 1318-30.

Pierrotti LC, Baddour LM. Fungal endocarditis, 1995—
2000. Chest 2002; 122: 302-10.

Tleyjeh IM, bdel-Latif A, Rahbi H et al. A systematic
review of population-based studies of infective endocar-
ditis. Chest 2007; 132: 1025-35.

Steinbach W], Perfect JR, Cabell CH et al. A meta-analysis
of medical versus surgical therapy for Candida endocar-
ditis. | Infect 2005; 51: 230-47.

Salamon SA, Fuursted K, Egeblad H, Petersen E, Ott P.
Candida albicans tricuspid and pulmonic valve endocar-
ditis: challenge of relapsing risk and role of combined
medical treatment and surgery. Scand | Infect Dis 2007;
39: 641-4.

Baddley JW, Benjamin DK Jr, Patel M et al. Candida
infective endocarditis. Eur ] Clin Microbiol Infect Dis 2008;
28: 519-29.

Ellis ME, Al-Abdely H, Sandridge A, Greer W, Ventura W.
Fungal endocarditis: evidence in the world literature,
1965-1995. Clin Infect Dis 2001; 32: 50-62.

Nasser RM, Melgar GR, Longworth DL, Gordon SM.
Incidence and risk of developing fungal prosthetic valve
endocarditis after nosocomial candidemia. Am | Med
1997; 103: 25-32.

Westling K, Thalme A, Julander 1. Candida albicans tri-
cuspid valve endocarditis in an intravenous drug addict:
successful treatment with fluconazole. Scand | Infect Dis
2005; 37: 310-1.

Melamed R, Leibovitz E, Abramson O, Levitas A, Zucker
N, Gorodisher R. Successful non-surgical treatment of
Candida tropicalis endocarditis with liposomal amphoteri-
cin-B (AmBisome). Scand | Infect Dis 2000; 32: 86—89.

© 2011 Blackwell Verlag GmbH e Mycoses 54, 279-310

291

292

293

294

295

296

297

298

299

300

301

302

303

304

Diagnosis and therapy of Candida infections

Karatza AA, Dimitriou G, Marangos M et al. Successful
resolution of cardiac mycetomas by combined liposomal
Amphotericin B with Fluconazole treatment in premature
neonates. Eur | Pediatr 2008; 167: 1021-3.
Jimenez-Exposito MJ, Torres G, Baraldes A et al. Native
valve endocarditis due to Candida glabrata treated without
valvular replacement: a potential role for caspofungin in
the induction and maintenance treatment. Clin Infect Dis
2004; 39: e70-e73.

Lye DC, Hughes A, O’Brien D, Athan E. Candida glabrata
prosthetic valve endocarditis treated successfully with
fluconazole plus caspofungin without surgery: a case
report and literature review. Eur | Clin Microbiol Infect Dis
2005; 24: 753-5.

Williams J, Lye DC. Cure of Candida glabrata native tri-
cuspid valve endocarditis by continuous infusion of
conventional amphotericin B in a patient with nephrotic
syndrome. Int | Antimicrob Agents 2007; 30: 192-3.
Bacak V, Biocina B, Starcevic B, Gertler S, Begovac J.
Candida albicans endocarditis treatment with caspofungin
in an HIV-infected patient — case report and review of
literature. | Infect 2006; 53: el1-el4.

Lopez-Ciudad V, Castro-Orjales M]J, Leon C et al. Suc-
cessful treatment of Candida parapsilosis mural endocar-
ditis with combined caspofungin and voriconazole. BMC
Infect Dis 2006; 6: 73.

Moudgal V, Little T, Boikov D, Vazquez JA. Multiechino-
candin- and multiazole-resistant Candida parapsilosis iso-
lates serially obtained during therapy for prosthetic valve
endocarditis. Antimicrob Agents Chemother 2005; 49:
767-9.

Rello ], Esandi ME, Diaz E, Mariscal D, Gallego M, Valles J.
The role of Candida sp isolated from bronchoscopic sam-
ples in nonneutropenic patients. Chest 1998; 114:
146-9.

Azoulay E, Cohen Y, Zahar JR et al. Practices in non-
neutropenic ICU patients with Candida-positive airway
specimens. Intensive Care Med 2004; 30: 1384-9.

Kami M, Machida U, Okuzumi K et al. Effect of fluconazole
prophylaxis on fungal blood cultures: an autopsy-based
study involving 720 patients with haematological
malignancy. Br ] Haematol 2002; 117: 40-46.

Kume H, Yamazaki T, Abe M, Tanuma H, Okudaira M,
Okayasu I. Increase in aspergillosis and severe mycotic
infection in patients with leukemia and MDS: comparison
of the data from the Annual of the Pathological Autopsy
Cases in Japan in 1989, 1993 and 1997. Pathol Int 2003;
53: 744-50.

Masur H, Rosen PP, Armstrong D. Pulmonary dis-

ease caused by Candidaspecies. Am]Med1977;63:914-25.
Haron E, Vartivarian S, Anaissie E, Dekmezian R, Bodey
GP. Primary Candida pneumonia. Experience at a large
cancer center and review of the literature. Medicine
(Baltimore) 1993; 72: 137-42.

el-Ebiary M, Torres A, Fabregas N et al. Significance of
the isolation of Candida species from respiratory samples

307



M. Ruhnke et al.

306

307

308

309

310

311

312

313

314

315

316

317

318

319

320

308

in critically ill, non-neutropenic patients. An immediate
postmortem histologic study. Am ] Respir Crit Care Med
1997; 156: 583-90.

Kontoyiannis DP, Reddy BT, Torres HA et al. Pulmonary
candidiasis in patients with cancer: an autopsy study.
Clin Infect Dis 2002; 34: 400-3.

Walsh TJ, Gray WC. Candida epiglottitis in immunocom-
promised patients. Chest 1987; 91: 482-5.

Chiou CC, Seibel NL, Derito FA, Bulas D, Walsh TJ, Groll
AH. Concomitant Candida epiglottitis and disseminated
Varicella zoster virus infection associated with acute
lymphoblastic leukemia. | Pediatr Hematol Oncol 2006;
28: 757-9.

Goldie §J, Kiernan-Tridle L, Torres C et al. Fungal
peritonitis in a large chronic peritoneal dialysis popula-
tion: a report of 55 episodes. Am | Kidney Dis 1996; 28:
86-91.

Levine J, Bernard DB, Idelson BA, Farnham H, Saunders
C, Sugar AM. Fungal peritonitis complicating continuous
ambulatory peritoneal dialysis: successful treatment with
fluconazole, a new orally active antifungal agent. Am |
Med 1989; 86: 825-7.

Calandra T, Bille J, Schneider R, Mosimann F, Francioli P.
Clinical significance of Candida isolated from peritoneum
in surgical patients. Lancet 1989; 2: 1437-40.
Eggimann P, Francioli P, Bille J et al. Fluconazole pro-
phylaxis prevents intra-abdominal candidiasis in high-
risk surgical patients. Crit Care Med 1999; 27: 1066-72.
Rantala A, Lehtonen OP, Kuttila K, Havia T, Niinikoski J.
Diagnostic factors for postoperative candidosis in
abdominal surgery. Ann Chir Gynaecol 1991; 80: 323-8.
Blot SI, Vandewoude KH, De Waele JJ. Candida peritonitis.
Curr Opin Crit Care 2007; 13: 195-9.

Kujath P, Hoffmann M, Rodloff A. Antimicrobial and
antimycotic therapy of intra-abdominal infections. Chir-
urg 2008; 79: 295-305.

Montravers P, Dupont H, Gauzit R et al. Candida as a risk
factor for mortality in peritonitis. Crit Care Med 2006; 34
646-52.

Fourtounas C, Marangos M, Kalliakmani P, Savidaki E,
Goumenos DS, Vlachojannis JG. Treatment of peritoneal
dialysis related fungal peritonitis with caspofungin plus
amphotericin B combination therapy. Nephrol Dial
Transplant 2006; 21: 236-7.

Varisco BM, Benner KW, Prabhakaran P. Neonatal
peritoneal candidiasis successfully treated with anidula-
fungin add-on therapy. Ann Pharmacother 2009; 43:
1907-10.

Kohli R, Hadley S. Fungal arthritis and osteomyelitis.
Infect Dis Clin North Am 2005; 19: 831-51.

Sealy PI, Nguyen C, Tucci M, Benghuzzi H, Cleary ]D.
Delivery of antifungal agents using bioactive and non-
bioactive bone cements. Ann Pharmacother 2009; 43:
1606-15.

Legout L, Assal M, Rohner P, Lew D, Bernard L, Hoff-
meyer P. Successful treatment of Candida parapsilosis

321

322

323

324

325

326

327

328

329

330

331

332

333

334

(fluconazole-resistant) osteomyelitis with caspofungin in
a HIV patient. Scand | Infect Dis 2006; 38: 728-30.
Khazim RM, Debnath UK, Fares Y. Candida albicans oste-
omyelitis of the spine: progressive clinical and radiologi-
cal features and surgical management in three cases. Eur
Spine ] 2006; 15: 1404-10.

Schilling A, Seibold M, Mansmann V, Gleissner B. Suc-
cessfully treated Candida krusei infection of the lumbar
spine with combined caspofungin/posaconazole therapy.
Med Mycol 2008; 46: 79-83.

Yang SC, Shao PL, Hsueh PR, Lin KH, Huang LM. Suc-
cessful treatment of Candida tropicalis arthritis, osteomy-
elitis and costochondritis with caspofungin and
fluconazole in a recipient of bone marrow transplanta-
tion. Acta Paediatr 2006; 95: 629-30.

Sili U, Yilmaz M, Ferhanoglu B, Mert A. Candida krusei
arthritis in a patient with hematologic malignancy: suc-
cessful treatment with voriconazole. Clin Infect Dis 2007;
45: 897-8.

Mouas H, Lutsar I, Dupont B et al. Voriconazole for
invasive bone aspergillosis: a worldwide experience of 20
cases. Clin Infect Dis 2005; 40: 1141-7.

Karthaus M, Hebart H, Einsele H et al. Long-term survival
in patients with acute leukemia and chronic disseminated
candidiasis despite minimal antileukemic therapy.
Haematologica 2006; 91: 1422-3.

Bjerke JW, Meyers JD, Bowden RA. Hepatosplenic can-
didiasis — a contraindication to marrow transplantation?
Blood 1994; 84: 2811-4.

Walsh TJ, Whitcomb PO, Revankar SG, Pizzo PA. Suc-
cessful treatment of hepatosplenic candidiasis through
repeated cycles of chemotherapy and neutropenia. Cancer
1995; 76: 2357-62.

Walsh TJ, Whitcomb P, Piscitelli S et al. Safety, tolerance,
and pharmacokinetics of amphotericin B lipid complex in
children with hepatosplenic candidiasis. Antimicrob
Agents Chemother 1997; 41: 1944-8.

Anaissie E, Bodey GP, Kantarjian H et al. Fluconazole
therapy for chronic disseminated candidiasis in patients
with leukemia and prior amphotericin B therapy. Am |
Med 1991; 91: 142-50.

Kauffman CA, Bradley SF, Ross SC, Weber DR. Hepa-
tosplenic candidiasis: successful treatment with fluco-
nazole. Am | Med 1991; 91: 137-41.

Legrand F, Lecuit M, Dupont B et al. Adjuvant cortico-
steroid therapy for chronic disseminated candidiasis. Clin
Infect Dis 2008; 46: 696-702.

Flynn PM, Cunningham CK, Kerkering T et al. Oropha-
ryngeal candidiasis in immunocompromised children: a
randomized, multicenter study of orally administered
fluconazole suspension versus nystatin. The Multicenter
Fluconazole Study Group. | Pediatr 1995; 127: 322-8.
Graybill JR, Vazquez J, Darouiche RO et al. Randomized
trial of itraconazole oral solution for oropharyngeal
candidiasis in HIV/AIDS patients. Am ] Med 1998; 104:
33-39.

© 2011 Blackwell Verlag GmbH e Mycoses 54, 279-310



335

336

337

338

339

340

341

342

343

344

345

346

347

Phillips P, De BK, Frechette G et al. A double-blind com-
parison of itraconazole oral solution and fluconazole
capsules for the treatment of oropharyngeal candidiasis
in patients with AIDS. Clin Infect Dis 1998; 26: 1368-73.
Barbaro G, Barbarini G, Calderon W, Grisorio B, Alcini P,
Di LG. Fluconazole versus itraconazole for candida
esophagitis in acquired immunodeficiency syndrome.
Candida Esophagitis. Gastroenterology 1996; 111: 1169—
77.

Barbaro G, Barbarini G, Di LG. Fluconazole vs itraco-
nazole-flucytosine association in the treatment of esoph-
ageal candidiasis in AIDS patients. A double-blind,
multicenter placebo-controlled study. The Candida
Esophagitis Multicenter Italian Study (CEMIS) Group.
Chest 1996; 110: 1507-14.

Eichel M, Just-Nubling G, Helm EB, Stille W. Itraconazole
suspension in the treatment of HIV-infected patients with
fluconazole-resistant oropharyngeal candidiasis and
esophagitis. Mycoses 1996; 39(Suppl. 1): 102-6.

Saag MS, Fessel W], Kaufman CA et al. Treatment of
fluconazole-refractory oropharyngeal candidiasis with
itraconazole oral solution in HIV-positive patients. AIDS
Res Hum Retroviruses 1999; 15: 1413-7.

Cartledge JD, Midgley ], Youle M, Gazzard BG. Itraco-
nazole cyclodextrin solution — effective treatment for HIV-
related candidosis unresponsive to other azole therapy.
] Antimicrob Chemother 1994; 33: 1071-3.

Cartledge JD, Midgley ], Gazzard BG. Itraconazole cyclo-
dextrin solution: the role of in vitro susceptibility testing
in predicting successful treatment of HIV-related fluco-
nazole-resistant and fluconazole-susceptible oral candi-
dosis. AIDS 1997; 11: 163-8.

Ally R, Schurmann D, Kreisel W et al. A randomized,
double-blind, double-dummy, multicenter trial of vorico-
nazole and fluconazole in the treatment of esophageal
candidiasis in immunocompromised patients. Clin Infect
Dis 2001; 33: 1447-54.

Hegener P, Troke PF, Fatkenheuer G, Diehl V, Ruhnke M.
Treatment of fluconazole-resistant candidiasis with vo-
riconazole in patients with AIDS. AIDS 1998; 12: 2227-
8.

Vazquez JA, Skiest DJ, Nieto L et al. A multicenter ran-
domized trial evaluating posaconazole versus fluconazole
for the treatment of oropharyngeal candidiasis in subjects
with HIV/AIDS. Clin Infect Dis 2006; 42: 1179-86.
Skiest DJ, Vazquez JA, Anstead GM et al. Posaconazole for
the treatment of azole-refractory oropharyngeal and
esophageal candidiasis in subjects with HIV infection.
Clin Infect Dis 2007; 44: 607-14.

Vazquez JA, Schranz JA, Clark K, Goldstein BP, Reboli A,
Fichtenbaum C. A phase 2, open-label study of the safety
and efficacy of intravenous anidulafungin as a treatment
for azole-refractory mucosal candidiasis. | Acquir Immune
Defic Syndr 2008; 48: 304-9.

Arathoon EG, Gotuzzo E, Noriega LM, Berman RS,
DiNubile MJ, Sable CA. Randomized, double-blind, mul-

© 2011 Blackwell Verlag GmbH e Mycoses 54, 279-310

348

349

350

353

354

356

357

358

Diagnosis and therapy of Candida infections

ticenter study of caspofungin versus amphotericin B for
treatment of oropharyngeal and esophageal candidiases.
Antimicrob Agents Chemother 2002; 46: 451-7.

Vuffray A, Durussel C, Boerlin P et al. Oropharyngeal
candidiasis resistant to single-dose therapy with
fluconazole in HIV-infected patients. AIDS 1994; 8:
708-9.

Wilcox CM, Straub RF, Alexander LN, Clark WS. Etiology
of esophageal disease in human immunodeficiency virus-
infected patients who fail antifungal therapy. Am | Med
1996; 101: 599-604.

Wilcox CM, Darouiche RO, Laine L, Moskovitz BL, Mal-
legol I, Wu J. A randomized, double-blind comparison of
itraconazole oral solution and fluconazole tablets in the
treatment of esophageal candidiasis. | Infect Dis 1997;
176: 227-32.

Wilcox CM, Alexander LN, Clark WS, Thompson SE III.
Fluconazole compared with endoscopy for human
immunodeficiency virus-infected patients with esopha-
geal symptoms. Gastroenterology 1996; 110: 1803-9.
Lake DE, Kunzweiler J, Beer M, Buell DN, Islam MZ.
Fluconazole versus amphotericin B in the treatment of
esophageal candidiasis in cancer patients. Chemotherapy
1996; 42: 308-14.

Krause DS, Simjee AE, van Rensburg C et al. A random-
ized, double-blind trial of anidulafungin versus fluconaz-
ole for the treatment of esophageal candidiasis. Clin Infect
Dis 2004; 39: 770-5.

DiNubile MJ, Lupinacci R], Berman RS, Sable CA.
Response and relapse rates of candidal esophagitis in
HIV-infected patients treated with caspofungin. AIDS Res
Hum Retroviruses 2002; 18: 903-8.

Kartsonis N, DiNubile M]J, Bartizal K, Hicks PS, Ryan D,
Sable CA. Efficacy of caspofungin in the treatment of
esophageal candidiasis resistant to fluconazole. | Acquir
Immune Defic Syndr 2002; 31: 183-7.

Brockmeyer NH, Hantschke D, Olbricht T, Hengge UA,
Goos M. Comparative study of the therapy of Candida
esophagitis in HIV-1-infected patients with fluconazole or
amphotericin B and flucytosine. Mycoses 1991; 34(Sup-
pl. 1): 83-86.

Villanueva A, Arathoon EG, Gotuzzo E, Berman RS,
DiNubile MJ, Sable CA. A randomized double-blind
study of caspofungin versus amphotericin for the
treatment of candidal esophagitis. Clin Infect Dis 2001;
33: 1529-35.

Villanueva A, Gotuzzo E, Arathoon EG et al. A random-
ized double-blind study of caspofungin versus fluconazole
for the treatment of esophageal candidiasis. Am | Med
2002; 113: 294-9.

Sobel JD. Vulvovaginal candidosis. Lancet 2007; 369:
1961-71.

Mendling W, Seebacher C. Guideline for vulvovaginal
candidiasis. 6 November 2002 status. Professional
Society of Infections and Infection Immunology of the
German Society of gynecology and obstetrics and German

309



M. Ruhnke et al.

361

362

363

364

365

366

367

368

369

370

371

372

310

Language Mycologic Society e.V. ] Dtsch Dermatol Ges
2004; 2: 149-52.

Moudgal VV, Sobel JD. Antifungal drugs in pregnancy: a
review. Expert Opin Drug Saf 2003; 2: 475-83.
Wozniak KL, Palmer G, Kutner R, Fidel PL Jr.
Immunotherapeutic approaches to enhance protective
immunity against Candida vaginitis. Med Mycol 2005;
43: 589-601.

Mitchell H. Vaginal discharge — causes, diagnosis, and
treatment. BMJ 2004; 328: 1306-8.

Kauffman CA, Vazquez JA, Sobel JD et al. Prospective
multicenter surveillance study of funguria in hospitalized
patients. The National Institute for Allergy and Infectious
Diseases (NIAID) Mycoses Study Group. Clin Infect Dis
2000; 30: 14-18.

Sobel JD, Kauffman CA, McKinsey D et al. Candiduria: a
randomized, double-blind study of treatment with fluco-
nazole and placebo. The National Institute of Allergy and
Infectious Diseases (NIAID) Mycoses Study Group. Clin
Infect Dis 2000; 30: 19-24.

Groll AH, Piscitelli SC, Walsh TJ. Clinical pharmacology
of systemic antifungal agents: a comprehensive

review of agents in clinical use, current investigational
compounds, and putative targets for antifungal

drug development. Adv Pharmacol 1998; 44: 343—
500.

Sobel JD, Bradshaw SK, Lipka CJ, Kartsonis NA. Caspo-
fungin in the treatment of symptomatic candiduria. Clin
Infect Dis 2007; 44: e46—49.

Lagrotteria D, Rotstein C, Lee CH. Treatment of candid-
uria with micafungin: a case series. Can | Infect Dis Med
Microbiol 2007; 18: 149-50.

Seebacher C, Abeck D, Brasch | et al. Candidiasis of the
skin. | Dtsch Dermatol Ges 2006; 4: 591-6.
Antachopoulos C, Walsh TJ, Roilides E. Fungal infections
in primary immunodeficiencies. Eur | Pediatr 2007; 166:
1099-117.

Ferwerda B, Ferwerda G, Plantinga TS et al. Human
dectin-1 deficiency and mucocutaneous fungal infections.
N Engl ] Med 2009; 361: 1760-7.

Plantinga TS, van der Velden W], Ferwerda B et al. Early
stop polymorphism in human DECTIN-1 is associated
with increased candida colonization in hematopoietic
stem cell transplant recipients. Clin Infect Dis 2009; 49:
724-32.

373

374

375

376

377

378

379

380

381

382

383

384

Glocker EO, Hennigs A, Nabavi M et al. A homozygous
CARD9Y mutation in a family with susceptibility to fungal
infections. N Engl ] Med 2009; 361: 1727-35.
Jayasinghe M, Schmidt S, Walker B, Rocken M, Schaller
M. Successful treatment of azole-resistant chronic
mucocutaneous candidosis with caspofungin. Acta Derm
Venereol 2006; 86: 563—4.

Suzuki T, Imamura A. A case of chronic mucocutaneous
candidasis cured with micafungin. Kansenshogaku Zasshi
2005; 79: 143-8.

Clinical and Laboratory Standards Institute. Reference
Method for Broth Dilution Antifungal Susceptibility
Testing of Yeasts; Third Informational Supplement. Clin-
ical and Laboratory Standards Institute 2010; 28: 1-19,
Abstract.

Noskin GA, Pietrelli L, Coffey G, Gurwith M, Liang LJ.
Amphotericin B colloidal dispersion for treatment of
candidemia in immunocompromised patients. Clin Infect
Dis 1998; 26: 461-7.

Bowden RA, Cays M, Gooley T, Mamelok RD, van
Burik JA. Phase I study of amphotericin B colloidal
dispersion for the treatment of invasive fungal infec-
tions after marrow transplant. | Infect Dis 1996; 173:
1208-15.

Tuil 0., Cohen Y. Itraconazole IV solution in the treat-
ment of candidemia in non-neutropenic patients. Crit
Care 2003; 7(Suppl. 2): P131, Abstract.

Herbrecht R, Fohrer C, Nivoix Y. Mycograb for the
treatment of invasive candidiasis. Clin Infect Dis 2006;
43: 1083-4.

Sanchez-Portocarrero J, Perez-Cecilia E, Corral O, Ro-
mero-Vivas J, Picazo JJ. The central nervous system and
infection by Candida species. Diagn Microbiol Infect Dis
2000; 37: 169-79.

Penk A, Pittrow L. Status of fluconazole in the therapy of
endogenous Candida endophthalmitis. Mycoses 1998;
41(Suppl. 2): 41-44.

Penk A, Pittrow L. Fungal arthritis — a rare complication
of systemic candidiasis or orthopedic intervention.
Review of therapeutic experience with fluconazole.
Mycoses 1998; 41(Suppl. 2): 45-48.

Fan-Havard P, O’Donovan C, Smith SM, Oh J, Bamberger
M, Eng RH. Oral fluconazole versus amphotericin B
bladder irrigation for treatment of candidal funguria. Clin
Infect Dis 1995; 21: 960-5.

© 2011 Blackwell Verlag GmbH e Mycoses 54, 279-310



