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• oral cavity

• gut

• vagina

Candida is part of normal flora

g

• moist areas of the skin

Detection of Candida: A marker of chronic disease?
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• Candida vaginitis

• Oral candidosis (thrush)

• Skin and nail infections

Candida may cause

• Skin and nail infections

• Balanitis (?)

• Sepsis and disseminated disease

Detection of Candida: A marker of chronic disease?

• yeast syndrome

• sinusitis

• allergies (?)

Candida does not cause

• allergies (?)

• pneumonia (?)

• diarrhoea (?)

• Up to 75% of women will have candidal vulvovaginitis, or vaginal thrush at 
some point in their lives

• Commonly caused by Candida albicans.
• Candida is found naturally in the vagina, and is usually harmless. However, if 
the conditions in the vagina change, it can cause the symptoms of thrush: 
itching, burning and discharge (fissuring, oedema)

• Uncomplicated thrush: less than four episodes in a year, symptoms are mild or 
moderate and caused by the Candida albicansmoderate, and caused by the Candida albicans.

• Complicated thrush: is four or more episodes in a year or symptoms are severe 
or if coupled with pregnancy, poorly controlled diabetes, an immune 
deficiency, or if it is not caused by the Candida albicans

• Riskfactors:
• Child‐bearing age 
• Hormonal changes (pregnancy, birth control pills)
• Antibiotics 
• Diabetics with poorly controlled diabetes.
• Immune deficiency, immunosuppression.
• Tight‐fitting clothing 
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• An infection of yeast fungi of the genus Candida on the mucous membranes 
of the mouth frequently caused by Candida albicans, or less commonly by 
Candida glabrata or Candida tropicalis.

• Oral infections by Candida species usually appear as thick white or cream‐
colored deposits on mucosal membranes. The infected mucosa of the mouth 
may appear inflamed (red and possibly slightly raised).

• Riskfactors:
• Newborn babiesNewborn babies.
• Diabetics with poorly controlled diabetes.
• As a side effect of medication, most commonly having taken antibiotics. 
• Inhaled corticosteroids for treatment of lung conditions.
• People with an immune deficiency.
• Denture users. 

• unusually often (recurrent disease)

• unusual infections (sites and manifestations)

• systemic infections

Detection of Candida: A marker 
of chronic disease?

• systemic infections

in the absence of known predisposing factors
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Acute pseudomembranous candidosis

= thrush: white plaques that can be 
scraped off

Clinical appearance

Symptoms

+

Presence of Candida

+

Candidosis

Predisposing 
factors

+

• Superficial epithelium 
becomes eroded and 

d l i ti

Acute atrophic candidosis

underlying connective 
tissue is exposed.

• In patients with 
immunosuppression
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In medically / immunologically 
compromised patients

Chronic atrophic candidosis

compromised patients

– Clinically resembles leukoplakia
– Potentially malignant

Chronic hyperplastic candidosis

Clinical picture Aetiology:
• immunological
• microbiological
• pathological
• anatomical
• trauma (mechanical, 
chemical, physical)

• drug side effectInvestigations: • drug side effect

Diagnosis

Treatment

Investigations:
• patient history
• clinical picture
• biopsy
• microbiology
• serology, immunology
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• impaired local defence mechanisms

• impaired systemic defence mechanisms

• altered oral flora

Predisposing factors

• altered oral flora

• poor oral hygiene

• decreased saliva production
• smoking
• atrophic oral mucosa

Impaired local defence mechanisms

• mucosal diseases (Lichen)
• decreased blood supply 
(radiotherapy)

• topical corticoids

• Diabetes
• Primary or secondary 
immunodeficiency

Impaired systemic defence mechanisms

y
• Malnutrition
• Immunosuppressive medication



Richardson, R - Detection of Candida: a marker of chronic disease?

Yeast favouring
• antibiotic treatment
• narrow spectrum mouthwashes
• high alcohol consumption

Altered oral flora

high alcohol consumption
• reflux, low pH
• diet
• artificial materials (dentures)
• diabetes

• mixed oral biofilms on non‐renewing 
surfaces: teeth, dentures, intubation 
tube, tongue jewellery

Poor oral hygiene

1. Plaque (own colonisation)
2. Porous artificial materials (dentures, 

bite splints, orthodontic appliances)
3 Tooth brush

Where is the source of the oral candidosis?

3. Tooth brush
4. Saliva contact (?)
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• of imbalance of the normal flora

• of failure of the immune system

• of failure of oral hygiene

Oral candidosis is a symptom!

• of failure of oral hygiene

> Find the true reason and treat it when 
possible

…. the diagnosis is probably wrong.

If thrush does not respond to treatment….

1. Control of the predisposing factors
• hydration 
• diet

Treatment of oral candidosis

• probiotics
2. “Clearance of infection foci”

• removal of oral biofilms = oral hygiene
• dentures, toothbrushes etc

3. Antifungals
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• 110 geriatric patients in a nursing home

• 3 month intervention study• 3 month intervention study

• assessment of the level of oral hygiene, yeast 
colonization and mucositis.

• improvement of oral hygiene (teeth and dentures)

• Results: improving oral hygiene significantly reduced 
the incidence and level of yeast colonization, incidence 
of oral thrush and need for antifungals

1. Primarily topicals continuing for 1 week 
after resolution of symptoms (4-6 wks)

- good local concentrations
- independent of saliva production

Antifungals in the treatment of oral thrush

- primarily polyenes
- if the oral hygiene is poor use a topical with effect 

against all components of the oral biofilms (=CHX 
rinse)

2. If the patient is immunocompromised 
combine with systemic antifungal for 1 wk

- appropriate dosage
- efficacy poor in patients with dry mouths

Oral hygiene

•Is there a problem?
•How can it be tackled?
•Does the patient need to 
be referred to a dentist?

Oral hygiene

•Is there a problem?
•How can it be tackled?
•Does the patient need to 
be referred to a dentist?

Immune mechanisms

•Is there saliva? 
•Are there undiagnosed 
immunological/medical  
problems?

•Are the known 
immunological/medical

Immune mechanisms

•Is there saliva? 
•Are there undiagnosed 
immunological/medical  
problems?

•Are the known 
immunological/medical

Oral microbiota
•Is there a history of use 
of antibiotics or 
disinfectants that might 
have altered oral flora?

•Could the patient benefit 
from probiotics?

Oral microbiota
•Is there a history of use 
of antibiotics or 
disinfectants that might 
have altered oral flora?

•Could the patient benefit 
from probiotics?

Aspects to consider when diagnosing oral candidosis

immunological/medical 
problems under control?

•Is the technique of 
taking and dose of 
inhaled steroids 
appropriate?

immunological/medical 
problems under control?

•Is the technique of 
taking and dose of 
inhaled steroids 
appropriate?

from probiotics?
•Is there a reflux 
problem?

from probiotics?
•Is there a reflux 
problem?

Rautemaa and Ramage, Crit Rev Microbiol 2011 in press
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Improve oral  
hygiene and in 
cases of denture 

stomatitis
consult a dentist 

for denture 

Improve oral  
hygiene and in 
cases of denture 

stomatitis
consult a dentist 

for denture 

Probe the 
patient’s 

compliance in 

Probe the 
patient’s 

compliance in 

Re‐consider 
underlying 

immunological

Re‐consider 
underlying 

immunological
Confirm the 
diagnoses by
Confirm the 
diagnoses by

Actions to consider in cases with a poor response 
to the given treatment

maintenance

Consider 
referring asthma 

patients to 
asthma nurse 
for guidance on 
inhaler usage

maintenance

Consider 
referring asthma 

patients to 
asthma nurse 
for guidance on 
inhaler usage

p
taking the 

medication and 
consider drug 

level monitoring

p
taking the 

medication and 
consider drug 

level monitoring

immunological 
and other 
medical 
problems

immunological 
and other 
medical 
problems

diagnoses by 
culture and by 

biopsy

diagnoses by 
culture and by 

biopsy

Rautemaa and Ramage, Crit Rev Microbiol 2011 in press

• patient has symptoms and they 
are caused by Candida

• patient has mucositis and it is 

When to treat oral Candida?

p
caused by Candida

• patient has symptoms but they are 
not caused by Candida

• patient is not responding to 

When not to treat oral Candida?

p p g
appropriate antifungal treatment

• patient is afraid of getting 
candidosis but does not have it 
“yet”.
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• systemic effects (malnutrition, 
dissemination of candida, portal of 
entry for other oral microbes)

Why treat oral candidosis?

• chronic infection is potentially 
carcinogenic

Systemic effects of oral candidosis: malnutrition

• 97 hospitalised patients

• 37% had oral candidosis
– most suffered from vitamin C and zinc deficiency 

– daily energy intake was low

– 30 days on fluconazole improved nutrition markedly!
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• Autoimmune polyendocrinopathy‐candidiasis‐ectodermal
dystrophy (APECED) an autosomal recessive autoimmune
disease affecting various endocrine glands.

• Most patients have chronic or recurrent oral candidosis
since early childhood.

• Patients receive repeated treatment and prophylactic
f if l h h lif d l i i

APECED

courses of antifungals throughout life and azole resistance is
common.

• The chronic candidosis presents with leukoplacic and
hyperplastic lesions as well as with atrophy.

• The chronic candidosis is potentially carcinogenic; 10% of
the patients above the age of 25 have developed oral cancer
at the site of chronic mucositis lesions.

Oral cancer

• The most important environmental risk factors for 
upper digestive tract cancers are tobacco smoking, 
alcohol intake and poor oral hygiene.

• They all result in increased acetaldehyde (ACH) levels 
in saliva.

• Alcohol itself is not mutagenic but the first metabolite 
of ethanol, ACH, is. 

• Some alcoholic beverages contain high ACH 
concentrations as a congener.
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Acetaldehyde

WHO International Agency for the Research on Cancer (IARC) 
has classified ACH as a Class I carcinogen (Oct 2009).

carcinogenic in experimental animal studies and in 
aldehyde dehydrogenase‐2 (ALDH2) deficient Asians

ACH can facilitate mutagenic DNA adduct formation inACH can facilitate mutagenic DNA‐adduct formation in 
clinically relevant concentrations (40‐100 µM).

ACH and poor oral hygiene

• Many oral microbes possess alcohol dehydrogenase (ADH) 
enzyme activity (Neisseria, Streptococci, Candida) and have 
been shown to be able to produce carcinogenic (40‐100 µM) 
amounts of ACH from clinically relevant amounts of ethanol 
(11 mM) in vitro.
11 mM EtOH concentration can be fo nd in sali a after• 11 mM EtOH concentration can be found in saliva after 
drinking 0.5 g of alcohol per kg body weight (3 glasses of wine 
for an average 80 kg male).

• Microbial ACH production can explain extra‐hepatic alcohol 
related carcinomas.

Results

• Most Candida species can produce carcinogenic 
levels of ACH from clinically relevant concentrations 
of EtOH

• Many Candida species can produce carcinogenic 
levels of ACH from clinically relevant concentrationslevels of ACH from clinically relevant concentrations 
of glucose (100mM, equivalent to 18 g/L commonly 
found in food and drinks)
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In the presence of xylitol ACHIn the presence of xylitol ACH 
production from EtOH
was inhibited by 84% (p<0.001) 
below the carcinogenic levels of 
40‐100µM

1. Most APECED patients suffer from chronic oral
candidosis. The mechanisms leading to this are
not known

2. Colonising Candida are capable of producing of
carcinogenic acetaldehyde and of DNA adduct

The triad of APECED, Candida and oral cancer

formation
3. Chronic candidosis is carcinogenic in these

patients. APECED patients deficient in AIRE may
have a poor ability for clearance of altered
autologous cells
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Allergic Bronchopulmonary
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Pulmonary Aspergillosis

• Classification of respiratory diseases caused by 
Aspergillus depending on the host immunity and the 
organism virulence
– saprophytic 

• Aspergilloma
– Allergic

ECCMID ECCMID -- Milano 07.05.2011Milano 07.05.2011

• allergic Aspergillus sinusitis
• allergic bronchopulmonary aspergillosis [ABPA] 
• hypersensitivity pneumonias

– Invasive
• airway invasive aspergillosis
• chronic necrotizing pulmonary aspergillosis
• invasive aspergillosis)

Soubani AO et al. Chest 2002; 121:1988–1999

Allergic Bronchopulmonary Aspergillosis
Defintion and Manifestations

• ABPA is an allergic pulmonary disorder caused 
by hypersensitivity to Aspergillus fumigatus

– Allergic Bronchopulmonary Mycosis is a rare 
syndrome similar to ABPA, but caused by fungi other 
than A. fumigatus 

• Clinical signs and symptoms

ECCMID ECCMID -- Milano 07.05.2011Milano 07.05.2011

Clinical signs and symptoms
– chronic asthma
– Recurrent pulmonary infiltrates,
– bronchiectasis

Greenberger PA.  J Allergy Clin Immunol 2002; 110:685– 692
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Allergic Bronchopulmonary Mycosis

ECCMID ECCMID -- Milano 07.05.2011Milano 07.05.2011

Agarwal R. CHEST 2009; 135:805–826

Allergic Bronchopulmonary Aspergillosis
Immunologic Classification

• immediate hypersensitivity (type I) 
• antigen-antibody complexes (type III)

ECCMID ECCMID -- Milano 07.05.2011Milano 07.05.2011

• eosinophil-rich inflammatory cell 
responses (type IVb)

Rajan TV. Trends Immunol 2003; 24: 376–379

Agarwal R. CHEST 2009; 135:805–826

ECCMID ECCMID -- Milano 07.05.2011Milano 07.05.2011

I. Tillie-Leblond I et al.. Allergy 2005: 60: 1004–1013
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Allergic Bronchopulmonary Aspergillosis
Epidemiology

• Prevalence of ABPA 
– 1 to 2% in patients with asthma
– 2 to 15% in patients with cystic fibrosis (CF)

• The condition remains underdiagnosed with reports 
of mean diagnostic latency of even 10 years between

ECCMID ECCMID -- Milano 07.05.2011Milano 07.05.2011

of mean diagnostic latency of even 10 years between 
the occurrence of symptoms and the diagnosis

• There has been an increase in the number of cases 
of ABPA due to the heightened physician awareness 
and the widespread availability of serologic assays

Agarwal R. CHEST 2009; 135:805–826

Allergic Bronchopulmonary Aspergillosis
Prevalence in Asthma

ECCMID ECCMID -- Milano 07.05.2011Milano 07.05.2011

Agarwal R. CHEST 2009; 135:805–826

Allergic Bronchopulmonary Aspergillosis
Prevalence in CF

ECCMID ECCMID -- Milano 07.05.2011Milano 07.05.2011
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Allergic Bronchopulmonary Aspergillosis
Clinical Features

ECCMID ECCMID -- Milano 07.05.2011Milano 07.05.2011

Behera D et al. Indian J Chest Dis Allied Sci 1994; 36:173–179
Chakrabarti A et al. Mycoses 2002; 45:295–299
Agarwal R et al. Chest 2007; 132:1183–1190

transient pulmonary opacities 
in the right lower lobe

ECCMID ECCMID -- Milano 07.05.2011Milano 07.05.2011

in the right lower lobe 
before and after treatment 

Allergic Bronchopulmonary Aspergillosis
HRCT Findings

ECCMID ECCMID -- Milano 07.05.2011Milano 07.05.2011



Welte - Sensitisation to fungi: allergic broncho-pulmonary aspergillosis (ABPA)

Laboratory and Pulmonary Function Tests

• Serum Precipitins Against A fumigatus 
– The precipitating IgG antibodies are elicited from crude extracts of A fumigatus and 

can be demonstrated using the double gel diffusion technique
– Problem: Also be present in other pulmonary disorders and thus represent supportive 

not diagnostic evidence forABPA
• Peripheral Eosinophilia

– A blood absolute eosinophil count > 1,000 cells/L is a major criterion for the diagnosis 
of ABPA. 

– Problem: Half of the patients without eosinophilia. A low eosinophil count does not 
exclude the diagnosis of ABPA

• Sputum Cultures for A fumigatus
P bl A f i t l b i ti t ith th l di

ECCMID ECCMID -- Milano 07.05.2011Milano 07.05.2011

– Problem: A. fumigatus can also be grown in patients with other pulmonary diseases 
due to the ubiquitous nature of the fungi

• Role of Specific Aspergillus Antigens
– Problem: Lack of reproducibility and consistency and cross-reactivity with other 

antigens.
– Recombinant allergens Asp f1, Asp f2, Asp f3, Asp f4, and Asp f6 may be promising in 

the diagnosis of ABPA
• Pulmonary Function Test: 

– Help to categorize the severity of the lung disease but have no diagnostic value in 
ABPA 

– Usual finding is an obstructive defect of varying severity

Allergic Bronchopulmonary Aspergillosis
Rosenberg-Patterson Diagnostic Criteria

• Major criteria (ARTEPICS)
– A  Asthma
– R  Roentgenographic fleeting pulmonary opacities
– T  Skin test positive for Aspergillus (type I reaction, immediate cutaneous 

hyperreactivity)
– E  Eosinophilia
– P  Precipitating antibodies (IgG) in serum
– I  IgE in serum elevated ( 1,000 IU/mL)
– C  Central bronchiectasis

S Serums A fumigatus specific IgG and IgE (more than twice the value of pooled

ECCMID ECCMID -- Milano 07.05.2011Milano 07.05.2011

– S  Serums A fumigatus-specific IgG and IgE (more than twice the value of pooled 
serum samples from patients with asthma who have Aspergillus hypersensitivity)

• Minor criteria
– Presence of Aspergillus in sputum
– Expectoration of brownish black mucus plugs
– Delayed skin reaction to Aspergillus antigen (type III reaction)

• Six of eight major criteria makes the diagnosis almost certain 
• ABPA-S or 

– the absence of central bronchiectasis
• ABPA-CB 

– The  presence of central bronchiectasis

Allergic Bronchopulmonary Aspergillosis
Minimal Diagnostic Criteria 

• Minimal ABPA-CB
– Asthma
– Immediate cutaneous hyperreactivity to Aspergillus 

antigens
– Central bronchiectasis

Rosenberg M, Patterson R et al. Ann Intern Med 1977; 86:405–414

ECCMID ECCMID -- Milano 07.05.2011Milano 07.05.2011

– Elevated IgE
– Raised A fumigatus-specific IgG and IgE

• Minimal ABPA-S
– Asthma
– Immediate cutaneous hyperreactivity to Aspergillus 

antigens
– Transient pulmonary infiltrates on chest radiograph
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Algorithm followed 
in the diagnostic workup
for ABPA

ECCMID ECCMID -- Milano 07.05.2011Milano 07.05.2011

Agarwal R. CHEST 2009; 135:805–826

Allergic Bronchopulmonary Aspergillosis
Diagnostic Criteria in CF

• Classic Diagnostic Criteria 
– Acute or subacute clinical deterioration (cough, 

wheeze, and other pulmonary symptoms) not 
explained by another etiology

– IgE in serum elevated ( 1,000 IU/mL)
– Immediate cutaneous reactivity to Aspergillus or 

presence of serum IgE antibody to A fumigatus

ECCMID ECCMID -- Milano 07.05.2011Milano 07.05.2011

presence of serum IgE antibody to A fumigatus
– Precipitating antibodies to A fumigatus or serum 

IgG antibodyto A fumigatus
– New or recent abnormalities on chest radiograph 

or chest CT scan that have not cleared with 
antibiotics and standard physiotherapy Classic 
diagnostic criteria

Stevens DA et al. Clin Infect Dis 2003; 37(suppl):S225–S264

Allergic Bronchopulmonary Aspergillosis
Diagnostic Criteria in CF

• Minimal diagnostic criteria
– Acute or subacute clinical deterioration (cough, wheeze, 

andother pulmonary symptoms) not explained by another 
etiology

– Total serum IgE levels  500 IU/mL. If total IgE level is 200–
500 IU/mL, repeat testing in 1–3 mo is recommended

– Immediate cutaneous reactivity to Aspergillus or presence

ECCMID ECCMID -- Milano 07.05.2011Milano 07.05.2011

Immediate cutaneous reactivity to Aspergillus or presence 
of serum IgE antibody to A fumigatus

– One of the following: 
• precipitins to A fumigatus or demonstration of IgG antibody to 

A fumigatus; or 
• new or recent abnormalities on chest radiography (on chest 

radiography or chest CT scan that have not cleared with 
antibiotics and standard physiotherapy)

Stevens DA et al. Clin Infect Dis 2003; 37(suppl):S225–S264
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Allergic Bronchopulmonary Aspergillosis
Staging

ECCMID ECCMID -- Milano 07.05.2011Milano 07.05.2011

Agarwal R et al. Chest 2006; 130:442–448

Allergic Bronchopulmonary Aspergillosis
Therapy

• Oral glucocorticoids
– Regime 1 (Greenberger PA. J Allergy Clin Immunol 2002; 110:685– 692)

• Prednisolone, 0.5 mg/kg/d, for 1–2 wk, then on alternate days for 6–8 wk
• Taper by 5–10 mg every 2 wk and discontinue
• Repeat the total serum IgE concentration and chest radiograph in 6 to 8 wk

– Regime 2 (Agarwal R et al. Chest 2006; 130:442–448)
• Prednisolone, 0.75 mg/kg, for 6 wk, 0.5 mg/kg for 6 wk 
• Taper by 5 mg every 6 wk to continue for a total duration of at least 6 to 12 mo
• Total IgE levels are repeated every 6 to 8 wk for 1 yr to determine the baseline IgE 

concentrations

ECCMID ECCMID -- Milano 07.05.2011Milano 07.05.2011

• Follow-up and monitoring
– Medical history and physical examination, chest radiograph, and measurement of total IgE levels 

every 6 wk 
• A 35% decline in IgE level signifies satisfactory response to therapy
• Doubling of the baseline IgE value can signify a silent ABPA exacerbation

• If the patient cannot be tapered off prednisolone, the disease has evolved into stage IV. 
– Management should be attempted with alternate-day prednisone with the least possible dose
– Prophylaxis for osteoporosis: oral calcium and bisphosphonates
– Oral itraconazole

• Dose: 200 mg bid for 16 wk then once a day for 16 wk

Allergic Bronchopulmonary Aspergillosis
Therapy

• Inhaled Corticosteroids (ICS) 
– Small case studies suggest some benefit 

of ICS 
– a double-blind multicenter placebo-

controlled trial in 32 patients suggested no

ECCMID ECCMID -- Milano 07.05.2011Milano 07.05.2011

controlled trial in 32 patients suggested no 
superiority over placebo

– use ICS only for the control of asthma 
once the oral prednisolone dose is 
reduced to  10 mg/day

Report to the Research Committee of the British Thoracic Association. Br J Dis Chest 1979; 73:349–356
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Allergic Bronchopulmonary Aspergillosis
Alternative Therapies

• Antifungal Therapy
– Inhaled amphotericin
– Voriconazole

ECCMID ECCMID -- Milano 07.05.2011Milano 07.05.2011

– Voriconazole
• Anti IgE Therapy

– Omalizumab

ECCMID ECCMID -- Milano 07.05.2011Milano 07.05.2011
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Financial disclosure
Astellas Pharma
Gilead Sciences Europe LtdG ead Sc e ces u ope td
Gilead UK
Pfizer UK
Cephalon
MSD/Schering-Plough

Antifungal stewardship
Stewardship team
Core strategies

Prospective audit with intervention and feedback
Formulary restriction and pre-authorisation

Supplemental strategies
Education
Guidelines and care pathways
De-escalation therapy
Dose optimisation
IV to PO switching
Computer-based surveillance
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Laying the groundwork
Evaluate current stewardship analysis
Development of a stewardship websiteDevelopment of a stewardship website
Implementation of real-time surveillance system
Business plan

Antimicrobial stewardship
36 published studies on effect of antimicrobial stewardship

No studies on antifungal stewardshipg p
Majority looked at drug costs
Few looked at more objective PATIENT outcomes

One consistent trend:
Largest effect associated with education of prescribers

Core strategies
Prospective audit

Clinical pharmacistsp
Clinical specialists

Formulary restrictions
Pre-printed order forms
Infectious disease consultation required
Location, laboratory service, age, indication
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Primary goal of antifungal 
stewardship

Primary goal:
Optimise clinical outcomes while minimising unintended p g
consequences of antifungal use, including:

Toxicity
Selection of pathogenic fungi
Emergence of resistance

Secondary goal:
Reduction of healthcare costs without adversely impacting on 
quality of care

ANTIFUNGAL SURVEILLANCE 
TEAM

Core members:
ID consultant
ID pharmacist
Mycologists/Microbiologists
IT specialists
Infection Control professionals
Hospital epidemiologists

Antifungal stewardship
Supplementary elements:

Education
Guidelines and clinical pathways
Antifungal cycling
?combination therapy
Streamlining and de-escaltion of therapy
Dose optimisation
Parenteral to oral switching
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Key statement
“The mycology laboratory plays a critical role by providing 
patient-specific culture data to optimise individual therapy and 
by assisting infection control efforts”

An understanding of local epidemiology
Provision of unit-specific antibiograms
Provision of current antifungal susceptibility data
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IA: correlates of overall mortality
Allogeneic haematopoietic stem cell or solid organ 
transplantation
Progression of underlying malignancy
Prior respiratory disease
C ti t id thCorticosteroid therapy
Renal impairment
Low monocyte count
Dissemination of aspergillosis
Diffuse pulmonary lesions
Pleural effusion
Proven or probable aspergillosis

Nivoix et al. 2008

Invasive aspergillosis-treatment 

Conventional amphotericin B 1.0-1.5 mg/kg/day
Lipid formulations of amphotericin B (> 5 
mg/kg/day) in patients who are intolerant of or 
refractory to conventional amphotericin B

Considered first line by many experts
Other options:Other options:

IV itraconazole, IV voriconazole, or caspofungin acetate 
alone +/- voriconazole

Augmentation of host response: GCSF, GM-CSF 
+/- granulocyte transfusions-reduce steroids 
Voriconazole 200 mg q12h in stabilized patients

Mortality in persistently neutropenic patients > 85%
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Analysis of azole antifungal iv to po
programme: MUSC medical centre

Objectives
Evaluate the success of the current process for conversion of IV p
to PO therapy for both fluconazole and voriconazole
Determine what the impact on anti-fungal therapy costs has been 
since the IV to PO conversion programme was introduced in 
2003

Analysis of azole antifungal iv to po programme: 
MUSC medical centre

Retrospective utilisation data for IV and PO fluconazole and 
voriconazole
IV to PO ratios calculated

Quarterly
January 2003 to October 2007

Institution specific prices used to calculate cost savings
Programme saved $3,710 per 1000 patient days since 2003
Total savings = $1.8 million

Statement

“If we are to avoid excessive 
ti i i l t t t it ipreemptive or empirical treatment, it is 

very important to improve diagnosis”

Kohno CID 2008
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Empiric vs preemptive antifungal therapy for high-risk, febrile neutropenic patients

• 293 pts expected neutropaenia ≥10d   GM screening x2/w 

• E: Rx if persistent fever PE: Rx if clinical/imaging signs or positive GM (≥1.5)

• Endpoint  = proportion pts alive d14 post neutrophil recovery

E (150) PE (143)

Survival (ITT) 146 (97.3%) 136 (95.1%) diff -2.2%*

IFI (all) 4 (2.7%) 13 (9.1%) p<0.05

IFI during induction 3/78 12/73 P<0.01

IFI related mortality 0 3 (2.1%) p = 0.11

AFT 66% 46% (delayed) p<0.001

Cordonnier CID 2009;48: 1052-4

* Lower 95% CI -5.9% within non-inferiority margin of -8%

Reasons for starting antifungal therapy

20

Cordonnier Clin Infect Dis 2009; 48: 1042-1051

Key points: Use of PCR to guide antifungal chemotherapyKey points: Use of PCR to guide antifungal chemotherapy
Ultimate goal: diagnosis and management of patients with IA
Investigation of the impact of PCR for guiding pre-emptive 
antifungal therapy: initial studies:
Millon et al. 2005
Hebart et al. 2009: 
Hummel et al. 2010
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Conclusion: The sensitivity of PCR testing is limited during antifungal therapy

Allogeneic stem cell transplant recipients:
Group A: PCR-based pre-emptive group (n = 198)
G B i i l t t t ith li l h t i i B ( 211)Group B: empirical treatment with liposomal amphotericin B (n = 211)

Group A: 12 proven IFD
Group B: 16 proven IFD

Better survival until day 30 when close PCR monitoring was performed 
(mortality 1.5 vs. 6.3%; P = 0.015)
No difference at day 100
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Conclusion: “This study was not able to show a benefit on the reduction 
of IFI in allo-SCT by the use of PCR
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Take home messages:

Biomarkers (antigen and nucleic acid detection) can be used 
t f i i f l di i hi h i k ti tto screen for invasive fungal disease in high-risk patients
The high negative predictive value of these assays enables 
Aspergillus infections to be ruled out and makes empirical 
antifungal therapy unnecessary
No excess morbidity or mortality was seen inpatients in 
whom empiric antifungal treatment was withheld
This targeted approach is safe and allows more rational use 
of antifungal drugs
Substantial savings in antifungal drug expenditure

Barnes et al. J. Clin Pathol 2009

Fever >38.5C or 3 elevations >38C in a 
24 h period or hypothermia temp <35C

Take BC x2 (Hickman line and 
peripheral), MSU, fungal PCR +Ag

Neutropenic
fever care 
pathway

Obvious source of infection, eg. 
pneumonia (send leg Ag, NPA) cellulitis

Start tazocin and amikacin within 20 
min of admission

Yes
Treat as 

per 
hospital 
antibiotic 

policy

Neutropenic fever care pathway
No

Repeat blood cultures daily

Significant isolateTargeted 
therapy

Yes
No

Response in 48 h
Defined as: TreatDefined as:

• Decreasing fever pattern 
(not necessarily afebrile)

• Decreasing CRP
• Clinically stable

Treat 
until 

afebrile 
for 48 h

YesNo

• Fungal PCR +Ag: repeat 
twice weekly

• Viral cultures
• Consider CT scan
• Consider BAL/NPA for 

viruses
• CRP twice weekly

Day 2-4
No response at 96 h

• Stop amikacin
• Add antifungal (AmBisome, caspofungin or 

voriconazole) to patients not on prophylaxis or with 
itraconazole levels <0.5 mg/l or with positive diagnostic 
test

• Vancomycin only added if significant gram-positive 
isolate obtained
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Diagnostic test positivity does correlate with 
clinical signs

PCR +ve ELISA -ve

28 6

1

5

20

Clinical signs

PCR and ELISA positive

57

0 0

1

The frequency of resistance will 
dictate which antifungal to use

Azole resistance frequency in A. fumigatus
by patient 1997 – 2009
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Educational Workshop 2. Lecture Hall White 3
Saturday, MAY 7, 2011 

12:20-13:00 PM

Stewardship for «other» IFIs

1

Patricia Muñoz, MD. Ph.D.
Hospital General Universitario Gregorio Marañón 
Universidad Complutense of Madrid. Spain

p

According to their morphology after the visualization in 

the clinical microbiology laboratory

Yeasts Molds Dimorphic
Candida Aspergillus Histoplasma

Classification of fungus

Cryptococcus
Other

Mucorales
Scedosporium
Fusarium
Other

Coccidioides
Paracoccidioides
Blastomyces
Sporothrix

Other yeasts

Basidiomicetos
Cryptococcus spp

Malassezia (furfur and others)

Rhodotorula spp

T i hTrichosporon spp

Sporobolomyces salmonicolor

Ascomicetos (Besides Candida spp) 
Saccharomyces cerevisiae

Geotricum (candidum y capitatum)

Yarrowia lipolytica
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Emerging opportunistic yeast infections.
Miceli et al. Lancet Infect Dis 2011 (feb)

Trichosporon
2º cause of fungemia in oncohematology (after Candida spp)
T. asahii, T.asteroides, T.cutaneum, T.inkin, T. mucoides, T.ovoides (T. beigelii)
Commensal flora
Leukemia, AIDS, burn, valvulopathy
Resistance to Anfot‐B and echinocandins

Rhodotorula
Cryptococcaceae. Asia‐Pacífic
Sepsis‐catéter, sepsis grave, endocarditis en inmunodeprimidos 
HIV, BMT, Abdominal surgery, cirrhsis,burns, autoinmune disease

Criptococcus non‐neoformans
HIV, cancer and transplant

Geotrichum, Hansenula, Malassezia y Saccharomyces
Severe immunosuppressed

Diagnostic difficulties: Blood culture, 1‐3 β‐D glucan

MOLDS

Septated hypha Non-septated
hypha

Dematiaceous
molds

Hyaline 
molds Mucorales

Fonsecaea Aspergillus Rhizopus

Phialophora Penicillium Mucor

Cladosporium Scopulariopsis Rhizomucor

Cladophialophora Acremonium Absidia

S. apiospermum Fusarium Apophysomyces

S. prolificans Verticillium Saksenaea

Bipolaris Glioclaudium Cunninghamella

Exophiala Paecilomyces Syncephalastrum

Alternaria

Chaetomium

Emerging molds in SOT

Prospective, multicenter study

20 patients (18 LT, 2 HT) in 2 years
A. fumigatus (11)

Other (9)
‐ 1 A. terreus

Prospective, multicenter study

20 patients (18 LT, 2 HT) in 2 years
A. fumigatus (11)

Other (9)
‐ 1 A. terreus1 A. terreus

‐ 2 Zygomycetes (Mucor, Rhizopus)

‐ 3 Hyalohyphomycetes (S. apiospermum, S. 
prolificans, Fusarium)

‐ 2 Phaeohyphomycetes (C. bantiana, P. romeroi)

‐ 1 not identified

1 A. terreus

‐ 2 Zygomycetes (Mucor, Rhizopus)

‐ 3 Hyalohyphomycetes (S. apiospermum, S. 
prolificans, Fusarium)

‐ 2 Phaeohyphomycetes (C. bantiana, P. romeroi)

‐ 1 not identified

Husain, .. Muñoz,.. Singh. CID 2003Husain, .. Muñoz,.. Singh. CID 2003Husain, .. Muñoz,.. Singh. CID 2003Husain, .. Muñoz,.. Singh. CID 2003
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• Candidiasis

• Aspergillosis

F i i

Β‐1,3‐d‐glucan

7

• Fusariosis

• Scedosporiosis

• Pneumocystis

Odabasi. Clin Infect Dis 2004

Criptococcosis

Mucormycosis

Pickering. J Clin Microbiol 2005

Ostrosky-Zeichner. Clin Infect Dis 2005

MucormycosisMucormycosis

Mucor: European Registry

Working Group on Zygomycosis

Skiada A. Clin.Microb.Infect.2011

Working Group on Zygomycosis
European Confederation of Med. Mycol.
2005‐2007
230 cases.  15 countries
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Mucor: European Registry

Skiada A. Clin.Microb.Infect.2011

8% Inmunocompetent

Mucormycosis 929 casesMucormycosis 929 cases

Disseminated 23%Disseminated 23%

Lung
Rhino‐orbit

Roden MM. C.I.D. 2005

Skin

CNS

Other

Species

Species N of cases
Rhizopus 58 (34%)
Mucor 33 (19%)

Mucormycotina: European Registry

Skiada A. Clin.Microb.Infect.2011

Mucor 33 (19%)
Lichtheimia 32 (19%)
Cunninghamella 8 (5%)
Apophysomyces elegans 2 (1%)
Saksenae species 1
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Incidence of Mucormycosis: 

A nationwide study:

50 hospitals in Spain

14,069,094 inhabitants

50 hospitals in Spain

14,069,094 inhabitants

Incidence of Mucormycosis: 

Year 2005

Samples for fungal detection  187.031 

78 patients with 1 or more isolates

6 were clear cases of Mucormycosis

(7.7%; CI95% 1,8‐13,6)

Incidence in Spain:

0.43 cases/1,000,000 inhabitants

Torres‐Narbona M. J.Clin.Microb. 2007

Mucor: Review of treatment

Spellberg B. Curr.Infect.Dis.Rep. 
20101

Early diagnosis
Control of the underlying disease
Surgery
Antifungal treatment



Munoz - Antifungal stewardship for other fungal pathogens

FármacoFármaco CMICMI5050 CMICMI9090 ComentarioComentario

Anfotericina B Anfotericina B 0.125 1 ActividadActividad

PosaconazolPosaconazol 0.25 1 ActividadActividad

RavuconazolRavuconazol 0.5 2 VariableVariable

In vitro  activityIn vitro  activity

ItraconazolItraconazol 0.5 8 VariableVariable

VoriconazolVoriconazol 16 32 ResistenciaResistencia

CaspofunginaCaspofungina >8 >8 ResistenciaResistencia

FlucitosinaFlucitosina >256 >256 ResistenciaResistencia

Dannaoui E. J Antimicrob Chemother 2003  

Mucor: First line monotherapyMucor: First line monotherapy

Lipidic Amphotericins  AmB Deoxicolate

L A B  ABLC  A B D i l t

Lipidic Amphotericins  AmB Deoxicolate

L A B  ABLC  A B D i l tL-AmB >> ABLC >> AmB Deoxicolate

Dose (??)   5-7,5 mg/kg

L-AmB >> ABLC >> AmB Deoxicolate

Dose (??)   5-7,5 mg/kg
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Mucor: Anfotericina B

Cornerly O. C.I.D. 2007

3 mg/kg = 10 mg/kg
339 patients.  Only 5 were Mucormycosis

Mucor: PosaconazoleMucor: Posaconazole

Active “in vitro” against Mucorales

Difficult to obtain adequate levels at 

400mg/bid

Active “in vitro” against Mucorales

Difficult to obtain adequate levels at 

400mg/bidg

Poor results in experimental models

Break through Mucormycosis in patients 

on posaconazole

Second line treatment for Mucormycosis

g

Poor results in experimental models

Break through Mucormycosis in patients 

on posaconazole

Second line treatment for MucormycosisCornerly O. C.I.D. 2007

Cornely O. C.M.I. 2009

Mucor: Posaconazole in rescue treatment

Effective in 2 series as rescue

Greenberg RN. A.A.C. 2006

24 cases.  Response in 79% 

Van Burik JA. C.I.D. 2006

91 cases.  Response in 60% 
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Mucor: CombinationsMucor: Combinations

Polyenes sinergistic with equinocandins

Polyenes and iron chelators

Polyenes sinergistic with equinocandins

Polyenes and iron chelators

Triple therapy 

(Polyenes+Candins+chelators)

Polyenes + Posaconazole

Triple therapy 

(Polyenes+Candins+chelators)

Polyenes + Posaconazole

Mucor: Combination

Reed C. C.I.D. 2008

41 cases with Rhino-Orbital Mucor
Polyene + Caspo  100% response (6 cases)
Monotherapy with L-AmB 45% response

Mucor: Retraso de Anfotericina B

Chamilos G. C.I.D. 2008

Delay to initiate Ampho B increase 
mortality
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Mucor: Delay of Amphotericin B

Chamilos G. C.I.D. 2008

Mucor: Posaconazole + Amphotericin B

Ampho B alone at 0 8 mg/kg is  

Rodriguez MM. A.A.C. 2008

Ampho B alone at 0,8 mg/kg is  
Equal to a combination of Ampho B (0,3 
mg/kg) + Posaconazole

Murine model

Mucor: Posa and Caspo

Guembe M.  A.A.C.  2007

In vitro against 12 strains of Mucorales
Combination Posa + Caspo
Sinergisme in all strains
Caspo MIC’s in combination remained higher 
than serum levels
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Mucor: L-Ampho B + Candins

Murine model

Ibrahim AS.  A.A.C. 2008

L- Ampho B           +       Micafungin
+       Anidulafungin

Better results
Class effect

Mucor: Surgical treatmentMucor: Surgical treatment

Essential for success

Independent variable for better 

prognosis

Essential for success

Independent variable for better 

prognosisp g

No surgery = Worse prognosis

Extension and moment of surgery not 

well defined                                    

p g

No surgery = Worse prognosis

Extension and moment of surgery not 

well defined                                    

Mucor: European Registry

Treatment and mortality

Treatment N of cases Mortality
Medical  + surgery 90 (40%) 24%
O l  di l 102 (46%) 58%

Skiada A. Clin.Microb.Infect.2011

Only medical 102 (46%) 58%
Only surgical 9 ( 4%) 44%
None 24 (11%) 95%
All medical 192 (85%) 41%
Al surgical 99 (44%) 26%
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FUSARIOSISFUSARIOSIS

Fusarium
Soil, water, water biofilms
Banana-shaped macroconidia

Species identification difficult
F. solani (50%), F. 
oxysporum (20%), F. 
verticillioides (10%), F. 
moniliforme(10%)

Angioinvasive disease: 
thrombosis and infarction

In tissue: hyaline, septate, 
acute branching hyphae –
hyalohyphomycosis2
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Clinical presentationClinical presentation

Refractory fever  

Portals of entry: 

Lungs, sinuses, 

catheters, skin

Refractory fever  

Portals of entry: 

Lungs, sinuses, 

catheters, skin,

Skin lesions: 60-80%

SOT soft tissues

,

Skin lesions: 60-80%

SOT soft tissues

Comparative In Vitro Activity against Fusarium

OrganismOrganism nn

MICMIC90 90 ((µµg/mL)g/mL)

POSPOS VORVOR AMBAMB

All All FusariumFusarium 6767 32.032.0 32.032.0 32.032.0

F l iF l i 3939 32 032 0 32 032 0 32 032 0F solaniF solani 3939 32.032.0 32.032.0 32.032.0

F oxysporumF oxysporum 1212 4.04.0 32.032.0 16.016.0

F moniliformeF moniliforme 2*2* 1.01.0 1.01.0 1.01.0––4.04.0

FusariumFusarium sppspp†† 1414 16.016.0 16.016.0 2.02.0

*When n < 10, the range of MICs is shown.
†Unspeciated Fusarium.

Sabatelli FJ et al. ICAAC 2004. Abstract M-1810.
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Posaconazole in Animal Infection Models 
(Survival/Tissue Clearance–CFU)

Genus Infection Type Organ/Outcome Comparative Activity
Aspergillus Disseminated,

pulmonary, CNS
Brain, kidney, 
liver, 
lung, spleen

POS* >ITZ and CSP, 
≥AMB

Fusarium Disseminated Kidney, 
liver

POS*  ~AMB

Coccidioides Disseminated Liver, lung, 
spleen 

POS* >ITZ and FLZ 

Blastomyces Pulmonary Lung POS* >ITZ and AMB
C did O l i t t i  Ali t  t t  POS >VOR  ≥FLZ  Candida Oral-intragastric, 

disseminated
Alimentary tract, 
kidney, spleen

POS >VOR, ≥FLZ, 
~AMB

Cladophialophora Intracranial Brain POS  >FLZ

Cryptococcus Intracisternal, 
disseminated, 
pulmonary

CSF, brain, lung POS  ≥FLZ, >AMB

Histoplasma Pulmonary Lung, spleen POS* >ITZ, ~AMB
Scedosporium Disseminated Brain, kidney, 

spleen
POS >ITZ, ~FLZ

Ramichloridium Intracranial Survival, brain POS >ITZ and AMB
Wangiella Disseminated Survival POS >ITZ
Zygomycetes Disseminated Survival, kidney POS and AMB >ITZ

Yellow text indicates central nervous system model.
*Posaconazole sterilizes tissue; ~indicates approximate equivalence.

CID 
2006
CID 
2006
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Scedosporium spp.

SOT 21%Healthy 21%

Husain, Muñoz, et al. CID 2005

Hematol 25%

HIV 5%

Other immun 
19%

HSCT 9% 270 cases
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