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Traditional Thoughts…

• Bacterial Infections are our major issue

• Our post operative patients do well

• Mostly all candida are colonizers

• We have hardly seen any blood cultures 
positive

• Newer diagnostic methods are difficult to 
understand

• Patients don’t die of fungal infection



Introduction

Great advances in contemporary 
medicine (and in ICU) achieved 
during the last decades have 
contributed not only to longer 
survival of patients, but also to 
the increasing the incidence of 
opportunistic infections caused 
by fungi



Fungus may be microscopic May be largest living thing

Some Interesting Facts 



We eat fungus Fungus can eat us



Some are tasty Some are toxic



Can cause untidiness Help us to clean



Helps to make food Ruin our food



Can cure disease Can cause diseases



Fungal Infections-

• Once exotic and rare

• Now increasingly 

common

• Fungi are not “virulent”

• But they are good at 

taking advantage

“Opportunistic”



Fungal biology

• Eukaryotes

• Non-motile

• Aerobic

• Saprophytic or parasitic

• Cell wall contains glucan and chitin

• Cell membrane contains ergosterol



Fungal cell structure

• Yeasts (unicellular, 
budding) eg. Candida, 
cryptococcus

• Moulds (mycelial, 
spores)eg. Aspergillus, 
dermatophytes

• Dimorphs (both)-
behave as yeast in the 
host but as mould in 
vitro. Eg. Histoplasma, 
Coccidioids



Transmission

• Inhalation of spores

• Contact with the skin

• Direct inoculation



Pathogenesis

• Toxins:  produced but not relevant to human 
infections

• Disease from: 

–Bulk of organisms

– Immune response to them or their by 
products



Types of fungal infections

• Superficial (skin or mucosa)

• Subcutaneous

• Systemic:

– “True pathogens” – infect healthy hosts, although 
disease worsens with immunocompromise

– “Opportunists” – disease almost exclusively in 
immunocompromise



Fungal infections…

General anatomic categories-
Mucocutaneous

Deep organ infection

General epidemiologic categories-

Endemic

Opportunistic



Systemic Mycoses

The systemic mycoses are fungal infections

that involve deep organs can cause severe

illness & may be fatal

Multiple abscess may form in deep organs

It may be endemic or opportunistic



Systemic Mycoses
Mycosis Organism

ENDEMIC RESPIRATORY INFECTIONS

Histoplasmosis Histoplasma capsulatum

Blastomycosis Blastomyces dermatitidis

Coccidioidomycosis Coccidioides immitis

Paracoccidioidomycosis Paracoccidioides brasiliensis

OPPORTUNISTIC INFECTIONS

Systemic candidiasis Candida albicans, C. tropicalis, C. 

glabrata, 

Aspergillosis Aspergillus fumigatus, A. flavus, A. niger

Cryptococcosis Cryptococcus neoformans

Mucormycosis Rhizopus and Rhizomucor

Pneumocystis pneumonia Pneumocystis jirovecei



Endemic Mycoses

Caused by fungi that are not part of normal

flora and are acquired from environmental

sources

Cause severe illness in immunocompromised

patients

Endemic mycoses has increased due to

substantial population growth



Opportunistic infections

Organisms (e.g; Candida and Aspergillus) that

are part of the normal flora

Increased in frequency due to increased

immunosuppressive diseases & therapy,

administration of cytotoxic chemotherapy for

cancers, and frequent use of antibacterial

agents



Invasive Candidiasis



Candida albicans and other
Candida species

• Harmless inhabitants of the skin and mucous 

membranes of all humans

• Normal immune system keeps candida on 

body surfaces



Risk Factors For Fungal Infections

• Complex medical and surgical problems
• Disruption of natural barriers
• Multiple invasive procedures
• Prolonged antibiotic treatment
• Malignancies
• Central venous catheterization
• Parenteral nutrition
• Corticosteroids
• Previous antifungal exposure



Underlying Disease and Risk Factors

• Respiratory illness (25.0%)
– Pneumonia (32.9%)

– ARDS (17.9%)

– COPD (15.4%)

• Renal disease (22.9%)
– Acute (61.2%) or chronic renal failure (30.1%)

• Malignancy (12.8%)
– Solid organ (82.9%) and haematological (17.1%)

– 47.9% gastrointestinal, 60.7% were intraperitoneal

• Surgical procedure (37.3%) within 30 days
– Gastrointestinal, hepatobiliary and pancreatic surgeries (48.4%)

Chakrabarti et al, Intensive Care Medicine 2015



Diagnostic Issues

• Direct demonstration - microscopy

• Successful isolation - culture

• Supportive evidence - antigen, antibody or 

metabolites

• Molecular tests - PCR



Why are blood cultures for candida not sensitive enough?

- Cultures at the wrong time

- Intermittent candidemia

- Low density

- Insensitivity of culture systems

Sensitivity approx 50 - 60 %

Yield increase with large volume in  BACTEC /BacT/Alert



Antifungal agents



ravuconazole

anidulafungin

posaconazole

micafungin

Caspofungin

Licensed antifungal agents - “ The golden era ”

10

20

1950 1960 1970 1980 1990 2000

voriconazole

AmBisome

Amphotec

Abelcet

itraconazole

Griseofulvin

fluconazole

Amphotericin B

Nystatin

ketoconazole

miconazole

5-flucytosine

terbinafine



Amphotericin B

Candins

Fungistatic
Fungicidal 10-50 % 
Fungicidal >90 %

Inactive

Itraconazole

Fluconazole

Ketoconazole

Voriconazole

Antifungal activity & candida



Invasive Aspergillosis



Invasive Aspergillosis

• Increasing in incidence due to increasing 
population of immuno-suppressed host

• Pulmonary aspergillosis is the most common 
manifestation

• Diagnosis is challenging and delayed 
treatment is associated with high mortality

Rajeev Soman, Preeti  Pillai Invasive Fungal Infections : When to 
Suspect and How to Manage? Medicine update 2012



The high risk group for aspergillosis

• Prolonged febrile neutropenia (ANC<500 for 
more than 10 days )

• Patients on prolonged steroids (0.3mg/kg/daily 
prednisone for >3 weeks)

• HSCT patients

• Treatment with T cell immunosuppressant

• Inherited immunodeficiency syndromes

• COPD

• Liver cirrhosis

Invasive pulmonary aspergillosis should be 
suspected in a susceptible host presenting 
with cough, fever and breathlessness



Diagnosis
• Culture and histopathology: identification of the 

fungus in culture and tissue specimens is the gold 
standard

• Radiology: Computed tomography showing a 
characteristic “crescent” or “halo” sign is highly 
suggestive of aspergillosis, especially in neutropenic 
patients, but only in 5% of non-neutropenic patients

• Galactomannan test: It is an important constituent of 
the cell wall and it can be detected in the serum or 
broncho-alveolar lavage fluid

• PCR: It detects the fungal nucleic acid and is sensitive
Rajeev Soman, Preeti  Pillai Invasive Fungal Infections : 
When to Suspect and How to Manage? Medicine update 2012



“crescent” or “halo” sign 

Pulmonary Aspergillosis



Before Treatment After Treatment



• Primary therapy: 
– IV voriconazole - 6 mg/kg every 12 hourly followed 24 h later by 4 mg/kg 

every 12 hourly
– followed by oral voriconazole 200 mg twice daily until clinical and radiological 

stabilization occurs
– Alternatively,  IV amphotericin B (liposomal) - 35 mg/kg/day followed by oral 

voriconazole (200 BID ) until clinical improvement

• Salvage therapy: 
– Echinocandins are utilized when the primary therapy fails
– IV Caspofungin - 70 mg on Day 1, followed by 50 mg per day thereafter; 

intravenous micafungin can also be used
– oral posaconazole - 200 mg every 6 hourly, followed by 400 mg  BID, equally 

effective

• Combination therapy: 
– liposomal amphotericin B and itraconazole 
– voriconazole with caspofungin has been studied and found to be equally 

effective

Rajeev Soman, Preeti  Pillai Invasive Fungal Infections : When to 
Suspect and How to Manage? Medicine update 2012



Histoplasmosis

Caused by Histoplasma capsulatum, a thermal

dimorphic fungus

In most endemic areas, H. capsulatum var.

capsulatum is the causative agent; in Africa, H.

capsulatum var. duboisii is also found.



Types of Infections
There are two main types.

1. Classical or small form histoplasmosis, is caused 

by Histoplasma capsulatum var. capsulatum. 

The disease is endemic 

Presents with pulmonary and disseminated 

infection affecting the lungs, RE system and 

mucosa

2. African or large-form histoplasmosis caused by 

H. capsulatum var. duboisii, only occurs in Africa



Pathogenesis and Pathology

H. capsulatum grows in soil and material 

contaminated with bird or bat droppings

This is found in poultry house litter, caves, areas 

harboring bats, and in bird roosts 

 In the alveoli, macrophages ingest these 

microconidia which transforms into yeast & can 

multiply inside the phagosome

The macrophages travel in lymphatic circulation 

and spread the disease to different organs



Cellular inflammatory response by T cells, 
interferon, Interleukin-12 & TNF

 In the immunocompetent host, granulomas
formation followed by fibrosis and calcification

Progressive disseminated histoplasmosis can
involve multiple organs, like bone marrow,
spleen, liver, adrenal glands, & mucocutaneous
membranes

Chronic disease can cause chronic inflammation,
tissue necrosis, and fibrosis mimicking cavitary
tuberculosis



Clinical Features

In immunocompetent, most infections are 
either asymptomatic or mild and self-
limited

Can cause life-threatening illness

Symptoms appear 1–4 wks after exposure 

Primary exposure leads to a flu-like illness 
with fever, chills, sweats, headache, 
myalgia, anorexia, cough, dyspnea, chest 
pain, arthralgia or arthritis associated with 
erythema nodosum



Acute illness present with respiratory failure,
shock and MOF

Subacute form with a focal organ dysfunction

Chronic cavitary histoplasmosis in smokers
having structural lung disease resembling those
of tuberculosis

Progressive Disseminated Histoplasmosis is
common in immunocompromised individuals

Oral & GIT ulcer and adrenal insufficiency may
occur

There may be meningitis or focal brain lesions



Pulmonary histoplasmosis

Cavitary lesion resemling pulmonary tuberculosis



Adrenal histoplasmosis

Present with Addison’s disease



Laboratory Diagnosis 

Direct Microscopy of bone marrow or blood 

smear stained with Giemsa

Fungal stains of cytopathology or biopsy 

materials  

Fungal culture is the gold standard

Histoplasma antigen in body fluids 

CFT

Immunodiffusion test



Histopathology of biopsy from Adrenal  

gland



Management

Type of Histoplasmosis Treatment Recommendations

Acute pulmonary, 

moderate to severe illness 

with diffuse infiltrates

Lipid AmB (3–5 mg/kg /day) ±

glucocorticoids for 1–2 wks; then 

itraconazole (200 mg bid) for 12 wks. 

Chronic/cavitary

pulmonary

Itraconazole (200 mg qd or bid) for at 

least 12 m. 

Progressive disseminated Lipid AmB (3–5 mg/kg /day) for 1–2 

wks; then itraconazole (200 mg bid) 

for at least 12 m. 

Central nervous system Liposomal AmB (5 mg/kg per day) 

for 4–6 wks; then itraconazole (200 

mg bid or tid) for at least 12 m. 



Blastomycosis



Blastomycosis

Caused by Blastomyces dermatitidis

Found in the USA and Canada also in Africa,

India and the Middle East

Route entry is via the respiratory tract

Yeast phase causes pyogranulomatous disease

 Involvement of lung, skin, bones &

genitourinary system is common, but any

organ can be infected



Pathogenesis

After inhalation Neutrophils, monocytes, and 

alveolar macrophages engulf & kill the conidia 

of B. dermatitidis in the lungs

Conidia that escape phagocytosis rapidly 

convert to the yeast phase in tissue



Clinical Features

Mostly similar features of histoplasmosis

Acute pulmonary blastomycosis may present
like bacterial pneumonia or influenza

Chronic pulmonary blastomycosis most
commonly mimics malignancy or tuberculosis
which presents with focal consolidation and
cavitation



Disseminated blastomycosis is mainly seen in 
immunocompromised & involves skin, bones, 
CNS

In the skin there may be ulcers, abscesses, 
granulomas or crusted plaques & healed scar

Principally axial skeletons are involved, such as 
vertebrae, and spinal cord compression may occur



Laboratory Diagnosis

Direct microscopy at suitable sites as well as

sputum

Culture of organism from sputum, pus, or

biopsy material

Histological changes of blastomycosis are

typical

Antigen detection in urine & serum

Serologic diagnosis has limited value



Budding Yeast in lung Tissue



Management

Itraconazole is the drug of choice for 
immunocompetent patients for 6–12 months

Amphotericin B is preferred in severely 
immunocompromised, life-threatening disease 
or CNS disease and not responding to 
Itraconazole

Voriconazole is used to treat refractory 
blastomycosis, in immunosuppressed & CNS 
blastomycosis. 



Coccidioidomycosis



Coccidioidomycosis…

Caused by Coccidioides immitis or C.

posadasii, which are soil organisms

It may cause respiratory disease & also may

spread to other sites

Healthy & immunocompromised both can be

affected.



Clinical Features

60% are asymptomatic

Symptomatic patients may present with fever,

weight loss, cough and chest pain in primary

infection

Arthralgia, conjunctivitis and erythema

nodosum or erythema multiforme may all

develop



There may be focal consolidation, pleural

effusion & hilar adenopathy in CXR

This clinical type is usually self-resolving

Dissemination may occur in pregnant &

immunosuppressed patients



Laboratory Diagnosis 

Identification of spherules in smears, biopsies

or sputum

Culture of the organism

Serological tests (CFT, EIA, immunodiffusion)



Management
No treatment in asymptomatics

General symptomatic therapy in primary focal
pneumonia

For progressive pulmonary or extrapulmonary
disease: IV amphotericin B

For meningitis: high-dose oral fluconazole
(400–800 mg/d)

Intrathecal amphotericin B, Voriconazole or
posaconazole may be used if not responding
with fluconazole



Indications of Surgical drainage:

Giant, infected, or ruptured cavities, soft tissue

abscesses and bone disease



Paracoccidioidomycosis

Also called South American Blastomycosis

Found in South or Central America or Mexico

Common symptoms are weight loss,

pulmonary complaints, or mucosal ulcerations.

Cutaneous papules may ulcerate and enlarge

usually involves the face



Mucocutaneous form mimics leishmaniasis

and syphilis

Extensive ulcerations may cause destruction of

the epiglottis, vocal cords, and uvula

Lymph nodes may be enlarged with sinuses

Hepatosplenomegaly may be present



Diagnosis

Serology by immunodiffusion, CFT

The fungus is found in clinical specimens as a

spherical cell

Biopsy with histopathology with Gomori

staining



Treatment

Itraconazole

Voriconazole

Amphotericin B for severe and life-threatening 

infection



Mucormycosis
Royal Black Fungus 



Epidemiology

• Inhalation of fungal sporangiospores that have 
been released in the air or direct inoculation of 
organisms into disrupted skin or mucosa

• Risk factors: 
– Hematological malignancies (HMs) undergoing 

chemotherapy and those who have received allogeneic stem 
cell transplants

– Uncontrolled diabetes 

– Malnutrition

– Iron overload

– prolonged neutropenia

– corticosteroid use

– major trauma

– IV drug abuse



Presentation: Clinical & Anatomic Sites

(1) Rhinocerebral,

(2) Pulmonary,

(3) Cutaneous,

(4) Gastrointestinal,

(5) Disseminated,

(6) Uncommon rare forms, such as 
endocarditis, osteomyelitis, peritonitis 
and renal infection



General Principles
(1) Early diagnosis; 

(2) Reversal of underlying predisposing risk 
factors, if possible; 

(3) Surgical debridement wherever 
applicable;

(4) Prompt antifungal therapy-

Amphotericin B, Posaconazole, 
Caspofungin



What Next if wound progresses?



HBOT
Hyperbaric 

oxygen therapy

Successful Treatment of Rhino-Orbital Mycosis with Posaconazole and Hyperbaric 
Oxygen Therapy: Pediatric Hematology and Oncology; Vol 30, Issue 3, 2013 

Recent Advances in the Management of Mucormycosis: From Bench to Bedside; 
Brad Spellberg; Goldstein:  CID 2009; 48(12): 1743-1751



2 weeks later…





Cryptococcosis



Cryptococcosis

Caused by Cryptococcus neoformans , C. gattii

Most common cause of fungal meningitis

Route of entry is inhalation of aerosolized
infectious particles

C. neoformans is frequently found in soils
contaminated with avian excreta specially with
pigeon droppings

C. gattii is found in arboreal species, including
several types of eucalyptus tree



Predisposing factors: 

Hematologic cancer 

Corticosteroid 

Chemotherapy

Organ transplant 

Anti-TNF therapy

HIV infection



Clinical Features

Common presentation is features of chronic
meningitis with headache, meningismus,
confusion, drowsiness, photophobia, cranial
nerve palsies & sudden vision loss

Other signs of dissemination includes papular
or ulcerative skin lesions, lytic bone deposits
and prostatitis

Can causes pulmonary infection – cough, chest
pain and fever



Laboratory diagnosis 
Demonstration of the organism by staining 

smears, CSF or sputum 

Culture from CSF, sputum and biopsies, blood 

cultures in HIV positive patients

CSF study - High lymphocyte counts with 

raised protein

Antigen detection in serum or CSF by ELISA. 

Detection of anticapsular antibody 

CT or MRI scans may show cryptococcomas



Treatment

HIV negative patients: 

combination of IV Ampho-B and flucytosine. 

HIV positive patients: 

High doses of ampho-B with flucytosine for 2 weeks, 

followed by consolidation then suppressive therapy 

with fluconazole along with ART

Management of raised ICP by regular lumbar 

punctures



Pneumocystis

• Opportunistic fungus that causes pneumonia in 
immunocompromised patients, especially in 
patients with AIDS.

• Pneumonia is caused by Pneumocystis jiroveci
• Diagnosis:

– pulmonary infiltrates on chest radiograph in an 
immunocompromised patient (with refractory 
hypoxia)

– histological demonstration of organism in sputum or 
broncho-alveolar lavage fluid

– PCR

SJ Bajwa and A Kulshrestha Fungal Infections in Intensive Care Unit: Challenges in 
Diagnosis and Management. Ann Med Health Sci Res. 2013 AprJun; 3(2): 238–244.



Pneumocystis jiroveci Pneumonia

Possibly by airborne

Symptomatic P jiroveci disease is rare in the

general population

It occurs in cancer, severe malnutrition,

immunosuppressed, organ transplants, most

frequently, in patients with AIDS



Clinical Features

Mainly pulmonary features

Extrapulmonary disease is rare

Acute infection characterised by fever,
tachypnea, shortness of breath, and usually
nonproductive cough

Patients with AIDS usually have other
evidence of HIV-associated disease

Without treatment, the course is usually
rapid & fatal



Investigations…

HRCT

ABG

Serum LDH

Serum (1,3) ß-D-Glucan

Exercise Oximetry

Demonstration of the organisms in clinical 
specimens using specific stains

Bronchoalveolar lavage (BAL)

Lung biopsy- transbrochial or open



Laboratory Findings

Chest X-ray-may 

show-

 diffuse "interstitial" 

infiltration

 diffuse or focal 

consolidation

 cystic changes

 nodules, or cavitation 

within nodules 



Treatment

Mild Moderate Severe

First choice Co-trimoxazole Co-trimoxazole Co-trimoxazole

Second choice Clindamycin–

primaquin

Clindamycin–

primaquin

Clindamycin–

primaquin

Third choice Dapsone–

trimethoprim 

or Atovaquone

Dapsone–

trimethoprim 

or Atovaquone

IV Pentamidine

Fourth choice IV Pentamidine IV Pentamidine -

Adjunctive 

glucocorticoids

Unproven benefit Yes Yes



Take home message

High clinical suspicion, awareness & 
judicious use of immunosuppressive 
therapies are required for prevention and 
early detection of fatal deep/systemic 
mycoses.




