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• 15 USA transplant centers, 2001 through 2006

• A total of 639 cases of IC (533 proven, 106 probable) 

occurred in 594 OTRs from almost 17 000 patients The 

most common site of IC was bloodstream in 44% of cases, 

followed by intra-abdominal infection (14%)

• Median time to onset was 80 days after transplant
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Candidiasis: clinical syndromes

Candidemia: there are three major routes by which Candida gain access to the bloodstream

• Gastrointestinal tract mucosal barrier breakdown (translocation)

• Via an intravascular catheter 

• From a localized focus of infection, such as surgical site, pyelonephritis

Sterile space infection

• Surgical site (abdomen, thorax)

• Blood

Non-sterile space infection 

• Mouth/esophagus 

• Urine*
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Candida auris: a Novel Addition

Phenotypically resembles Candida haemulonii; requires 

use of molecular methods for identification

Can be a challenge to identify and treat, especially in 

resource limited settings, where molecular identification 

may not be immediately available and access to 

antifungals other than fluconazole may be limited

Highly resistant: Using stringent break points, 93% of 

isolates were resistant to fluconazole, 35% to 

amphotericin B, and 7% to echinocandins; 41% were 

resistant to 2 antifungal classes and 4% were resistant to 

3 classes (Lockhart et al, CID 2017:64)

Enhanced ability to colonize patients perhaps 

indefinitely and persist in the healthcare environment, 

thus can spread between patients in healthcare settings
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Candida diagnostics

Blood cultures: overall sensitivity for invasive candidiasis is ~ 50% (Clancy CID 2013)

Can be confounded by:

Intermittent/nonpersistant candidemia

Deep-seated candidiasis that persists after sterilization of the bloodstream

Deep-seated candidiasis resulting from direct inoculation of Candida w/o candidemia

Cultures of tissues or fluid from infected sterile sites also have poor sensitivity (often <50%)

With slow turnaround times, and requirement for invasive sampling procedures

Cultures of non-sterile sites

Can be very confounding; need careful clinical review to determine if positive results 

represent colonization versus infection  
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Candida diagnostics: Non-culture based 

Goal is to shorten the time to diagnosis of invasive candidiasis and initiation of 

antifungal therapy

1,3 beta D glucan (cell wall constituent of Candida species, Aspergillus species, 

Pneumocystis jiroveci, and several other fungi) – approved by the FDA as an adjunct to 

cultures for the diagnosis of invasive fungal infections; assay has poor sensitivity/ 

specificity (~80% each)

BDG when collected a mean of 2.5 days (range 1- 10 days) prior to blood culture 

collection were positive (Chibabhai V et al, Comparative sensitivity of 1,3 beta-D-glucan 

for common causes of candidaemia in South Africa. Mycoses. Aug 2019)

Candida PCR /T2 magnetic resonance - lack of standardized methodologies and 

multicenter validation of assay performance

“A combination of tests, or a single test at multiple time points, may be preferable to 

relying on one test at a single time point.” (McKeating et al, J Clin Path 2018 

May;71(5):420-424)
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Candida therapeutics

2014

all C. krusei isolates 

are resistant to fluconazole
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Candida therapeutics: how I do it

Initial empiric management: consider recent prophylaxis/exposures, type of infection (life-threatening versus not), drug 

interactions

If no recent azoles and not life threatening, probably fine to use azole

If suspect may be temporary use and want to avoid tacrolimus/mTor interactions, echinocandins 

(caspofungin/micafungin)

However, if recent azole exposure, prolonged hospital stay, or life threatening infection, +/- need to avoid drug 

interactions, consider echinocandins (caspofungin/micafungin) or amphotericin B/Ambisome

Tailor therapy as per culture data and antifungal susceptibility data, or based on literature 

Severe, life-threatening or unrelenting infection, consider flucytosine (5FC) 

For Candida, would rarely double cover, but consider for filamentous fungal infections (aspergillosis, mucormycosis)

C. auris “If the patient does not respond clinically to an echinocandin or has persistent candidemia for >5 days, the 

patient can be switched to a lipid formulation of amphotericin B 5 mg/kg IV daily.” (UpToDate)

Lines/catheters out, drain/wash out collections, ophthalmologic exam, repeat blood cultures,  reduce 

immunosuppression (?)
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Candida in the Urinary Tract

Be aware that few antifungals 

reach the bladder!Pappas 2016 IDSA Candidiasis Guidelines, CID
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Clinical Vignette

Middle aged man presents 5 years after kidney transplant w/ 

slowly progressive headache, anorexia, balance disturbance 

and lack of focus; had been visiting daughter who had many 

pigeons in her yard  

CSF: +cryptococcal antigen 1:1024

Blood +cryptococcal antigen 1:8192

AmbiSome 5mg/kg and 5FC x 3 weeks then isavuconazole

CRYPTOCOCCUS NEOFORMANS

SUSCEPTIBILITY @ UNIVERSITY OF TEXAS HEALTH SCIENCE 

CENTER

Antibiotic MIC Result

Amphotericin B 0.5 

Fluconazole 8 😬

Flucytosine 4 

Isavuconazole 0.06

Posaconazole 0.25

Voriconazole 0.125 

https://medicine.academic.ru/pictures/medicine/383.jpg





Mystery Case



19

Clinical Vignette 

68yo man s/p heart transplant Dec 2018 

On valganciclovir/atovaquone (for pneumocystis/Toxoplasmosis)/nystatin swish & 

swallow

He had a low white blood cell count and his valganciclovir was stopped early. He has 

also suffered from pancytopenia. 

Early May 2019 – develops active CMV viremia –started on treatment with valganciclovir 

450 mg twice a day (dosed to lower GFR). 

He had an Enterobacter bacteremia in May for which he received 2 weeks of treatment. 

He then presented with pneumonia...
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Bronchoscopy shows… 

ASPERGILLUS FLAVUS

“He has invasive Aspergillus flavus for which he has been treated initially with 

AmBisome 5mg/kg followed by voriconazole 6mg/kg IV q 12 hours x 2 then 4 mg/kg PO 

q12 hours which was then  therapeutic at a level of 3.3. As expected he has had 

significant drug interactions with his tacrolimus for which he has had high levels.”

ASPERGILLUS FLAVUS

(No CLSI interpretive guidelines available; MIC dilution method)

Antibiotic Result

Amphotericin B 1 

Isavuconazole 1 

Itraconazole 0.5 

Micafungin <=0.015 

Posaconazole 0.125 

Voriconazole 1 

Blood galactomannan antigen is >3.375, 1,3 beta D glucan is >500 
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Routine clinic visit in a month … 
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Repeat bronchoscopy shows… 

GRAM STAIN:  Abundant RED BLOOD CELLS , Moderate POLYS , Rare GRAM POSITIVE COCCI in 

PAIRS

FUNGAL CULT/WET PREP:

WET PREP HYPHAE,NONSEPTATED, RESULT CALLED TO CARE UNIT AND/OR MD

AFB SMEAR: NO ACID FAST BACILLI OBSERVED
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RIGHT UPPER LOBECTOMY

Procedure(s): RIGHT UPPER LOBECTOMY, INTERCOSTAL MUSCLE FLAP OVER BRONCHIAL

CLOSURE; EXTENSIVE PNEUMOLYSIS; BRONCHOSCOPY FLEXIBLE

“The flexible bronchoscope was introduced down the endotracheal tube…we then advanced down the

right side where the right upper lobe had necrotic tissue within the segmental bronchi. The main

bronchus of the right upper lobe appeared to be without necrotic tissue. The rest of the bronchus

intermedius and lower middle lobes were widely patent with minimal secretions…. We made a standard

posterior lateral thoracotomy …We then began by affecting the chest where there were dense

adhesions anteriorly likely from his previous sternotomy. This was a tedious and difficult dissection to

take down these adhesions. With this pneumolysis taking over an hour we finally freed up the lung. His

hilum was rather foreshortened and with significant inflammation… We noted there was significant

congestion of the right upper lobe consistent with his underlying infectious process. Were able to

identify the apical pulmonary artery branches. I surrounded these after a difficult and long tedious

dissection and divided this with a vascular staple load. We then swept nodal tissue up around the

bronchus. This was particularly inflamed. I was able to get around the bronchus and divided this with

a thick tissue stapler. He had almost totally incomplete fissures. We were able to, with thick tissue

staple loads, complete the fissure between the superior segment of the lower lobe in the upper lobe as

well as to the middle lobe in the upper lobe. We then used the argon beam to coagulate right areas

within the chest particularly anteriorly where we are taking down significant adhesions. … We then

brought the lung up, closed the chest in layers and the patient was awoken and extubated after leaving

rib blocks.”
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Pathology

LUNG, RIGHT UPPER LOBE, LOBECTOMY:

Angioinvasive fungal bronchopneumonia.

Fungal hyphae are present at the vascular margin and soft tissue adjacent to the

bronchial margin.

Immunoreactivity for cytomegalovirus (CMV) in rare cells.

Note: Sections show abundant fungal hyphae, in some areas (such as block C1)

with rare septation and ribbon-like morphology that are concerning for

mucormycosis; however, other areas (such as block C9) show fungal hyphae with

frequent septation and narrow angle branching, suggestive of Aspergillus spp. No

yeast forms are seen. Background lung with multifocal acute fibrinous pneumonia,

along with three (3) reactive lymph nodes. Immunostains for Aspergillus antigen

show multifocal positivity. GMS, PAS, PAS-D, Brown-Hopps, AFB, and Steiner

stains examined. No mycobacterial or bacterial microorganisms are seen. Elastic

stains and immunostain for SMA highlight areas of fungal angioinvasion.

Differential diagnosis includes zygomycetes, aspergillus, other fungal

microorganisms, or a combination thereof. Correlation with microbiologic culture

and molecular testing is advised.
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Pathology Stains

Grocott-Gömöri methenamine silver (GSM) 400x Hematoxylin and eosin (H&E) stain 100x & 400X

H&E stain 400X
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Cultures

Nothing sent to microbiology lab from surgery, alas

Rhizopus oryzae speciated via 18S rRNA sequencing at U Washington; no susceptibilities available

Plan for long term posaconazole; we assumed Aspergillus flavus from prior cultures

Surprise!!

NOCARDIA NOVA COMPLEX

♣ amikacin: Susceptible

♣ amoxicillin/clavulanate: Resistant

♣ ceftriaxone: Susceptible

♣ ciprofloxacin: Resistant

♣ clarithromycin: Susceptible

♣ doxycycline: Intermediate

♣ imipenem: Susceptible

♣ linezolid: Susceptible

♣ minocycline: Susceptible

♣ moxifloxacin: Susceptible

♣ tobramycin: Intermediate

♣ trimethoprim/sulfamethoxazole: Susceptible
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CMV Infection (Donor seropositive/Recipient seronegative
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Teaching Points of this Case

Diagnostics are imperative; advanced diagnostics (sequencing) also very helpful 

CMV is a common precursor to fungal infections

Voriconazole use may increase the risk of mucormycosis

Voriconazole-tacrolimus interaction drove tacrolimus levels up quite high/more immunosuppression

Fungal markers on blood not useful in this setting 

Advanced susceptibility testing helps tailor therapy (Nocardia)

Mucormycosis is often a surgical emergency 

Hickam’s dictum often trumps Occam’s razor 

Numerous infections (viral, bacterial, fungal, Nocardia) all in one patient

Pneumonia on treatment for Aspergillus → two more pathogens, Rhizopus and Nocardia
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Prevention

Excellent surgical technique

Infection control 

HEPA filters in hospital

Farming, gardening, other occupational/environmental exposures

Smoking marijuana

Prophylaxis

Primarily used for lung transplant: voriconazole, posaconazole, itraconazole

Also some heart, pancreas, and liver transplant: fluconazole, micafungin/caspofungin

Pretransplant: oral nystatin in liver patients on broad spectrum antibiotics (?)



Conclusions

Low threshold to consider this potentially life threatening diagnosis

Careful consideration regarding prophylaxis and treatment

May be part of a cascade with other infections (i.e. CMV)

Guidelines from IDSA, AST ID COP, others can be very useful

Managing Fungal Sepsis Post-transplant 
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