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Basic principles in medical mycology
• Think fungus
• Know the tests, use them well 

o (use the sophisticated investigation early)
• Befriend the microbiologist
• Treat early

o (follow basic rules of antimicrobial therapy)
• Know the drugs

o (beware DDIs; apply PK/PD principles)
• Follow the guidelines!
• Be an internist
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Basic rules of antimicrobial therapy
• Obtain an accurate microbiological diagnosis
• Decide if you have time to wait before starting antimicrobials
• There’s always time for blood cultures
• Interpret microbiology results carefully
• Don’t treat Candida grown from respiratory tract
• Consider host factors in selection of antimicrobial agents
• Use therapeutic drug monitoring (TDM) if available
• Use antibiotics judiciously

Leekha S et al. Mayo Clin Proc 2011;86:156
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Chest pain for the ID physician
• 57 yo Chinese man, 3 mth after 

heart tx
• Routine rv in ID clinic after bout of 

CMV antigenemia
• Is well, has put on weight, almost 

ready to go back to work
• Physical exam – NAD

• Just as he’s about to leave the 
room, he says 
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I’ve got a little pain here, worse when I 
breathe in

What do we do next? What do 
we think of?Presented at MMTN August 4–6 2023. 
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So what’s the next test?
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And then what?

Presented at MMTN August 4–6 2023. 

Copyright of speaker. All rig
hts reserved.



TTNA yields Aspergillus fumigatus
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• 36% of those with CMV disease developed IFI
• 8% of those without CMV disease developed IFI

George MJ et al. Am J Med 1997;103:106
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George MJ et al. Am J Med 1997;103:106
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Post-SOT CMV ↑risk of IA (pOR 3.31, 2.3 – 4.7)

George MJ et al. Am J Med 1997;103:106
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Link between CMV & aspergillosis – in an ICU cohort too

• ICU patients; National Cheng Kung University Hospital, Tainan; Apr 2017 – 
May 2020

• 137 pts had influenza test, blood CMV PCR, and BAL GM

Kuo C-W et al. J Microbiol Immunol Infect 2022;55:291
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Principles of specimen collection
• The specimen should be representative of the disease process
• An adequate quantity of material should be provided to the laboratory
• Scrupulous attention must be paid to avoiding contamination
• Forward the specimen promptly to the laboratory
• Specimens should be obtained before the administration of antimicrobials

Woods GL et al. In: Mandell, Douglas & Bennett’s principles and Practice of Infectious Diseases. Churchill Livingstone 1998; p169
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Specimen collection
• The right specimen obtained in adequate quantities promptly, without 

contamination, transported expeditiously to the laboratory
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Headache for the ID physician
• 66 yo man, 3 mth after heart transplant
• Headache of 4–5 days duration
• Careful history – Pain begins just lateral to (L) eye, radiates up the temple 

and head; sometimes there’s a shooting sensation down the side of the 
nose on the (L)

• No neurological deficits
• CT brain – No intracranial bleed or mass 
• What is the next test?
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What do you see?
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Nasal swab – wrong!
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Look at time of 
surgery, time of 
fungal microscopy 
report!
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Know the tests, use them well
• Obtain an accurate microbiological diagnosis
• There’s always time for blood cultures
• Interpret microbiology results carefully

o Don’t treat Candida grown from respiratory tract
• Consider host factors in selection of antimicrobial agents
• Use therapeutic drug monitoring (TDM) if available
• Use antibiotics judiciously
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You’ve got a bit of time

Evans L et al. Intensive Care Med 2021;47:1181
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Even more time if there’s no shock

Evans L et al. Intensive Care Med 2021;47:1181
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How useful are blood cultures for Candida 
anyway?
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The right bottle may help
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Role of dedicated blood culture 
bottle/medium for candidemia
• Habit/tradition of ordering aerobic, anerobic and fungal blood cultures (latter 

when indicated)
• 2-year period: 350 bottles + for Candida
• 75.7% from aerobic and/or anerobic +/- fungal bottle
• 24.3% ONLY from fungal bottle  (increase is stat sig, p<0.001)
• In addition – fungal bottle gave + results earlier by one day in 27.5%, 

permitting speciation 1 day earlier in 23%

Zheng SW et al. PLoS One 2016;11:e0164668
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Importance of dedicated fungal blood culture 
medium – in Dijon too
• Fungal bottle (MycosisIC/F lytic) was only bottle positive for a fungus in 94 of 

160 (58.8%) fungemias where both aerobic/anerobic and fungal bottles were 
sent 

• Also shorter time to positivity, in 97 of 171 cases where fungi grew in both 
types of bottles (ie, 56.7%)

• If fungal bottle had not been used, 56/147 fungemias would have been missed
• What might have been missed: Rhodotorula (1/1), S. cerevisiae (1/1), 

Trichoderma (1/1), C. lusitaniae (2/3), Fusarium (5/8), C. guilliermondii (3/6), 
C. kefyr (2/4)

Magallon A et al. J Med Microbiol 2022;32:101295
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Fungal bottle may be important in 
polymicrobial growth
• Used Plus Aerobic F (PAF) and Mycosis IC/F (MICF) bottles of the BD 

Diagnostics system  (Bactec 9240)
• Spiked bottles with combinations of different fungi and bacteria – 24 models 

studied (for fungi – 1CFU/ml; 8ml of blood inoculated per bottle)
• All bottles flagged +; however direct stain showed only bacteria from all bottles 

inoculated with both bacteria and fungi
• When sub-cultured on blood agar, all bottle combining Fusarium, T. asahii and 

C. glabrata with bacteria failed to grow the fungi
• When sub-cultured on Sabaroud’s, fungi from 14 of 24 combinations failed to 

grow 
• MICF bottle contain tobramycin, chloramphenicol, so bacteria suppressed

Oz Y et al. J Med Microbiol 2020;69:644
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T2MR permits rapid diagnosis
• Drew blood cultures (2 bottles BACT/Alert FN) & 2 EDTA tubes for 

T2CandidaPanel, T2BacterialPanel when superinfection suspected among 
COVID-19 patients in ICU (Hospital Favoriten, Vienna)

Seitz T et al. Microbiol Spect 2022;10:40014022
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Blood cultures missed many!

Seitz T et al. Microbiol Spect 2022;10:40014022
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Problem with T2MR
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From:T2 Biosystems Announces Submission for FDA Breakthrough Device Designation for Candida Auris Diagnostic Test (yahoo.com)  
accessed @2204hrs on 19072023
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T2 Candida is acceptable for diagnosis of 
invasive candidiasis

Donelly PJ et al. Clin Infect Dis 2019
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Know the tests, use them well
• Obtain an accurate microbiological diagnosis
• There’s always time for blood cultures
• Interpret microbiology results carefully

o Don’t treat Candida grown from respiratory tract
• Consider host factors in selection of antimicrobial agents
• Use therapeutic drug monitoring (TDM) if available
• Use antibiotics judiciously
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Do not treat Candida from a respiratory 
sample!

Pendleton KM et al. Pathogens & Disease 2017;75: ftx 029

No culture-based or molecular test of respiratory specimens can distinguish 
between contamination, colonization and invasive disease.
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#

#40 of 55 pts were on antibiotics; none of control groups on antibiotics
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RCT: Antifungal for VAP with Candida in ETT

Albert M et al. Intensive Care Med 2014;40:1313

Placebo Antifungal p Observational
n 29 31 29
APACHE 23 22 20.9
Baseline SOFA 38 38 38
ICU LOS 11.5 13 0.35 11
Hospital LOS 29 28 0.9 29.5
28-day mortality 6 (20.7%) 7 (22.6%) 0.86 5 (17.2%)
90-day mortality 7 (24.1%) 10 (32.3%) 0.49 6 (20.7%)
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Know the tests well
• And do the sophisticated investigation early
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Early vs late BAL (HSCT)

• MDACC, unintubated HSCT 
recipients within 1st 100 d 

• BAL fluid sent for ≈ same panel 
of tests 

• 674 of 2,181 pts developed pulm 
infiltrates, 598 of 674 (88%) 
underwent BAL

Shannon VR et al. BMT 2010;45:647
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Early vs late BAL (HSCT)

*<4 days, # at time of BAL, @ btw commencement of empiric BSABx & BAL
Shannon VR et al. BMT 2010;45:647

           Early BAL*                 Late BAL

On broad-spectr abx#  98%   100%

Interval@    1.9d    6.2d
On antivirals#   23%    56%
On antifungals#   27%    87%
Diagnosed by BAL  73%    31%
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Early vs late BAL (HSCT)
• Diagnostic yield α interval btw detection of pulmonary infiltrates and 

performance of BAL
• Within 24hrs: 75%
• At 5 days: 40%
• At 10 days: 10%

Shannon VR et al. BMT 2010;45:647
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BAL important for Aspergillosis diagnosis 
outside ICH field too!

Blot SI et al. Am J Resp Crit Care Med 2012;186:56
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Blot SI et al. Am J Resp Crit Care Med 2012;186:56

BAL important for Aspergillosis diagnosis 
outside ICH field too!
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Yield related to “bronchus sign” 
• The presence in cross-section of a bronchus leading to or contained in the 

nodule or mass
• with bronchus sign: 21/35 + result* (60%) 
• without bronchus sign 10/30 + result* (10%) (p=0.034)

*all with TBLB
Naidich DP et al. Chest 1988;93:595

Presented at MMTN August 4–6 2023. 

Copyright of speaker. All rig
hts reserved.



Basic principles in medical mycology
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Hypotension for the ID physician
• 39 yo man, transferred from another country with fulminant hepatic failure; 

received R lobe graft a few days after
• Intra-op – colon dusky – colostomy created
• Fluconazole prophylaxis
• POD4: Rise in WBC, caspofungin started, PipTazo converted to meropenem
• Bld c/s from POD4: C. lusitaniae
• Stable until POD13: drop in platelet, rise in liver enzymes: bld c/s repeated – 

S. maltophilia
• Now on levofloxacin, caspofungin
• POD18: New fever, BP sagging

What will you do?
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Suspected sepsis, already on meropenem, 
echinocandin (compromised host)
• Redo septic work-up
• Review medication list
• Repeat blood cultures!
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Suspected sepsis, already on meropenem, 
echinocandin (compromised host)
• So you order blood cultures and they’re positive for “yeast”
• What do you do?
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What should you do when a compromised host on 
meropenem and caspofungin is said to be growing 
yeasts in his latest blood culture?
a) Change to anidulafungin
b) Add amphotericin/lipid preparation of amphotericin
c) Speak to the microbiologist
d) Ignore the result – it is likely  contaminant
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Speak to the microbiologist!
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Not all yeasts are echinocandin-susceptible
• 2,155 yeast isolates from blood cultures (6 Asian countries), 175 (ie, 8.1%) 

were non-Candida yeasts
• Most were no echinocandin-susceptible
• Cryptococcus (109), Trichosporon (23), Rhodotorula (10), Malassezia (4)

Lin S-Y et al. Mycoses 2019;62:112

Presented at MMTN August 4–6 2023. 

Copyright of speaker. All rig
hts reserved.



Basic principles in medical mycology
• Think fungus
• Know the tests, use them well 

o (use the sophisticated investigation early)
• Befriend the microbiologist
• Treat early

o (follow basic rules of antimicrobial therapy)
• Know the drugs

o (beware DDIs; apply PK/PD principles)
• Follow the guidelines!Presented at MMTN August 4–6 2023. 

Copyright of speaker. All rig
hts reserved.



Candidemia – treat early!

Morell M et al. Antimicrob Agents Chemother 2005;49:3604 
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Surviving sepsis guidelines within lowest 
mortality window
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So it appears that we cannot wait for 
blood cultures to flag positive for 
Candida …
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Caspofungin vs placebo for prophylaxis/
pre-emptive therapy
• Multi-centre RCT in 15 adult ICUs (US)
• Randomizable if Ostrosky-Zeichner score fulfilled 

 - Mechanically ventilated  &
 - With a CVC                 &
 - On broad-spectrum antibiotics &
• With at least one more of

o TPN, any dialysis, any major surgery, acute pancreatitis, systemic 
steroids, any other immunosuppressive

Ostrosky-Zeichner L et al. Clin Infect Dis 2014;58;1219 
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Caspofungin vs placebo for prophylaxis/
pre-emptive therapy

• Also no difference between the two arms for “all-cause mortality at 7 days”, 
and “length of stay”.

Ostrosky-Zeichner L et al. Clin Infect Dis 2014;58;1219 

Proven/probable invasive candidiasis p

Caspofungin 9.8% 0.14

Placebo 16.7%
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Keighley C et al. Intern Med J 2021;51(Suppl. 7):89 
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• In other words, no role for 
prophylaxis or pre-emptive 
therapy in a program

• Early empiric treatment
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From:  Penn State Hershey
College of Medicine

www.peerview.com/y/c30Presented at MMTN August 4–6 2023. 
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The Candida score (“Leon score”)

Leon C et al. Crit Care Med 2006;34:730
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Higher Leon Score, increased risk of invasive 
candidiasis

Leon C et al. Crit Care Med 2009;37:1624
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• So you can decide – I’ll start 
if the patient scores at least 3 
points

Higher Leon Score, increased risk of invasive 
candidiasis

Leon C et al. Crit Care Med 2009;37:1624
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Is Leon (Candida) score too simple?
• Lots of ICU patients have “severe sepsis”, have had an abdominal op, and 

are on TPN!

Weiss E. Ther Adv Infect Dis 2014;2(5-6):105
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Australian experience with rules

Note the very low PPVs!

Playford EG et al. Intensive Care Med 2009;35:2141 
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Colonization is important

Playford EG et al. Intensive Care Med 2009;35:2141 

 See the improvement
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Using Sepsis3.0 definition of septic shock 
improved predictive value of Candida score 

Li D et al. Ann Transl Med 2020;8:917
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“Septic shock” if 

need for vasopressors to maintain MAP≥65mmHg
serum lactate >2mmol/L after fluid resuscitation

 

Shankar-Hari M et al. JAMA 2016;315:775
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Approach to possible candidemia
• Need to treat early (“early empiric therapy”)
• Knowledge of risk factors; prediction rules may help
• Blood cultures before anti-microbials, please
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But not echinocandins
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Echinocandin breakthroughs
18yo male, failing HSCT, with IPA, now 2nd HSCT with VRC as 20 proph
• Switched to CSP on D7 (LFT abnormalities); no WBC recovery
• D48, fever  bld c/s done  C. parapsilosis

46yo male undergoing HSCT with FLUC prophylaxis
• CSP started on D6 empirical treatment for FN
• Severe GVHD  multiple immunosuppressives  CMV infection
• On d58 - 60, fever  daily bld c/s all C. parapsilosis 

32yo male, HSCT while on FLUC prophylaxis; with WBC engraftment D21
• GVHD  multiple immunosuppressives CMV infection, bacteremia
• D95: switched from FLUC to CSP (LFT abnormalities)
• D118: fever  bld c/s  C. guilliermondii 

Kabbara N et al. Haematologica 2008;93:639
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• 33 cases of trichosporon fungemia in haematologic patients (5 hospitals)
• 30 were “breakthrough” infections
• 18 were on micafungin at the time of the breakthrough
• 25 died (mortality 76%)

Survival assoc with
Granulocyte recovery
Absence of hyperglycemia
Use of azoles
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Limb weakness on chemotherapy for ALL

• 4 of 14 patients on 
prednisolone, vincristine, 
daunorubicin for ALL 
developed lower limb 
weakness

• All were on itraconazole 
prophylaxis (PO 400 mg om)

Bohme A et al. Ann Hematol 1995;71:311
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The azole-vincristine interaction

Harnicar S et al. J Oncol Pharm Pract 2009;15:175
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From the FDA – beware drug interactions of 
voriconazole

From: Vfend (voriconazole) i.v., tablets and suspension label (fda.gov) accessed @1604hrs on 24062023
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From: VFEND®Drug Interactions (voriconazole) | Pfizer Medical Information – US accessed @1545hrs on 11062023
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Treating cryptococcosis in patients with 
TB
• AIDS patients, diagnosed with cryptococcal meningitis  managed with 

conv amB and fluconazole 400mg om (200 mg om when csf culture-neg)
• Some already on rifampicin (& other drugs) for TB
• Compared with those on fluconazole alone, concomitant rif 

o ↑ elimination rate constant by 39%
o Cut elimination T1/2 by 28%
o ↓ AUC by 22%
o ↓ max concentration by 17% (all stat sig)

Ayudhya DPN et al. Clin Pharmacokinet 2004;43:725
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Voriconazole TDM – what the BSMM says

• PK variability of VCZ is extensive 
 many pts on fixed weight-based 
regimens have levels that are a/w 
low probability of success, high 
probability of toxicity

• Concentration-effect, 
concentration-toxicity relationships 
have been reported consistently  
therapeutic range is established

• Dosage adjustments a/w less 
toxicity, and (perhaps) improved 
clinical response

Ashbee HR et al. J Antimicrob Chemother 2014;69:1162
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Basic principles in medical mycology
• Think fungus
• Know the tests, use them well 

o (use the sophisticated investigation early)
• Befriend the microbiologist
• Treat early

o (follow basic rules of antimicrobial therapy)
• Know the drugs

o (beware DDIs; apply PK/PD principles)
• Follow the guidelines!
• Be an internist

Presented at MMTN August 4–6 2023. 

Copyright of speaker. All rig
hts reserved.



Cryptococcal management – ID docs, 
guideline adherence

Spec A et al. Clin Infect Dis 2017;64:558
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Cryptococcosis – Following the book 
lowers mortality

Spec A et al. Clin Infect Dis 2017;64:558
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Candidemia management – adherence to 
guidelines cuts mortality

Kim JH et al. J Fungi 2021;7:275
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How well are you managing candidiasis?

Candida EQUAL score

Mellinghoff SC et al. Mycoses 2018;61:326
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Candidemia bundle checklist

Vena A et al. Infect Dis Ther 2020;9:119
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Candidemia bundle checklist – 6 items for 
survival analysis
• Tracked during pre- and post-intervention period:
• Early (<72hr) adequate antifungal therapy
• Early (<72hr) source control, if necessary
• Follow-up blood cultures
• Ophthalmologic examination
• Echocardiography
• Adequate duration of therapy, according to complexity of the infection 

Vena A et al. Infect Dis Ther 2020;9:119
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Compliance with bundle reduced mortality
• Pre-intervention adherence 48.2%
• Post-intervention adherence 81.1%
• 3 components that were improved statistically significantly

o Early antifungal therapy
o Early source control
o Adequate duration of therapy

• HR for 14-day mortality 0.08 (0.01-0.45) for post-intervention group

p=0.01

Vena A et al. Infect Dis Ther 2020;9:119
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Basic principles in medical mycology
• Think fungus
• Know the tests, use them well 

o (use the sophisticated investigation early)
• Befriend the microbiologist
• Treat early

o (follow basic rules of antimicrobial therapy)
• Know the drugs

o (beware DDIs; apply PK/PD principles)
• Follow the guidelines!
• Be an internist
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65 yo woman
• AMI  cardiogenic shock  IABP  CABG  weaned off IABP 
• 8th POD referred to ID for anti-fungal therapy because of rising WBC despite 

meropenem
• This is her FBC. The resident says DRE showed no blood, no melaena
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ID referral for commencement of anti-fungals 
(rising WBC)

Pre-op 1st POD 3rd 
POD

5th POD 7th POD 9th POD

Hb 11.2 8.5 6.7 7.0 7.1 8.6
WBC 10.5 12.4 15.3 17.8 21.1 25.0

Plt 296 189 175 161 235 318

Blood transfusion

C
e
f
a
z
o
l
i
n

P
i
p
T
a
z
o

Vancomycin & meropenem

Extubated 1st POD

Started eating 3rd POD

Asked to leave ICU 4th 
POD

Started PT (walking within 
ICU room) 4th POD 
evening
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Examine the patient!
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Yes – note the retroperitoneal 
hematoma

Note 
the 
fluid-
fluid lvl
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Basic principles in medical mycology
• Think fungus
• Know the tests, use them well 

o (use the sophisticated investigation early)
• Befriend the microbiologist
• Treat early

o (follow basic rules of antimicrobial therapy)
• Know the drugs

o (beware DDIs; apply PK/PD principles)
• Follow the guidelines!
• Be an internist 

o (you might just be an anti-fungal steward!)
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Thank you
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