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The Rise of the Resistance



Case 1 -



Case History
• Patient reported to Wall Hospital with 2-week history of low-

grade fever, shortness of breath and chest pains

• Past medical history includes recent cardiac arrest, and 
multiple perforated organs

• Patient self-reported he had a new heart (history murky)



Case History
• Patient reported spending a considerable amount of time 

outdoors

• A large garden was near his home and he reported that his 
house was filled with dust

• He lived with a single large canine



Case patient 



Case History
• Serum galactomannan was positive and 

A. fumigatus was grown from a BAL

• Patient started on voriconazole



Aspergillus fumigatus and invasive aspergillosis

• Most common invasive mold 
infection

• High mortality

• Generally immunocompromised 
patients

• No US surveillance, not 
reportable or notifiable



Case History

• Symptoms were not resolving 
following 2 weeks on voriconazole

 
• AFST was performed and the isolate 

was pan-azole resistant





0%

20%

40%

60%

80%

100%

Pre-Azole
era

Azole era AR
Aspergillus
infections

As
pe

rg
ill

os
is

 m
or

ta
lit

y

Azole-resistance = high mortality 

• Azole antifungals introduced in the 
1990s (azole era)

• Dramatically improved survival

• Resistance now a major problem in 
Europe; seen globally

• Mortality approaches 90% for resistant 
infections Azole-

resistant 
isolates

Verweij et al 2015 CID 



Emerging triazole resistance is deadly

Lestrade 2019 CID 
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Patients with 
triazole- resistant A. 
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33% worse 
survival in 
patients with 
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Azole

Azole

Azole

Mutations in CYP51A 
that inhibit azoles from 
binding and blocking 
lanosterol demethylase

CYP51A

34 nucleotide tandem repeat

46 nucleotide tandem repeat

Untranslated region Coding region

TR34/L98H

TR46/Y121F/T289A

Common Cyp51A 
mutations include
G54E/R/V
G138C
P216L
M220K/T
G448S

L98H

Double mutation with the 
tandem repeat causing 
overexpression of CYP51A and 
the amino acid mutations 
blocking the azole binding site

Y121F T289A

CYP51A

CYP51A

Azole

?

Approximately 1/3 
of azole resistant 
isolates have no 
know mechanism 
of resistance

HMG1

Mutations in HMG1, a 
hydroxymethylglutaryl
-CoA reductase, a rate-
limiting enzyme in the 
ergosterol pathway

TR34/L98H confers 
itraconazole resistance 

TR46/Y121F/T289A 
causes voriconazole 
resistance

With additional 
mutations, both can 
become pan-azole 
resistant



34 nucleotide tandem repeat

46 nucleotide tandem repeat

Untranslated region

TR34/L98H

TR46/Y121F/T289A

L98H

Y121F T289A

CYP51A

CYP51A

TR34 and TR46

Coding region

Primary mechanism of resistance



How  Aspergillus fumigatus became resistant

https://www.cdc.gov/fungal/diseases/aspergillosis/azole-resistant-aspergillus.html



Over four-fold increase in agricultural azole 
fungicide use in United States

Toda M, et al. Enviro Health Persp. 2021



Tennessee SPHL Maryland SPHL

You can have your A. fumigatus isolates tested at an 
ARLN lab for free!

Submit 
through your 
state public 
health lab



Company Drug Class or Activity
Mycovia oteseconazole Lanosterol demethylase inhibitor

Amplyx manogepix Targets GPI anchored protein synthesis

F2G olorofim Targets pyrimidine synthesis thru dihydroorotate 
dehydrogenase

New Antifungals in Phase 2/3 trials



Case 2 - 



Case History
• Patient reported to his dermatology clinic with a 6 week 

history of burning and itching rash on the back of his torso

•  He reported that he often engages in sports where there is 
skin to skin contact with other athletes

• He had purchased a salve, but it seemed to be making the 
infection worse



Case patient



Case History
• Punch biopsy grew a white mold

• Microscopy revealed a hyaline 
mold with round aleuroconidia 

• Urease was positive

• Mold was sent to a reference 
laboratory



Case History

• Reference laboratory identified Trichophyton 
mentagrophytes sequence type VIII

• Patient was prescribed terbinafine

• Three weeks later, patient returned to the clinic because 
the lesions were not getting better



Typical dermatophytosis









• Extensive chronic relapsing infection of the trunk and groin 
• More severe infection compared with T. mentagrophytes and 

T. interdigitale
• Many infections are highly inflammatory, cover much or all 

the lower body and groin, and can extend to the extremities 
and head. 

• Often associated with painful burning and itching and can 
cause significant morbidity

Trichophyton indotinea infection



Steroid-modified Dermatophytosis

 Concerns regarding 
steroid-modified tineas 
with improper drug usage

 Common to obtain over-
the-counter medications

 Atypical presentation



Azole

Mutations in CYP51B 
that inhibit azoles from 
binding and blocking 
lanosterol demethylase

CYP51B

Mutations in 
squalene 
epoxidase block 
the binding of 
terbinafine 

SQLE

Terbinafine

CYP51A
CYP51A

CYP51A
CYP51A

CYP51A

Azole

Overexpression of 
lanosterol 
demethylase saturates 
the azole at the 
binding site

Azole

Tandem repeats of 
CYP51B  increase 
expression of the 
lanosterol 
demethylase

?

Azole



Trichophyton indotineae in the US
• As for most fungal infections there is no surveillance for 

dermatophytosis

• Very few labs identify dermatophytes to species almost 
none perform AFST

• T. indotineae has been identified in the US (Nathan 
Wiederhold, personal communication)

• First signs will be patients failing therapy



Case 3 - 



Case History
• 28 year old male reported to the ER after falling from a horse
• In addition to injuries suffered during the fall, he had a facial 

laceration from a blunt instrument; patient was started on 
oral antibiotics

• Patient was stabilized and within 5 days he was removed to an 
acute care facility

• Five days following the admission to the acute care facility the 
facial wound showed signs of infection



Facial wound of case patient



Case History
• A swab was taken from the wound and among several gram 

negative organisms, the wound grew abundant yeast that 
were pinkish on CHROMagar

• Isolate could not be identified at the acute care clinic but their 
reference laboratory identified it as C. auris





What do we know about Candida auris?
• It is colonizes the skin

• It is most antifungal resistant

• In the US, associated with LTACHs, VSNFs

• Frequently causes outbreaks



85% 31% 4%
Azoles Echinocandins Polyenes 

Resistance in Candida auris

~30% are multidrug resistant



Mutations in FKS1 
that inhibit 
echinocandins from 
binding and 
blocking 1,3-β-D 
glucan synthase

Echinocandin

Amphotericin B

Azole

Azole

Azole

Mutations in ERG11 that 
inhibit azoles from binding 
and blocking lanosterol 
demethylase ?

Unknown mechanism that 
prevents amphotericin B 
from sequestering 
ergosterol

Amphotericin B

ERG11

Mutations in ERG6 that lead 
to altered sterol composition 
in the cell membrane

Increased efflux of 
azoles through Cdr1 
and other efflux 
pumps

TAC1B

Mutations in 
TAC1B that lead to 
overexpression of 
the efflux pump 
Cdr1

Polyploidy that 
increases ERG11 
expression leading 
to target site 
dilution

Many different methods of acquiring resistance



Morbidity and Mortality Weekly Report

Fitness cost?



Candida auris in 
the US



= >



What do they all have in common?



C. auris T. indotineae

AzoleR A. fum. patient AzoleR A. fum. environment



What’s next?



• Dramatic rise in azole-resistant Candida parapsilosis

• Rise in azole resistant Candida tropicalis

• Resistance in other Aspergillus species such as A. 
flavus

• Something new and unexpected

What’s next?



For more information, contact CDC
1-800-CDC-INFO (232-4636)
TTY:  1-888-232-6348    www.cdc.gov

The findings and conclusions in this report are those of the authors and do not necessarily represent the official position of 
the Centers for Disease Control and Prevention.

Contact me at: 
gyi2@cdc.gov 

Thank you!  Questions?
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