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Introduction
•	 The development of host defense proteins (HDP) 

that have broad-spectrum antimicrobial and 
immunomodulatory properties is a new endeavor to 
address antimicrobial resistance.

•	 Small molecule non-peptide analogs of HDP (smHDP) 
may exhibit potent antimicrobial activity and circumvent 
the challenge of protease digestion faced by HDP. 

•	 The smHDPs have shown better pharmacokinetic and 
tissue distribution properties due to their size and 
improved stability.

•	We evaluated the antifungal activity of 6 novel non-
peptide analogs of HDP using reference broth 
microdilution methods against a total of 150 invasive 
fungal isolates collected worldwide. 

Results
•	 All investigational compounds displayed MIC50 results 

at ≤0.015 mg/L to 0.06 mg/L and MIC90 results at 
≤0.015 to 0.12 mg/L against C. albicans, C. dubliniensis, 
C. glabrata, C. parapsilosis, and C. tropicalis (Table 2; 
Figure 1A).

•	 All C. krusei isolates were inhibited by investigational 
compounds at MIC of 0.5 mg/L, and MIC50 and MIC90 
results were 0.06-0.25 mg/L and 0.06-0.5 mg/L, 
respectively (Figure 1B; Table 2).

•	 FL-1 (MIC50/90, 0.12/0.5 mg/L) and FL-6 (MIC50/90, 
0.25/0.5 mg/L) compounds were 4- to 8-fold more 
active than amphotericin B (MIC50/90, 1/2 mg/L), and 
256-fold more active than fluconazole (MIC50/90, 64/>64 
mg/L) against C. auris isolates (Table 2).

•	 All investigational compounds (MIC50/90 range,  
≤0.015-0.03/≤0.015-0.03 mg/L) were at least 16- and 
64-fold more active than amphotericin B and fluconazole, 
respectively, against Cryptococcus spp. isolates 
(Table 2).

•	 The compounds FL-5, FL-8, and FL-9 had MIC50 and MIC90 
results at ≤0.015 mg/L against A. fumigatus, A. flavus 
species complex, and A. section Terrei (Table 3; Figure 
2A). All Aspergillus spp. isolates, including A. section 
Nigri, were inhibited by investigational compounds at MIC 
of 0.25 mg/L. 

•	Fusarium spp. isolates were inhibited by investigational 
compounds at MIC of 0.12 mg/L. FL-5 and FL-9 (both 
with a MIC50/90, ≤0.015/≤0.015 mg/L) were the most 
active compounds against Fusarium spp. (Table 3).

•	 The Mucorales isolate set showed the widest range 
of MIC results for investigational compounds. FL-5 
exhibited the greatest potency with a MIC50/90 at 
0.5/2 mg/L (Table 3).

•	 The investigational compounds showed potent activity 
against Scedosporium spp. isolates, with MIC50/90 
results of 0.03-0.25/0.03-0.25 mg/L (Figure 2B). The 
investigational compounds were at least 16-fold more 
active than amphotericin B and itraconazole against 
these highly resistant moulds (Table 3). 

•	 Itraconazole was active against all Aspergillus spp. 
(MIC50/90, 0.5-1/0.5-2 mg/L), but showed poor activity 
against Fusarium spp. (MIC50/90, >8/>8 mg/L; Table 3).

•	 Amphotericin B showed a narrow range of MIC results 
(0.5 to 2 mg/L) for all isolates, except 1 Aspergillus 
section Terrei (MIC, 4 mg/L) and most (8/10) 
Scedosporium spp. isolates. 

Conclusions
•	 The novel investigational non-peptide analogs of HDP 

exhibited equal or greater activity than the comparators 
against Candida spp. and Cryptococcus spp., including 
resistant organisms such as C. auris and C. krusei.

•	 These investigational compounds also displayed 
activity against Aspergillus spp., Fusarium spp., and 
Scedosporium spp. clinical isolates.

•	 Among the investigational compounds, FL-5, FL-8, and 
FL-9 showed the greatest activity against all tested 
fungal isolates.

•	 These in vitro results support the continued 
development of this series of compounds.
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Materials and Methods
•	 A total of 150 non-duplicate fungal isolates (80 yeasts 

and 70 moulds) selected from worldwide medical centers 
as part of the SENTRY Antimicrobial Surveillance Program 
between 2017 and 2019 were included (Table 1).

•	 All isolates were identified using MALDI-TOF or DNA 
sequencing analysis when an acceptable identification 
was not achieved by MALDI-TOF.

•	 Susceptibility testing was performed for yeast and mould 
isolates according to CLSI M27 (2017) and M38 (2017) 
documents, respectively, using frozen form panels with 
RPMI broth supplemented with MOPS buffer and 0.2% 
glucose.

•	 Antifungal compounds FL-1, FL-5, FL-6, FL-7, FL-8, and 
FL-9 were tested over the range of 0.015 – 8 mg/L. 

•	 Comparators were amphotericin B (range 0.12 – 4 mg/L) 
for all isolates, and fluconazole (range 0.03 – 64 mg/L) 
for yeasts and itraconazole (range 0.008 – 8 mg/L) for 
moulds.

•	MIC values were read at 24 hours for Candida spp. 
and 72 hours for Cryptococcus spp. at the lowest 
concentration that resulted in ≥50% inhibition of growth 
for the investigational compounds.

•	Mould MIC values were read at incubation periods of 
either 24-, 48-, or 72 hours as designated in CLSI M38-
A3 per species. MIC values were read at the lowest 
concentration that resulted in ≥50% inhibition of growth 
and 100% inhibition of growth for the investigational 
compounds.

•	 Quality control (QC) was performed as recommended by 
CLSI using the following strains: Candida parapsilosis 
ATCC 22019, Candida krusei ATCC 6258, Aspergillus 
flavus ATCC 204304, and Aspergillus fumigatus ATCC 
MYA-3626.

Figure 1. MIC distribution of investigational compounds and comparators against C. albicans and  
C. krusei isolates

Figure 2. MIC distribution of investigational 
compounds and comparators against A. fumigatus 
and Scedosporium spp.

Table 1. List of fungal clinical isolates included in this study
Organism group # of organisms included
Candida spp. 10 Candida albicans 

  10 Candida auris 

  10 Candida dubliniensis

  10 Candida glabrata

  10 Candida krusei 

  10 Candida parapsilosis

  10 Candida tropicalis

Cryptococcus spp. 7 Cryptococcus neoformans var. grubii

  2 Cryptococcus neoformans var. neoformans

  1 Cryptococcus gattii

Aspergillus flavus species 
complex 10 Aspergillus flavus species complex

Aspergillus fumigatus 10 Aspergillus fumigatus 

Aspergillus section Terrei 6 Aspergillus terreus 

  4 Aspergillus terreus species complex

Aspergillus section Nigri 7 Aspergillus niger

  3 Aspergillus niger species complex

Fusarium spp. 6 Fusarium solani species complex

 
2 Fusarium incarnatum-equiseti species 
complex

  2 Fusarium oxysporum species complex

Mucorales 4 Rhizopus oryzae

  2 Mucor circinelloides/Mucor ramosissimus 

  2 Rhizopus microsporus group 

  1 Mucor circinelloides

  1 Rhizomucor pusillus

Scedosporium spp. 7 Scedosporium apiospermum/Scedospo-
rium boydii 

  2 Scedosporium aurantiacum

  1 Scedosporium boydii 

Table 2. Summary of MIC50 and MIC90 results for investigational compounds and comparators tested against yeast isolates

Compound
Yeast group MIC50/90 (mg/L)a

C. albicans C. auris C. dubliniensis C. glabrata C. krusei C. parapsilosis C. tropicalis Cryptococcus 
spp.

FL-1 0.06/0.06 0.12/0.5 0.03/0.03 ≤0.015/0.06 0.25/0.5 0.06/0.06 0.03/0.03 0.03/0.03
FL-5 ≤0.015/≤0.015 1/2 ≤0.015/≤0.015 ≤0.015/0.03 0.06/0.06 ≤0.015/≤0.015 ≤0.015/≤0.015 ≤0.015/≤0.015
FL-6 0.06/0.12 0.25/0.5 0.03/0.06 ≤0.015/0.12 0.25/0.25 0.03/0.06 0.03/0.03 0.03/0.03
FL-7 0.03/0.06 8/>8 ≤0.015/≤0.015 ≤0.015/0.06 0.25/0.5 ≤0.015/0.03 ≤0.015/≤0.015 ≤0.015/≤0.015
FL-8 ≤0.015/≤0.015 2/4 ≤0.015/≤0.015 ≤0.015/≤0.015 0.06/0.12 ≤0.015/≤0.015 ≤0.015/≤0.015 ≤0.015/≤0.015
FL-9 ≤0.015/0.03 2/4 ≤0.015/≤0.015 ≤0.015/≤0.015 0.06/0.12 ≤0.015/≤0.015 ≤0.015/≤0.015 ≤0.015/≤0.015
Amphotericin B 1/1 1/2 0.5/1 1/1 1/1 1/1 1/1 0.5/1
Fluconazole 0.12/0.12 64/>64 0.12/0.25 2/4 16/32 0.25/8 0.25/0.25 2/4

a Read times were 24 hours for Candida isolates and 72 hours for Cryptococcus isolates.

Table 3. Summary of MIC results for investigational compounds and comparators read at ≥50% reduction in growth for mould 
isolates

Compound
Mould group MIC50/90 (mg/L)a

A. fumigatus A. flavus SC A. section Nigri A. section Terrei Fusarium spp. Mucorales Scedosporium spp.
FL-1 ≤0.015/0.03 0.03/0.03 0.12/0.25 0.03/0.06 0.03/0.06 1/>8 0.12/0.25
FL-5 ≤0.015/≤0.015 ≤0.015/≤0.015 0.06/0.12 ≤0.015/≤0.015 ≤0.015/≤0.015 0.5/2 0.03/0.03
FL-6 0.03/0.03 0.06/0.12 0.12/0.25 0.06/0.06 0.06/0.06 2/8 0.25/0.25
FL-7 ≤0.015/≤0.015 ≤0.015/≤0.015 0.06/0.12 0.03/0.03 ≤0.015/0.03 >8/>8 0.12/0.12
FL-8 ≤0.015/≤0.015 ≤0.015/≤0.015 0.06/0.12 ≤0.015/≤0.015 ≤0.015/0.03 2/>8 0.03/0.03
FL-9 ≤0.015/≤0.015 ≤0.015/≤0.015 0.06/0.12 ≤0.015/≤0.015 ≤0.015/≤0.015 0.25/>8 0.03/0.06
Amphotericin B 1/1 2/2 0.5/1 2/2 2/2 1/1 4/>4
Itraconazole 1/1 0.5/1 1/2 0.5/0.5 >8/>8 2/8 4/4

a Read times were 48 hours for Aspergillus and Fusarium isolates, 24 hours for Mucorales isolates, and 72 hours for Scedosporium isolates.
Abbreviation: SC, species complex

a Read times were 24 hours for Candida isolates at ≥50% reduction in growth.

a Greater than the highest concentration tested.
b Read times were 48 hours for Aspergillus isolates, and 72 hours for Scedosporium isolates. All reads were at 
≥50% reduction in growth.
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