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The epidemiology of the Cryptococcus species complex (SC) is well known and briefly summarized below. Among these
species, most clinical isolates are C. neoformans; C. gattii has been isolated in the U.S., mostly in the Pacific Northwest
area.
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| 1. Introduction
Background and Epidemiology

The incidence of cryptococcal infections is difficult to calculate. Most infections occur among HIV/AIDS patients (0.4 to 1.3
cases per 100,000 population) with a mortality rate of about 12% . The estimated incidence of cryptococcal meningitis
occurring worldwide is 152,000/year; most of these cases are reported in sub-Saharan Africa 2.
www.cdc.gov/fungal/diseases/cryptococcosis-neoformans/statistics (accessed on 20 March 2023). Considering that
recent research has discovered the complex genetic composition of this group, genotyping is recommended. The C. gattii
genotype distribution is region dependent and this species is more frequently isolated from infections among AIDS
patients [ By 2011, phylogenetic analysis and genotyping studies clarified the diversity among the C. gattii/C.
neoformans (SC) as follows BI4BIE: ¢, neoformans var. grubii and C. neoformans var. neoformans are two distinctive
species and five species are found within the C. gattii SC. In a more recent report, the incidence among 233 globally
collected isolates of these species was as follows: C. neoformans/VNI, as expected, was the most prevalent genotype
followed by C. neoformans/VNII (34 strains, 14.6%), C. deneoformans/VNIV (24 strains, 10.3%), C. bacillisporus/NVGIII (17
strains, 7.3%), C. gattiilVGI (6 strains, 2.6%), C. neoformans x deneoformans hybrid/VNIII (5 strains, 2.1%), and C.
deuterogattiilVGl| (1 strain, 0.4%) .

Some of these facts were also summarized in another study with a collection of 5686 Cryptococcal isolates from clinical,
environmental, and veterinary strains as reported by the Latin American Cryptococcal Study Group 8. As expected, C.
neoformans VNI was the most common genotype (76%) in HIV-infected people followed by C. gattii VGII (12.4%) isolates
mostly from otherwise healthy patients [€l. The first two molecular types are also predominant in the environment (68.6 for
VNI and 20.7% for VGII). Among the smaller numbers of veterinary cases, VGII is the most prevalent molecular type
(73.7%). In Latin America, due to multilocus sequence typing analysis, the C. neoformans population is less diverse than
that of the C. gattii.

These species are different regarding (a) pathogenicity, (b) prevalence among patients, (c) biochemical and physiological
aspects, and (d) antifungal susceptibility testing results. It is fortunate that the MALDI-TOF mass spectrometry test is able
to distinguish them. In the North American clinical setting, most genotyped C. neoformans belong to the VNI genotype as
mentioned above (>90%) . While pulmonary disease incidence is higher than other infections caused by these
pathogens, the central nervous system disease caused by C. gattii is most frequent among AIDS patients . Most
cryptococcal clinical isolates in the USA are C. neoformans.

The issue of antifungal resistance is important in the clinical setting. Both CLSI and EUCAST have developed breakpoints
(BPs) and epidemiological cutoffs (ECVs/ECOFFS) for certain species/antifungal combinations as discussed below. ECVs
are available for the most common Candida and Aspergillus spp. and some commercial methods, but not for the
cryptococcal isolates. BPs can categorize an isolate as either susceptible or resistant, while the ECV/ECOFFs will
distinguish the wild type (WT, no known resistance mechanisms) from Non-WT (NWT, harboring resistant mechanisms).

| 2. Antifungal Resistance Mechanisms for Treatment Agents

Antifungal resistance is common, especially among isolates infecting immunocompromised/AIDS patients and the
incidence is mostly linked to prior drug exposure 2. Triazoles and amphotericin B target the fungal cell by either direct
attack and alteration of the synthesis of the enzyme Erg 11 or ergosterol depletion, respectively [HRALLIL2] Resjstance to
flucytosine is generally due to the genetic mutations that impair the uptake of the agent or interfere with the target nucleic
acid synthetic pathway . In addition, the cell capsule formation may alter the cell wall (including melanin production)
which also leads to therapy tolerance. In other cases, the formation of resistant and large titan cells has been reported



(>10 p) and was associated with stress adaptation/alteration 2. Three efflux pumps are regulated independently by
different transcription factors in response to fluconazole exposure. Deletion of AFR1 in H99 and R265 drastically reduced
the levels of resistance to the triazoles which indicated that AFR1 is the major drug efflux pump B4, However, the
fluconazole susceptibility was not affected when AFR2 or MDR1 was deleted in both strains 111, On the other hand, the
target of the echinocandins is the glucan synthase Fksl1, an important enzyme during cell wall synthesis. As mentioned
above, the Cryptococcus spp. are inherently resistant to the echinocandins as cell changes lead to rapid or transient
adaptation and resistance to these agents, including the new agent rezafungin 8. Three publications included data from
three new agents (rezafungin, manogepix, and VT-1598) versus C. neoformans 1314l As expected, MICs for the latter
species were high for both the established echinocandins and rezafungin (2—=8 pg/mL) and low for manogepix (0.03-2
pg/mL). The geometric means of VT-1598 were lower (0.016 and 0.039) than those for fluconazole versus C. neoformans
(1.89) and C. gattii (2.71) 13,

| 3. Antifungal Susceptibility Methods for Testing Cryptoccal Isolates

Various antifungal susceptibility methods (reference and commercial) have been established for the detection of antifungal
resistance which plays an important role in the clinical setting. The in vitro data could help to select the best treatment for
a patient’'s fungal infection and could identify the local or global antifungal resistance epidemiology. These methods,
developed for the antifungal evaluation of yeasts species including the Cryptococcal isolates, are well known as
summarized below.

| 4. Reference Methods for C. neoformans SC and C. gattii SC

The CLSI published its broth dilution method for yeasts in 1997, the M27A document L2168, Since then, this methodology
has been revised to determine minimal inhibitory concentrations (MICs), including those for the cryptococcal isolates, and
minimal effective concentrations (MECs) for the echinocandins vs. the molds 8. The EUCAST also developed a broth
microdilution method for testing the susceptibilities of yeasts and molds, as well as the cryptococcal species 1217, The
differences between both reference methods are briefly summarized below as detailed by both groups.

| 5. Standard Testing Conditions for Cryptococcus lIsolates

The CLSI and EUCAST recommendations for Cryptococcus isolates differ as follows: (round vs. flat microdilution trays;
RPMI broth with 0.2% vs. 2% glucose, an inoculum size of 0.5-2.4 x 103 vs. 0.5-2.4 x 10°, MICs determined after 72 h
vs. 48 h, visual and spectrometric reading, amphotericin B endpoint: 100% vs. 90% 8117 (EUCAST E. Def 7.3.2 2022).
Despite these differences, the results obtained by both methods are supposed to be comparable. However, the problem is
those differences could be important, because classification endpoints (BPs or ECVS/ECOFFs) are species and method
dependent.

| 6. Yeast Nitrogen Broth

In addition to the reference RPMI broth, the yeast nitrogen base (YNB) broth, supplemented with 0.5% glucose and
buffered to pH 7, was introduced to enhance the growth of C. neoformans and improve the MIC clinical relevance 18, The
MIC is determined by the spectrophotometer and defined as the lowest drug concentration that reduces 50% of the
growth in the control well (drug-free). The inter-laboratory agreement of MICs by this method was excellent among three
sites (83 and 96% agreement within 1 and 2 log dilutions, respectively) 9. In a third study, 149 isolates of C. neoformans
var. neoformans from Ugandan AIDS patients were tested using the RPMI and the YNB broths 22, An overall agreement
of 88% between the two microdilution methods was observed, but the MIC range using the YNB could be wider. The
perception was that patients infected with strains with low MICs could be detected 29, Most data are by the RPMI CLSI
broth.

| 7. Antifungal Resistance Detectors: BPs and ECVS/ECOFFS
Breakpoints and ECVs

The best predictors of clinical outcomes are the BPs. However, the development of BPs requires animal model
pharmacokinetic/pharmacodynamic (PK/PD) data, ECVs, and, most importantly, the clinical/microbiological outcome data
from clinical trials 211221 Although some EUCAST BPs have been developed mostly based on PK/PD data and MIC
distributions, to the best of the knowledge CLSI BPs are not available for these species 2. On the other hand, the ECV is
a newer interpretive endpoint that identifies the NWT (mutants) strains 23, The ECV development only requires in vitro
data according to the guidelines in the M57 document as follows [23: (1) defined by the iterative statistical method and (2)
the modes of the distributions entering the pool must be at least one to two dilutions from the global/overall mode. This
step ensures inter-laboratory agreement of MIC values by the same method 231221251261 Another requirement is that the
BP or ECV should be based on the same methodology or the concept of a method-specific categorical endpoint [2122](23]



[24123] |t s interesting that Appendix B of the CLSI M59 document lists some yeasts as intrinsically resistant to the
echinocandins, as follows: C. krusei, C. lusitaniae, and Cryptococcus spp. 4. Furthermore, the wild-type MIC
distributions, ECVs, and resistance mechanisms are needed for the establishment of BPs in addition to the correlation of
in vitro vs. in vivo results from clinical trials . It is not the ECV's role to categorize a fungal isolate as susceptible or
resistant as BPs do. The terms WT and NWT are not the same as “susceptible” and “resistant”.
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