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Classification of human infections

Human Infectious Diseases and their causative agents

Fungi Protozoa Helminthes/parasites
* Tuberculosis * AIDS/HIV = Candidiasis * Amebiasis : i
* :"‘“"“"“ l : :‘"“’"'“ * Athiete’s foot * Amebic i Lﬂm:::
* Streptococca * Herpes . . 1o
: - (Tinea pedis) meningoencephalitis | hi
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onorrhe (Tinea cruris) » Trichomoniasis I -

* Scarlet Fever Common Cold * Nail fungus * Toxoplasmosis g ;i;:;’::f:{s
; Tetanus : Poliemyelitis (Tineu unguis) » Giardiasis (Bilharzia)
i Diptheria Measles, Mumps * Ringworm » Balantidiasis Y bt 5

Pertussis and Rubella » Histoplasmosis » Cryptosporidiosis
* Bubonic Plague * Infectious * Pneumocystosis

mononucleosis
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Fungal morphology
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Spec, Comprehensive Review of Infectious Disease, Ch2, Elsevier, 2019
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Two main varieties of infection

Commensals Environmental

« Candida and skin "Everything” else
. « Majority of lifecycle is spent in
dlsease environment

« Part of microbiome, Spores/Conidia are formed and

di h patient inhales the fungus
Cause disease when « Infection starts as pneumonia,

there is: and may or may not disseminate

« Where they disseminate, and how
often they do varies widely

Rare exception of direct
inoculation

« Too much of them
« End up in wrong place
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Biology of Blastomycosis

Environmental Form Host-assodated Form /_\

Example of spread of
environmental
fungus

Estimated Areas with Blastomycosls

] ¢

In the environment, Blastamyces exists as mold (1) with septate aerial hyphae. The hyphae produce spores (21. These spores are either
inhaled, or ineculated into the skin (3) of a susceptible host. The warmer temperature inside the host signals a transformation (4) inte

a broad-based budding yeast. The yeast may continue to colonize the lungs or disseminate in the bloodstream (5) to other parts of the
body, such as the skin, bones and joints, argans, and central nervous systam.

3nen-A  hitpsdwwwcde.govfungal/diseases/blastomycosisicauses html
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Global burden of fungal infections

« Fungi are the most common rare disease we have

« Combined, responsible for ~1.5 million deaths a year

« ~300,000 of cryptococcal meningitis in Sub-Saharan Africa
alone

« Aspergillus is experiencing a 4.4%~ increase in incidence
yearly

« Economic Cost: $7.2 billion dollars in direct healthcare

costs in 2017, total cost of $11.5 billion, if assessed at
“value of statistical life” total cost is >$48 billion

ASM Blog: Invasive Fungal Infections: A Creeping Public Health Threat
Open Forum Infectious Diseases, Volume 9, Issue 4, April 2022, ofaco9y
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Outcomes-Candida

« Mortality around 45%

N | ;e o 10-25% attributable
— 8 mortality
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Clinical Infectious Diseases, ciac004, https://doi.org/10.1093/cid/ciac004
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Mortality-

Cryptococcus
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mortality is ~15% £ 08
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“Am J Med. 2019 Aug;132(8):977-983.e1.
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Outcomes-Mucor

« Mortality ~100% if surgery
not combined with
antifungal therapy

e 70% if combined

* Many survivors are
ermanently disfigured

e

Survival probability (%)
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% Hospital stay (days)
Clinical Microbiology and Infection 2020 26944.e9-944.e15DOI: (10.1016/j.cmi.2019.11.021)
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SFC: disrupts
RMA

(via SFUTP)
and DNA

(via SFdUMP)
synthesis

Fungal cell wall:

| ol -
e interwoven polymers
_I}}f of glucans, chitins, and
Echinocandins: disrupt '&.‘ various proleins
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Fungal cell
Treatment Azoles: block biosynihesis
of ergosterol, a sterol

neaded for cell membrane
stability

C lasm “\—\:h Amphotericin B: forms
e /'—.: - [ aggragates in cell

membrane with
ergosterol, leading to

Lipid bilayer pores that cause
fungal cell leakage of cellular
membrane

contents

Stevens DA. Systemic antifungal agents. In: Mandell GL, Bennett JE, Dolin R, eds. Mandell, Douglas and
Bennett's Principles and Practice of Infectious Diseases, 7 ed. Philadelphia, PA: Churchill Livingstone Elsevier
2011:549-563.
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Class 1: Polyenes

« Only one systemic medication (amphotericin B) OZL_C} |
« Broad spectrum of activity, high potency

« Unfortunately an IV only therapy

« Probably the most potent antifungal ever made, but....

« Also a very good “antihuman”
« Extreme renal toxicity, not a matter of if, just a matter of when
« Electrolyte wasting (Potassium and Magnesium)
« Infusion reactions
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1t generatlon

Class 2: Azoles OO m S Cre
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Class 3: Echinocanins

« The “good”
antifungal

« Very well tolerated

e However:
« IV only

- Narrow spectrum of tqs
activity
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Impact of resistance: Intrinsic resistance

« Poor/no PO options
« Candida krusei
« C. glabrata
« Azole resistant Aspergillus

« Intrinsic resistance to all antifungals (at least in some
isolates)
« Scapulariopsis brumptii
« Lomentospora prolificans
« Scetosporium apiospermum/Pseudoalascheria boydeii
« C. auris (4%)
« Fusarium, especially F. solani
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Impact of resistance: Rise of resistance;
Candida

« Echinocandin resistance of C. glabrata in Duke (2001-
2010) increase from 4.9% to 12.3%

« New emergence and spread of fluconazole resistance in
Candida parapsislosis

Clin Infect Dis. 2013 Jun;56(12):1724-32
Antimicrob Agents Chemother. 2015 Oct; 59(10): 6581-6587.
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Impact of resistance: Emergence of C. auris

- From 2004 to now, explosive A .
growth of a novel, highly . ¢
resistant species of Candida ¢ a2y Ay

- 90% resistant to fluconazole A

- 30% resistant to e . ke - g ;
amphotericin B wo e VL, me | i At

« 10% resistant to e = I
Echinocanins AE  AE

. 4% to all three A "y

. In some places, it is now a $ i, $ 2 -
significant portion of new "y R, TPV
cases Current Opinion in Microbiology Volume 52, DZcemn;:r 2019, Pages 84-89
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Impact of resistance: Rise of resistance;
aspergillus

Resistance %

| ESU]

Unknown/not yet detected

Clinical Microbiology and Infection 2019 25799-806
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SOLUTION: JUST MAKE
NEW DRUGS
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Why are antifungals hard to develop?

Animal cell

Fungal cell
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Why are antifungals hard to develop?

i Therapeutic Toxic
f' effect effect

Therapeutic
index

Antifungal Effect
Antihuman effect

Percentage of People Affected
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The Pipeline
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Pre-dinical Phase 1 Phase 2 Phase 2 Phase 3
complete ongoing complete ongoing
OFID 2020 Jan 12;7(2):0faa016.

Il No ongoing trials

Early termination
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Conclusions

« Fungi are a complicated set of diseases
« The outcomes are far from good
« The current armamentarium is limited, and far from perfect

« There is some hope for future compounds, but much less
so than bacteria, and they are much harder to develop

« Itis important that we protect our drugs, because the
outcomes are much worse without therapy, and second
line therapy is often very inferior
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