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Dear Advances Against Aspergillosis and Mucormycosis Colleague
This 10th Advances Against Aspergillosis and Mucormycosis conference continues to grow and change with
the field. The previous nine meetings were overwhelmingly successful, including the first meeting in 2004
(San Francisco) where we had 364 attendees from 28 countries, the second meeting in 2006 (Athens) with
464 attendees from 44 countries, the third meeting in 2008 (Miami) with 351 attendees from 48 countries,
the fourth meeting in 2010 (Rome) with 533 attendees from 41 countries, the fifth meeting in 2012
(Istanbul) with 375 attendees from 39 countries, the sixth meeting in 2014 (Madrid) with 342 attendees
from 33 countries, the seventh meeting in 2016 (Manchester) with 363 attendees from 38 countries, the
eighth meeting in 2018 (Lisbon) with 334 attendees from 38 countries and the first meeting where we added
molecular and clinical mucormycosis research, and the 9th meeting in 2020 (Lugano) with 375 registered.
When our 2022 virtual meeting convenes, it will represent the 20th year of Advances Against Aspergillosis
activity, beginning with the initial supplement in Clinical Infectious Diseases. Because of all of you, this
conference has now established itself as the premier forum for discussion of all aspects of Aspergillus
and mucormycosis infection and research.
The Aspergillus and mucormycosis fields continue in a state of rapid advancement, including the publication
of numerous post-genomic papers and substantial advances in translational, immunologic, and diagnostic
research. The launch of several antifungals in the last few years and ongoing or anticipated clinical trials
of numerous newer compounds is an exciting time for mycology. Pan-azole, and echinocandin resistance
has emerged, and combination therapy and targeted immune exploration remains an important area of
interest. Greatly increased awareness of allergic aspergillosis has opened new market opportunities for
both antifungal agents and immunotherapies. Newer molecular strategies for diagnosis continue to make
progress, and recent guidelines offer increased diagnostic insight. There is a continuing high death toll from
invasive aspergillosis and invasive mucormycosis, particularly among patient groups not usually associated
with this opportunistic infection, such as influenza.
This meeting is another chance to gather the world’s aspergillosis and mucormycosis experts in one venue.
A fundamental tenet of this colloquium continues to be to engender collaborative relationships amongst
clinicians, scientists, and industry to further advance the field. Because of the international success of the
Advances Against Aspergillosis meetings in raising awareness of filamentous fungal infections, in 2018 we
expanded our program to also provide a home and venue for presentations on the related science and
devastating clinical entities of mucormycosis.
We thank the many corporate and foundation sponsors, listed in this program; without their support,
this conference would not have been possible. We also thank the Scientific Committee, especially our
Scientific Committee Chairs, Drs. Elaine Bignell and Dimitrios Kontoyiannis, for helping to assemble a truly
international speaker list from the top centers in the world, with a focus on contemporary topics. By our
design, much of the newest published literature and hypotheses in the field have originated from the
speakers of this conference. In the program, we have introduced many speakers who did not speak at
the previous Advances Against Aspergillosis meetings, including some young scientists and clinicians - a
pattern we would like to repeat in future years. This year we have again increased the number of oral
presentations from submitted abstracts to represent the wider community. The challenges of the COVID-19
pandemic have necessitated we host this meeting virtually, and our Scientific Committee has created a
stellar platform for the world to benefit from this material over multiple time-zones.
The proceedings of this 10th meeting will once again be published in Journal of Fungi, creating what we
hope will be highlights of the newer insights from the many disciplines that encompass Aspergillus research
and care. As Advances Against Aspergillosis has become the leading global meeting for basic and clinical
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science regarding Aspergillus, its efforts form one of the foundations of the repository of knowledge about
this pathogen; 281 papers have been published in 10 Supplements, comprising 2,192 pages of full papers,
as well as the 1,429 abstracts from these meetings (not including this meeting).
Our plan is to continue this conference every other year.
Enjoy the meeting
Yours sincerely

David W. Denning
Co-Organizer
ddenning@manchester.ac.uk

David A. Stevens
Co-Organizer
stevens@stanford.edu

William J. Steinbach
Co-Organizer
WSteinbach@uams.edu
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HOST RESPONSES TO ASPERGILLUS INFECTION - WHY ISN’T INFECTION CLEARED?
Chad Steele, PhD
Tulane University School of Medicine, New Orleans, USA
Invasive aspergillosis (IA) is a disease characterized by uncontrolled growth of the opportunistic mold Aspergillus
fumigatus resulting in lung tissue damage and potential dissemination to other organs. IA is a hazard to patients
with suppressed immune function commonly associated with hematopoietic stem cell transplantation, solid
organ transplantation, cancer therapy and select genetic mutations. We have focused our efforts on the basic
understanding of the lung immune response in immunocompetent mice acutely challenged with A. fumigatus.
Our initial work identified the beta-glucan receptor Dectin-1 as critical for innate recognition of A. fumigatus
swollen conidia which drove an immune response characterized by neutrophil recruitment and induction of
protective type 17 (IL-17A, IL-22) responses. Since we reported these observations, we have continued to
determine pathways that positively or negatively regulate type 17 responses. This presentation will summarize
these findings in an effort to identify trends in both humans and mice that contribute to A. fumigatus lung
clearance (or lack thereof).
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SULPHUR METABOLISM AS A PROMISING SOURCE OF NEW ANTIFUNGAL TESTS
Jorge Amich, PhD
Instituto de Salud Carlos III, Madrid, Spain
Fungal infections pose a serious threat to human health, which is exacerbated by the expansion of drug resistance.
This is especially relevant for Aspergillus fumigatus, as the number of clinical isolates that are resistant to
triazole drugs (first line treatment) is increasing all over the world. Therefore, new antifungal agents, particularly
with novel mechanism of action, are urgently needed. In this respect, metabolism has been recognized to be
a promising source of antifungal targets, as it is a fundamental aspect of fungal physiology and vitality and is
known to be crucial for pathogenicity. Sulfur metabolism is of special interest as it comprises essential metabolic
routes that are not well-conserved in host cells and, therefore, provide prospects for specific antifungal targets
and therapies. In this talk I will provide an overview of our work to dissect A. fumigatus sulfur metabolism and
its relevance for pathogenicity.
I will show that correct regulation of sulfur metabolism is essential for A. fumigatus virulence and describe our
efforts to identify the sulfur source exploited by the fungus during infection. I will also detail our characterization
of the promising target methionine synthase and explain that persulfidation, a post-translational modification
exerted by proteins in the trans-sulfuration pathway, is crucial for fungal virulence and host antifungal defence.
Finally, I will give a glimpse of our ongoing in vivo transcriptomics analyses of sulfur metabolism, aimed to
identify novel virulence determinants that may constitute suitable antifungal targets.
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MECHANISTIC BASIS OF SUPERINFECTION IN INFLUENZA
Keven Mara Robinson, MD
University of Pittsburgh, USA
Influenza is common respiratory virus; worldwide, annual influenza epidemics result in 3 to 5 million cases
of severe influenza. Although post-influenza bacterial super-infection is a well-known entity, post-influenza
invasive pulmonary aspergillosis (IPA) can also occur and influenza infection has been identified risk factor for
IPA in critically ill patients.
We have established a mouse model of post-influenza IPA in our lab. Preceding influenza results in increased fungal
burden in the lung following fungal challenge. In survival studies, super-infected mice have increased mortality
compared to mice singularly infected with Aspergillus fumigatus. Lung histology shows increased peribronchial,
perivascular, and parenchymal inflammation in super-infected mice; however, total numbers of neutrophils
and alveolar macrophages are decreased in the lungs of super-infected mice. Super-infected mice are not
neutropenic. Gene expression of CXCL1 in whole lung homogenate and from isolated CD11c+ cells is decreased
in super-infected mice. Influenza-induced interferons are expressed at similar levels in super-infected mice and
we have demonstrated that STAT1 signaling inhibits Aspergillus fumigatus clearance, neutrophil recruitment to
the lung, and CXCL1 production during post-influenza IPA. Additionally, genes related to neutrophil function are
downregulated during post-influenza IPA. Our results demonstrate that preceding influenza inhibits neutrophil
recruitment to the lung and neutrophil function in response to secondary Aspergillus fumigatus challenge.

- 19 -

10th Advances Against Aspergillosis and Mucormycosis
2 - 3 February 2022 - Virtual Event
CONFUSION BETWEEN TB, NTM AND SARCOIDOSIS AND CHRONIC PULMONARY ASPERGILLOSIS
OR DUAL INFECTION?
Felix Bongomin, MB ChB, MSc, MMED, FECMM
Gulu University Medical School, Uganda
Chronic pulmonary aspergillosis (CPA) is a progressive parenchymal lung disease seen in patients with under
lying structural lung changes such as cavities and bronchiectasis. Previously treated or current active pulmonary
TB (PTB), non-tuberculous mycobacteria -pulmonary disease (NTM-PD), and pulmonary sarcoidosis (PS) are
some of the most important underlying disorders in patients with CPA. All these four disorders (CPA, PTB, NTMPD, and PS) have similar pulmonary and systemic manifestations (cough, chest pain, weight loss and fevers),
similar radiographic presentations (cavities, fibrosis, and bronchiectasis), and each disorder may worsen the
prognosis of the other.
PTB is the most important risk factor for CPA globally and is estimated to account for up to 20-80% of all cases
of CPA. Serological investigations such as Aspergillus-specific IgG, microbial cultures, and molecular diagnostics,
including GeneXpert is key in differentiating between CPA and PTB.
On the other hand, NTM-PD, which mainly presents with fibrocystic and bronchiectatic lesions mimics cystic
fibrosis, CPA and PS, and its burden has significantly increased in the past decades, particularly in areas of
decreasing classical TB burden. Recent studies have shown that NTM-PD increases the hazard of CPA mortality
2-fold and CPA increases the odds of NTM-PD mortality 1.8-fold.
Lung involvement occurs in over 80% of patients with PS proving a nidus for CPA disease. PS complicates 5-10%
of CPA cases and may worsen CPA outcomes. An earlier study (Tomlinson, 1987) showed that patients with PS
had more diffuse CPA disease, limiting surgical resection, with associated poor short-term outcomes. However,
a more recent study (Uzunhan, 2017) suggests that the high mortality associated with CPA-SA co-occurrence
is due to the underlying advanced SA rather than to the CPA. This talk highlights our current understanding of
these rather confusing and yet relatively common pulmonary disorders occurring singly or in amalgamation.
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THE CLINICAL IMPLILCATIONS OF ASPERGILLUS SENSITIZATION IN ASTHMA
Luisa Brussino, MD
University of Turin, Italy
Aspergillus fumigatus is a ubiquitous indoor fungus. Its highly hydrophobic conidia can reach the alveoli in the
lungs, potentially causing both allergic and invasive manifestations. After conidia inhalation, innate immune
cells first process aspergillus components and promote either fungus clearance or Th2 immune response,
responsible for the allergic reaction. Clinical manifestations of aspergillus sensitization in asthmatic patients
range from simple asthma induced by exposure to Aspergillus to severe asthma with fungal sensitization and
allergic bronchopulmonary aspergillosis (ABPA).
The worse the asthma severity, the higher the prevalence of Aspergillus sensitization, amounting to 10% in mild
asthma and up to 40% in the difficult-to-treat and severe forms. Whatever the severity of asthma, aspergillus
sensitization is associated with poor control of the disease and lung damage, including bronchiectasis,
exacerbations, and reduced lung function.
The clinical approach to an asthmatic patient with a suspected aspergillus-related disease should always include
specific IgE and IgG levels for aspergillus fumigatus and a total IgE detection, followed by an HRCT scan. In
addition, a thorough asthma diagnostic approach and disease severity assessment are also mandatory.
Aspergillus-related disorders require different therapeutical managements based on the disease severity and
lung involvement, including antifungal therapy, systemic corticosteroids, and use of biologics, such as anti-IgE,
anti-IL-5/IL-5R, or anti-IL-4R. Despite each of the drugs mentioned above having shown its efficacy, a consensus
on a guideline for ABPA treatment is still lacking.
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CLINICAL ASPERGILLUS SIGNATURES IN COPD AND BRONCHIECTASIS
Sanjay H. Chotirmall, MD PhD
Nanyang Technological University & Tan Tock Seng Hospital, Singapore
Bronchiectasis and Chronic Obstructive Pulmonary Disease (COPD) exhibit a broad range of clinical presentation
including overlap. Such disease heterogeneity between patients highlights the need for increased personalisation
including endo-phenotyping efforts to improve our understanding of disease pathogenesis and progression.
Fungal moulds are ubiquitous, and their spores inhaled daily in large numbers into the airway. Removed by
intact anatomical barriers and an effective immune response, disease occurrence in chronic respiratory disease
states is dictated by the host immune system and virulence of the infecting fungal strain. Patients with chronic
respiratory disease including COPD and bronchiectasis are at significant risks of acquisition, colonization,
infection, and allergic responses to various fungi including Aspergillus. Use of next generation sequencing
has revolutionised our detection and understanding of the airway microbiome in these settings including its
functionality. How best to apply this information into patient care, monitoring and treatment based on fungal
airway signatures however remains challenging. Using COPD and bronchiectasis as models of respiratory disease,
this talk will (a) summarize work performed by our group illustrating the importance of the mycobiome in COPD
and bronchiectasis which reveals important and clinically relevant microbial signatures based on Aspergillus and
(b) discuss how host and environmental microbiomes may be leveraged for clinical application in the era of next
generation sequencing and precision medicine.
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DEBATE: CAPA HAS BEEN OVER-EMPHASISED IN THE LITERATURE
FOR: Martin Hönigl, MD
UC San Diego, USA and Medical University of Graz, Austria
AGAINST: Michele Bartoletti, MD PhD
University of Bologna, Italy
First reports of cases and case series of CAPA have emerged during the first months of the pandemic. However
incidence rates varied widely due to the fact that CAPA is difficult to diagnose in patients with COVID-19associated acute respiratory failure. Specifically, clinical picture and radiological findings of CAPA resemble
those of severe COVID-19, and blood tests lack sensitivity in early treatable phases of CAPA due to the primarily
airway invasive growth of Aspergillus in non-neutropenic patients. In fact, once serum galactomannan becomes
positive in COVID patients, mortality has been shown to reach 100%. Testing of bronchoalveolar lavage
(BAL) is therefore preferred, but due to the presumed risk of COVID-19 transmission, bronchoscopies were
rarely performed during the early phase of the pandemic. In the absence of consensus definitions for CAPA,
classification criteria varied widely between studies, with a median incidence of 20% reported in ICU patients
with COVID-19 acute respiratory failure. Implementation of more conservative European Confederation of
Medical Mycology (ECMM) / International Society for Human and Animal Mycoses (ISHAM) consensus criteria
for CAPA in late 2020 has resulted in a significant reduction of the mean incidence of probable/proven CAPA
cases, bringing the prevalence of CAPA down to about 10% among invasive ventilated COVID-19 patients and
therefore closer to rates observed in autopsy studies. While current guidelines recommending treatment of
CAPA during its early airway invasive phase may result in some overtreatment (i.e. treatment in patients that
are only colonized), there is no viable alternative approach, given the independent contribution of CAPA to
the devastating mortality rates of more than 40% that has been shown in multiple studies. Better diagnostics
are needed for differentiation between colonization and infection to better target antifungal treatment in the
future.
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DEVELOPMENTS IN THE DIAGNOSIS OF MUCORMYCOSIS
Eric Dannaoui, MD PhD
Paris Descartes University & European Georges Pompidou Hospital, France
Mucormycosis is a potentially fatal infection that presents in different clinical forms and occurs in patients with
various risk factors. Recently, the COVID-19 epidemic has been responsible for an increase in the incidence
of mucormycosis, particularly in India. As with other invasive filamentous fungal infections, there are no
specific clinical or radiological signs, and we have fewer diagnostic tools available than for other invasive fungal
infections. Therefore, the diagnosis of Mucormycosis remains difficult. Nevertheless, for optimal management,
early and accurate diagnosis is important.
According to the latest recommendations, diagnosis is based on direct examination of clinical specimens, and/
or histopathology, and culture. There are also molecular tools for direct detection from clinical specimens, but
these techniques are moderately recommended. The main problems with these molecular techniques are that
they are not commercially available, they are not very well standardized, there is a great heterogeneity of DNA
targets and methods used which results in variable sensitivity.
It is in this field that most advances have been made in the last two years. Indeed, recent studies have evaluated
the performance and kinetics of Mucorales qPCR in serum and have shown good sensitivity and specificity.
Large inter-laboratory evaluations of qPCR in serum have also been performed and have demonstrated good
qualitative and quantitative reproducibility. These new results suggest the use of Mucorales qPCR as part of the
diagnostic strategy for mucormycosis.
One way to achieve better reproducibility could be to use commercial methods. Currently, there are at least
three commercial qPCRs for Mucorales (MucorGenius from PathoNostics, MycoGenie from Ademtech, and
Fungiplex from Bruker) that can be used to test serum, respiratory samples, or biopsies. However, to date, there
has been little evaluation of these methods.
Overall, Mucorales PCR in tissue samples and in serum is promising and its addition as a diagnostic tool in the
definitions of invasive mucormycosis should be discussed.
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PRIMING AND TOLERANCE - UNTOLD STORIES IN UNDERSTANDING AZOLE RESISTANCE IN
FUMIGATUS
Nir Osherov, PhD
Tel Aviv University, Israel
There is growing evidence that plants, bacteria and fungi can ‘remember’ a past experience. The memory of a
past event may shape or ‘prime’ their response to future external stressors, resulting in a subsequent robust
response. Priming is defined as a time-limited pre-exposure of an organism to stress that leads to an increased
adaptive response to subsequent exposures. My talk focuses on our recent unpublished studies, indicating
that A. fumigatus exposed to sub-lethal levels of triazoles, generates primed conidia that are transiently more
resistant to triazoles. We show that this phenomenon can serve as a stepping-stone towards the acquisition of
stable genetic resistance. Specifically, we provide preliminary evidence showing that exposure of A. fumigatus
to sub-lethal concentrations of commonly used agricultural triazole antifungals primes the conidia to resist
subsequent exposure to voriconazole (VRC), the front-line treatment in patients with invasive aspergillosis (IA).
Infection with such conidia can attenuate the efficacy of subsequent triazole therapy in patients and increase
the rate of emergence of stable resistance due to mutations. The possibility that agricultural triazoles sprayed on
fields at sub-lethal concentrations can prime A. fumigatus conidia towards subsequent exposure with medical
triazoles is extremely concerning.
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MOLECULAR EPIDEMIOLOGICAL SURPRISES IN RESISTANT ASPERGILLI
Matthew Fisher, PhD
Imperial College London, UK
Infections caused by opportunistic fungal pathogens are increasingly resistant to first-line azole antifungal
drugs. However, despite its clinical importance, little is known about the extent to which susceptible patients
acquire infection from drug resistant genotypes in the environment. Here, I discuss citizen scientist approaches
to determining levels of background azole resistance in UK airs and soils. I then present a population genomic
analysis of the mould Aspergillus fumigatus from across the United Kingdom and Republic of Ireland. First,
we show occurrences where azole resistant isolates of near identical genotypes were obtained from both
environmental and clinical sources, indicating with high confidence the infection of patients with resistant
isolates transmitted from the environment. Second, we find that the fungus is structured into two clades (‘A’ and
‘B’) with little interclade recombination and the majority of environmental azole resistance genetically clustered
inside Clade A. Pangenome analysis identified genes linked to azole resistance and genome-scans identified
selective sweeps across multiple regions of the genome indicating a polygenic basis to the trait in some genetic
backgrounds. These signatures of positive selection are seen in regions containing canonical genes encoding
fungicide resistance in the ergosterol biosynthetic pathway, whilst other regions under selection have no
defined function. Understanding the environmental drivers and genetic basis of evolving fungal drug resistance
needs urgent attention, especially in light of increasing numbers of patients with severe viral respiratory tract
infections who are susceptible to opportunistic fungal superinfections.
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THE WHO FUNGAL PATHOGEN PRIORITY LIST - IMPLICATIONS FOR DIAGNOSIS, NOVEL THERAPIES
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Hatim Sati1*, Ana Alastruey-Izquierdo2,3, Jan-Willem Alffenaar4, Justin Beardsley5, Valeria Gigante1, Orla
Morrissey5, Peter Beyer1
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Disclaimer: The authors alone are responsible for the views expressed in this abstract and they do not necessarily
represent the views, decisions or policies of the institutions with which they are affiliated.
Abstract:
We propose the development of a priority pathogen list for invasive fungal disease of public health importance
to guide policy and inform the research and development (R&D) of new antifungals and diagnostics.
Invasive fungal disease is a rising threat to public health. Advances in biomedical and surgical treatments for
conditions including cancer, critical illness, transplantation, and HIV have resulted in an expanding population
of immunocompromised patients susceptible to fungal infections. Fungal infections can also complicate other
illnesses, as has been clearly illustrated by the impact of mucormycosis and invasive aspergillosis on the
COVID-19 pandemic. Despite the growing recognition of the threat posed by fungal infections, advancements in
diagnostics and treatments have not kept pace.
The emergence of antifungal resistance has exacerbated the already high mortality and morbidity rates seen with
fungal infections. New antifungal treatments have not kept pace with the emergence of antifungal resistance.
There are currently only 4 main classes of systemic antifungal drugs (azoles, echinocandins, pyrimidines, and
polyenes), with few in the preclinical and/or clinical development pipelines. Existing antifungal agents are often
associated with significant challenges including off-target toxicity, drug-drug interactions, and the need to give
intravenously which frequently requires prolonged hospitalization.
Availability and access to the existing antifungal agents and diagnostic tools is unevenly distributed globally and
frequently unavailable where disease burden is highest. Sensitive, specific, and easy to use diagnostic tests only
exist for a few fungal pathogens so in many cases diagnosis relies on non-specific clinical symptoms leading to
misdiagnosis, inadequate therapy, and inaccurate estimates of disease burden. New and affordable antifungal
therapies, formulations, and diagnostic tools are therefore urgently needed for the effective prevention and
control of these infections, particularly in low- and middle-income countries.
The public health threat of the global rise in the burden of fungal disease and infections, combined with the
existing diagnostic, treatability, and resistance issues of fungi is cause for alarm. The threat of invasive mycoses
and the R&D gaps are being addressed by the development of WHO fungal priority pathogens list of public
health importance. WHO will use the list to regularly analyze the R&D pipeline, with the objective of guiding
investments in R&D of new antifungal agents, and diagnostic tests. Additionally, the list will serve to raise of
awareness of anti-fungal resistance and the needs for both surveillance and action. Efforts will also be directed
to using the generated data to inform policies to improve fungal infection prevention and control.
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NEW MODELING APPROACH FOR CHRONIC PULMONARY ASPERGILLOSIS (CPA) IN THE CONTEXT
OF PULMONARY TUBERCULOSIS
DW Denning1,2*
Manchester Fungal Infection Group, The University of Manchester, UK
Director’s Office, Global Action For Fungal Infections, Geneva, Switzerland
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Purpose:
Chronic pulmonary aspergillosis (CPA) may be confused with, be a co-infection of pulmonary tuberculosis (PTB),
or manifest after completion of anti-tuberculous therapy (ATT). In 2011, we modeled its occurrence after ATT,
primarily using data from a UK longitudinal study of 500 patients. Since then, much additional data has been
published allowing more sophisticated modeling.
Methods:
Epidemiological literature on CPA has been continuously tracked since 2010. Papers with high quality datasets
were selected for modeling purposes.
Results:
Key assumptions made are
• The percentage of clinically diagnosed ‘PTB’ patients with CPA is 20% in HIV- and 10% in HIV+ (Nigeria:
Oladele, 2017).
• The percentage of patients with CPA and PTB or developing it as ATT finishes, presenting in the first years
after PTB diagnosis is 10% (Indonesia: Setianingrum, 2021).
• The percentage of cured PTB patients left with cavitation is 12% in Europe, 22% outside Europe, or higher if
documented in that country (multiple studies).
• The annual rate of development of CPA from 2-5 years after PTB diagnosis is 6.5% in those with cavitation and
0.2% in those without (Uganda: Page, 2018).
• The mortality of CPA is 20% in year 1 and 10% thereafter (Japan: Ohba, 2011; France: Maitre, 2021).
These assumptions (which are supported more broadly in other papers) can be used to estimate the annual
incidence of CPA, annual deaths from CPA and 5 year period prevalence.
As one example, Agarwal et al in 2014 estimated a 5 year period prevalence of CPA in India of 290,147 cases, all
PTB related. The new model provides an annual incidence estimate of 328,049 cases, a prevalence of 1,310,000
and annual deaths of 197,494 in the context of 2,072,000 PTB cases, 54% of which are proven, not including nonTB cases. A recent publication from Vietnam found that 57% of TB patients returning to care with symptoms after
completion of ATT had CPA (Singla, 2021).
Conclusion:
The diagnosis of CPA can be difficult and with Aspergillus antibody testing very difficult in its early phases.
Modelling provides a guide to the size of the problem in each country. As George Box said: “Essentially all models
are wrong, but some are useful.”
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PREVALENCE OF PATHOGENIC ASPERGILLUS SPECIES IN ATMOSPHERE DURING TEN YEARS (20112021) IN KATHMANDU, NEPAL
U Shrestha Khwakhali1*, DW Denning2
Department of Microbiology, Amrit Campus, Tribhuvan University, Kathmandu, Nepal
Manchester Fungal Infection Group, The University of Manchester, UK
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Purpose:
Fungal spores in the atmosphere change with meteorological factors, air pollution and probably climate heating.
Aspergillus species, pathogenic and some allergenic fungi, are ubiquitously found in the environment. Inhalation
of Aspergillus conidia lead to invasive disease in immunocompromised individuals. Aspergillus fumigatus is a major
cause of life threatening invasive aspergillosis (IA) that mostly occurs in immunocompromised patients. Other
infections caused by Aspergillus species are chronic pulmonary aspergillosis (CPA), allergic bronchopulmonary
aspergillosis (ABPA) and severe asthma with fungal sensitization (SAFS). Airborne pathogenic fungi including
Aspergillus species are prevalent in Kathmandu city and Aspergillus diseases have also been reported frequently.
We described the prevalence of pathogenic Aspergillus species in the atmosphere of monument zones during ten
years (2011-2021) in Kathmandu, Nepal.
Methods:
Airborne fungal conidia were collected using a gravity plate method in monument zones of Kathmandu
city between January 2018-October 2021. Two sets of duplicate sabouraud dextrose agar (SDA) plates with
chloramphenicol (50 mg/L) were exposed in selected locations on seasonal basis and diurnal variations. The
exposed agar plates were incubated, one at 28°C for total airborne fungal count (nonpathogenic fungi) and
another at 37°C for pathogenic airborne fungal count, for up to 3-7 days and examined daily for any visible growth
of fungi. The different types of fungi including pathogenic Aspergillus species were enumerated and identified
to species complex level by macroscopic and microscopic characteristics. The composition and concentration of
pathogenic Aspergillus conidia in the atmosphere were compared with the data reported from same locations of
Kathmandu between 2011-2017.
Results:
From the atmosphere, 35,015 fungal colonies and 11,975 pathogenic fungal colonies were isolated during
January 2018-October 2021. The maximum pathogenic airborne fungal count was recorded in Spring 2021,
whereas the minimum pathogenic airborne fungal count was recorded in Winter 2018. More than 29 different
fungal species complexes belonging to 24 fungal genera were identified. Most prevalent airborne pathogenic
fungi were the genus Aspergillus that accounted for 46.0%, 45.8%, 44.9% and 51.3% in the year 2018, 2019, 2020
and 2021 respectively. During the study period, distribution of pathogenic Aspergillus species was A. fumigatus
(2.6%), A. flavus (16.0%), A. niger (27.8%) and other Aspergillus (1.4%). The pathogenic Aspergillus conidia in
the atmosphere reached their peaks in the afternoon. The highest and lowest concentrations of pathogenic
Aspergillus were recovered in Spring and Winter seasons respectively. The prevalence of pathogenic Aspergillus
species was recorded as 35% during 2011-2012, 46% during June-September 2015, 52% in 2016 and 48% in 2017.
When the pathogenic Aspergillus burden in the atmosphere was compared during ten years of the study period,
the maximum concentration was recorded in the year 2016.
Conclusion:
The pathogenic and allergenic Apergillus species were prevalent in the atmosphere of Kathmandu city. The
existence of high concentrations of airborne pathogenic Aspergillus conidia pose a greater risk of opportunistic
invasive fungal infections and allergenic responses in immunocompromised individuals. This study indicates the
prevailing situation of aeromycoflora that will be useful in prevention and control of airborne fungal diseases and
implementation of measures to reduce environmental pollution.
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Purpose:
Fungal infections are global threat especially to patients with altered immunity such as hematological malignancy
patients. Among cancer types of hematological malignancies are in the top three of most common cancers
among Saudi population. Occurring more in males and females 21.7% and 12.1% respectively. We report the first
aspergillosis case in leukemia patients in West region of Saudi Arabia at King Abdulaziz Hospital (KAUH).
Methods:
Electronic search (2019-2021) of KAUH data base of hematological patients’ health records, clinical and radiological
report, and laboratory test including: respiratory culture of sputum and bronchial wash, blood culture, complete
blood count (CBC), renal and liver function tests.
Results:
An aspergillosis case was identified at KAUH and categorized as probable according to EORTC. A 36 year old
male patient relapsed acute myeloid leukemia (AML) had multiple line related bacteremia. His treatment
course included initial induction chemotherapy with 7+3 (cytarabine and DAUNOrubicin) followed by 3 cycles
of consolidation with high dose cytarabine. He had an early relapse and was treated with second induction
chemotherapy with salvage protocol FLAG- Ida consisting of fludarabine, cytarabine (Ara-C), granulocyte- colony
stimulating factor (G-CSF) and idarubicin.
He presented with febrile neutropenia, associated with cough and shortness of breath. He was on the standard
antimicrobial prophylaxis including fluconazole 400mg daily as the antifungal prophylaxis. None of microbiology
cultures were positive for any mould including Aspergillus species. In January 2020, aerobic peripheral blood
culture was positive for E. coli which was resistant to amoxicillin, piperacillin/Tazobactam, ampicillin, ceftriaxone,
cefazolin, cefuroxime, and trimethoprim/salfa. In February 2020, his wound swab culture was positive for
Acintonacter baimanni an MDR resistant strain to meropenem, piperacillin, ciprofloxacin, cefepime, gentamicin,
imipenem, trimethoprim/sulfa, ceftazidime. In April 2020, anaerobic peripheral blood culture was positive
for MRSA resistant to oxacillin and sensitive to clindamycin and vancomycin. In April 2020 his bronchial wash
streptococcus verdans. Next month, the patient’s aerobic peripheral blood culture was positive for MRSA
resistant to oxacillin and sensitive to linezolid and vancomycin which continued to be positive for 4 weeks. A year
later in April 2021 the patients BAL was positive for klebsiella pneumoniae which was sensitive to all antibiotics
but ampicillin, amoxicillin and clavulanic acid, cefazolin, cefuroxime. A month later, BAL was positive for MRSA
resistance to ciprofloxacin and oxacillin and sensitive to other antibiotic. The patient was negative for COVID19.
His radiological finding indicated an interval development of a confluent consolidation in the right lower lobe,
multifocal peribronchovascular and subpleural opacities and progression of bronchial wall thickening. Findings are
not typical for pulmonary tuberculosis or pneumocystis pneumonia. Finally, CT chest showed typical aspergillosis
picture. The patient started antifungal treatment with Voriconazole and responded very well. However, eventually
he died as disease progressed.
Conclusions:
There have been significant changes in trends of fungal infections globally and in Saudi. Early screening, better
diagnostic serological and molecular tools are needed for preventive measures. More epidemiological studies
focusing on common fungal causative agents will aid the screening and diagnostic strategy and to evaluate
etiological environmental and genetic factors.
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FIRST CASE REPORT OF ASPERGILLOSIS IN COVID19 PATIENTS IN MEDINA, SAUDI ARABIA
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Background:
Since the beginning of Coronavirus diseases 2019 (COVID-19) it has been associated with an invasive fungal
infection. Several COVID-19 cases were complicated due to co-infection with Aspergillus, Rhizopus, Mucor and
other mould species. This complication usually results in deteriorating patient prognosis, prolonging hospital
stay and possible mortality. The study aims is to present a case with COVID-19 pulmonary aspergillosis fungal
infection.
Material and methods:
Referred cases for microbiology diagnosis at King Fahad Hospital in Medina (KFH) of COVID19 patients. Data was
collected from health records, clinical and radiological report, and laboratory test including respiratory culture of
sputum and bronchial wash, blood culture, complete blood count (CBC).
Results:
A 72-year-old male patient presented with fever, cough, severe shortness of breath and abdominal pain that
persisted for a week. The patient was admitted to the hospital on the 7th of April 2020, on the same day he
was intubated and admitted to ICU. The patient was diabetic and hypertensive and COVID19 pneumonia was
confirmed. Soon after, the patient became septic, and his blood culture grow Candida albican. His sputum culture
was positive for Acinetobacter spp. The patient was treated with a broad range of antibiotics and antifungal
which included, colistin, tigecycline, vancomycin, meropenem and caspofungin. The patient’s hospital course
was complicated with hospital acquired pneumonia. His sputum culture was positive for Aspergillus fumigatus.
Immediately, the patient case was complicated with septic shock, acute kidney injury and disseminated
intravascular coagulation (DIC). Sadly, the patient died on 13 May 2020.
Conclusion:
Invasive fungal infections are characterized with high mortality. Early diagnosis is key and screening for resistance
is curial for successful treatment. There is a great need for reporting such fungal infections to provide appropriate
diagnostic tools that are lacking.
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TAKING A CLOSER LOOK: CLINICAL AND HISTOPATHOLOGICAL CHARACTERISTICS OF CULTUREPOSITIVE VERSUS CULTURE-NEGATIVE PULMONARY MUCORMYCOSIS
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Purpose:
Cultural recovery of Mucorales from hyphae-laden tissue is poor, and the determinants and clinical implications of
culture positivity are scarcely studied. Therefore, we compared clinical and histological characteristics of patients
with culture-positive and culture-negative histology-proven pulmonary mucormycosis (MCR).
Methods:
We retrospectively reviewed the clinical characteristics (underlying malignancy, transplant history, diabetes
mellitus, recent antifungal exposure, steroids, other immunosuppressive medication, malnutrition, renal failure,
cytopenias, survival outcomes) of proven pulmonary MCR cases among patients with hematological malignancies
and hematopoietic cell transplants (HCT) at the University of Texas MD Anderson Cancer Center from April
2000 through April 2021. We identified 20 patients who had lung parenchyma specimens obtained by surgical
biopsy that revealed hyphal morphology consistent with MCR, along with fungal tissue cultures. Additionally,
case specimens were blindly reviewed by a Thoracic Pathologist (C.A.M.) and graded on the quantity of hyphae,
degree of tissue necrosis, tissue invasion, and vascular invasion observed. High burden of hyphae, necrosis,
and tissue/vascular invasion was defined as >25% of the microscopic field at a set objective (amount of hyphae
and vascular invasion evaluated at 20x objective, and degree of tissue invasion and necrosis reviewed at 10x
objective). Fisher’s exact test was used for statistical analysis.
Results:
On tissue cultures, five patients with histology-proven pulmonary MCR grew mold, identified as Mucor (n = 3) or
Rhizopus (n = 2) species. Fifteen patients with histology-proven pulmonary MCR were culture-negative. Univariate
analysis of clinical and histopathological characteristics did not reveal significant differences between culturepositive and culture-negative cases. However, histological specimens from culture-positive patients were more
likely to exhibit a high burden of necrosis (100% vs. 67% of culture-negative patients, p = 0.19) and to have a high
burden of hyphae present (60% vs. 47%, p = 0.60). In terms of underlying clinical characteristics, culture-positive
patients were more likely to have acute myeloid leukemia (60% vs. 27%, p = 0.19), an HCT history (80% vs. 53%, p
= 0.31), severe lymphopenia (absolute lymphocyte count ≤500/µL, 100% vs. 73%, p = 0.36), and monocytopenia
(absolute monocyte count ≤100/µL, 60% vs. 20%, p = 0.11). Forty-two-day all-course mortality of culture-positive
(60%) and culture-negative (53%) patients with proven pulmonary MCR was comparable (p = 0.80).
Conclusion:
Although our small sample lacked the statistical power to identify specific clinical or histopathological
characteristics predicting culture positivity in cases of pulmonary MCR, some variables investigated approached
significance. Future in-depth studies based on multicenter data would be needed to further dissect the nuanced
histological parameters associated with culture-positivity in MCR patients.
NOTE: This abstract has also been selected for Oral Presentation
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Purpose:
Mucormycosis (MCR) is associated with diabetic ketoacidosis and hyperglycemia, e.g., in patients receiving
corticosteroids for hematologic malignancy (HM) or COVID-19. MCR carries a lower mortality risk in patients with
diabetes mellitus (DM) compared to HM as the main underlying risk factor1. However, less is known about the
role of hyperglycemia as an independent risk factor in patients with HMs who develop MCR.
Methods:
We performed a retrospective chart review of all adult patients (>18-year-old) with HMs and/or hematopoietic
stem cell transplant (HSCT) at the University of Texas MD Anderson Cancer Center (April 2000 through April 2020)
who developed breakthrough MCR on mold-active antifungals. We included patients who met the European
Organization for Research and Treatment of Cancer/National Institute of Allergy and Infectious Diseases Mycoses
Study Group (EORTC/MSG) criteria for proven or probable MCR. We collected information regarding prior DM,
serum glucose levels (sGL) and trends, and steroid-induced hyperglycemia. Severe hyperglycemia was defined
as sGL level above 180 mg/dl. Persistent hyperglycemia was defined as having both an average fasting sGL
>126 mg/dl in the five most recent measurements prior to MCR symptom onset and a value of >126 for the fasting
sGL closest to 28 days prior to symptom onset2. A logistic regression model was used to determine independent
predictors of 42-day all-cause mortality.
Results:
We identified 103 such patients with sufficient data to analyze, 63% of whom had severe neutropenia, defined as
absolute neutrophil count (ANC) <500 at time of MCR diagnosis. Thirty-six patients (35%) took steroids >600 mg
prednisolone equivalent within the month prior to MCR symptom onset. Fifteen patients (15%) had known DM
prior to admissiom. Sixteen patients (16%) received insulin and 12 patients (12%) received metformin prior to index
admission, including 5 patients (5%) who received both. Twenty-three patients (22%) had a documented episode
of severe hyperglycemia. Among patients with enough sGL measurements to assess for persistent hyperglycemia
(n=60), were 14 patients (23%) who met the criteria. Forty-two-day mortality in our entire cohort of 103 patients
was 30%. Severe or persistent hyperglycemia were not associated with excess mortality in multivariate analysis.
Intriguingly, in addition to surgical therapy of MCR (odds-ratio [OR], 0.41, 95% confidence interval [CI] 0.19-0.79,
p=0.005) and less-severe neutropenia (OR 0.97 per 100/µL ANC increase, 95% CI 0.93-0.996, p=0.024), insulin use
prior to index admission was associated with decreased 42-day mortality (OR 0.22, 95% CI 0.03-0.78, p=0.009).
Conclusion:
In a setting of high crude mortality, severe and persistent hyperglycemia does not appear to be associated with
excess mortality in patients with HMs or HSCT developing MCR. However, insulin use prior to MCR diagnosis
appears to be associated with decreased 42-day mortality. In view of experimental studies supporting a role of
insulin signaling as a positive modulator of trained immunity in macrophages3, further validation of the role of
insulin in the pathogenesis of MCR is needed by clinical and experimental studies.
References:
[1] Roden et al., 2005, Clin Infect Dis; [2] Ieronymaki et al., 2019, Front Immunol; [3] American Diabetes Association,
2021, Diabetes Care.
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Purpose:
Describe the epidemiology, risk factors, management, and outcome of individuals with COVID-19 associated
mucormycosis (CAM).
Methods:
We conducted a prospective observational study involving consecutive individuals with proven mucormycosis
in Imam Khomeini Hospital complex, Tehran, Iran. The demographic profile, mycology diagnosis, predisposing
factors, management and mortality of CAM cases were recorded and analysed. Mucorales were identified using
by VITEK MS MALDI-TOF Mass Spectrometer. Microdilution testing was performed following the European
Committee on Antimicrobial Susceptibility Testing (EUCAST) standard methodology.
Results:
Among the 101 CAM individuals enrolled, 51 (50.4%) were female. The median age was 53 (18-84) years. The
median duration of mucormycosis detection or suspicion was 23 days after COVID-19 diagnosis. Rhino-orbital
mucormycosis was the most common (35/101, 34.6%) presentation. The predisposing factors included diabetes
mellitus (86/101, 85%), hypertension (28/110, 27.7%), and others. Rhizopus oryzea (97.5%) were the most
common followed by Rhizopus microsporus (3.5%). Amphotericin B exhibited the lowest MICs (MIC range,
0.25 to 2 μg/ml; MIC50, 0.5 μg/ml), followed by posaconazole (MIC range, 0.016 to 16 μg/ml; MIC50, 2 μg/ml).
Surgical treatment was performed in 85% of the participants. Amphotericin B was the primary therapy in all, and
posaconazole was used as combination therapy in 30% of individuals. The 90-day mortality rate was 40%.
Conclusion:
CAM is a serious problem in Iran and uncontrolled diabetes mellitus was the dominant risk factor in all forms.
A combined medical and surgical management was associated with a better survival.
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Purpose:
Mucormycosis, a rare fungal infection has recently been diagnosed more frequently, also in relation with Covid-19.
Pulmonary mucormycosis, (PM) its second most common form is associated with an overall fatal rate over 50%
(Feng & Sun, 2018). Currently, the diagnosis of PM relies on radiological and histopathological findings. Even
though radiologic findings can be non-specific, they can have distinguished features and are important to guide
surgical biopsies for histopathological examinations. Here, we present the radiological findings of 6 mucormycosis
cases seen in our hospital from January 2020 to September 2021 with emphasis on observations from High
Resolution CT scans (HR-CT).
Methods:
We conducted an observational retrospective study for all mucormycosis cases treated in Vietnam National
Hospital in appropriate time.
Results:
All 6 cases showed damages to the lower- middle lobe more frequently seen at the left side than the right. The
most common lesion was consolidation (ground glass opacity at the early stage then changing to nodules and
masses (i.e. necrotizing forms) with very large cavities developing with or without air-fluid levels. Pulmonary
artery enlargement and pseudoaneurysms were seen in 2 cases associated with massive hemoptysis requiring
embolization and lobectomy.
Conclusion:
We present high quality radiological findings in PM are not fundamentally different from those seen in other
fungal infections such as aspergillosis, yet appear more massive . HR-CT scans can help to locate the involved site
precisely and this information may be used as predictive factor for hemoptysis. Biopsy procedure remains the
instrument of choice for prompt diagnosis and treatment.
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THE HIDDEN THREAT OF COVID-19: MUCORMYCOSIS
S Kömür*, B Kurtaran, AS İnal, F Kuşcu, A Candevir, Y Taşova
Infectious Disease, Cukurova University, Adana, Turkey

Introduction:
Many patients with mucormycosis discovered after COVID-19 have been reported especially from India.
Mucormycosis cases are frequently seen in our region and it is also remarkable during pandemic. Here we report
11 cases with mucormycosis after COVID-19.
Methods:
Demographic and clinical data of the patients were obtained from the file.
Findings:
The mean age of patients was 58 (32-81) years old. Seven of patients were female. All of patients were had
diabetes mellitus and they were overweight. Two of patients were recently diagnosed with diabetes mellitus.
The mean HbA1c value was 10,4 (7-13). All patients had severe COVID-19. The mean duration between COVID-19
and mucormycosis two weeks. Corticosteroid use, diabetes mellitus were major predispozan risk factors for
mucormycosis. All patients were treated with amphotericin B and except one patient all had several surgery.
Three of patients were exitus and others lives with various sequelae.
Results:
In summary, SARS-CoV-2 infection in combination with suppression of the adaptive immune system, use of
corticosteroids, underlying diabetes and impaired glycemic control can lead to opportunistic fungal infections
such as mucormycosis.
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Purpose:
Rhino-cerebral mucormycosis (RCM) can occur following recent or past COVID-19 infection due to immune
suppression caused by virus and treatment given to patients with or without other risk factors. Timely diagnosis
and management are challenging especially in resource limited settings. This study aimed to assess the challenges
faced in management of RCM during COVID-19 pandemic in a tertiary care hospital in Sri Lanka.
Methods:
A retrospective analysis on management of RCM was done in patients diagnosed with RCM, at Colombo South
Teaching Hospital, Sri Lanka since January 2021 to date.
Results:
A total of 5 patients were confirmed as having RCM during the study period. All 5 patients had COVID-19
pneumonia and had received steroids within 3 months. Three patients had poor glycaemic control on admission.
The patients were presented with some localising symptoms like headache, visual changes, proptosis, and cranial
nerve palsies. Initial CT scans showed paranasal sinus involvement with or without intracranial extension. Rigid
nasal endoscopy revealed evidence of tissue destruction with fungal debris suggestive of mucorales. The disease
was conformed by performing functional endoscopic sinus surgery (FESS) and MRI scans. Liposomal amphotericin
B were commenced on patients with rigid nasal endoscopy findings. Two patients succumbed to the disease
within 2 weeks, while receiving liposomal Amphotericin B.
Conclusion:
Rhino-cerebal mucormycosis is a rare fulminant fungal infection and angioinvasion with infarction considered
as the hallmark of the disease. The timely diagnosis, extensive source control and early commencement of
mono or combined antifungal treatment remains the cornerstone of management. The limited availability of
facilities for FESS and MRI scans results in delay in confirming the diagnosis. Facilities for fungal cultures and antifungal sensitivity testing not available on site, hence result in further delays. No newer antifungals available for
combination.
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Introduction:
Chronic mucormycosis, a new and emerging clinical entity in immunosuppressed and immunocompetent
patients, is a rare presentation that exhibits a challenging diagnosis. We report herein a case of rhinocerebral
mucormycosis in a diabetic woman with favorable outcome.
Observation:
A 56-year-old diabetic female was admitted to the Otolaryngology Head and Neck Surgery Department of Farhat
Hached Hospital for long-lasting left pansinusitis of dental origin. The patient was started on levofloxacin for
10 days. Despite antibiotic treatment, the state of the patient worsened and she exhibited left hemiface edema and
left half palate swelling. Nasal endoscopy revealed a necrotic appearance of the mucosa with blackish secretions
from the nasal cavity. The patient underwent left middle meatotomy, left maxillary sinus debridement, and necrotic
tissue biopsy. Histopathological examination of necrotic tissue revealed thick, non-septate perivascular hypha
branching at right angle, which is consistent with mucormycosis. Direct mycological examination showed large
and non-septal hyphae but culture was negative. The cerebral and facial computed tomographic scan objectified
an aggressive left ethmoido-maxillary sinusitis with significant bone lysis, extension to orbit floor, infra-temporal
space, left pterygopalatine fossa and intra-cerebral invasion. Amphotericin B treatment was initiated and surgical
debridement was performed at the Maxillofacial Surgery Department of Sahloul Hospital. The patient improved
on antifungal and surgical treatment.
Conclusion:
Chronic rhinocerebral mucormycosis is a rare presentation that requires a high index of suspicion due to atypical
presentations.
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Purpose:
Aspergillus and Talaromyces are two closely related genera with diverse important species potentially causing
disease in human. Aspergillus fumigatus is the most common species known as the etiological cause of chronic
pulmonary aspergillosis. Indonesia is included as the endemic area of Talaromyces marneffei. However, studies
on the clinical spectrum and molecular profiles of cryptic species of Aspergillus and T. marneffei are limited. This
study’s aim was to describe the clinical and radiological features, and molecular profiles of fungi isolated from
severe chronic pulmonary aspergillosis (CPA) patients.
Methods:
We reviewed the culture collection of CPA patients with positive T. marneffei cultures from Parasitology
Department, Universitas Indonesia from 2018-2020. Demographic, clinical features and radiological data
were assessed from medical records. The species identity of isolates was determined by combined analysis of
morphology of the colonies (T. marneffei), and the sequencing of ITS and beta-tubulin genes (Aspergillus spp).
The Aspergillus IgG were measured using point-of-care test (immunochromatography, LDBio, France).
Results:
In total, four cases of T. marneffei were identified, three of them mixed with cryptic Aspergillus species.
Patient’s age ranged from 42 to 75 years; all males were included. All patients were admitted to hospital with
severe symptoms. Three patients had acute or massive haemoptysis and one patient had dyspnea with oxygen
desaturation. History of previous tuberculosis was present in all patients. One patient with history of multi
drug resistant TB was admitted to the emergency room with severe anemia (Hb: 5g/dL). This patient showed
positive culture from sputum (Aspergillus fumigatus, A. tubingensis, and T. marneffei). Another patient had an
aspergilloma proven by chest CT and presented with acute haemoptysis and positive fungal culture (A. aculeatus
and T. marneffei). Radiological deterioration was observed in this patient with massive pleural effusion. The
morphology identification had previously identified the cryptic species as A. niger. The Aspergillus IgG antibody
was positive in three patients (75%) including one patient with only T. marneffei detected in the culture. Other
chronic diseases in the patients were uncontrolled diabetes, chronic obstructive pulmonary disease, and
hypertension.
Conclusion:
This study demonstrates the clinical importance of cryptic and endemic fungi in CPA cases. Molecular identification
offers precise identification of fungi to species level. Further study is required to assess the susceptibility profile
of cryptic Aspergillus and the significance of T. marneffei towards better diagnosis and management of lung
mycoses cases in Indonesia.
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Purpose:
Pulmonary tuberculosis (TB) is a fatal lung disease with significant impact on quality-of-life (QoL) patients. The low
quality of life in TB patients might cause by co-infection of fungal diseases, such as aspergillosis. The study aimed
to evaluate the impact of Aspergillus antibodies of patients with smear and/or Genxpert negative pulmonary
tuberculosis on the score of QoL.
Methods:
All patients were on anti-tuberculous therapy in the early phase (0-2 months). Clinical profiles and radiology
findings were collected from hospitals in Jakarta and Depok, Indonesia. Aspergillus antibodies were measured
using immunochromatography (ICT) LDBio, France. Visual analog scale was used to measure QoL. A subset of
patients was evaluated at 24 months after the first appointment.
Results:
A total of 250 patients with median age 46 years old were studied. Overall, 10.4% (n=26) of the patients showed
positive results of Aspergillus antibodies. The median score of QoL in patients with positive Aspergillus antibody
was lower (67.5, IQR 50-76.25) compare with those with negative Aspergillus antibody (70, IQR 60-80) (p=0.095)
although this was not statistically significant. Pulmonary cavity was the most common radiological finding both in
positive antibody (n=10, 38.5%) and negative antibody group (n=80, 35.9%). The rate of asthma was higher (11.5%,
n=3) in positive antibody group compare to negative antibody group (2.2%, n=5) (p=0.039). The 24-months follow
up were conducted on 43 patients (15 Aspergillus-positive antibody and 28 Aspergillus-negative antibody). The
mortality rate in were 20% and 7.1% (p=0.324) in positive and negative Aspergillus-antibody group, respectively.
The number of clinic attendance was 8.3 and 7.3 in positive and negative Aspergillus-antibody group, respectively.
Conclusion:
Aspergillus spp is a deadly fungal pathogen that might cause co-infection in TB patients. The significance of positive
Aspergillus-specific antibodies results requires further studies to evaluate the risk of pulmonary aspergillosis
in smear and/or Genxpert negative pulmonary tuberculosis patients. The coexistence of multiple chronic lung
diseases such as tuberculosis, aspergillosis, and asthma might decrease QoL of patients.
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Purpose:
Previous studies on central nervous system (CNS) mucormycosis consist in case reports or small series of patients.
The aim of this study is to guide clinicians by providing precise data on the clinical, radiological and biological
characteristics of these infections according to the patients’ background, as CNS mucormycosis requires prompt
diagnosis and treatment.
Methods:
We conducted a retrospective, multicentric, observational study in 24 French hospitals. All patients diagnosed with
proven, probable or putative CNS mucormycosis from 2005 to 2020 -according to modified EORTC criteria - were
included.
Results:
We enrolled 42 patients (21 proven, 17 probable and 4 putative CNS mucormycosis). Their median age was
60 years [IQR=49-64] and 69% were men. Twenty-eight (67%) had a disseminated infection due to haematogenous
dissemination, while 14 (33%) had rhino-orbito-cerebral mucormycosis (ROCM). The main three underlying diseases
were haematological malignancies (n=27), solid organ transplants (n=8) and diabetes mellitus (n=3). There was no
significant difference between haematogenous dissemination and ROCM in terms of underlying diseases, but among
3 patients who had no identified risk factor, all had ROCM (p=0.01). Frequently observed clinical signs included
fever (74%) and impaired consciousness (49%). However, 28% of patients had normal neurological examination. At
diagnosis, lymphopenia, hypoalbuminemia and neutropenia (<1000/mm3) were observed in 87%, 75% and 58%
of patients, respectively. In addition, cerebrospinal fluid (CSF) analysis in 14 patients revealed 4 meningitis and
7 increased protein levels. Mucorales’ PCR was positive in the sera of 87% (14/16) of the patients for whom it
was measured and in 50% (2/4) of the analyzed CSF. Cerebral imaging was reviewed for 26 patients. Abscesses
were present in 12 patients, meningitis in 9 patients, ventriculitis in 1 and encephalitis in 9. Large vessel disease
was present in 8 patients and small vessel disease in 10, while venous thrombosis was reported in 4 patients and
cavernous sinus infiltration in 4. Patients with disseminated infection often had abscesses, microvascular lesions
or macrovascular lesions (63%; 38% and 56%, respectively), while meningitis and cavernous sinus infiltrations
were particularly common in ROCM (83 and 43% of patients). Overall one-month mortality reached 68% (including
16 patients (40%) who died within the first week after diagnosis). In univariate analysis, death at one month was
significantly associated with haematogenous dissemination (OR=12.94) and neutropenia at diagnosis (OR=5.33).
Neurosurgery was performed in 4 patients and tended to be associated with decreased one-month mortality, but
this result was not statistically significant (p=0.06) and one severe complication was reported (bleeding).
Conclusion:
This study emphasizes that CNS mucormycosis is rapidly fatal, especially in case of hematogenous dissemination and
neutropenia. Thus, CNS infection should be tracked when invasive mucormycosis is identified or suspected. Normal
clinical examination should not exclude the diagnosis: CSF analysis and imaging of the brain should be performed
when possible.
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MUCORMYCOSIS IN CHANGED CIRCUMSTANCES: UNABATED SCOURGE OF AN ONGOING COVID19
PANDEMIC IN INDIA
J Chander*
Microbiology, GMCH, Sector 32-B, Chandigarh, India

Purpose:
The ongoing pandemic of Covid19 is posing turmoil worldwide with over 5,281,587 deaths reported so far.
The damaged respiratory function generates a state of immunocompromised among the affected population,
providing way for opportunistic fungal infections. During the second wave, India faced a major spate of
mucormycosis among SARS-CoV-2 affected patients, popularly called as black fungus, reporting a total of
51,775 patients. This country being considered as the diabetic nucleus of the world with widespread use of
corticosteroids for the management, further complicating the already grim situation. Mucormycosis is one of
the angioinvasive, rapidly fatal necrotizing fungal infection caused by various species of phylum Glomeromycota.
The most common presenting species belong to genera Rhizopus, Lichtheimia, Apophysomyces, Saksenaea and
Mucor. The epidemiological and demographic analysis of the patients of mucormycosis during the second wave
from a tertiary care institute in North India is being presented.
Methods:
The study was conducted on various clinical samples like biopsy tissue from nasal cavity in rhino-orbital infection,
necrotic tissue from cutaneous infection and sputum and/or BAL in case of pulmonary involvement and were
processed as per the standard mycological protocol. The fungal etiology was established by direct KOH and/or
CFW, HPE examination and fungal culture was put on Sabouraud’s dextrose agar. The morphological identification
of fungal isolates was done by LCB preparation and wherever required, the slide culture was also put up for
sporulation.
Results:
During the time period of second wave, a total of 104 patients were reported from the clinical cases.
Maximum patients were of rhino-orbital mucormycosis followed by pulmonary mucormycosis, cutaneous and
gastrointestinal types. One-third patients had mixed infection (both aspergillosis and mucormycosis). Majority of
patients gave history of positive COVID infection. Most of the patients were from surrounding states like Punjab,
Haryana and Himachal Pradesh in addition to Chandigarh. All patients were positive on direct KOH/CFW wet
mount and HPE examination for aseptate fungal hyphae with right angle branching. Fungal culture on SDA grew
R. arrhizus followed by R. homothallicus, R. microsporus and Lichtheimia corymbifera. All patients were treated
with conventional as well as liposomal amphotericin B, along with extensive surgical debridement.
Conclusion:
Co-morbidity like mucormycosis can have a huge impact on patients of Covid19 leading to devastating consequences
including death. Hence an early diagnosis and prompt treatment is the key to manage this rapidly progressing
disease with severe morbidity and mortality. The Covid19 pandemic by SARS-CoV-2 infection, management with
steroids, underlying diabetes mellitus is posing more risk for mucormycosis.
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Purpose:
The differential diagnosis of pulmonary tuberculosis (PTB) is broad and includes chronic pulmonary aspergillosis
(CPA). CPA is typically considered a sequela of PTB by mimicking infection relapse but it may also be misdiagnosed
as a primary PTB infection. The exclusion of CPA as an alternative diagnosis is challenging in resource-constrained
settings due to scarce epidemiological data and inadequate access to relevant diagnostics. We conducted a
study to detect CPA cases among patients presumed to have PTB using a resource-constrained setting targeted
diagnostic algorithm, evaluated the significance of CPA as a differential diagnosis of PTB, and assessed the clinical
relevance of Aspergillus IgG & IgM lateral flow device (LFD) in CPA diagnosis.
Methods:
A cross-sectional survey was conducted among patients presenting with PTB-like symptoms and referred for
GeneXpert Mycobacterium tuberculosis (MTB) testing for PTB diagnosis at the TB Laboratory, Chest Diseases
Unit, Korle-Bu Teaching Hospital, Accra. Participants’ sociodemographic, clinical, and risk factor details were
captured using a questionnaire and blood samples collected for Aspergillus IgG & IgM and HIV testing. Sputum was
obtained for high volume (1-2ml) fungal culture and a chest radiograph was done for participants or previously
taken ones obtained for review. GeneXpert MTB results were retrieved from laboratory records. Chest computed
tomography (CT) scan was performed for participants with positive serology or cavitation on chest radiograph.
CPA was defined following the case definition of CPA in resource-constrained settings by the Global Action Fund
for Fungal Infections (GAFFI) International Expert Panel (2018).
Results:
A total of 183 participants were recruited. Laboratory and complete diagnostic (laboratory and imaging) data
were obtained for 163 (89.1%) and 107 (58.5%) participants respectively. For the purpose of defining a case of
CPA and determining its true proportionality, only 107 participants with complete diagnostic data were analyzed.
Ninety (84.1%) participants were being assessed for new PTB diagnosis and 17 (15.9%) for relapse. MTB positive
cases were 34 (31.8%) and 12 (11.2%) participants met the criteria for CPA case definition. Ten (83.3%) CPA
cases had previous PTB, representing 58.8% of participants with presumed PTB relapse. Of 12 trace, very low,
and low positive MTB cases, four (33.3%) had CPA. Only one (8.3%) CPA case was retropositive. The common
symptoms among CPA cases were fatigue (75%, n=9), weight loss (75%, n=9) and haemoptysis (50%, n=6) while
major imaging findings were cavitation (83.3%, n=10; two containing fungal ball), fibrosis (83.3%, n=10) and
pleural thickening (75.0%, n=9). The Aspergillus IgG & IgM LFD was positive in 14 (13.1%), 11 (78.6%) in CPA and
3 (21.4%) in non-CPA cases (PPV: 78.6% and NPV: 98.9%). Sputum Aspergillus culture was positive in 32 (29.9%)
cases, 9 in CPA cases.
Conclusion:
CPA is rarely considered as a differential diagnosis of PTB in Ghana. However, this study reveals that more than
one in ten patients presenting with PTB-like symptoms may have CPA. Aspergillus IgG & IgM LFD is a rapid and
simple tool that allows for early screening of CPA among presumed PTB relapse patients prior to imaging findings
and should be prioritized.
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Purpose:
A multicenter retrospective study across three tertiary health care centers in Hyderabad, India was conducted
during April-June 2021, to evaluate the epidemiology, risk factors, cumulative mortality and factors affecting
outcome among the coronavirus disease (COVID-19)-associated mucormycosis (CAM).
Methods:
We conducted a retrospective, non-interventional, observational study of the CAM patients, involving three
tertiary health care centres in Hyderabad, India. We collected the details of the confirmed CAM cases reported
during April 15- March 31, 2021 and followed up the cases for 6 weeks. The ethics committee approval was
obtained for the study protocol.
Results:
Demographics
We included 197 consecutive patients of CAM during the study period. About half the cases were in the age group
of 37-54 years (n=94, 50%) while 22 (12%) were younger than 37 years and 79 (40%) were older than 55 years.
The infecting organism was found to be Rhizopus in 144 cases, (72%) Mucor in 37 cases (19%), Syncephalastrum
in 1 case.
Previous COVID-19 infection
The mean time between recovery from prior COVID-19 and onset of mucormycosis was 15.2+9.1 days and ranged
from 2-60 days. About half the patients required non-invasive ventilation (NIV) (n=109, 50%), while a further 36
(17%) required mechanical ventilation and 37 (17%) needed supplemental oxygen alone while 35 (16%) did not
need any oxygen.
Risk factors for mucormycosis
Majority patients were diabetic (n=179, 88%) of which 27 (14%)were newly diagnosed. Overall, 83% received
high dose systemic steroids, 80% had uncontrolled diabetes and 12% had coexisting diabetic ketoacidosis. In
addition to diabetes and high dose steroids, patients had other comorbidities such as hypertension (n=66, 34%),
prior stroke (n=4, 2%), chronic kidney disease (n=4, 2%) and coronary artery disease (n=9, 4%).
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Sites of Mucormycosis
In our patient cohort, mucormycosis involved the nasal sinuses most commonly (n=95, 44%) followed by rhinoorbital (ROM, n=69, 32%), rhino-cerebral (RCM, n=3), rhino-orbito-cerebral (ROCM, n=15, 9%), pulmonary (n=25,
12%), gastrointestinal (n=6, 3%), isolated cerebral (n=2) and disseminated mucormycosis (n=2). In cases with
rhino-orbital disease, majority had bilateral involvement (n=152, 70%).
Treatment
The commonest medical treatment offered to patients was a combination of Liposomal amphotericin – B and
Posaconazole, in a sequential manner (n=141, 71%) followed by a combination of Liposomal amphotericin –
B and Isavuconazole sequentially (n=21, 10%) and lyophilized amphotericin B with Posaconazole sequentially
(n=22, 10%). Liposomal amphotericin B, the mainstay of medical management, was administered for a median of
17 days (IQR=11-22 days, range=1-36 days).
Outcomes and survival
A total of 31 (16%) patients died due to mucormycosis in the 6 weeks follow up. Of these, 8 (26%) had sinus
involvement, 9 (29%) had ROCM, 6 (19%) had pulmonary involvement, 5 (16%) had GI involvement, 1 (3%) had
cerebral, 2 (7%) had disseminated mucormycosis.
Conclusion:
The incidence of mucormycosis has increased immensely during the second wave of COVID in India, and hence
the clinicians should be aware and have uptodate knowledge of the risk factors, clinical signs and symptoms,
diagnostic modalities and treatment strategies of the various types of CAM.
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Introduction:
Otomycosis is a fungal infection of the external canal but can affect the middle ear. It is increasingly found in
clinical practice. It can be the result of superinfection of chronic bacterial infection of the external canal or middle
ear. The most common fungus is Aspergillus spp.
Purpose:
Here, we aim to describe a case of bilateral invasive Aspergillus otomycosis in a diabetic patient.
Case report:
We report a case of a 56-year-old woman who consulted for a severe bilateral otalgia. The past medical history
was significant for a long-standing type 2 diabetes mellitus treated by insulin, hypertension, kidney failure and
hypothyroidism.
The onset was 3 months with bilateral otalgia associated to a fetid otorrhea. The patient was treated with a
prolonged course of antibiotics without clinical improvement. She was admitted in ENT department. ENT clinical
exam revealed a well-calibrated macerated External acoustic meatus with granulomas on the left side associated
with profuse otorrhea making difficult to see the tympanic membrane. Cranial nerves examination were
normal. The initial bacteriological and mycological examinations were both negative. CT scan showed a bilateral
necrotizing external otitis with signs of aggression. Treatment consisted on: Tazocillin 4g/day and Ciprofloxacin
500mg/day with daily local care for 14 witout any clinical improvement. Then we swiched by Fortum 500mg/
day, Ciprofloxacin 500mg/day and Vancomycin 250mg/day without any clinical or biological improvement. A
new biopsy was performed. Mycological culture grew Aspergillus flavus and histological examination showed the
presence of mycelial filaments. We treated by Voriconazole with regression of all clinical and biologic signs. There
were a remarkable response with a follow up of 6 months.
Conclusion:
Although otomycosis is frequently encountered, diagnosis remain difficult and challenging because of its nonspecific symptoms. There are several predisposing factors including diabetes, steroids, habitual instrumentation,
dermatitis, and immunocompromising conditions. Timely diagnosis and management are important to avoid
complications.
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Introduction:
Mucormycosis is a rare but devastating mycotic infection. Cutaneous mucormycosis is less common than other
clinical forms, but potentially lethal if treatment is not rapid.
Purpose:
We present the case of cutaneous mucormycosis in a kidney transplant patient with fatal outcome.
Case report:
A 38-year-old patient presented to the Emergency Department with fever and a lower right jugal ulcerated
lesion following a skin irritation. His past history gives a kidney transplant in 2019, uncontrolled diabetes type
2 and tuberculous pleurisy in 2017. After a 2 days stay in the emergency room, the patient was admitted in
Nephrology Department. Massive debridement was performed. Histopathologic examination and mycologic
culture confirmed the diagnosis of mucormycosis. The patient died two days after admission.
Conclusion:
Mucormycosis is a rare but fatal mycotic infection. Cutaneous mucormycosis is less common than other clinical
forms, but potentially lethal if treatment is not timely started.
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Introduction:
Chronic pulmonary aspergillosis is an uncommon and slowly destructive pulmonary disease characterized by
progressive cavitations and fibrosis. CPA is seen in immunocompetent or midly immunosuppressed patients with
underlying respiratory disorder.
Case report:
We report the case of a 56 -year-old man, caucasian, with GPA having upper respiratory tract involvement and
steroid induced diabetes mellitus, in which Aspergillus niger was detected in culture of bronchoalveolar lavage
(BAL) after initiating current immunosuppressive therapy and long term corticotherapy for extensive GPA. He was
admitted in our pneumology department complaining of clinical signs suggestive of pneumopathy (dyspnea, dry
cough, low abundance hemoptysis and prolonged fever). Physical examination showed a moderate deterioration
general status. Chest CT scan revealed progression in number and size of excavated and unexcavated nodules and
architectural distortion with traction bronchiectasis of the left upper lobe.
Ziehl-Neelsen staining for mycobacteria and SARS-Cov-2 PCR were negative. Galactomannan antigen was not
detected neither anti-Aspergillus antibody in the patient’s serum. Mycological microscopic examination of BAL
sample showed septate hyphae and culture yielded Aspergillus niger.
The diagnosis being difficult, not fulfilling all the criteria for probable chronic pulmonary aspergillosis and
sometimes difficult to differentiate from underlying pathology (GPA), the CPA diagnosis was retained above of
clinical, radiological and mycological arguments.
The clinical status has been improved under antifungal therapy (voriconazole); the current corticosteroids
treatment was also modified being reduced to 15mg of prednisolone daily.
Conclusion:
Pulmonary aspergillosis outcome will be improved with a rapid diagnosis, the administration of antifungal drugs
as well as the management of underlying disease. The authors discuss how to manage and treat such aspergillosis
risk regarding GPA physiopathology, taking into account the immunosuppressive therapy.
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EPIDEMIOLOGIC SPECTRUM OF ASPERGILLUS INVOLVED IN MYCOSIS IN REGION OF MONASTIR,
TUNISIA: A 5 YEAR RETROSPECTIVE STUDY
Y Bahri*, S Ben.Belgacem, Y Maatouk, A Ben.Salah, M Mastouri
Parasitology-Mycology Laboratory, Fattouma Bourguiba University Hospital, Monastir, Tunisia

Introduction and Purpose:
Epidemiological aspects of aspergillosis are in perpetual changing. They are typically caused by Aspergillus
fumigatus, followed by Aspergillus flavus, Aspergillus nidulans and Aspergillus niger. However non-fumigatus
species are now increasingly reported as common etiologic agents, depending on the organ involved, risk factors
and the countries. Identification of species is crucial because of variations in the antifungal susceptibility profiles.
Therefore, the main aim of this study is to present the current trends in the epidemiology of Aspergillus spp.
Methods:
This is a retrospective study over a 5 year period from January 2016 to March 2021 of all strains of Aspergillus
isolated from samples sent to the Mycology Laboratory of Fattouma Bourguiba University Hospital in Monastir,
Tunisia. The mycological diagnosis was based on direct microscopy of specimens and species identification by
culture on Sabouraud-Chloramphenicol and Malt mediums.
Results:
Over the 5 years of the study 134 Aspergillus strains were isolated collected from 110 patients. The mean age
of these patients was 50 years (ranged from 2 to 89 years). Females were predominant (58.2%) with a sex ratio
of 0.7. The Aspergillus strains were isolated from the external auditory canal (83%), respiratory tract (9%). The
majority of isolates were collected in winter (30.6%) and summer (28.4%). The direct microscopy was positive
for 71.7%. It showed only mycelial filaments for 47%, of specimens, yeasts and mycelial filaments for 8.2% of
specimens, only yeasts for 6.7% and Aspergillus heads for 1.5% of specimens. A combination of two Aspergillus
species was identified in 4 patients (2.9%). Association of Aspergillus and Candida were found in 21.6% of cases.
The most frequently isolated species were Aspergillus flavus (42.5%) and Aspergillus niger (39.5%) followed by
Aspergillus terreus (3%) and Aspergillus fumigatus (2.2%). The species could not be identified in 9% of the cases.
During the study period, 15 patients presented relapses, 80% of whom were infected with the same Aspergillus
species. In these patients, the mean time to relapse was two and a half months.
Conclusion:
In contrast to developed countries where Aspergillus fumigatus causes the majority of aspergillosis cases,
Aspergillus flavus and Aspergillus niger are the most common species found in the region of Monastir isolated
mainly from ear samples. Further epidemiological studies on aspergillosis are recommended to confirm the
significance of these findings.
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THE EPIDEMIOLOGICAL CHARACTERISTICS OF OTOMYCOSIS IN MONASTIR: A 5 YEARS
RETROSPECTIVE STUDY (2016-2020)
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Introduction and purpose:
Otomycosis is a subacute or chronic external otitis caused by various of fungus. It often occurs due to Aspergillus
sp or Candida sp. Although there has been controversy to whether the fungi are the true infective agents or
colonization species as a result of compromised local host immunity. This disease is a worldwide in distribution.
Approximately 5-25% of total cases of otitis externa are due to fungal agents.
The aim of this study is to determine the epidemiological characteristics of otomycosis and study the species
incriminated in this type of infection.
Methods:
This descriptive retrospective study was conducted at the laboratory of mycology at the University Hospital of
Fattouma Bourguiba, Monastir, Tunisia from February 2016 to December 2020. Inclusion criteria are a positive
direct microscopy examination and/or positive culture.
Results:
In this study 197 positive samples were collected. The prevalence of otomycosis during the period we investigated
was increasing. The prevalence of aspergillosis, candidosis as well as combined infections changed during the
period of study with aspergillosis rising from 6 cases in 2016 to 26 cases in 2020. A total of 178 patients with
otomycosis were enrolled in this study, 98 were female sex (55%) and 80 were male sex (45%), with a sex ratio 0.8.
Otoaspergillosis and combined otomycosis were more prevalent in female patients than male patiens as opposed
to otocandidosis. The mean age of patients was 44.5 years and the standard deviation was 23.3. We noticed
that the percentage of otoaspergillosis is higher in the age range 21-60. Most otomycosis episodes (32%) were
observed during autumn. 139 out of 197 (70.5%) samples were positive for fungal infection on direct microscopy
examination while on Sabouraud chloramphenicol medium culture, 178 cultures were positive for fungal
infection (90.5%). Otoaspergillosis (47.1%) was found to be more prevalent than otocandidosis. For Aspergillus
genus the most present was Aspergillus flavus (42%) followed by Aspergillus niger (40%). Overall, 18 patient had
a recurrence of otitis. The relapse of disease was slightly higher in women (89%) than in men and the majority
were due to Aspergillus genus (77.8%).
Conclusion:
Despite widespread presence, and the huge prevalence of otomycosis in Tunisia, scientific literature offers very
little information about this superficial mycosis. Therefore otomycosis remains a diagnostic problem and may
contribute significantly to chronic ear disease as a whole implying the necessity for further epidemiological
monitoring of this form of infection in Tunisia.

- 51 -

23
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Purpose:
A. fumigatus, an abundant saprophytic mold with airborne spores, is an opportunistic pathogen causing severe
and life-threatening human infections, e.g., invasive aspergillosis, depending on the host’s immune status. To
successfully invade the host environment, A. fumigatus developed a unique survival system for iron acquisition
by secretion of siderophores that saturate nutrient needs, which is indispensable for fungal pathogenicity.
Infection metallomics was introduced as a platform based on the clinical analysis of metal-containing microbial
virulence factors, specifically, analysis of metal-containing infection biomarkers using a combination of elemental
and molecular mass spectrometry [1]. Analysis of siderophores by infection metallomics for early detection and
differentiation of A. fumigatus colonization from an invasion of the host represents a key in early diagnostics of
invasive aspergillosis infections.
Methods:
A human isolate of A. fumigatus was cultivated at 37°C in iron-limited conditions, and conidia, residual fungal
mass, and fungal supernatant were collected at different time points. The germination profile of A. fumigatus was
characterized by optical microscopy. Thirty-five patients admitted to the clinical study based on clinical suspicion
of pulmonary aspergillosis were noninvasively urine sampled. Samples from both studies were treated by liquidliquid extraction and analyzed using liquid chromatography with Fourier transform ion cyclotron resonance
mass spectrometry. Acquired data were searched for microbial siderophores and secondary metabolites. Clinical
samples were additionally subjected to standard laboratory analyses used for aspergillosis diagnostics, including
serum galactomannan and β-D-glucan.
Results:
Individual phases of the conidia growth, including braking of dormancy, isotropic growth (2-fold diameter increase
of conidia), and polarized phase (formation of germ tube), revealed a characteristic secretome of siderophores.
The intracellular ferricrocin dominated during the isotropic growth (from 6 hours of incubation), while extracellular
triacetylfusarinine C characterized the polarized proliferation phase (from 8 hours) of the fungal growth. Analysis
of urine of patients diagnosed with probable invasive aspergillosis revealed 100% sensitivity and specificity
for detection of triacetylfusarinine C, with concentration range varying from 0.6 ng to 1.5 µg/mL. Moreover,
ferricrocin (1.5 – 343 ng/mL), triacetylfusarinine B (0.4 – 171 ng/mL), and immunosuppressive gliotoxin (10 –
405 ng/mL) were also detected.
Conclusion:
The growth phase-dependent secretion of siderophores, whose presence was confirmed in patients’ urine,
demonstrated severe pulmonary infection by A. fumigatus and may reflect true pathogen angioinvasion from
lungs to the bloodstream and further molecular leakage into the urine. Compared to standard clinical diagnostic
methods, infection metallomics may perform better in four critical diagnostic criteria: specificity, sensitivity,
invasiveness, and timeliness. Thus, analysis of microbial siderophores and secondary metabolites could define a
new perspective in early clinical diagnostics of infectious diseases and can reflect the actual stage of the microbial
infection.
Acknowledgment
The authors gratefully acknowledge support from the Czech Science Foundation (21-17044S)
Reference
1. Patil, R.H.; Luptakova, D.; Havlicek, V. Infection metallomics for critical care in the post-COVID era. Mass Spectrometry
Reviews n/a, doi:https://doi.org/10.1002/mas.21755.
- 52 -

24

PRIMARY CUTANEOUS ASPERGILLOSIS WITH SECONDARY PULMONARY DISSEMINATION
H Jaziri1*, I Khammari1,2, W Chenbah3, B Achour3, A Khelif3, A Fathallah1,2
Parasitology-Mycology Laboratory, Farhat Hached University Hospital, Sousse, Tunisia
Parasitology-Mycology Laboratory, University of Sousse, Faculty of Medicine, Farhat Hached University Hospital, Sousse,
Tunisia
3
Hematology Department, Farhat Hached University Hospital, Sousse, Tunisia
1
2

Purpose:
Cutaneous aspergillosis is a rare clinical entity, especially in its primary form. We report a case of primary
cutaneous aspergillosis with secondary pulmonary localization in a patient with acute myeloid leukemia.
Case presentation:
The patient was 13 years old and followed in hematology for acute myelomonocytic leukemia (AML 4) diagnosed
in March 2020, without any particular pathological history. After having received 2 courses of chemotherapy
(Aracytin-Daunorubicin) in March and July 2020, she was hospitalized in October 2020 for a 3rd course.
The latter was complicated by a febrile aplasia with the appearance at 7 days post-chemotherapy of papulonodular lesions of the two forearms near the intravenous administration sites with an unfavourable evolution and
transformation into ulcero-necrotic lesions in spite of a broad-spectrum antibiotic therapy (Imipenem Teicoplanin
– Polymyxin E).
A swab of the skin lesions was performed and direct examination detected hyaline mycelial filaments. The culture
isolated Aspergillus niger. Serum Aspergillus antigen testing (Platelia™ Aspergillus Ag®) was positive with an index
of 3.83. The patient was put on amphotericin B.
In view of the onset of coughing, a chest CT scan performed in search of secondary localizations revealed
an excavated pulmonary nodule of the right laterobasal segment that could be consistent with pulmonary
aspergillosis confirmed by a positivity of sputum samples to Aspergillus niger.
The clinical evolution was marked by the achievement of apyrexia, improvement of skin lesions, respiratory signs
as well as a decrease of the aspergillosis antigenemia (index of 1.01) and the exit from aplasia. Since then, the
patient was put on voriconazole.
Conclusion:
This observation shows the value of early diagnosis of aspergillosis in neutropenic patients. Collaboration
between the Haematology Department and the Parasitology-Mycology Laboratory is of great importance in order
to ensure adequate and rapid management.
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Purpose:
Invasive aspergillosis (IA) are a growing threat to human health worldwide. The detection of IA represents a
substantial challenge for many clinical laboratories. Molecular methods are favored because the majority can be
executed quickly with high accuracy. However, there was no consensus has yet been reached about the single
most optimal method. Nowadays, Aspergillus galactomannan (GM) is a recognized biomarker for the diagnosis
of IA, ELISA is one useful method for GM detection. And many immunochromatographic (IC) methods have
been developed and commercialized for rapid and precise detection. Chemiluminescence immunoassay (CLIA)
technology have also been applied to GM detection. Here, several different methodologies of GM detection
reagents are compared to study the diagnostic performance.
Methods:
FungiXpert® Aspergillus Galactomannan Detection K-Set (Lateral Flow Assay), Aspergillus Galactomannan
ELISA Detection Kit and Aspergillus Galactomannan Detection Kit (CLIA), which all manufactured by Genobio
Pharmaceutical Co., Ltd., these three different methodological reagents were used to conduct clinical comparative
studies on the same sample at the same time to evaluate the sensitivity, specificity and coincidence rate.
Results:
The sensitivity and specificity for IC is 90.5-96.8% and 95.0-95.8% respectively. The sensitivity and specificity for
ELISA is 92.1-96.9% and 92.5-96.2% respectively. The sensitivity and specificity for CLIA is 93.2-97.0% and 92.096.4% respectively.
Conclusion:
Different sensitivities had been showed of three methodologies, but each tests showed concordant results in
more than 90% of the cases. To sum up, all 3 kits have high sensitivity and specificity, which can provide high
diagnostic value for the IA. Moreover, it is recommended that samples from different sources better be submitted
for clinical testing, and conditional laboratories should try to combine the three methods for simultaneous
detection to strive for early diagnosis of invasive aspergillosis.
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Purpose:
Aspergillus galactomannan (GM) is a widely recognized biomarker for the diagnosis of IA, and PlateliaTM EIA
(Bio-Rad) was the routinely-used method. However, it is a technology that requires batching and makes it very
difficult to be used with individual samples as a single-test. A new monotest quantitative test-FungiXpert®
Aspergillus Galactomannan Detection Kit with the chemiluminescence immunoassay (CLIA), developed by
Genobio Pharmaceuticals Co., Ltd., could improve some of the limitations of Platelia. Here, a comparison was
made between Platelia and FungiXpert performed simultaneously in serum and bronchoalveolar lavage (BAL).
Methods:
A total of 276 retrospective and prospective samples were simultaneously tested with Platelia and FungiXpert.
Among the 276 cases, 106 collected retrospectively (20 from the control group, 96 from patients meeting the IA
criteria), and the remaining 170 from daily request.
Results:
Overall, the results were concordant in 251 of the 276 samples (90.58%) of the patients and 25/276 (9.06%) were
discordant. Among the 25 discordant cases 16 had IA and the remaining 9 did not. Platelia was positive in only 3
of 16 IA cases while FungiXpert detected 14. Of the 9 cases without IA, Platelia was negative in 8 and FungiXpert
in 2.
Conclusion:
Both tests showed concordant results in more than 90% of the cases. In particular, FungiXpert can quickly detect
and obtain quantitative test results within 40 minutes, which is more convenient for rapid detection of GM, and
is more sensitive to the detection of IA cases when the results are inconsistent.
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Purpose:
Aspergillosis in its various forms, is a fungal disease of growing public health prominence, estimated to affect >
3 million people worldwide. Countries with high HIV and TB burdens and other immunodeficient populations
are predisposed to chronic, allergic and invasive aspergillosis with high morbidity and mortality as the condition
remains undiagnosed and untreated. Advances in diagnostics, have yielded the development of relatively low
cost, simple, lateral flow assays that are suitable for rapid diagnosis and monitoring of aspergillosis in resourcelimited settings. Limited data exists on the availability of WHO essential diagnostics for fungal disease in Africa.
Between 2020-2021, GAFFI assessed access to Aspergillus antibody and antigen tests in 46 African countries.
Methods:
The survey was conducted in several parts: 1) Development of a questionnaire to determine, availability and
accessibility of Aspergillus antibody, antigen tests and supportive clinical procedures in African countries 2)
questionnaire completion by in-country experts, 3) questionnaire review and data analysis by GAFFI personnel,
4) video conference call with experts to confirm, quality assure and contextualise data and 5) country validation
via video conference call with country leaders in relevant topics and Ministry of Health officials where possible.
Data was analysed using Microsoft excel, and visually displayed using QGIS mapping software.
Results:
46 of 51 countries responded to the survey.
Availability of Aspergillus antibody testing:
2/46 countries (Morocco and Zimbabwe) routinely available in public and 3/46 in private hospitals (Cameroon,
Kenya and Zimbabwe); in 3/46 countries occasional use in public (Chad, Niger and Tunisia) and private (Burundi,
Eswatini and Niger) hospitals. 6/45 countries (Egypt, Ghana, Liberia, Morocco, Tanzania and Zambia) reported
rare testing of Aspergillus antigen in private settings only. In Morocco and Zimbabwe there is partial subsidy of
tests by government, health insurance schemes or charitable sources. The remainder of countries (population
718 million) have no access to Aspergillus antibody testing.
Availability of Aspergillus antigen testing:
3/45 countries (Morocco, Zimbabwe and South Africa) reported routine use in public hospitals and an additional
2 countries (Kenya and Cameroon) have routine use in the private sector. Only South Africa provides fully
subsidised testing. 2/45 countries (Chad and Niger) reported occasional usage in public and an additional
3/46 countries (Burundi, Eswatini and Niger) private usage from time to time. 5/45 countries (Egypt, Ghana,
Liberia, Tanzania and Zambia) reported rare testing of Aspergillus antigen in private settings only. The remainder
of countries (population 606 million) do not have any access to Aspergillus antibody testing.
Conclusion:
Coverage of Aspergillus antibody and antigen testing is extremely low across Africa with limited provision of
either test in centralised laboratories and/or private settings in 9 countries. Catalytic investment is required to
supply and implement both Aspergillus antibody and antigen testing in all countries in Africa where provision
is absent, and should be expanded at the subnational level. Policy makers and donors must strive to include
Aspergillus testing in country universal healthcare packages and national health insurance schemes within HIV
and TB programs to ensure access by underserved, vulnerable communities.
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Purpose:
Siderophore-based monitoring of invasive pulmonary aspergillosis progression represents a novel strategy to
manage this infection and underline the clinical importance of these biomarkers in the early, specific and noninvasive diagnostics. Determination of the antifungal therapy efficiency can reduce the treatment duration and
minimize the drug-related toxicities and adverse effects.
Methods:
Eight female Lewis rats were infected intratracheally with the fungal strain Aspergillus fumigatus 1059 CCF
(100 µL, 108 spores). Neutropenia was induced by two intraperitoneal doses of cyclophosphamide (75 mg/kg). Four
rats received a multidose posaconazole therapy per os (4 mg/kg/day), which started three days post-inoculation.
If possible, urine was collected twice a day, and blood and lungs were taken after sacrificing the animals. Samples
underwent double liquid-liquid extraction with ethyl acetate and protein precipitation with methanol. The
simultaneous detection of analytes was performed using a Dionex UltiMate 3000 HPLC system connected to a
SolariX 12T Fourier-Transform Ion Cyclotron Resonance mass spectrometer in electrospray ionization positive-ion
mode. Quantification was performed using a matrix-matched calibration or standard addition method.
Results:
In urine, we have detected the triacetylfusarinine C (7.0 ± 5.5 ng/mL; six rats), its metabolite triacetylfusarinine B
(139 ± 150 ng/mL; all rats), ferricrocin (236 ± 361 ng/mL; all rats), and gliotoxin (130 ± 145 ng/mL; four rats) two
days post-infection, confirming the utilization of siderophores as early biomarkers of IPA from a non-invasively
collected specimen. Further concentration increase of these virulence factors reflected the rapid fungal infection
progress and resulted in the sacrifice of all untreated rats within five days. On the contrary, rats under multidose
posaconazole therapy survived and were sacrificed on the tenth day post-infection. In urine, the posaconazole
fungicidal effect began to be observed 24 hours after its first dose application reflected as concentration decrease
of extracellular triacetylfusarinine C and B, followed by intracellular ferricrocin, indicating the shutdown of
siderophore biosynthesis with the consequent release of hyphae intracellular content into rat body. We have
detected traces of ferricrocin (13 ± 11 ng; three rats) and have not detected triacetylfusarinine C and B in the last
sampling point of urine. Furthermore, selective accumulation of posaconazole within lung tissue (194 ± 101 µg/g;
four rats) affected the presence of ferricrocin (0.8 ± 0.3 µg/mL; four rats) and gliotoxin (not detected), indicating
substantial reduction but not complete eradication of Aspergillus fumigatus. Notably, in the untreated rats, the
presence of gliotoxin within lungs (6.9 ± 4.2 µg/g; four rats) and blood (1.4 ± 1.2 µg/mL; three rats) may refer
to the partial restoration of immune response in alveoli, as this mycotoxin suppresses the function of alveolar
macrophages.
Conclusion:
We provided the first kinetic insight into triacetylfusarinine C, ferricrocin, and gliotoxin biosynthesis affected
by posaconazole therapy in a neutropenic rat model of invasive pulmonary aspergillosis. Compared to prompt
extracellular triacetylfusarinine C attenuation, intracellular ferricrocin clearance may indicate the extent of hyphae
lysis resulting from posaconazole fungicidal effect, thus showing the efficiency of antifungal treatment success.
In addition, the restored gliotoxin biosynthesis may point to partial recovery of an alveolar immune response.
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Purpose:
Rhino-cerebral fungal infections are rare opportunistic conditions, usually associated with immunodeficiency
especially in patients with hematologic disorders. Rare cases involving only the nasal septum were reported. The
aim of our work is to describe a case of invasive necrotic maxillo-nasal aspergillosis.
Methods:
We describe a case of invasive necrotic maxillo-nasal aspergillosis. The diagnosis is carried out with histopathologic
examination and culture of skin biopsy specimen.
Case report:
A 15-year-old patient was diagnosed with a very severe bone marrow aplasia in December 2018. He was
hospitalized in the hematology department to receive chemotherapy. On day 24 of treatment, the patient
presented fever with left hemifacial oedema and nasal obstruction. A mucormycosis is suspected. Empiric broad
spectrum antibiotic and antifungal therapy was initiated with imipenem + teicoplanin + amphotericin B. Two
days later, the patient developed a crusty lesion in the left wing of his nose. The mycological examination of
the lesion swab showed the presence of Aspergillus flavus and Candida glabrata. Despite treatment, the lesion
worsened and showed an extensive necrosis. The brain and facial mass CT scan revealed a left facial abscess of
the maxillary bone extending to the nose without any bone involvement. The patient had a surgical debridement
of the necrotic tissue. Histopathologic and direct examination of the necrotic tissue showed abundant septate
hyphae. The culture yielded Aspergills flavus and Candida glabrata. Amphotericin B was therefore replaced by
voriconazole. But the clinical course was marked by the relapse of extensive necrosis with a fatal outcome.
Conclusion:
Isolated nasal septum necrosis is a very rare and severe entity. The diagnosis of invasive nasal aspergillosis
requires histopathological and mycological examination. The prognosis of invasive aspergillosis remains poor
despite prompt management.
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FUNGAL INFECTIONS IN PATIENTS WITH COVID 19. RETROSPECTIVE STUDY ON 65 CASES
M Chatti, S Ismail, H Chouaieb, M Ben Seif, R Mrassi, I Khammari, A Fathallah*
Laboratory of Parasitology-Mycology, Farhat Hached Hospital, Sousse, Tunisia

Purpose:
Patients hospitalized with COVID-19 have a high incidence of secondary infections. We sought to assess the
occurrence of fungal superinfections in patients with severe COVID19.
Methods:
We conducted a retrospective observational study of COVID-19 patients who were tested for invasive fungal
infections (IFI) between 2020 and 2021 in the laboratory of mycology at Farhat Hached Teaching Hospital.
Results:
We received a total of 188 samples collected from 65 patients admitted for severe COVID-19. The patients were
predominantly male (n=41, 63.1%) and had a median age of 62.7 years (range1-87 years).
The samples came mainly from the intensive care unit (91.4%) followed by infectious diseases department (3.7%)
and pediatric department (3.2%).
The following predisposing factors for IFI were recorded: intensive care unit stay in 54 cases, broad-spectrum
antibiotic therapy (n= 31), diabetes (n= 8) and invasive procedures (n=4).
The majority of samples were referred for Candida colonization screen. Culture-positive specimens were urine
(36), respiratory specimens (30), bladder catheter tips (2) and superficial specimens from multiple sites (oral,
nasal, inguinal…) (51).
Only 18 samples were collected from deep sites to diagnose IFI, of which 7 were positive. These were pleural
puncture (3), bronchoalveolar fluid (2), blood culture (1) and cerebrospinal fluid (1).
The rate of positivity of direct examination was 42.2%. Culture was positive in 67%.
The culture recuperated 42.6% of the samples with negative direct examination.
A total of 133 fungal isolates were found in the 126 positive samples. We noted the predominance of Candida(C)
sp. (n=127), followed by Aspergillus (A) sp. (4), Geotrichum sp. (1) and Trichosporon sp. (1).
Only four patients (6.15%) had a mold positive culture of their samples. We identified 4 species of Aspergillus:
A. flavus, A. oryzae, A. parasitocus and A. terreus.
As for Candida, C. albicans was the most frequently isolated species (55.9%) followed by C. tropicalis (31.5%),
C. glabrata (5.5%), C. krusei (3.1%), C. dubliniensis (2.4%) and C. parapsilosis (1. 6%).
Antifungal susceptibility testing was performed on 21 strains of Candida. They were susceptible to amphotericin
B, voriconazole and fluconazole respectively in 100%, 70% and 60%.
Conclusion:
Severe COVID-19 patients have multiple risk factors to develop fungal infections. Systematic screening seems to
be necessary for the early diagnosis of invasive fungal infection.
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Purpose:
Recent studies from multiple countries have shown a high prevalence of COVID-19 associated pulmonary
aspergillosis (CAPA) among severely ill patients. Here we report on one of the largest multicenter epidemiological
studies to explore the clinical features and prevalence of CAPA among mechanically ventilated patients using
Galactomannan Lateral Flow Assay and culture from Iran.
Methods:
Bronchoalveolar lavage (BAL) and serum samples were collected for culture and galactomannan (GM) testing.
BAL samples were centrifuged for 10 min at 3000 rpm. The supernatant was stored at -80 °C for GM detection.
The sediment was inoculated onto Sabouraud-Chloramphenicol Dextrose Agar (SC) plates, and incubated for
5-7 days at 27 °C. Mold colonies were sub-cultured onto SC and identified at species level by sequencing betatubulin and ITS loci. IMMY Sona Aspergillus GM lateral flow assay was applied for the evaluation of the GM in
serum and BAL of all included patients. Patients were classified as probable CAPMI based on the presence of host
factors, radiological findings and mycological criteria.
Results:
During the study period, 302 COVID-19 patients were admitted to ICUs, among whom 105 were mechanically
ventilated for ≥4 days. Out of 105 mechanically ventilated cases, 33 (31.4%) were diagnosed as CAPA of which
22/33 (66.7%) had positive culture for Aspergillus species and 20/33 (60.6%) showed a positive GM detection in
BAL samples by GM-LFA (GM Index≥1) and 18/32 (56.2%), one patient without serum sample) had GM Index> 0.5
in serum samples by GM-LFA.
Among 22 CAPA patients with culture positive for Aspergillus, A. flavus (14/22, 63.6%)was the most common
agent, followed by A. fumigatus and A. japonicus (3/22, 13.6%, each), and A. niger (2/22, 9.1%).
Conclusion:
Our study highlighted the CAPA as a main complication among mechanically ventilated COVID-19 patients
admitted to intensive care units. These findings are in favor of appropriate administration of antifungal treatment
in CAPA cases.
NOTE: This abstract has also been selected for Oral Presentation
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Purpose:
Mucormycosis is a life threatening infectious disease. In 2021, mucormycetes caused epidemics in SARS-COVID-19
survivors in India and Brazil. Globally incidences of mucormycosis are on the rise due to an increase of at-risk
patient cohorts. Still, there is a diagnostic gap to detect and differentiate mucormycosis from other invasive
fungal infections. An early diagnosis and early-targeted therapy is essential to improve patient outcome.
Mucormycetes are particularly challenging to diagnose due to their proneness for degradation in clinical samples.
To overcome this problem, we aim to establish robust mitochondrial markers known from forensic sciences. A
first dye-based pan-Mucorales qPCR assay on these markers was published by Lackner et al. (2019), based on the
rnl gene.
The goal of this work is to transform the current dye-based assay into a probe-based pan-Mucorales qPCR.
Methods:
Key characteristics for the pan-Mucorales qPCR assay were determined, such as efficiency, sensitivity, cross
reactivity, and specificity of the probe-based qPCR. Our qPCR is based on the mitochondrial rnl gene; our primers
amplify a fragment sized 121 bp and as fluorescence dye 6-FAM (emission wavelength of 517 nm) is used.
A total of 138 DNA samples gained from fungal pure cultures were evaluated including: (a) 41 DNA samples
from ascomycetous and basidiomycetous pathogens, representing various species within the genera Candida,
Aspergillus, Cryptococcus, Penicillium, and Fusarium and (b) 97 DNA samples of mucormycetes, representing
species with the genera Apophysomyces, Cunninghamella, Mucor, Rhizomucor, Lichtheimia, and Rhizopus. Based
on eight selected species, species-specific efficiency, limit of detection, and analytical sensitivity was determined.
Cross reactivity with animal DNA was ruled out for human, murine and Galleria mellonella DNA.
All experiments were conducted in technical triplicates. Data were analysed using Bio-Rad-CFX96 Manager 3.1
software.
Results:
The pan-Mucorales mitochondrial rnl qPCR successfully detected over 45 different clinically relevant Mucoralean
species from pure culture. For the tested ascomycetous and basidiomycetous pathogens, no interferences
occurred in 39 out of 41 samples. However, two out of 41 non-Mucorales species – Aspergillus ochraceus and
Histoplasma capsulatum – gave a positive signal for the pan-Mucorales qPCR assay, which remain to be confirmed
by additional testing.
A limit of detection of 100 fg/µl (~2-3 genome copies) was found for six out of eight selected species. Lowest LOD
(10 fg/µl or 0.35 genome copies) was found for Rhizopus microsporus var. rhizopodiformis and highest LOD (1000
fg/µl or 25.01 genome copies) for Mucor janssenii. The amplification efficiency ranged from 85.73 % to 97.88 %.
This is in concordance with published probe-based qPCR assays.
Conclusion:
Concluding from our first set of evaluations, our probe-based pan-Mucorales qPCR was found to successfully
detect a wide diversity of clinically relevant mucormycetes. Detected cross reactivity was ruled out in silico and
remains to be confirmed. Amplification efficiency, specificity and sensitivity was promising. We aim to evaluate
next our novel internal control, which will complete our duplex probe-based pan-Mucorales qPCR assay. The final
assay will be evaluated on a comprehensive set of formalin-fixed-paraffin-embedded (FFPE) tissue specimens
head to head with qPCRs based on classical-nucleic-markers.
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TIME PCR
S Ignatyeva1*, T Bogomolova1, Y Avdeenko1, S Khostelidi1, O Shadrivova1, Y Borzova1, I Zuzgin2, J Chudinovskikh2,
M Motalkina2, M Popova3, O Uspenskaya4, N Klimko1, N Vasilyeva1
I. Metchnikov North-Western State Medical University, Kashkin Research Institute of Medical Mycology, Saint-Petersburg,
Russia
2
N.N. Petrov Research Institute of Oncology, Saint-Petersburg, Russia
3
R. Gorbacheva Institute of Children’s Hematology and Transplantology, Saint-Petersburg, Russia
4
Leningrad Regional Clinical Hospital, Saint-Petersburg, Russia
1

Purpose:
The aim of the study was to test a multiplex real time PCR with High Resolution Melt analysis (mHRM-RT-PCR) on
clinical samples for detection and identification of Mucormycetes spp. in tissue samples.
Methods:
The study included 8 native and 22 formalin-fixed paraffin-embedded tissue samples from 25 patients with
mucormycosis in Saint-Petersburg between 2013 and 2021 yy. As controls, 21 tissue samples were collected from
patients without mycoses. We investigated the native tissue samples by direct microscopy method with calcofluor
white. Fungal cultures were obtained by sample inoculation on Sabouraud glucose agar. Histological sections of
tissue samples were stained by PAS and Grocott - Gomori’s technique. Fungal DNA was extracted from clinical
samples by a chloroform-isoamyl extraction method. DNA amplification was performed using Aspergillus - and
Mucormycetes - specific primers pairs separately and EvaGreen based mHRM-RT-PCR on Rotor-Gene 6000 cycler.
Results:
In patients with mucormycosis direct microscopy of 8 native tissue samples was positive in 75% cases. Lichtheimia
corymbifera was isolated in 12,5% and Rhizopus arrhizus - in 37,5% cases. In 22 formalin-fixed paraffin-embedded
tissue non-septate mycelium of Mucormycetes spp. was detected. The mHRM-RT-PCR allows to identify In clinical
samples from patients with aspergillosis and mucormycosis the representatives of Aspergillus to the genus
and Mucormycetes to the species level: Rhizopus arrhizus, Mucor racemosus, Rhizomucor pusillus, Lichtheimia
corymbifera. mHRM-RT-PCR was positive in native and formalin-fixed paraffin-embedded tissue samples of all
patients with mucormycosis. PCR assay allowed to identify the representatives of Mucormycetes spp.: Rhizopus
arrhizus in 13, Lichtheimia corymbifera in 4, Rhizomucor pusillus in 2 and Rhizopus microsporus in 2 from
26 samples. In biological specimens of 4 patients (13%) the PCR assay detected a mixed infection by Mucormycetes
and Aspergillus spp.:Rhizopus microspores (50%) + Aspergillus spp. and Rhizopus arrhizus + Aspergillus spp. (50%).
The positive results of PCR assay in patients with mucormycosis in 100% of cases correlated with traditional
methods. In 21 control tissue samples PCR test was negative.
Conclusion:
The multiplex RT-PCR has high sensitivity and specificity in patients with mucormycosis. This study indicated that
the mHRM-RT-PCR may be a very useful tool for detection of etiologic agents of mycoses, particularly in the case
of a mixed infection caused by Aspergillus spp. and of the order Mucorales.
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Purpose:
Mucormycosis or zygomycosis is a severe and fatal fungal infection caused by mucormycetes. This disease mainly
affects diabetic individuals, in particular among patients with immunodeficiency. The concurrence mucormycosis
with other infections such as COVID-19 can disrupt the treatment and control of the infection. In this study,
mucormycosis was detected using sinus biopsy specimens among COVID-19 patients, northeastern Iran.
Methods:
During an eight-month period, in two tertiary referral hospitals, 71 patients (88 specimens) affected to COVID-19
with suspicion of mucormycosis were evaluated. The sinus biopsy specimens were examined using mycological
procedures and histopathology. The specimens were examined by direct wet mounts with 20% potassium
hydroxide (KOH) and cultured on Sabouraud dextrose agar. The cultures were then examined and evaluated to
identify.
Results:
The specimens showed broad mycelium without septate (non-septate hyphae) at direct experiments of 48
(54.5%) cases, positive culture as Rhizopus spp. (66.7) and Mucor spp. (33.3%) in 24 (27%) cases, and positive
histopathology results in 41 (46.6%) cases (10 specimens without histopathology examination). Of the 71 patients,
38 (53.5%) showed mucormycosis, that 19 (27%) had diabetes mellitus, and 15 (21%) them died.
Conclusion:
Mucormycosis had a high frequency among COVID-19 patients, with a relatively high rate of diabetes mellitus.
Mycological examination results showed a near correlation with histopathology results. Most of these patients
received liposomal and deoxycholate forms of amphotericin B, but no significant difference was observed
between recovery and death. A multidisciplinary approach is essential to improve the conditions facilitating the
emergence of COVID-19-associated mucormycosis.
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Purpose:
Fungal infections of the lungs are relatively common and potentially life-threatening in children. These infections
are mainly caused by Aspergillus species. It further infects children with congenital immunodeficiency, especially
granulocyte dysfunction. The aim of this study was to identify the fungal species of Aspergillus agents in the
bronchoalveolar lavage (BAL) specimens of children referred to Akbar Hospital in Mashhad.
Methods:
In this study, 210 BAL specimens were prepared and studied during 27 months (April 2018 to July 2020) in Akbar
Hospital, Mashhad, from children hospitalized and susceptible to respiratory diseases. For a comprehensive
analysis of the specimens, in direct examination of the specimens, potassium hydroxide 10% was used and for
culture, sabouraud dextrose agar medium containing chloramphenicol (SC) was used. Finally, molecular PCR
sequencing using calmodulin gene was used to identify Aspergillus species. The data were analyzed using SPSS
software version 22, and Chi-square, Fisher’s exact test, and T. test.
Results:
Among the studied specimens, 120 patients (57.1%) were male and 90 patients (42.9%) female. Their age range
ranged from 2 months to 16 years. Out of the total hospitalized patients, 208 patients (99%) used corticosteroids,
73 patients (34.8%) had neutropenia and 84 patients (40%) had various underlying diseases. The most common
cause of Aspergillus was A. welwitschiae 4 (50%), A. fumigatus 3 (37.5%), and A. flavus 1 (12.5%). In children with
pulmonary fungal infections, 7.6% were in the age range of 0-4 years, 4.8% in the age range of 5-8 years, and 0.9%
in the age range of 9-12 years.
Conclusion:
A. welwitschiae was the most common fungal agent in pediatric BAL specimens. These affected patients had
underlying disorders such as pneumonia, asthma, respiratory distress, lung collapse, cystic fibrosis, and
immunodeficiency. It seems that among diagnostic and treatment strategies of children with respiratory disorders,
fungal infections should be considered.
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Purpose:
Invasive aspergillosis (IA) is one of the most common opportunistic fungal diseases in immunocompromised
patients, especially those with hematopoietic stem cell transplantation (HSCT), patients with hematological
malignancies. IArhinosinusitis can be a life-threatening opportunistic infection that occurs predominantly in
immunocompromised individuals and is caused by various Aspergillus species. The concurrence IA with other
infections such as COVID-19 can disrupt the treatment and control of the infection. In this study, Aspergillus
rhinosinusitis was detected using sinus biopsy specimens among COVID-19 patients, northeastern Iran.
Methods:
During an eight-month period, in two tertiary referral hospitals, 71 patients with rhinosinusitis (88 specimens)
affected to COVID-19 with suspicion of fungal infections were evaluated. The sinus biopsy specimens were
examined using mycological procedures and histopathology. The sinus specimens were examined by direct wet
mounts with 20% potassium hydroxide (KOH) and cultured on Sabouraud dextrose agar. The cultures were then
examined and evaluated to identify.
Results:
The specimens showed mycelium with septate (septate hyphae) in direct experiments of 12 (13.6%) cases, positive
culture for Flavi section 10 (77%) and Nigri section 3 (23%) in 13 (14.8%) cases, and positive histopathology
results in 2 (2.27%) cases (10 specimens without histopathology examination). Of the 71 patients, 14 (19.7%)
showed Aspergillus rhinosinusitis that 11 (15.5%) cases of them had diabetes mellitus, and 2 (10.5%) them died.
Concussion:
Aspergillus rhinosinusitis had a high incidence among COVID-19 patients, with a relatively high rate of diabetes
mellitus. Mycological examination results showed a weak correlation with histopathology results. Most of these
patients received amphotericin B liposomal and caspofungin, but no significant difference was observed between
recovery and death. A multidisciplinary approach is essential to improve the conditions facilitating the emergence
of COVID-19-associated IA.
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Purpose:
The Mycology Reference Centre Manchester processes respiratory specimens from patients with invasive, chronic
pulmonary, and allergic bronchopulmonary aspergillosis, who attend the National Aspergillosis Centre. Alongside
high-volume culture, quantitative PCR (qPCR) is used to detect and quantify Aspergillus species; both tests help
guide systemic antifungal drug therapy. The ELITech Aspergillus spp. ELITe MGB® qPCR uses a specific 18S rRNA
molecular beacon probe linked to a minor groove binding (MGB) reagent that allows use of a particularly short
probe. However, given the known homology of the Aspergillus 18S rRNA region to non-Aspergillus species, we
suspected there was significant cross-reactivity that could lead to false positive results. We investigated which
of the non-Aspergillus species known to be cultured from our patients could produce a positive qPCR (and how
strong), as well as whether non-Aspergillus species could be distinguished using melt curve analysis.
Methods:
We evaluated the performance of the CE-IVD validated qPCR with 5 Aspergillus species, 15 closely related moulds
(including Penicillium, Talaromyces, Thermomyces, Hamigera, Paecilomyces, and Rasamsonia) and 3 non-related
moulds (Trichophyton, Fusarium and Scedosporium). DNA from 20,000 spores was extracted using the same
protocol as used for respiratory specimens: suspensions were processed using the ELITech EXTRABlood prelysis
kit and extracted using the ELITe Star automated platform. Melt curve data was generated using the ABI 7500
Fast Dx System and 5 control species: A. fumigatus, A. flavus, A. niger, A. terreus, A. sydowii. The qPCR results and
melt curves from 2459 patient specimens were also analysed to determine if melt curve analysis could predict
non-Aspergillus DNA.
Results:
All 5 control Aspergillus species gave strong positive qPCR result (5,800-88,700 copies). Melting temperatures
were similar among A. fumigatus, A. flavus and A. sydowii (68°C), with a slightly higher temperature (69°C) for
A. niger and A. terreus.
Strong positive results were also produced by Penicillium chrysogenum, P. rubens and Paecilomyces variotii, albeit
with fewer copies (all <3,000). Their melting temperatures (67-68°C) were very similar to Aspergillus controls.
Rasamsonia piperina also gave a strong positive result but with a distinctly lower melt temperature (64°C). The
melt temperatures of other species were significantly lower than that for Aspergillus and the 3 non-related
species were qPCR negative.
Melt curve data from 2,459 patient samples compared to standards and positive extraction controls suggested
that 56 demonstrated melting temperature differences that could be associated with false positives.
Conclusion:
Two Penicillium species and Paecilomyces variotii were qPCR-positive, with melt curves that could not be
distinguished from Aspergillus. Although care must be taken when interpreting the results of this test in a
clinical context, the frequency of these events was minimal and supported by positive HVC. Approximately 2.3%
of patient positive qPCRs with unusual melt curves may have been false positives caused by cross-reactivity
with other species. Moreover, melt curve analysis could not distinguish between A. fumigatus, A. flavus and
A. sydowii, but further analysis may resolve A. niger and A. terreus. We are currently investigating the use of an
A. fumigatus-specific probe.
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Figure 1. Dissociation (melt) curves of Aspergillus fumigatus control and 4 clinical isolates
of Penicillium produced by the Aspergillus spp. ELITE MGB qPCR from spore DNA.
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Purpose:
Aspergillus fumigatus is an environmental saprobe and opportunistic human pulmonary pathogen. Infections
caused by A. fumigatus are particularly problematic in immunocompromised patient populations, but new risk
cohorts are continuing to emerge, and antifungal resistance rates are increasing. Despite the significant and
increasing burden of these infections, a comprehensive genomic survey of Aspergillus fumigatus has been
lacking. Our objective was to define the genome-level relationship between the environmental isolates in their
native niche and those capable of causing human infection, as well as identify genetic variation associated with
clinical strains and drug resistance.
Methods:
The genomes of 300 A. fumigatus environmental and clinical isolates were analyzed using reference-guided and
de novo techniques. 252 of the isolates analyzed were sequenced by us and originate from Germany while the
remaining 48 were previously sequenced and from a global distribution.
Results:
In this study, we define the pangenome and find that of the 10,907 unique orthogroups, 7,563 (69%) are core and
found in all isolates, while 3,344 show presence/absence variation, representing 16-22% of each isolate’s genome.
Using this large genomic dataset of environmental and clinical samples, we found an enrichment for clinical
isolates in a genetic cluster whose genomes also contain more accessory genes, including more transmembrane
transporters, proteins with iron-binding activity, and genes involved in both carbohydrate and amino acid
metabolism. Finally, we leverage the power of genome-wide association to identify genomic variation associated
with clinical isolates and triazole resistance as well as characterize genetic variation in known virulence factors.
Conclusion:
The broad genomic diversity observed in A. fumigatus suggests that a single reference strain is not sufficient to
capture all the genetic diversity present and fully understand its pathogenic versatility.
NOTE: This abstract has also been selected for Oral Presentation
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Purpose:
There is little data on the effects of viral infections on the fungal host physiology. Most studies have failed to
demonstrate any effects, a few have shown effects on virulence. In previous studies we showed Aspergillus
fumigatus polymycovirus-1(AfuPmV-1)impairs A. fumigatus (Af) in intermicrobial competition (largely in
competition for iron), but also in effects of bacterial volatile organic molecules. The former defect was related to
temporal production of siderophores. We now studied the effect of viral infection on another stress, hypertonic
salt.
Methods:
Reference Af strain Af293 is infected with AfuPmV-1, and was cured of infection with cycloheximide, generating
isogenic virus-infected (VI) and virus-free (VF) strains. Growth (area) of both isogenic lines on RPMI1640 agar in
presence and absence (control) of 0.8M NaCl was compared in 5 experiments (4 technical replicates/experiment),
over 48-144 hrs.
Results:
Salt stress impairs growth of VI and VF (p <0.0001, at all times sampled). VF control growth always exceeded
VI (p 0.002- <0.0001), and VF growth in salt always exceeded VI (p up to <0.0001). Since VF growth exceeds VI
in presence and absence of salt, we also examined growth in salt as a percent of control growth. Initially, as a
percent of control, VI exceeded VF, but at 120 hrs VF began to exceed VI consistently (p up to 0.0004), even
by this measure, and persisted; thus at that time growth of VF in salt surges in relation to control growth, or,
alternatively, its growth in salt persists compared to relative inhibition of VI.
Conclusion:
VF growth in several control media exceeded VI, as described here and in other media studied, although our prior
studies indicated no differences in oxidative metabolism assays (XTT). VF growth in the presence of high salt was
always superior to VI. Virus infection impairs response of Af to several different stresses. We report elsewhere
VF-VI differences in production of siderophores and recently, gliotoxins. Temporal assays to document differences
have been required, and will be, in future studies of mechanisms.
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GERMINATION BEHAVIOUR AND FATE OF RHIZOPUS STOLONIFER IN AUTOCLAVED AND
AGRICULTURAL SOIL COLLECTED FROM TEA ECOSYSTEM
S Debnath1,2*
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Purpose:
Species under Mucoreles are mostly air borne and also found in soil, water and decomposed plant materials,
compost and food items including breads, rice, dry foods items. Very few studies available in the literature on the
impact of soil fungistasis on growth of mucorales.
Rhizopus stolonifer (Ehrenb:Fr) Vuill was isolated from outdoor air during the period of three year survey of
aeromycoflora over residential apartment (Ananda Niketan, Anandanagar Adabari) in metropolitan area of
Guwahati, Assam, India. The present work investigates the influence of sterile (autoclaved) and unsterile soil
(natural soil) on fate and germination behaviour of spores of Rhizopus stolonifer.
Methods:
Site of experiment: The study was carried out at rooftop of three storied residential apartment, Ananda Niketan,
Anandanagar, Guwahati, Assam (Lat 26.1065° N, Lon 91.5860° E). Air mycoflora was studied by settle plate
method as per Turner, 1966. The fungus was isolated and morphologically identified as per Zheng et al (2007).
Source of Soil samples: Soil samples were collected from 13 different sections from a tea farm along with data on
soil carbon, pH, potash and sulphur content.
Germination test: Germination studies on soil was carried out as per agar block method (Dobb and Hinosan
1953).A spore is said to be germinated if the germtube exceeds half the diameter of normal spore(APS 1934)
Results:
1. Unautoclaved soil reduced a mean germination rate of R. stolonifer 61% while autoclaved soil cause 28%
inhibition (r=+0.68).The estimated germ tube growth rate for autoclaved and non autoclaved soil were
166µm/hr and 66 µm/hr respectively.
2. There were wide variation of germination among 13 different soil samples which may be attributed to
variation in soil carbon, pH, potash and sulphur content.
3. Unautoclaved soil caused significant abnormality i.e. zigzag growth, swelling of hyphae and excessive coiling,
excessive growth etc. in germ tube growth and development.
4. A few spores in unautoclaved soil transformed in to a spherical body almost double the spore size with dark
dense protoplasmic material inside. The germ tube get fade away and probably remained inactive. This event
takes about 72 hours.
Conclusion:
Germination of air borne R. stolonifer was suppressed significantly induced growth abnormalities and inactivates
fungal propogulae by agricultural soil. Soil pH, carbon, potash and sulphur content has influenced germination
in autoclaved and unautoclaved soil. Further studies on origin and elucidation of chemodiversity in soil due to
secondary metabolites of microbes, preventing growth of human pathogenic fungus is under priority areas of
research.
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THE ASPERGILLUS FUMIGATUS MORPHOGENESIS-RELATED KINASE, COTA, ORCHESTRATES HYPHAL
GROWTH IN RESPONSE TO CARBON SOURCE QUALITY
A Martin-Vicente*, AV Nywening, X Guruceaga, H Thorn, J Xie, W Ge, JR Fortwendel
Clinical Pharmacy and Translational Science, University of Tennessee Health Science Center, Memphis, USA

Purpose:
Fungal pathogens must exhibit strong nutritional plasticity, effectively sensing and utilizing varying nutrient
sources, for development of invasive disease. How the molecular signals generated by nutritional sensing
are efficiently translated to the cellular morphogenetic machinery for optimal orchestration of growth under
nutritional stress remains incompletely understood. Here, we sought to identify and characterize protein kinases
required for pathogenic growth in the opportunistic fungal pathogen, Aspergillus fumigatus.
Methods:
Growth and stress analyses were performed in vitro using minimal media containing various carbon sources,
following standard Aspergillus protocols. Where indicated, a culture media mimicking host conditions was prepared
using homogenized lungs from healthy mice, buffered to pH 7, containing gentamicin and chloramphenicol, and
mixed with 3% Noble agar. Gene disruption, complementation and allele swaps were performed by a modified
CRISPR-Cas9 gene targeting approach. A previously described mouse model of invasive pulmonary aspergillosis,
using female CD-1 mice, was utilized for virulence assays. Survival data was plotted by Kaplan Meier curve and
analyzed using log rank test. Western blot analyses were performed using a custom antibody raised against the
kinase domain of the CotA protein.
Results:
To identify molecular mechanisms supporting A. fumigatus growth in the mammalian lung environment, we first
screened a protein kinase disruption library for growth on a mouse lung agar. This screen identified the disruption
of only the conserved morphogenesis-related protein kinase gene, cotA, as essential. Further in vitro studies
revealed that, although the cotA disruption mutant (cotA-1) displayed only a slight growth defect, compared to
the parental strain, when grown on glucose, hyphal growth was almost completely abolished when grown on lung
agar, as well as on lung explants. Employing a mouse model of invasive pulmonary aspergillosis, we also found
that the cotA-1 mutant displayed reduced virulence, characterized by the inability to form tissue-invasive hyphae
in vivo. Additional in vitro studies revealed that, unlike the parental and the complemented strains, the cotA-1
mutant formed only compact colonies when provided non-sugars as the sole carbon source. However, we show
that the CotA protein does not regulate, nor is cotA gene expression regulated by, the carbon catabolite repression
system. Using a novel CotA-specific antibody, we instead uncovered that wild type A. fumigatus produces two
CotA protein isoforms, long and short, whereas the cotA-1 disruption mutant produces only the short isoform.
Culture on non-sugar carbon sources caused complete loss of CotA protein in the cotA-1 mutant. Additional
mutational analyses showed that conserved phospho-regulatory sites on the CotA protein were required for CotA
support of hyphal growth independent of carbon source quality.
Conclusions:
The A. fumigatus cotA gene encodes a conserved morphogenesis-related kinase that is produced as two protein
isoforms, long and short. The presence of the long isoform is required for virulence in a manner dependent of
host-relevant carbon source quality.
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Purpose:
Mycovirus infection of Aspergillus fumigatus, which is the causal agent of invasive aspergillosis, might offer
a therapeutic solution for the disease analogous to antibacterial phage therapy. Previously we demonstrated
that mycovirus infection weakens A. fumigatus in intermicrobial competition with Pseudomonas aeruginosa by
a mechanism largely linked to iron metabolism. We then determined the differences in siderophore secretion
kinetics of isogenic virus-free (VF) and virus-infected (VI) A. fumigatus strains, potentially as a result of metabolic
burden on the fungus. Here we have investigated whether Aspergillus fumigatus polymycovirus-1 (AfuPmV-1)
influences the production of mycotoxins in A. fumigatus.
Methods:
AfuPmV-1-infected A. fumigatus isolate (18-95) was cured using cycloheximide, generating an isogenic VF
A. fumigatus strain (18-42), which was then transfected with purified AfuPmV-1 to obtain a re-infected strain (1940). Intracellular and secreted mycotoxins were then quantified at 24, 31, 48, 54, and 72 hours post infection for
all three strains of the fungus by liquid chromatography and mass spectrometry using three biological and three
technical replicates.
Results:
In an iron-restricted liquid medium, we observed statistically significant temporal production of both gliotoxin
(GL) and bis(methylthio) gliotoxin (bmGL) at the stationary phase of growth (48 and 54 hours), in both the VI
18-95 and 19-40 strains. Conversely, no GL or bmGL secretion was observed in the VF strain during the time
frame investigated. Similar phenomena were observed in the fungal pellets for tryptoquivaline F/J, 3-hydroxyfumiquinazoline A, and fumigaclavines A and C.
Conclusion:
AfuPmV-1 infection modulates the production and secretion of A. fumigatus immunosuppressive and antibacterial
mycotoxins, particularly GL and its derivative bmGL. AfuPmv-1 infection is a stress factor to A. fumigatus, which
may profoundly affect the human host-fungus interplay, a trait that merits further investigation.
Acknowledgment:
The authors gratefully acknowledge support from the Czech Science Foundation (21-17044S).
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Purpose:
Coronavirus disease 2019 (COVID-19) continues to be a global health issue and superinfections involving fungi
have widely been reported in patients with severe cases of this novel disease. COVID-19-associated pulmonary
aspergillosis (CAPA) is one of such superinfections and while many CAPA fungal isolates have been reported, there
is a dearth of publicly available whole genome sequences for those isolates. We set out to increase the number
of whole genome sequences of CAPA isolates available to the community and characterize those isolates using
both phylogenomic and phenotypic analyses.
Methods:
11 newly isolated CAPA clinical isolates from Europe were sequenced. Standard pipelines were used to assemble
these genomes and predict gene annotations.
To build a phylogenomic tree that included the 11 new CAPA isolates, four previously reported European CAPA
clinical isolates, 43 non-CAPA clinical and environmental Aspergillus fumigatus isolates that span the known
diversity of the species, and three outgroup Aspergillus strains from two different species, we used a previously
constructed data set of 4,525 single-copy orthologous genes. Of the 4,525 orthologs, we found 4,515 to be
present in single copy in all the newly sequenced CAPA genomes. These 4,515 single-copy orthologs from each of
the 61 strains were then aligned, trimmed, concatenated, and then used to construct a phylogenetic tree using
maximum likelihood methods.
In addition, we characterized the CAPA strains for their antifungal susceptibility and response to growth in many
infection-relevant conditions: the presence of macrophages, sorbitol, hypoxia, Congo red, hydrogen peroxide,
high temperature, and high- and low-iron levels.
Results:
The resulting phylogenetic tree showed that the 11 new CAPA strains are more genetically diverse than the
previously sequenced CAPA strains and appear to span A. fumigatus genomic diversity based on their placements
on the phylogeny. There also appears to be low correlation between geographic location and genetic relatedness
in these CAPA strains.
Our antifungal susceptibility experiments showed that there is low heterogeneity amongst a subset of the
isolates, and they respond to antifungals in a manner similar to two reference strains, Af293 and A1163. When
grown under infection-relevant stresses and compared to the two reference strains, the new CAPA strains were
more similar to Af293 than A1163.
Conclusion:
Our results suggest that CAPA strains exhibit genomic heterogeneity amongst each other yet are similar to other
A. fumigatus strains both in their genetic diversity and phenotypic response to disease-relevant stresses; a novel
finding compared to our previous studies that utilized a smaller number of CAPA strains. This information will
likely be of great interest to molecular biologists, as well as clinicians and epidemiologists as they continue to
address the fungal disease implications of the COVID-19 pandemic.
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Purpose:
Filamentous fungi are widely infected with viruses (hereafter referred to as mycoviruses), and most mycoviruses
are thought to cause no phenotypic changes in their hosts. However, this view has been changed as intensive
studies were conducted by many researchers. Recently, Aspergillus fumigatus polymycovirus AfuPmV-1M was
reported to affect colony growth, conidia formation, secondary metabolite production, and virulence for mouse
in the host strain A. fumigatus Af293 (1). To broaden our knowledge for viral impacts on the life-threatening fungal
pathogen, systematic phenotyping analysis was performed for multiple mycoviruses.
Methods:
We focused on the viruses that had been detected from several clinical and environmental A. fumigatus isolates
(Aspergillus fumigatus polymycovirus 1: PmV1; Aspergillus fumigatus negative-strand RNA virus 1: NSRV1;
Aspergillus fumigatus narnavirus 2: NV2; Aspergillus fumigatus botourmiavirus 1: BOV1; Aspergillus fumigatus
mitovirus 1: MV1; Aspergillus fumigatus ssRNA virus 1: RV1). The virus-free strains were created by antiviral
agent.
Results:
To widely investigate mycoviral effects on the host properties, the virus-free strains were successfully obtained
from the virus-infected strains. Then, colony growth rate, morphology, conidia production, growth in early
phase, stress tolerance of the conidia, tolerance to antifungals, and virulence in a silkworm infection model were
compared between the virus-free and infected strains. The host fungal growth on minimal media plates was
affected by infection (RV1, PmV1, or NV2). Susceptibility to itraconazole, voriconazole, and amphotericin B was
found to be different between virus-infected strains and the virus-free strains (RV1, PmV1, NV2, or BOV1). These
results indicated that mycoviruses potentially have a role in antifungal susceptibility in A. fumigatus. The conidia
of strain infected with NV2 were shown to more sensitive to heat stress treatment (60°C, 15min) compared with
those of virus-free strain. In a silkworm infection experiment, only BOV1 affect virulence of the host.
Conclusion:
The systematic phenotyping analysis showed that mycoviruses are to certain extent involved in biological
processes of A. fumigatus in a different manner. Mycovirus can be a factor that add diversity to the phenotype of
the host fungus, and it is likely that they have functions and roles that are not yet known.
Reference:
(1) Takahashi-Nakaguchi A et al., Front. Microb., 2020, 11: 607795
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Purpose:
Aspergillus fumigatus is an opportunistic pathogen causing many serious diseases such as invasive aspergillosis
and allergic bronchopulmonary aspergillosis. A key developmental process in A. fumigatus is the balance
between polar growth and lateral branching both of which are necessary for colony expansion within host
substrates. Recently our lab found the transcription factor ZfpA to be essential in the hyperbranching response of
A. fumigatus to the oxylipin 5,8-diHODE which is produced by the fungal enzyme PpoA. ZfpA deletion generates
a hypobranching phenotype whereas its overexpression yields a hyperbranching phenotype. In order to begin
to understand the regulatory role of ZfpA in the hyphal development of A. fumigatus, RNA-seq analysis was
conducted to identify potential regulatory pathways of ZfpA.
Methods:
Total mRNA was extracted from 16 hour cultures of wild type (WT), ΔzfpA, and OE::zfpA strains in the Af293
background. The RNA samples were sequenced and analyzed, comparing each mutant to the WT strain. The ppoA
gene was deleted in the OE::zfpA background by replacing the ppoA open reading frame with a hygromycin B
resistance marker. Transformants were confirmed by PCR and Southern blotting.
Results:
In the Af293 ΔzfpA strain, 1273 genes were found to be significantly upregulated (padj. <0.01, log2FC≥1) and 348
significantly downregulated (padj. <0.01, log2FC≤–1). In the OE::zfpA strain 648 and 1076 genes were found to
be significantly up- and downregulated respectively. Differentially expressed genes (DEGs) in the deletion mutant
were enriched in 16 functional categories (FunCat), and DEGs in the overexpression mutant were enriched in
9 functional categories including secondary metabolism (FDR < 0.05). Manual analysis of the RNA-seq data
revealed that genes involved in chitin metabolism were differentially regulated in both mutants suggestive of
alterations in cell wall composition. In vitro testing showing ΔzfpA to be more sensitive to cell wall stressors
caspofungin and calcofluor white while OE::zfpA was more resistant than WT supports the RNA-seq findings.
Additionally, ppoA was the most highly upregulated gene in the OE::zfpA strain suggesting a potential feedback
loop in PpoA and ZfpA activities. To start to assess this hypothesis, isogenic strains (ΔppoA mutant, OE::zfpA
mutant, and ΔppoA OE::zfpA double mutants) have been created for further analysis of hyphal development.
Conclusions:
Current results suggest that ZfpA is an important developmental regulator of genes involved in diverse metabolic
processes in A. fumigatus including chitin metabolism and cell wall synthesis. Candidate genes identified from the
RNA-seq profiling will be characterized for roles in hyphal branching.
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Purpose:
The COVID-19 pandemic has caused a dramatic increase in the global incidence of mucormycosis. Particularly in
India and Brazil cohorts of SARS-COV2 survivors experienced mucormycosis epidemics. Mucor circinelloides is one
of the causative agents of this lethal fungal infection. Mucormycetes are intrinsically resistant to echinocandins
and short-tailed azoles, leaving amphotericin B (AMB), posaconazole (PSC), and isavuconazole (IVU) as the only
systemic treatment options. The mechanism responsible for mucormycete resistance to short-tailed azoles is not
fully understood. We have tested the hypothesis that the amino acid (AA) substitutions Y129F and V293A in the
ligand-binding pocket (LBP) of the azole target sterol-14α-demethylase (SDM) confer intrinsic resistance to shorttailed azoles.
Methods:
Mucor circinelloides SDM-F1 and SDM-F5 and their cognate NADPH-cytochrome-P450-reductase (CPR) were
expressed in a Saccharomyces cerevisiae host at the PDR5 and PDR15 loci, respectively. The hypersensitive host
is deleted in seven ABC transporters, harbours a pdr1-3 gain of function mutation, and has a galactose-inducible/
glucose-repressible native ScERG11. The effect of the two postulated AAs on drug binding were studied in SDM-F1
by introducing Y129F and V293A substitutions, individually and in combination, in SDM-F5 with the revertants
F129Y, A293V, and F129Y A293V.
All recombinant strains were confirmed by PCR and DNA sequence analysis. Susceptibility testing used EUCAST
guidelines for AMB, voriconazole (VRC), fluconazole (FLC), IVU, PSC, and itraconazole (ITC). Growth kinetics plus
SDS-PAGE and Western blots were used to characterize recombinant protein expression. The accumulation
of ergosterol and its precursors as well as toxic intermediates were analysed by gas chromatography mass
spectrometry under azole treatment.
Results:
Wild-type McSDM-F1 and McSDM-F5, with and without CPR, were functionally expressed in the S. cerevisiae
host. Highest MICs against short-tailed azoles were found for McSDM-F5-CPR (VRC: 4 mg/L and FLC: 128 mg/L),
followed by McSDM-F5 (VRC: 0.6 mg/L and FLC: 42.7 mg/L), and McSDM-F1-CPR (VRC: 0.3 mg/L and FLC: 14.5
mg/L). For McSDM-F5-CPR, IVU showed high MIC values like VRC (4 mg/L). The susceptibilities to long-tailed
azoles and AmB were unchanged. Susceptible phenotypes were obtained with the McSDM-F5 revertants and
single AA substitutions in the McSDM-F1 paralog.
Genetic and phenotypic tests confirmed the expected genomic sites of the recombinant genes and strain fitness.
Recombinant protein expression relative to the ScERG11 recombinant control was comparable for McSDM-F1
and McSDM-F1-CPR (98% and 90%) and higher for McSDM-F5 (162%) and McSDM-F5-CPR (177%). Only SDM-F1
Y129F V293A was not expressed. VRC treatment caused accumulation of a toxic sterol (14-methylergosta8,24(28)-diene-3beta,6alpha-diol in variants expressing single expressing McSDM-F1 or McSDM-F5 (both 14%).
The reduction in ergosterol content was more extensive in McSDM-F1 constructs (McSDM-F1: 17%, McSDM-F1CPR 6%) than in McSDM-F5 constructs (McSDM-F5: 5% McSDM-F5-CPR: 3%).
Conclusion:
Wild type M. circinelloides SDM and a range of its variants have been functionally expressed in S. cerevisiae.
Susceptibility profiling, protein expression studies and sterol analysis demonstrate that the intrinsic AA
substitutions F129 and A291 in the McSDM-F5 paralog confer intrinsic resistance to short-tailed azole drugs.
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Purpose:
Aspergillus fumigatus is the main causative agent of invasive aspergillosis. The therapeutic armamentarium to
fight against this disease is limited. Therefore, we sought to identify genetic pathways that might serve as novel
therapeutic targets through generating and studying an A. fumigatus protein kinase disruption mutant library.
The aim of the current work is to understand the importance of the Septation Initiation Network (SIN) kinase
genes, sepH, sepL and sidB,in A. fumigatus pathobiology.
Methods:
Cell wall characterization was performed using standard Aspergillus culture techniques. Staining of exposed chitin
was performed using Wheat Germ Aggluntinin-FITC and β-glucan detected using an Fc-hDectin-1a recombinant
molecule. Germination, septation and mitosis were analyzed by microscopy using calcofluor white and propidium
iodide staining. RNAseq analyses were performed using mature hyphae grown in minimal media for 24 hours.
Total RNA was extracted using TRIzol coupled with a RNeasy Qiagen kit, following manufacturer’s instructions.
Results:
We previously found the SIN kinase genes, sepH, sepL and sidB, to be essential for hyphal septation and for
survival under cell wall stress. Our previous work also revealed that loss of hyphal septation resulted in almost
complete avirulence characterized by lack of tissue invasion. Interestingly, co-culture of mutant and wild type
conidia with a macrophage cell line revealed reduced ability of the SIN kinase mutants to elicit pro-inflammatory
signaling evidenced by reduced IL-1β and TNFα release. To see if the cell wall hypersusceptibility and reduced
immunogenicity phenotypes of the SIN kinase mutants were due to altered cell wall formation or hyphal
development, we performed in vitro phenotypic characterization of the mutant strains coupled with RNAseq
profiling. Interestingly, conidia of the mutant strains were found to initiate germination earlier than wild type and
hyphae formed by the mutant germlings were significantly longer than the wild type at the same developmental
timepoint. In contrast, the mitotic rate was similar between all the strains, suggesting that loss of SIN activity
uncoupled the processes of mitosis polarized morphogenesis. Hyphal staining revealed altered distribution of
chitin cell wall deposition and reduced β-glucan levels in the Sin kinase mutants. RNAseq analyses identified
997, 625 and 337 genes from the ΔsepH, sepL-1, and sidB-1 mutant strains, respectively, that were differentially
expressed when compared to the wild type. Of these genes, only 28 were downregulated in common between
the three mutant strains. Gene Ontology enrichment analyses revealed that 45% of these genes were related
with transport processes, 34% with RNA metabolic process and 28% with ribosome biogenesis.
Conclusion:
Our results suggest that SIN kinase activity is essential for normal germination and mitosis and for proper cell
wall formation. Although no direct transcriptional link to cell wall biosynthesis was uncovered, RNAseq analyses
suggest hyphal septation is linked to cellular transport, RNA metabolism and ribosome biogenesis.
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Purpose:
Aspergillus fumigatus is a ubiquitous filamentous mold that causes necrotizing pneumonia in immunosuppressed
individuals. One of the virulence factors of A. fumigatus is the synthesis of the adhesive, cationic exopolysaccharide
GAG, which is mediated by the products of a five gene cluster. One of these genes, ega3 encodes a glycosyl
hydrolase that is specific for deacetylated GAG that is anchored to the cell membrane of A. fumigatus. We
hypothesized that Ega3 is necessary for GAG synthesis, and to test this hypothesis, we sought to disrupt ega3 in
A. fumigatus.
Methods:
CRISPR/Cas9 was used to replace the ega3 allele of Aspergillus fumigatus Af293 with a hygromycin resistance
cassette. CRISPR/Cas9 was also used to complement the ega3-null strain at the native locus. Deletion and
complementation were confirmed using reverse transcription quantitative PCR (RT-qPCR) and Western blot.
Strains were characterized using a crystal violet biofilm assay. The ega3-null strain was transformed with a
tetracycline-inducible agd3 construct. Fungal membrane permeability was measured using an ATP release assay.
Mammalian cell viability was measured via radioactive chromium release or propidium iodide staining.
Results:
Multiple attempts to disrupt ega3 by conventional methods were unsuccessful. Switching to CRISPR/Cas9
generated a single ega3-null clone. As with other mutations in the GAG cluster, this mutant did not produce
deacetylated GAG. Complementation with an ega3 allele failed to restore deacetylated GAG production,
suggesting the presence of a secondary mutation in this strain. Analysis of the expression of the rest of the GAG
cluster genes revealed that agd3, encoding the GAG deacetylase, was not expressed in the ega3 null mutant.
We therefore hypothesized that ega3 is conditionally essential in the presence of deacetylated GAG production.
To test this, agd3 was expressed in the ega3 null mutant under the control of a tetracycline-inducible promotor
(ega3null-Tet ON-agd3). Under agd3-expressing conditions, GAG production was restored, however fungal growth
was inhibited. We hypothesized that GAG may be toxic to the cell membrane of A. fumigatus and that Ega3 is
necessary for degrading GAG near the membrane. To test this, ATP was measured in fungal culture supernatants
as a proxy for cell leakage. Induction of agd3 expression in the ega3null-Tet ON-agd3 mutant causes increased ATP
release, suggesting that deacetylated GAG disrupts the fungal cell membrane.
Since GAG causes membrane permeability in the ega3 null mutant, we hypothesized that it may cause host cell
injury. This was tested in a cell damage assay where epithelial cells were loaded with radioactive chromium and
exposed to culture supernatants of wild-type A. fumigatus with and without recombinant Ega3. A. fumigatusinduced epithelial cell damage was nearly abolished in the presence of Ega3. Similar findings were observed using
propidium iodide staining of bone marrow-derived macrophages exposed to GAG with or without Ega3.
Conclusion:
This data suggests that cationic GAG is cytotoxic to both fungal and host cells, and that Ega3 can serve as an
antitoxin to mitigate these effects.
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Purpose:
Despite mucormycosis being increasingly recognized as an important, invasive, and severe complication
related to COVID-19 (CAM), currently, no globally standardized datasets are available for evaluating the spatiotemporal determinants of human exposure to this species-rich and little-studied group of fungi. Understanding
environmental risks of fungal exposure, if any, remains limited. In order to understand whether links exist between
environmental exposures to mucor and mucormycosis, we characterize the global distributions of Mucoromycota
across continents.
Methods:
Employing our synoptic analysis of 8,937 samples (7,475 air and 1,462 dust) from 30 countries and 6 continents, we
demonstrate the relative abundance and geospatial stratification of Mucorales. A competitive factor analysis was
performed using environmental, clinical and socioeconomic metadata from each sampling location to understand
the complex relationship seen between environmental burden of Mucorales to epidemiological burden of
mucormycosis. In addition, we also successfully captured and isolated 5 new strains of airborne Mucorales.
Results:
Our meta-analysis reveal that relative abundance of Mucorales in air to be poor predictors for the growing
occurrence of clinical mucormycosis. There is a ubiquitous presence of Mucoromycota in our global geospatial
survey, with individual samples illustrating high variation in species composition and burden, even when taken
in close proximity. In contrast, the temporal distribution of Mucoromycota follows precise species-specific diel
patterns and adheres to a strong seasonal influence in temperate climates.
Conclusion:
We can exclude the environmental burden of Mucorales as a key contributor to emergence cases of CAM, suggesting
host genetics, co-morbidities (diabetes), high steroid use and yet undescribed factors to be of greater explanatory
power. We conclude that the identification of global hotspots and avoidance of airborne Mucoromycota is not a
viable public health intervention aimed at controlling the ongoing Mucormycosis ‘epidemic within the pandemic’.
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Purpose:
Although fungal diseases affect millions of humans each year, fungal pathogens of humans remain understudied.
The mold Aspergillus flavus is a causative agent of both aspergillosis and fungal keratitis infections. Although
A. flavus is commonly isolated from patients with these infections, species closely related to A. flavus are rarely,
if ever, isolated from patients and are not considered clinically relevant. To gain insights into why this is the case,
we compared genomic and phenotypic traits between A. flavus and three closely related non-pathogenic species,
namely A. arachidicola and A. parasiticus, and A. nomius.
Methods:
We sequenced genomic DNA from seven strains, two each of A. arachidicola, A. parasiticus, and A. flavus, and one
A. nomius. We assembled and annotated draft genomes and predicted biosynthetic gene clusters for each strain,
and identified and compared orthologous proteins. Additionally, we characterized the secondary metabolite
production of all seven strains in two clinically relevant conditions: the temperature of the human body and the
salt concentration of human tears. We also examined the relative virulence of each strain using the invertebrate
model of fungal disease Galleria mellonella.
Results:
Our genomic analyses revealed that A. flavus strains shared seven biosynthetic gene clusters that were absent
in strains from the three non-pathogenic species. Furthermore, we identified over 2,000 orthologous proteins
unique to A. flavus, which were enriched in the gene ontology categories of transmembrane transport and
oxidoreductase activity. Despite the unique biosynthetic gene clusters and proteins in A. flavus, our chemical
analyses showed few unique metabolites produced by any species. Temperature changes impacted metabolite
production in all species, but we found a surprising lack of impact of salt on secondary metabolite production.
We also found that strains of the same species varied widely in their virulence profiles, and that A. flavus strains
were not more virulent than strains of the non-pathogenic species.
Conclusion:
Our work provides additional puzzle pieces in the study of A. flavus pathogenicity and its prevalence in human
infections compared to its close, non-pathogenic relatives.
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Purpose:
Adherence to cells is a key step in fungal pathogenesis. In Aspergillus fumigatus, hyphal adherence to host cells
is mediated by the exopolysaccharide galactosaminogalactan (GAG). While several studies have identified genes
whose product is required for GAG biosynthesis, little is known about the genetic regulation of GAG production
and adherence.
Methods:
A library of 400 A. fumigatus transcription factor knock-outs was screened for their capacity to form adherent
biofilms using the crystal violet assay. Transcription factor mutants with impaired biofilm-forming capacity were
re-constructed to confirm the role of each candidate gene in the regulation of adherence. Mutants were then
tested for potential growth defects by visual observation and XTT metabolic activity. GAG synthesis was quantified
by ELISA and immunofluorescence microscopy. Cell wall composition was assessed by gas chromatography/mass
spectrometry.
Results:
Out of 400 transcription factor knock-outs, 9 strains exhibited a reduction of > 50% in biofilm formation as compared
with the parent strain Ku80. After reconstruction of the 9 deletions, the simultaneous study of biofilm adherence
and growth allowed the classification of these mutant strains into 4 categories: 1 mutant had no growth defect
and exhibited impaired formation of adherent biofilms throughout the growth period, 4 mutants had no growth
defect, and reduced biofilm formation that could be restored with longer incubation, 3 mutants exhibited both
a growth defect and a defect in biofilm formation that persisted despite prolonged incubation. Finally, 1 mutant
displayed a severe germination defect and was excluded from further study. Interestingly, all strains except one
produced both cell wall-associated or secreted GAG. Further studies of the cell wall polysaccharides in these
mutants suggested a wider dysregulation of cell wall biosynthesis.
Conclusion:
This study highlights the role of several novel transcription factors in the regulation of A. fumigatus adherence
and cell wall synthesis. Further, the inability of several of these strains to form adherent biofilms despite the
production of GAG may provide insights into other GAG-interacting or independent factors required for fungal
adhesion and biofilm formation. The identification of these new adherence actors and their precise role may
identify new therapeutic targets to prevent the development of A. fumigatus biofilms.
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Purpose:
Aspergillus fumigatus is a worldwide fungal pathogen that causes a highly lethal opportunistic infection in
immunocompromised individuals. Azole drugs, targeting Cyp51A, are the first line antifungal treatment for
aspergillosis; however, the rising isolation of azole-resistant A. fumigatus strains in the last decade imposes a
great challenge in the management of patients with aspergillosis. The continuous exposure of A. fumigatus to
environmental fungicides, such as demethylase inhibitors (DMIs), used for crop protection against other fungal
plant pathogens, is believed to be selecting multi-drug resistant strains. The repeated use of fungicides of single
mode of action is leading to the selection of mutations in the genes encoding the target site protein decreasing
the effectiveness of the antifungals. This situation applies, not only to a diverse amount of fungal plant pathogens
but also to non-targeted fungi, including A. fumigatus, via the selection of antifungal resistant strains that are
unaffected by multiple fungicides favoring their spread and dissemination. Recently, we described that azole
resistant A. fumigatus bearing the TR34/L98H Cyp51A mutations showed resistance to several other environmental
antifungal single sites classes such as benzimidazoles (MBCs), strobilurins (QoIs) and succinate dehydrogenase
inhibitors (SDHIs). In this study, a collection of azole-susceptible and resistant A. fumigatus strains with different
mutations in Cyp51A, β-tubulin, cytochrome b and SdhB were tested against dicarboximide and phenylpirrole
antifungals.
Methods:
To carry out this study we selected 60 A. fumigatus isolates, 19 azole-susceptible strains and 41 azole-resistant
strains, harboring different mutations in Cyp51A, β-tubulin, cytochrome b and SdhB. One antifungal compound
from each antifungal class was tested: iprodione (dicarboximides) and fludioxonil (phenylpirroles). Susceptibility
testing was assessed spotting 3 µL, containing 3x104 spores, on three sets of minimal medium plates, one of
them containing 8 mg/L fludioxonil, another plate containing 32 mg/L iprodione and a growth control plate. The
target gene bos1 was PCR amplified and sequenced. In addition, the bos1 gene was analyzed in a collection of
163 A. fumigatus genomes from different countries compromising a variety of azole resistant mechanisms.
Results:
All strains with iprodione resistance (> 32 mg/L) had a point mutation (I399N) in the HAMP 3 domain of class
III histidine-kinase Bos1 coding region. None of them was resistant to fludioxonil. Other mutations found in the
HAMP domains (D371Y and Q423K) were not related to iprodione resistance. The phylogenetic tree showed that
A. fumigatus strains harboring iprodione resistance grouped together in one sub-clusters where all strains were
azole resistant (TR34/L98H) and have a variety of different patterns of cross-resistance to other fungicides such as
DMIs, MBCs, QoIs and SDHIs.
Conclusion:
The mutation I399N is responsible for A. fumigatus resistance to the dicarboximide iprodione but not to the
phenylpirrole fludioxonil. A strong association between the azole resistance mechanism TR34/L98H and the
resistance phenotype to several environmental fungicides reassured the environmental resistance origin of
these resistant strains. These results suggests a selection of multi-drug resistant strains in crops that show
cross-resistance with clinical azoles. Further research to understand the origin and spread of A. fumigatus azoleresistant strains is needed.
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Purpose:
The increasing detection of azole resistant Aspergillus fumigatus isolates is threatening the azole class
effectiveness in the aspergilosis management. Fungi exhibit a diversity of mechanisms to create genetic variation
that eventually lead to the selection and spread of resistant fungal pathogens. In a previous WGS analysis, a
collection of azole susceptible and resistant A. fumigatus genomes from very diverse geographical origins were
differentiated in four clusters. The most remarkable finding was that all genomes harboring the azole resistance
mechanism TR34/L98H in cyp51A were included within the same cluster. The genetic closeness of the strains
harboring TR insertions suggests additional genetic mechanisms operating in them that in turn result in the
selection of genotypes that fit better to the environment. Some studies have suggested the genetic instability in
A. fumigatus as a possible mechanism of evolving azole resistance. One of the systems in charge of recognition
and repairing the mistakes during cell replication is the DNA mismatch repair (MMR) system. Two major protein
complexes constitute the MMR pathway: MutS, recognizing the mismatch, and MutL, removing the strand with
the mistake. Here, we investigate four A. fumigatus MMR genes: msh2, msh6, pms1 and mlh1 and their relation
with azole resistance.
Methods:
We examined the MMR gene variations in 168 A. fumigatus genomes including azole susceptible and resistant
strains. The msh6 (Afu4g08300), msh2 (Afu3g09850), pms1 (Afu2g13410) and mlh1 (Afu5g11700) genes were
analyzed. The gene msh6 was deleted in an akuBKU80 A. fumigatus strain by protoplast transformation experiments.
The msh6 knock out isolates were subjected to different fitness tests: oxidative stress with menadione, cell wall
studies with calcofluor and congo red and growth at different temperatures. Mutagenesis experiments were
carried out using progressive exposure to progressive concentrations of benomyl, prochloraz and azoxystrobin
alone and in combination.
Results:
Three MMR genes (msh2, pms1, mlh1) had low genetic variability. Only a few mutations were detected in
some strains showing no relation with their azole susceptibility phenotype. Only the gene msh6 had a mutation
(G240A), harbored by 41% of the strains, all of them closely related in the phylogenic tree and with the majority
also harboring mutations in the cyp51A gene. The mutagenesis experiments, performed with wild type msh6 and
G240A-msh6 strains, resulted in the recovery of isolates with mutations F129L and G143A, in the cytB gene under
azoxystrobin selection. All of them occurred in a strain harboring the mutation G240A in Msh6. We were unable to
recover any antifungal resistant mutant from the msh6 wild type strain. The Δmsh6 strains were indistinguishable
from the akuBKU80 parental strain when they were grown at 37-60°C temperature range or in the osmotic or cell
wall stresses testing. Mutagenesis experiments using other drugs (benomyl and prochloraz) and with the Δmsh6
strains are currently in progress.
Conclusion:
Modifications in genes involved in the MMR system could be related to a higher mutation rate and contribute to
resistance acquisition. This study suggests a possible link between alterations in Msh6and the development of
antifungal resistance in A. fumigatus.
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Purpose:
Aspergillus constitutes one of the most prevalent fungal genera in the environment, including some opportunistic
pathogen species. The treatment of those fungal infections consists mainly of antifungal agents such as azoles.
However, in recent years, antifungal resistance has become an issue of major concern. One of the possible origins
of these resistances is clinical, due to prolonged treatments in chronic patients. However, another possible origin
is environmental, due to the use of azoles in agriculture. Therefore, it is of paramount importance to assess the
prevalence of antifungal resistance in the environment. Hence, the aim of this study is to detect and analyze
potentially resistant Aspergillus strains in the environment of the Basque Country.
Methods:
Air samples were collected in November 2021 using the MAS-100 Eco Air Sampler in 3 different environments
(hospital, urban and rural areas) of each province of the Basque Country (Bizkaia, Araba and Gipuzkoa). Two
different conditions were tested: growth media and temperature. Sabouraud agar was used for counting the
colonies forming units (CFUs), while Sabouraud agar plates supplemented with voriconazole (1 mg/L) enabled
the isolation of potentially resistant strains. Sampled Petri dishes were incubated both at 28°C and 37°C.
Afterwards, the identification of the Aspergillus-like colonies was performed by sequencing the region between
the internal transcribed spacer 1 (ITS1) and ITS4. In order to assess the resistance to voriconazole of the isolated
Aspergillus species, minimum inhibitory concentrations (MICs) were calculated by EUCAST microdilution method.
All experiments were performed in triplicate.
Results:
As expected, both the temperature and the antifungal acted as restriction factors; therefore, the plates
supplemented with voriconazole incubated at 37°C were the ones that showed less growth. Moreover, less fungal
load was detected in Araba compared to Gipuzkoa and Bizkaia. Around 17% of the detected CFUs grown at 37°C
in Sabouraud agar supplemented with 1 mg/L voriconazole were identified as Aspergillus spp. Those colonies
were mainly collected in hospital and urban areas of the three provinces. In addition, preliminary results of the
EUCAST method for the determination of MICs of voriconazole indicate that some strains may be potentially
resistant.
Conclusion:
To sum up, preliminary results of this study show the presence of potentially resistant Aspergillus strains in the
hospital and urban environment of the Basque Country. However, yet much work remains to be done to assess
its impact and study the implicated resistance mechanisms.
Acknowledgement:
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Purpose:
Currently, voriconazole and more recently isavuconazole are widely used for the treatment of aspergillosis. Two
different routes of azole resistance development in A. fumigatus have been described: a medical route in which
azole resistance is generated during long periods of azole treatment in clinical settings and another route of
resistance derived from environmental origin due to extended use of DMIs in agriculture. In the first setting,
the described azole resistant mechanism are mainly due to point mutations in cyp51A (G54, P216L, M220 and
G448). In the environmental route, A. fumigatus showing azole resistant mechanisms with combined cyp51A
modifications (TR34/L98H or TR46/Y12F/A289T) are generally isolated. A total of 116 A. fumigatus strains isolated
from 57 patients were studied. All patients had at least two isolates and were or not under azole treatment.
Methods:
The ITS regions and the b-tubulin sequence analysis were indicative of an A. fumigatus sensu stricto isolates.
Antifungal susceptibility testing was performed using a four wells screening methodology to detect A. fumigatus
azole resistant. Positive hits were confirmed by microdilution assay following the EUCAST methodology. cyp51A
was PCR amplified and sequenced. All the strains were genotyped following the typing method TRESPERG.
Results:
Six A. fumigatus strains isolated from two different patients were studied further. Patient A: Four Aspergillus
fumigatus isolates were serially recovered after one month of isavuconazole (ISV) therapy from a patient suffering
pulmonary aspergillosis. EUCAST susceptibility testing showed different patterns of azole susceptibility: initial
and second isolates showed full azole drugs susceptibility, the 3rd isolate was highly resistant to voriconazole
(VRC), posaconazole (POS) and susceptible to itraconazole (ITC) and the 4th isolate showed an uncommon pattern
with high MICs to VRC and ISV (2 mg/L) but susceptibility to ITC and POS (MIC of 1 and 0.125 mg/L, respectively).
The molecular analysis of cyp51A indicated that the 3rd strain has the TR46/Y121F/T289A mutations at cyp51A
and the 4th has a single Y121H substitution without the TR46 or T289A alterations, which to our knowledge has
never been reported. All four isolates were genotyped and presented different genotypes which indicates that
the patient was infected with a mixture of A. fumigatus strains and that resistant strains were selected due to
ISV treatment. Patient B: Two A. fumigatus isogenic isolates were recovered after five months of VRC therapy,
from a patient suffering pulmonary aspergillosis. The initial isolate showed full azole drugs susceptibility but
the 2nd showed a pattern of high MICs to VRC and ISV (2 mg/L) but susceptibility to ITC and POS (MIC of 1 and
0.125 mg/L, respectively). The molecular analysis of cyp51A indicated that the 2nd strain showed a single Y121F
substitution without the TR46 or T289A alterations too.
Conclusion:
These findings suggest a novel resistance mechanism mediated by a mutation in Cyp51A (Y121F/H) conferring
high MICs only to VRC and ISV. This novel single point mutation seems to be selected by ISV or VCR treatment and
might represent a ‘missing link’ between the wild-type A. fumigatus and the fully azole-resistant strain harboring
the TR46/Y121F/T289A mutations.
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Purpose:
The rise of triazole resistance in Aspergillus fumigatus is of increasing concern as infection with resistant isolates
is associated with increased treatment failure. Much remains unknown concerning adaptation to antifungal stress
and development of antifungal resistance, threatening the future of triazoles for medical use. Reversible protein
phosphorylation through protein kinase activity is a ubiquitous post-translational modification that mediates
many cellular processes in eukaryotic organisms, including fungi. A. fumigatus is predicted to encode 147 protein
kinases, the majority of which are uncharacterized, and the influence of these kinases on triazole susceptibility
and adaptation to triazole drugs remains largely unknown. Here, we sought to reveal the impact of each of the
predicted protein kinases on susceptibility to medical, mold-active triazoles.
Methods:
CRISPR/Cas9 gene editing was used to generate a library of 118 protein kinase disruption mutants in the wild
type strain. Voriconazole minimum inhibitory concentrations (MIC) for the disruption strains were determined
using CLSI broth microdilution assays and E-test. Targeted gene deletions and reconstitutions were performed
by CRISPR/Cas9-mediated gene editing approaches. Culture for growth and stress analyses was carried out in
standard Aspergillus minimal media.
Results:
Initial screening of the protein kinase disruption library uncovered only two disruption mutants with altered
voriconazole susceptibility, both with a 4-fold increase in MIC when compared to the parent strain. One of these
mutants possessed a disruption of AFUB_074100, an uncharacterized ortholog of the Aspergillus nidulans SldA
kinase. This kinase is a vital component of the mitotic Spindle Assembly Checkpoint (SAC). To confirm our screen
results, we next deleted the entire gene sequence encoding either sldA (ΔsldA), or of that of the predicted SldAprotein binding partner, sldB (ΔsldB). These mutants were re-examined for susceptibilities to a panel of moldactive triazoles, as well as the spindle poison benomyl. Both ΔsldA and ΔsldB displayed increased MICs to all
triazoles tested, mimicking the sldA disruption mutant voriconazole response. Moreover, both deletion mutants
exhibited markedly increased sensitivity to benomyl, a phenotype characteristic of SAC dysfunction. Although
loss of sldA in A. nidulans is associated with moderate growth defects, the A. fumigatus ΔsldA and ΔsldB mutants
exhibited normal growth and germination rates under non-stress culture conditions.
Conclusions:
Loss of A. fumigatus genes sldA or sldB generate reduced susceptibility to triazole antifungals and play conserved
roles in regulation of the SAC. Future studies will focus on delineating connections between SAC dysfunction and
triazole resistance in A. fumigatus.
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Purpose:
The study aimed to characterize fungal contamination on bulk and bags teas including azole resistance profile.
Methods:
Twenty different teas were selected, ten of each type, from seven different origins (China, Portugal (Azores),
England, Japan, Indonesia, Ceylon (Sri Lanka) and Nepal). Fungal contamination was characterized by culturedependent methods and detection of Aspergillus sections with toxigenic potential will be performed. Samples
were inoculated onto malt extract agar (MEA) supplemented with chloramphenicol (0.05%) and dichloranglycerol agar (DG18), including supplemented media for azole resistance screening (ITZ, VOZ, POZ), according
with the proposed values of EUCAST norm.
Results:
From all the tea samples, the highest counts of fungi were obtained in leaf samples from green tea (87.7% MEA;
69.6% DG18), followed by black tea on MEA (7.9%) and DG18 (16.8%). Fungal identification evidence Aspergillus
sp. was the most common genera (MEA: 67.8%; 91.9% DG18). The genera was also found in infusion samples in
green tea (15.4% MEA). The highest diversity from Aspergillus sections was obtain in leaf samples from green and
black tea on DG18, as follow: Nigri (65,5%), Aspergilli (17.2%), Circumdati (9.2%) and Aspergilli (33.3%) on green
tea and Flavi (23.8%) and Circumdati (14.3%) on black tea. Also, 2 sections were identified in infusion samples
from green tea on MEA(7.69% Nidulantes; 7.69% Fumigati). Aspergillus sp. growth in azole supplemented media
(7.41% ITZ; 7.14% VOZ) along with Mucorales(11.11% ITZ; 42.86% VOZ; 36.96% POZ) evidences the trend of azole
resistance associated to the genera.
Conclusion:
Overall, the widespread of Aspergillus sp. in tea samples emphasizes the need of further investigation regarding
tea consumption and human exposure. Since there is no guidance related to fungal contamination concerning
this food commodity.
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Purpose:
Analyze the importance of including the characterization of the azole resistance profile in indoor air quality
assessments.
Methods:
Azole resistance was screened in two different indoor environments - primary health care centers (N=10) and
firefighters headquarters (N=11) with 4 mg/ml itraconazole (ITR), 2 mg/ml voriconazole (VOR), or 0.5 mg/ml
posaconazole (POS) supplemented Sabouraud (SAB) media, according with the proposed values of EUCAST
guidelines. Aspergillus section Fumigati antifungal susceptibility was evaluated as minimal inhibitory concentration
(MIC) values by E-test gradient trips.
Results:
In six primary health care centers, four fungal species, collected from the HVAC filters, were observed in at least
one azole-supplemented media: Chrysosporium sp., Cladosporium sp., Mucor sp. and Penicillium sp.. The most
prevalent species were Cladosporium sp. (91.5%, 50%, and 81.3%) and Penicillium sp. (6.4%, 45.5%, and 18.8%)
on ITR-, VOR- and POS-media, respectively. No Aspergillus sp. was observed in azole-supplemented media. In
firefighters, the highest Cladosporium sp. prevalence among passive sampling (electrostatic dust cloths - EDC,
cleaning cloths, mops, uniform name tags, filters, and settled dust) was observed on filters (91.1%, 72.1%, and
77.9%) on ITR-, VOR- and POS-media, respectively. Aspergillus sp. low frequencies (0.1% to 1.1%) were observed,
mostly from EDC (3.4% and 3.2% on ITR- and VOR-media, respectively), and in filters (0.03% on ITR). Six Aspergillus
sections were observed on SAB (80.6% Candidi: 8.9% Fumigati; 3.3% Nidulantes; 3.3% Circumdati; 2.9% Nigri;
1.2% Flavi;); 100% Fumigati on ITR; and 97.1% Fumigati and2.9% Nidulantes on VOR. Considering considering the
MIC values of >2 μg/ml for amphotericin B, ITR or VOR, or > 0.25 μg/ml for POS as cutoff values, 36% Fumigati
isolates could be considered resistant.
Conclusions:
The occurrence of fungi with reduced azole susceptibility in primary health care centers and firefighters’
headquarters raises awareness and concern about antifungal resistance in these settings. Other indoor
environments besides health care facilities should be assessed for azole resistance when performing IAQ
assessments.
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Purpose:
This study aimed to characterize Aspergillus section Fumigati distribution in 32 waste collection trucks (WCT).
Methods:
The results were obtained from 64 swabs, 32 filters and 16 EDC’s. Fungal contamination was characterized by
culture-based methods, through the inoculation onto two different culture media: malt extract agar (MEA)
supplemented with chloramphenicol (0.05%) and dichloran-glycerol agar (DG18). All samples were also used
for antifungal resistance screening through samples inoculation in azoles (ITZ, VOZ, POZ), according with the
proposed values of EUCAST norm. Molecular tools will be also applied for the detection of four Aspergillus
sections: Fumigati, Flavi, Nidulantes and Circumdati.
Results:
Concerning all matrixes, Aspergillus sp. was identified as one of the most prevalent species in both MEA (0.85%)
and DG18 (7.13%). Section Fumigati presented the highest prevalence on MEA (51.3%) and section Aspergilli
presented the highest prevalence on DG18 (36.7%). Other relevant sections were identified such as Circumdati
(25.12% DG18), Nigri (48.7% MEA and 9.87% DG18), Flavi (11.85% DG18) and Candidi (13.17% DG18). Aspergillus
section Fumigati was identified in almost all matrixes (30% MEA on Swabs; 21.12% MEA on Filters; 3.21% DG18
on Swabs). Regarding the antifungal resistance screening, Aspergillus sp. was not identified in supplement media.
Conclusion:
Aspergillus sp. was prevalent in the WCT following the same trend of waste management industries previously
assessed. The obtained results raise concerns about the risks to which these workers are exposed due to
Aspergillus sp. clinical relevance and toxicological potential.
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POTENTIAL HEALTH RISKS FOR WORKERS
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Purpose:
To determine the azole resistance of Mucorales order in distinct occupational settings in Portugal, for a better
characterization of workers’ exposure to this fungi and its potential health risks.
Methods:
Azole resistance of Mucorales was evaluated in three different occupational environments: waste collection
trucks (N=32), firefighter headquarters (N=11), and graveyards (N=3). Air and passive samples were collected and
inoculated onto azole-supplemented media for the screening of fungal resistance, according with the proposed
values of EUCAST norm, and also onto malt extract agar (MEA) supplemented with chloramphenicol (0.05%) and
dichloran-glycerol agar (DG18) for fungal characterization.
Results:
A low frequency of Mucorales was observed in waste collection trucks on MEA (0.38% in swabs, 0.8% in settled
dust, and 1.6% in electrostatic dust cloth - EDC). Mucorales’ highest frequency in firefighter headquarters was
in air samples (10.11% (MEA) in Andersen six-stage collector, and 3.92% (DG18) in Millipore air tester) and on
settled dust (1.43% SDA; 4.81% ITR; 6.11% VOR; 2.42% POS). In graveyards, Mucorales was identified in floor
swabs (7.69% DG18). Two genera of Mucorales (Mucor sp. and Rhizopus sp.) were identified in all settings during
azole-screening. In waste trucks, Mucor sp. was observed in swabs (0.4% SDA and 5.13% VOR), settled dust (0.38%
SDA, 0.54% ITR, 1.93% VOR), and EDC (3.45% VOR)], and Rhizopus sp. was observed in settled dust (0.19% SDA,
0.54% ITR, 0.64% VOR and 1.32% POS). In firefighter headquarters, Rhizopus sp. and Mucor sp. were identified
in impaction air samples, EDC, filters, settled dust, swabs, and uniform badges, with the highest values in settled
dust, as follows: Mucor sp. (1.43% SDA; 0.72% ITR; 0.17%VOR; 1.21% POS) and Rhizopus sp. (2.00% SDA; 1.92%
ITR; 5.94%VOR; 1.21% POS). In graveyards, Mucor sp. was identified in settled dust (1.92% SDA), and Rhizopus sp.
in swabs (14.29% VOR).
Conclusion:
The presence of Mucorales order with reduced susceptibility to therapeutic concentrations of azole drugs in
these settings might represent an increased health risk for workers at higher risk of developing mucormycosis,
including individuals with diabetes, cancer, organ or stem cell transplant, neutropenia, long-term corticosteroid
use, among other risk factors.
Keywords:
Azole-resistance, Mucorales, occupational health risk
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Purpose:
Aspergillosis is a severe fungal disease which attacks debilitated people including patients with SARS-CoV-2 infection.
Resistance of Aspergillus fumigatus clinical isolates to azoles has been reported in Europe and the USA. The aim of
this study was to investigate in vitro susceptibilities to itraconazole and voriconazole of Aspergillus spp. clinical
isolates from patients in Saint Petersburg, Russia.
Methods:
A total of 107 Aspergillus spp. clinical isolates (including 27 from patients with SARS-CoV-2 infection) were studied:
A. fumigatus – 54, A. flavus – 21, A. niger – 17, A. terreus – 9, A. ustus – 2, A. calidoustus – 2, A. sydowii – 1, Neosartoria
fischeri – 1. All isolates are deposited into the Russian Collection of Pathogenic Fungi. Antifungal susceptibility testing
was performed by the broth microdilution technique according to the EUCAST definitive document E.DEF 9.3.2.
Results:
Voriconazole MICs (mg/l) ranged between 0.06 and 16 against A. fumigatus, 0.125 and 0.25 against A. flavus, 0.125
and 1 against A. niger, 0.125 and 0.5 against A. terreus. MICs of this antifungal agent against A. ustus, A. calidoustus,
A. sydowii and N. fischeri isolates were 4, 2, 0,125 and 0.25 mg/l correspondingly (Table 1). According to the EUCAST
clinical breakpoints only one strain of A. fumigatus was resistant to voriconazole (2%). This strain was isolated from
a patient with chronic pulmonary aspergillosis without SARS-CoV-2 infection.
Itraconazole MICs (mg/l) ranged between 0.015 and 8 against A. fumigatus, 0.03 and 0.5 against A. flavus, 0.06
and 2 against A. niger, 0.03 and 1 against A. terreus. MICs of this antifungal agent against A. ustus, A. calidoustus,
A. sydowii and N. fischeri isolates were 8, 8, 0,03 and 0.06 mg/l correspondingly. According to the EUCAST clinical
breakpoints only one strain of A. fumigatus was resistant to itraconazole (2%). This strain was also resistant to
voriconazole.
Table 1. Antifungal susceptibility of 107 Aspergillus spp. clinical isolates to two antifungal drugs
Aspergillus species Antifungal agent
A. fumigatus (54)
A. flavus
(21)
A. niger
(17)
A. terreus
(9)
A. ustus
(2)
A. calidoustus
(2)
A. sydowii
(1)
Neosartorya
fischeri
(1)

VOR
ITR
VOR
ITR
VOR
ITR
VOR
ITR
VOR
ITR
VOR
ITR
VOR
ITR
VOR

0.015
1
-

0.03
3
6
2
1
-

0.06
4
14
8
1
4
-

ITR

-

-

1

MIC (mg/l)
0.125
0.25
20
19
15
4
15
5
5
2
7
7
3
7
1
1
1
1
1
-

-

0.5
7
10
1
2
5
5
1
-

1
3
6
3
1
-

2
1
2
-

4
2
-

8
1
2
2
-

16
1
-

-

-

-

-

-

-

VOR – voriconazole, ITR - itraconazole

Conclusion:
Resistance rates to voriconazole and itraconazole in clinical isolates of Aspergillus spp. in Saint Petersburg, Russia is
low (2% in A. fumigatus for both antifungal agents).
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Background:
The alarming rise in the rate of invasive fungal infections and the emergence of resistance to commonly available
antifungals has highlighted the urgent need for new antifungal agents. One approach to the discovery of such
novel agents is to mine the biodiversity of unexplored microbial ecosystems. Screening of microbial isolates from
a recent expedition by our group to the Axel Heiberg Island, Nunavut in the Canadian Arctic identified a novel
Streptomyces species that exhibited antifungal activity.
Methods:
The antifungal activity of extracts from the arctic Streptomyces against a panel of human fungal pathogens,
including mucormycetes and azole-resistant clinical isolates of Aspergillus fumigatus, was assessed using CLSI
methods. The active molecule, termed Stradam, was purified by chromatography/mass spectrometry. Stradam
cytotoxicity was evaluated using several cell lines, and its effects on fungal morphogenesis were examined by
confocal microscopy.
Results:
Organic extracts from the Arctic Streptomyces showed a broad range of activity affecting all fungal species tested,
including the resistant clinical strains. However, growth of Aspergillus fumigatus and Rhizopus oryzae were the
most strongly inhibited. Confocal microscopy revealed that the germination of these species was arrested after
the swelling of the spores, preventing their development into germlings. Fractionation and purification studies
of the raw extract revealed that the antifungal activity of these preparations was due to the presence of a single
active compound with a m/z ratio of 467. Semi-purified molecule of Stradam was not cytotoxic to the A549
epithelial cell line and did not induce red blood cell lysis at concentrations well above those required for the
inhibition of fungal growth.
Conclusion:
Our studies have identified a potential novel antifungal agent with activity against R. oryzae and azole-resistant
strains of A. fumigatus. Further studies to define the structure of this molecule, and its potential mechanism of
action are ongoing.
NOTE: This abstract has also been selected for Oral Presentation
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Background:
Aspergillus species found as a saprophyte agent to cause a wide variety of infections in normal to
immunocompromised hosts. Its spores easily contaminate the hospital ventilation systems due to their ubiquitous
characteristic. Regarding the drug resistance against Aspergillus species, new aspects of using extracts and
nanoparticles as antifungal agents were considerable in the past few years.
Material and Method:
The antifungal activity of zinc, copper, cerium oxide, silver, gold, and selenium nanoparticles were studied against
a total of 11 clinical Aspergillus isolates, including A. fumigatus (n=3), A. flavus (n=4), and A. welwitschiae (n= 4)
based on the M38-A2 guideline.
Result:
It showed significant minimum inhibitory concentration (MIC) in nanoparticles of zinc, silver, gold, and selenium.
Unfortunately, copper and cerium oxide didn’t show inhibitory effect against Aspergillus isolates. The inhibitory
ranges of zinc, silver, gold, and selenium nanoparticles respectively were 128-512, 26-53, 21-85, 6-26 µg⁄ml for
A. fumigatus and 512, 26-53, 85, 1-13 µg⁄ml for A. welwitschiae. In addition, the inhibitory ranges of silver and
selenium nanoparticles were 26-53 and 106-425 µg⁄ml for A. flavus, respectively. The zinc and gold nanoparticles
didn’t affect against A. flavus.
Conclusion:
All of the nanoparticles studied in this paper, appeared to be effective against Aspergillus isolates except the
copper and cerium oxide. Among the tested nanoparticles, antifungal activity was highly noticeable in zinc, silver,
gold, and selenium. However, silver seemed to be the most effective nanoparticle against the Aspergillus species.
Keywords:
Antifungal; Nanoparticles; Aspergillus; MIC
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FUNGAL PATHOGENESIS AND TREATMENT THROUGH THE LENS OF RNA REGULATION
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Purpose:
Diagnostic markers and therapeutic options remain limited for identification and treatment of human fungal
pathogens. RNA-based approaches offer a potential pathway forward, but many difficulties remain. As an
example, previous study has shown that the cell wall of the filamentous fungus Aspergillus fumigatus is a cationic,
impermeable barrier that limits uptake of many different drugs and sequesters negatively charged nucleic acids.
Recent work revealed that host-derived extracellular vesicles produced by neutrophils are capable of delivering
antifungal cargo across this cationic barrier to inhibit fungal growth, yet the RNA cargo of these vesicles remains
unexplored. Our group aims to identify and characterize these extracellular RNAs with the hope of designing
smarter therapeutic delivery options in the future. The protected RNA cargo of host-derived extracellular vesicles
will likely also provide a window into the infection status of patients and improve early diagnosis.
Methods:
In the lab, we primarily study the pathogen A. fumigatus using a series of well-established molecular biological
techniques and approaches. We then employ a mix of primary human immune cells and cell culture systems to
investigate the contribution of RNA within extracellular vesicles to host defense against the pathogen. Extracellular
vesicles are isolated using a variety of means, including centrifugation and size-exclusion chromatography.
Results:
In this study, we have isolated RNA from extracellular vesicles produced in response to fungal infection to identify
the cargo delivered to the fungus during infection. Additionally, we have confirmed the presence of RNA binding
proteins in extracellular vesicles that may contribute to loading specificity during infection. Finally, we have
further characterized the small RNA machinery of A. fumigatus to better understand how a delivered RNA will be
processed once internalized by the fungus and the parameters that dictate gene silencing in A. fumigatus.
Conclusion:
In the future, we hope that our increased understanding of the trafficking of RNA during fungal pathogenesis will
facilitate the development of RNA-based diagnostics and therapeutics against human fungal pathogens and serve
as a new way to combat these terrible infections.
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Purpose:
Aspergillus fumigatus is the most important airborne fungal pathogen and allergen of humans causing more
than 300,000 life-threatening infections annually. However, our ability to treat such infections remains critically
challenged by limited understanding of the molecular processes involved in the pathogenicity of A. fumigatus.
In this context, development of novel molecular tools are necessary to fully explore the molecular landscape of
A. fumigatus virulence and to facilitate the design of new therapeutic strategies. In this study, we explored the
potential of a genetically conserved inactive transposon-encoding locus, aft4, as a defined DNA integration site
for gene complementation and transgene expression.
Methods:
A deletion mutant of the aft4 inactive transposable element (Δaft4-hyg) was constructed in A. fumigatus MFIG001
by replacing the open reading frame (ORF) of aft4 with the hygromycin B resistance marker expression cassette.
Detailed genetic, biochemical, and pathological characterization of the generated mutant were conducted to
asses the ability of the aft4 locus as a universal DNA integration site in A. fumigatus.
Results:
A genomic survey of potential transposable elements in the genome of A. fumigatus identified the aft4 locus as
a unique single copy element with a genetically inactivated class II transposon. Bioinformatic analysis revealed
that the aft4 locus is highly conserved in the genome of a wide range of clinical and environmental isolates of
A. fumigatus suggesting its potential as a universal DNA integration site for various applications. Our genetic and
biochemical characterization of the Δaft4-hyg mutants demonstrated that the deletion of the aft4 element as well
as the transgene expression from the aft4 locus do not have any significant impact on the growth characteristics
of A. fumigatus under infection relevant stress conditions. Furthermore, we observed that the virulence of the
Δaft4-hyg mutant remains unchanged compared to the isogenic control in both in vitro and in vivo infection
models. Finally, we showed that the aft4 locus can be used as an integration site for expression of a transgenic
construct.
Conclusion:
In this study, we identified a new genomic safe-haven site, a non-functional class II transposable element defined
here as aft4. Our study provides evidence that the aft4 locus can serve as a novel molecular tool for genetic
manipulation of A. fumigatus to aid functional genomics studies of this important human fungal pathogen.
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Purpose:
Germination is the first adaptive process that the fungus experiences to colonize the environment or infect
animals. Aspergillus fumigatus germination process involves a first step known as swollen. This study focuses
on the transcriptomic analysis of the genes differentially expressed between swelling conidia and early hyphae
output to find new molecular targets for diagnosis or treatment. Between the most overexpressed genes, we
selected the Afu6g07200 gene that codifies a hypothetical protein with a domain that has 95.4% homology in 3D
structure to human Granulin A. In humans, this secreted protein is implicated in development, inflammation, cell
proliferation, and protein homeostasis. In addition, it plays an important role in neuronal development as it is
involved in the polarization of neurons, but its mode of action has not been elucidated yet. The aim of this project
is to study the implication of Afu6g07200gene in fungal biology.
Methods:
The A. fumigatus ΔakuBku80strain was used as wild-type strain (WT) and as background to generate mutants by
CRISPR-Cas9 technique. A null mutant (Δ72), its complement, and GFP-fused mutant strains were generated
and validated by PCR and sequencing. For phenotypic characterization glucose minimum medium alone or
supplemented with 80 µg/ml Congo red (CR), 80 µg/ml Calcofluor white (CFW), 0.0125% SDS, 1 M KCl, 1 M NaCl,
or 1.2 M Sorbitol was used. In addition, growth at three different pH was assayed: 5, 6.5, and 8. The GFP-fused
strain was incubated in RPMI for 16 hours for fluorescence microscopy. All the experiments were done at least
in triplicate.
Results:
The macroscopic growth of the null mutant showed different growth from the WT. The Δ72 strain grew significantly
less than the WT, the edge of the colonies was not defined, and disorderly growth of hyphae was observed
microscopically. With higher magnification, hyphae showed a curved growth phenotype. On the other hand, this
null mutant was more sensible to the cell wall stressors (CFW and CR), and to hyperosmolarity (NaCl, KCl, and
Sorbitol). The fluorescence in GFP-fused mutant has been observed from 16 hours onwards near the outer cell
membrane, concentrating especially near the septa or moving within the cytoplasm.
Conclusion:
The results obtained in this work indicate that the gene Afu6g07200 has an important role in hyphal polarization,
morphogenesis, and cell wall building. This could have similar functions as human granulin although more studies
are needed to confirm this hypothesis.
Acknowledgment:
This study was funded by Grants of UPV/EHU and Basque Government (COLAB20/11 and IT1362-19, respectively).
UPC and SCS are supported by Pre-doctoral Grants of UPV/EHU and Basque Government, respectively.
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Purpose:
The prevalence of Aspergillus fumigatus colonization in individuals with cystic fibrosis (CF), and subsequent
persistence in the lung, is increasingly becoming recognized. New studies have shown an association between
A. fumigatus colonization and worse outcomes in CF. Further, A. fumigatus-specific diseases like allergic
bronchopulmonary aspergillosis (ABPA) are associated with chronic colonization in CF and demonstrated
negative health impacts. Despite this, there is little consensus on the importance of management of persistent
A. fumigatus in CF. This contrasts with bacterial colonization, where genomic and phenotypic studies have been
key to understanding mechanisms of pathogenesis in CF. Studies to examine adaptation of A. fumigatus to the
CF lung through whole-genome analyses of clinical isolate series can increase our understanding CF-specific
pathogenesis mechanisms and how A. fumigatus adapts to CF.
Methods:
We used the AF100 series of A. fumigatus isolates collected from an individual with CF over ~6 years (30 isolates
from 12 timepoints). To understand diversity in the series, Illumina whole-genome sequencing and IQTREE-based
phylogenetic analyses were used to visualize genetic relatedness of AF100 isolates and ~70 non-CF isolates.
Unique mutations from the isolates were identified using related non-CF outgroups. Using these mutations, allelic
replacement experiments were performed to understand their impact on proteins of interest. Phenotypic assays
examined growth of AF100 isolates and mutants in CF-relevant stresses, including hypoxic, osmotic, oxidative,
and antifungal. RT-qPCR and quantitative fluorescent western blot (QFWB) were used to quantify downstream
effects. We have also begun applying 2 series from different CF individuals to test our findings in other series.
Results:
Phylogenetic analysis revealed extensive diversity within the AF100 series, with the 30 isolates representing
~15 unique genotypes. Also revealed was the presence of a distinct clade made up of AF100 isolates collected
~1.5 years apart, designated Clade 2. Isolates within Clade 2 are closely related but from different timepoints,
suggesting they represent a persistent genotype. Clade 2 isolates have conserved phenotypes such as increased
tolerance to osmotic stress and voriconazole, severe sensitivity to menadione, and reduced growth under
ambient oxygen conditions, which can be rescued in hypoxia. Whole-genome sequencing analysis identified
several unique mutations in stress sensing and response pathways in all members of this clade. We show that a
unique allele of the Pbs2 MAPKK of the HOG pathway is necessary but not sufficient for the Clade 2 phenotypes,
in addition to survival under osmotic stress. This is based on increased signaling to the SakA MAPK, which we
confirmed through QFWB.
Conclusion:
We demonstrate that the unique Pbs2 allele which is necessary for Clade 2 osmotic stress resistance and oxygen
sensitivity results in increased signaling activity and HOG pathway function. Based on the importance of this
pathway for osmotic stress, we conclude this unique allele likely arose in vivo and is important for Clade 2
persistence in CF. Future efforts will look to other unique mutations that may be acting in epistasis to balance
membrane integrity with increased HOG pathway function in hypoxia. Finally, data suggests a trend of increased
growth in hypoxia across genetically diverse CF isolates.
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Purpose:
The most studied azole-resistant mechanism of Aspergillus fumigatus is decreased affinity of the drug for Cyp51A,
the drug target molecule, due to its amino acid substitutions. Typically, each azole resistance caused by the
designated amino acid substitution of Cyp51A has a specific pattern depending on the substitution site. However,
different azole susceptibility patterns have been reported even among the strains possessing the same mutation
in Cyp51A. In this way, the overall picture of molecular mechanisms inducing azole resistance remains unclear.
This study reports a novel factor that has been shown to contribute additively to azole resistance in collaboration
with the Cyp51A mutation.
Methods:
Comparative genomic analysis was performed among the strains with the same cyp51A mutation isolated from
the same patient but with different azole resistance patterns. To investigate the association between the novel
mutation and azole resistance, the mutant allele was replaced with the wild-type allele by the CRISPR-Cas9
system. Antifungal susceptibility tests were performed according to the CLSI-M38.
Results:
A. fumigatus strains serially isolated from a patient with interstitial pneumonia were analyzed. The MICs of isolate
in 2014 were ITCZ=2 and VRCZ> 8, whereas the ones of isolate in 2015 were ITCZ=8 and VRCZ> 8. The numbers of
short tandem repeats of these two strains are identical, and same mutation (G448S) in cyp51A was confirmed. As
a result of genome comparison analysis between these two strains, the mutation was found in the gene encoding
insulin-induced protein (Insig) of the multiazole-resistant strain. Replacing the mutated insig gene of this strain
with the wild-type gene restored susceptibility to ITCZ. On the other hand, the replacing the wild-type insig gene
in a laboratory strain Afs35 with the mutation insig gene did not change the susceptibility to ITCZ and VRCZ.
Conclusion:
This study confirmed the novel genetic changes related to azole resistance. The Insig mutation contributes
additively to azole resistance in collaboration with the Cyp51A mutation but does not alone itself. Our results
indicate that focusing on the phenotypes of multiple genes is essential to clarify the overall picture of the azole
resistance mechanism of A. fumigatus.
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Purpose:
Invasive infections caused by mucormycetes are increasingly seen in the clinics and are still associated with
unacceptable high mortality rates. In the covid pandemic these infections, mainly the rhinocerebral form, are being
reported at alarming frequency in India. Still, little is known about the biology of the pathogens, the establishment
and progression of the infection, antifungal resistance mechanisms and successful therapy. Therefore, we aimed
to generate tools for (1) alternative methods of drug testing in vitro, (2) non-invasive monitoring of the infection
in Galleria mellonella, (3) visualization of antifungal efficacy and (4) reporter based gene transcription assays.
Methods:
Firefly luciferase, both mammalian or codon-optimized without the peroxisomal target sequence was cloned
in the pMAT1477 vector under the control of different promoters. Linear plasmid was used to transfect
M. circinelloides protoplasts of auxotrophic strains. Positive transformants were checked for gene integration
by PCR and light emission was measured under various conditions. Selected strains were used to determine
antifungal susceptibility, virulence potential and in vivo monitoring of mucormycosis in Galleria mellonella.
Results:
Firefly luciferase was successfully expressed in M. circinelloides with a single integration and light emission
could be measured by luminometer and visualized. Codon optimization was critical to enhance light emission,
making these strains usable for real-time, non-invasive infection monitoring in insect and – in the future – murine
models, and the testing of antifungal efficacy by means other than survival. Phenotype, virulence potential in
G. mellonella and antifungal susceptibility are indifferent to the wild-type strains. Importantly, gene expression
was differentially regulated in different media and in vitro vs. in vivo.
Conclusion:
The optimization of bioluminescent Mucor strains allows for the visualization of temporal and spatial progression
of infection by a non-invasive method in insect and murine models, and the testing of antifungal efficacy by other
means than survival only. Furthermore, this tool can be used to visualize and measure differential expression of
genes. Together, our data will give valuable new insights in the pathogenesis of Mucormycete infections.
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CHARACTERISATION OF MAIT CELLS IN THE ANTIFUNGAL IMMUNE RESPONSE IN A MICROFLUIDIC
“INVASIVE ASPERGILLOSIS-ON-CHIP” DISEASE MODEL
S Grau1, S Hartung1,2, Z Cseresnyés3, M Hoang1,2, K Rennert4, AS Mosig5,6, MT Figge3,7, M von Lilienfeld-Toal1,2,
S Jahreis1,2*
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Purpose:
Invasive pulmonary aspergillosis is a serious threat to immunocompromised patients because treatment options
are limited and only successful upon early diagnosis which leads to high mortality rates. Infectious agents are
conidia of the mould Aspergillus fumigatus that enter the lung alveoli routinely but, in immunocompetent humans,
are cleared by innate immune cells such as macrophages and neutrophils. However, in immunocompromised
patients, conidia are able to germinate and grow into filamentous bodies (hyphae) leading to tissue destruction
and invasion of blood vessels. Recently, an innate-like subset of T cells, mucosal-associated invariant T (MAIT)
cells that recognize riboflavin metabolites presented by an antigen-presenting cell (e.g., macrophages) were
identified as a further player in the immune response against moulds. To elucidate the antifungal potential of
MAIT cells, we employed the novel microfluidic “invasive aspergillosis-on-chip” (IAC) model.
Methods:
The in vivo-like three-dimensional IAC model includes human alveolar epithelial cells and human monocytederived macrophages at an air-liquid-interface separated by a porous membrane from medium-perfused human
endothelial cells. We included sorted human MAIT cells from peripheral blood in the alveolar epithelium and
/ or perfused them in the endothelial cell compartment. Following overnight incubation with pre-labelled A.
fumigatus conidia on the epithelium, growth of hyphae as well as MAIT cell response were analysed.
Results:
Over 95% of seeded MAIT cells on the lung side remained in the IAC model as less than 5% of MAIT cells could
be detected by flow cytometry in supernatants of the lung and the blood side. After infection, MAIT cells in
supernatants from the lung compartment upregulated the activation marker CD69 and released more of the
chemokine MCP-1 in comparison to IAC models without MAIT cells. Applying confocal laser scanning microscopy,
pre-labelled MAIT cells perfused in the endothelial compartment were detectable not only on the lung epithelium
but also in direct proximity to hyphae. The analysis of hyphal morphology by confocal laser scanning microscopy
and bioinformatical quantification revealed that MAIT cells were able to reduce the fungal growth significantly
in the IAC model.
Conclusion:
Taken together, in in vivo-like IAC models MAIT cell responded to A. fumigatus infection but whether this effect is
genuinely antifungal and / or supportive of the innate antifungal immune response requires further elucidation.
In the long run, isolated and ex vivo expanded and stimulated autologous MAIT cells might be a promising tool of
immunotherapy for aspergillosis-prone immunosuppressed patients.
NOTE: This abstract has also been selected for Oral Presentation
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ANALYSIS OF CHRONIC BIOLOGICAL RESPONSES BETWEEN HOST AND FUNGUS BALL USING A
NOVEL ASPERGILLOMA MOUSE MODEL
R Hamashima1,2*, M Tashiro1,3, Y Nakano1, N Ashizawa4, K Takeda4, N Iwanaga4, K Nishi5, A Fujita3, T Takazono1,4,
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Purpose:
The mechanism of the chronic biological responses against aspergilloma has been poorly understood due to the
lack of appropriate animal models. Therefore, we attempted to create a new mouse model of aspergilloma and
to analyze the chronic biological responses of the host to aspergilloma over a period of several months using this
model.
Methods:
Live or heat-killed fungus ball which was prepared in vitro in advance was implanted in a subcutaneous airfilled cavity created in the back of the ICR mouse. Pre-immunization to Aspergillus fumigatus was performed in
some mice by intraperitoneal administration of the homogenized solution of live fungus ball to mice for 1 month
before implantation. Longitudinal histopathological and immunohistological examinations of the fungus ball
and surrounding tissues were performed over a period of up to 5 months. We measured the concentration of
galactomannan (GM) of fungus balls to quantify the changes in fungal load over time. To determine the extent
of host cell damage by A. fumigatus dead hyphae, the 51Cr release assay was used. The characteristics of the
macrophages (RAW 264.7 cell line) that phagocytosed the dead hyphae were examined with Oil-red-O stain in
vitro.
Results:
We found that implantation of a live fungus ball resulted in tissue invasion even in the immunocompetent and
immunized mouse. In contrast, implantation of a dead fungus ball persisted for more than 3 months and showed
pathological findings that mimic those of human aspergilloma, such as inflammatory cell infiltration to the fungus
ball and angiogenesis in the cavity wall. The macrophages around the fungus ball were swollen with phagocytosis
of the dead hyphae fragments. Consistent with the results of pathological observations, GM was continuously
detected in the fungus balls for 3 months, although the fungal burden gradually decreased. The 51Cr release
assay in vitro showed that bone marrow-derived macrophages in direct contact with dead A. fumigatus hyphae
were damaged. Lipid staining using Oil-red-O revealed that RAW264.7 cells phagocytosed the dead hyphae were
converted into foam cells.
Conclusion:
We have developed a novel aspergilloma mouse model in which the fungus ball can persist for more than
3 months. Using this model, we were able to observe part of the chronic biological responses to aspergilloma,
which is composed of dead hyphae. We believe that this mouse model will be useful for understanding the
elimination mechanisms of aspergilloma.
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IMMUNOLOGICAL RELEVANCE OF THE MAMMALIAN RECEPTOR G2A IN THE HOST RESPONSE TO
ASPERGILLUS FUMIGATUS PULMONARY INFECTION
BN Steffan1*, DG Calise1, NP Keller1,2
Department of Medical Microbiology and Immunology, University of Wisconsin-Madison, Madison, WI, USA
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Purpose:
Aspergillus fumigatus is the main causative infectious agent of invasive aspergillosis, a fungal infection with up to
90% mortality. Understanding the immunological mechanism behind the initiation and establishment of fungal
growth within the lung is still widely unknown. An area of increasing interest is in the role of oxygenated fatty
acid (oxylipin) signaling in disease pathogenesis. G2A is a vertebrate GPCR with known oxylipin ligands including
9-HODE and 13-HODE. The absence of G2A in inflammatory diseases, including infections, results in altered
immune cell recruitment, polarization, and cytokine production. We hypothesize that G2A plays a critical role in
the establishment of infection by A. fumigatus through altered inflammatory processes resulting in more critical
disease outcomes.
Methods:
Immunocompetent G2A+/+ and G2A-/- mice were infected with A. fumigatus (CEA10) intranasally and monitored
for ten days for survival. An early timepoint (D1 pi) was chosen to assess changes to immune cell egress (flow
cytometry) to the lungs, fungal burden, and cytokine/chemokine production (ELISA) from bronchoalveolar lavage.
Results:
G2A-/- mice were less likely to succumb to death upon infection in comparison to G2A+/+ mice. Both groups showed
increased neutrophilia at D1 pi, with a trend toward more neutrophils in the G2A-/- animals. However, G2A-/- mice
had a significantly lower percent population of CD11b+CD11c- macrophages in comparison to G2A+/+ mice. IL-6
production is significantly higher in G2A-/- mice at D1 pi when compared to G2A+/+ mice.
Conclusions:
Immune responses to A. fumigatus are more effective at preventing infection-related mortality when G2A is
absent in comparison to G2A+/+ animals. Changes in IL-6 production and immune cell egress to the lungs in G2A-/mice are likely critical to disease development and will be explored further in future studies.
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DECIPHERING THE MECHANISMS BY WHICH FUNGAL SPORES DRIVE LUNG DENDRITIC CELL
SUBSETS TO ELICIT ALLERGIC INFLAMMATION
J Furlong-Silva1*, G Vere1, BM Invergo2, AR Jeffries2, G Brown1, E Bignell1, PC Cook1
MRC Centre for Medical Mycology, University of Exeter, UK
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Purpose:
Fungal spores (particularly Aspergillus fumigatus (Af)) are major triggers of allergic inflammation and can lead to
severe asthma (e.g. Allergic Bronchopulmonary Aspergillosis (ABPA) or Severe Asthma with Fungal Sanitization
(SAFS)). These severe diseases place a huge burden on global health (estimated to be 10 million patients
worldwide), but the immune mechanisms underpinning anti-spore allergic inflammation are poorly understood,
limiting the development of improved therapeutics. Previous work from the group utilized a mouse model of
repeated Af spore exposure and discovered that dendritic cells (DCs) are critical to elicit anti-fungal allergic
inflammation (In submission). DCs can be separated into subsets based on their functional capabilities and origins,
we found that utilization of single cell technologies (scRNAseq, 20+ color flow and mass cytometry) identified
that Af exposure promoted expansion of the subsets: MGL2+ cDC2s and CCR7hi DCs. Specifically, MGL2+ cDC2s
were critical to mediate allergic inflammation upon repeat spore exposure. However, it’s unclear which of these
DC subsets are preferentially acquiring spores versus other phagocytes in the airway (e.g. alveolar macrophages).
Furthermore, it is unknown whether DC spore uptake is an important event which drives fungal sensitisation.
Understanding spore-DC subset interactions in the lung will enable us to identify novel mechanism(s) employed
by DCs to mediate anti-fungal allergic inflammation.
Methods:
We utilized an in vivo murine model of fungal allergic inflammation by repeat dosing of Af spores. GFP-expressing
or fluorescently labelled Af spores were administered on the final dose to pinpoint the major lung populations
which acquire fungi.
Results:
Strikingly, while alveolar macrophages were the major population acquiring spores in steady state conditions, this
was significantly reduced upon spore elicited allergic inflammation. In contrast, allergic inflammation significantly
increased DC spore uptake, with CCR7hi and MGL2+ cDC2s being the dominant subsets to acquire Af spores.
Moreover, these DC subsets formed the majority of spore positive cells in draining LNs, further emphasizing their
importance in initiating anti-Af allergic inflammation. Ongoing work to unravel novel mechanism(s) that DCs
utilise to mediate allergic inflammation, including RNAseq on FACS sorted lungs DCs that have acquired (or not)
spores, is currently underway.
Conclusion:
Together, this work will provide a new level of understanding of the cellular networks that promote allergic
responses in the airway while also defining key pathways in, and promising therapeutic targets for, pulmonary
fungal disease.
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5-HYDROXYTRYPTAMINE RECEPTOR 1A (5-HT1A) IS REQUIRED FOR DROSOPHILA MELANOGASTER
HOST DEFENSE AGAINST ASPERGILLUS FUMIGATUS INFECTION AND THE MYCOTOXINS IT SECRETS
R Yan1, AC Chen1*, D Ferrandon1,2
Sino-French Hoffmann Institute, Guangzhou Medical University, Guanghzou, China
UPR 9022 du CNRS, Universite de Strasbourg, France
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Purpose:
Aspergillus fumigatus (A. fumigatus) is a mammalian opportunistic pathogen that is ubiquitous in the environment,
which float in the air and can be deeply inhaled into human lungs. They normally are harmless to humans,
however, their spores are deadly if they enter the lungs of the immunocompromised patients, which lead to
invasive pulmonary aspergillosis with high morbidity and mortality rates. So, it is useful and helpful to gain more
insights into the mechanism of host defense against this fungal infection.
Methods:
A genome-wide large-scale RNA interference (RNAi) screening has been performed to identify the genes involved
in the Drosophila host defense against A. fumigatus infection. A given gene expression was knocked down through
RNA interference at the adult stage, and then about 250 conidia of A. fumigatus was injected into the thorax of a
fly. The survival rates of these flies were recorded each day and compared with the negative and positive controls.
Thus, the library of numerous RNAi lines has been screened at random, thereby minimizing any bias.
Results:
178 fly lines exhibit relatively high susceptibility to A. fumigatus infection from 6469 RNAi fly lines, of which 5-HT1A
RNAi line and mutant fly are specifically susceptible to A. fumigatus infection and two secondary metabolites,
restrictocin and bromocriptine. Moreover, tissue specificity analyses show that 5-HT1A expression in glial cells of
the brain could play an essential role in the host defense against this fungal infection.
Conclusion:
5-HT1A, not other 5-HT receptors, is specifically required for the host defense against A. fumigatus infection and
restrictocin and bromocriptine injection through resilience in the Drosophila model, which may not be involved
in the cellular immune response and melanization.
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ASPERGILLUS MELANIN MODULATES NEUTROPHIL INFLUX INTO AIRWAYS THROUGH BLOCKING
SECRETION OF PRO-INFLAMMATORY CYTOKINES BY HUMAN AIRWAY EPITHELIAL CELLS
JL Reedy1,2*, AJ Crossen1, JM Vyas1,2
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Purpose:
Most fungal pathogens, including Aspergillus fumigatus, are found in the environment and humans are exposed
through the inhalation of fungal conidia. Conidia that remain in our lungs after exhalation are deposited onto the
respiratory epithelium, particularly within terminal small airways. Clearance of fungal pathogens is multifactorial,
relying upon mechanical means (clearance through the action of cilia and mucous) and through cell-mediated
immunity, particularly via recruitment of innate immune cells to sites of infection. The airway epithelial is not
just a passive barrier, but an active participant that is able to communicate with the immune system and trigger
immune responses. However, the role of human airway epithelial cells (HAEC) in orchestrating protective or
maladaptive immune responses is poorly understood. Initiation of a host-response depends upon recognition of
the dynamic, multi-layered carbohydrate rich fungal cell wall. In addition to the typical carbohydrate components,
most fungal conidia, including Aspergillus fumigatus, also contain a melanin layer that provides protection against
environmental stresses, but it’s role in modulating the airway drive immune response has not been explored.
Methods:
Using both a human muco-epithelial cell line, NCI-H292, and a fully pseudostratified primary human airway
epithelial cell model grown at air-liquid interface, we measured neutrophil transmigration across epithelial in
response to wildtype and melanin deficient Aspergillus with and without the addition of Aspergillus melanin
ghosts. Additionally, we measured cytokine production using luminex and ELISA. To determine the effects of
melanin on cytokine production, we used RT-PCR and western blot to measures transcription and intracellular
accumulation of protein.
Results:
We demonstrate that A. fumigatus melanin potently inhibits transmigration of neutrophils across the airway
epithelium. Aspergillus melanin blocks the production of pro-inflammatory neutrophil chemoattractant, CXCL8
(IL-8) and CXCL1 (Gro-alpha) by selectively targeting apical secretion into the airways, resulting in a failure to
generate a chemokine gradient that triggers neutrophil influx (or efflux) into the airways.
Conclusion:
Our results demonstrate that melanin actively down-regulates airway epithelial mediated pro-inflammatory
responses toward Aspergillus and reveals a new strategy by which Aspergillus subverts the immune system.
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THE ROLE OF THE COMPLEMENT SYSTEM IN A MURINE MODEL OF DISSEMINATED
MUCORMYCOSIS
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Purpose:
To enlighten the responsibility of the complement system, a part of the innate immunity, in the defense against
mucormycosis, the purpose of our studies were, on the one hand, to compare the role of different parts of the
complement system in a murine model of disseminated mucormycosis for different species and on the other
hand, to study the relevance of the complement system for pathogenesis.
Methods:
Mice with a deficiency in complement C3 (DC3) or C6 (DC6) were intravenously infected with Lichtheimia
corymbifera (LC), Lichtheimia ramosa (LR), Rhizopus arrhizus (RO), Rhizopus microsporus (RM), Rhizomucor
pusillus (RmP) or Mucor circinelloides (M). Survival, clinical status, and immunological parameters were monitored
over 14 days and compared to that of immunocompetent or neutropenic mice. Additionally, serum from healthy
immunocompetent mice was analyzed for capacity to opsonize the fungi.
Results:
When intravenously infected with M or RO, there is no difference between DC3, DC6, neutropenic, and
immunocompetent mice. Complement deficiencies represent a risk factor for a lethal outcome in LC, LR, RM,
and RmP. LC and RM lead to higher mortality in complement deficient mice, compared to neutropenic animals.
There is no significant difference between the lethality of DC3 and DC6 mice in intravenous infections with LC, M,
RO, and RM. DC3 mice exhibited higher mortality than DC6 mice when infected with LR, whereas the opposite
was the case in RmP infections. While the opsonization of LC, LR, RO, RM, and M spores inversely correlate to
the virulence of these species in immunocompetent mice, showing low complement deposition on RM and RO
spores, moderate deposition on LC and high deposition on M and LR, this correlation cannot be shown for RmP,
which shows low mortality in the murine model and low opsonization in vitro.
Conclusion:
Complement plays an important role in the murine model of disseminated mucormycosis. Mortality of the
complement-deficient animals varies between the species. Further investigations have to be performed to fully
understand the immunopathogenesis of mucormycosis and help to fight the high morbidity and mortality of this
disease.
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BLOCKADE OF THE PD-1/PD-L1 IMMUNE CHECKPOINT PATHWAY ENHANCES HOST DEFENSE
AGAINST MUCORALES AND IMPROVES OUTCOMES IN A MURINE MODEL OF INVASIVE
PULMONARY MUCORMYCOSIS
S Wurster*, ND Albert, U Bharadwaj, MM Kasembeli, DP Kontoyiannis
Infectious Diseases, Infection Control and Employee Health, The University of Texas MD Anderson Cancer Center, Houston,
USA

Purpose:
Anecdotal clinical reports suggested a potential benefit of adjunct immune checkpoint inhibitors (ICIs) to treat
invasive mucormycosis. However, proof-of-concept data in animal models and mechanistic insights into the
effects of ICIs on host defense against Mucorales are lacking. Therefore, we studied the effects of PD-1/PD-L1
pathway blockade in immunosuppressed mice with invasive pulmonary mucormycosis (IPM).
Methods:
8-week-old BALB/c mice were immunosuppressed with cyclophosphamide (150 mg/kg on days -4 and -1,
100 mg/kg on day +3) and cortisone acetate (300 mg/kg on day -1) and infected intranasally with 50,000 Rhizopus
arrhizus spores (clinical isolate Ra-749, day 0). Mice then received intraperitoneal injections (4 × 250 µg/kg every
other day) of anti-PD-1, anti-PD-L1, or the corresponding isotype antibodies. Survival was monitored for 7 days
post-infection. Infection severity was scored using the murine sepsis score (MSS, 0 = healthy to 3 = moribund,
4 = dead). Pulmonary fungal burden was quantified with an 18S qPCR assay on day +7 or upon death. Exhaustion
marker expression on splenic T-cells, NK-cells, and macrophages was analyzed by flow cytometry (day +7). Cytokine
and chemokine concentrations in lung tissue and serum were determined using a 19-plex magnetic Luminex
assay (days +4 and +7). 34-36 mice per treatment were assessed in 3 independent experiments. Immunological
end points were based on 5-6 mice per assay and time point.
Results:
Mice with IPM receiving either of the non-targeting isotype antibodies developed severe infection (median day-7
MSS, 3.0-4.0) and had a 7-day mortality of 46-50%. Blockade of PD-1 modestly improved infection severity (median
MSS = 2.0, p < 0.01), 7-day mortality (24%, p < 0.01), and fungal burden (5.6k versus 40.7k spore equivalents per
lung, p = 0.09). The PD-L1 inhibitor provided a stronger and more consistent therapeutic benefit, significantly
improving morbidity (median MSS = 1.0, p < 0.001), survival (10% 7-day mortality, p < 0.001), and fungal burden
(3.6k versus 27.2k spore equivalents, p < 0.001). Both ICI treatments reduced T-cellular exhaustion; however,
macrophages of ICI-treated mice with IPM showed compensatory upregulation of other checkpoint molecules,
such as Tim-3. Anti-PD-1 elicited stronger pulmonary release of inflammatory cytokines and chemokines
(e.g., GM-CSF, M-CSF, CXCL2, CCL7) than anti-PD-L1, but also induced cytokines associated with potentially
unfavorable type 2 T-helper-cell (IL-5, IL-13) and regulatory T-cell (IL-10) responses. Although no apparent signs
of hyperinflammatory toxicity were observed, mice with IPM receiving ICIs, especially anti-PD-1, had elevated
serum levels of IL-6, a cytokine linked to ICI toxicities.
Conclusion:
Blockade of the PD-1/PD-L1 pathway improved infection outcomes in immunosuppressed mice with IPM,
even without concomitant antifungals. PD-L1 inhibition yielded more favorable immune responses and more
consistent protection from IPM-associated morbidity and mortality than PD-1 blockade. Future dose-effect
studies are needed to better define the “sweet spot” between ICI-induced augmentation of antifungal immunity
and potential immunotoxicities. Moreover, development of more pathophysiologically representative infection
models (e.g., murine leukemia models) would be warranted in order to dissect the nuanced effects of ICIs and
other immuno-oncological agents on the course and immunopathology of opportunistic mold infections.
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ESTABLISHMENT OF A PATHOPHYSIOLOGICALLY RELEVANT POST-INFLUENZA ASPERGILLOSIS
MODEL IN CORTICOSTEROID-IMMUNOSUPPRESSED MICE
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Purpose:
Post-influenza aspergillosis (PIA) is a feared complication in patients with severe influenza, especially those receiving
corticosteroids. However, validated murine models of PIA in a background of corticosteroid immunosuppression
are lacking, compounding efforts to better characterize the immunopathology and treatment of this emerging
entity.
Methods:
Eight-week-old female BALB/c mice were nebulized with ~5% of the lethal dose of a mouse-adapted influenza A/
Hong Kong/1968 (H3N2) strain or saline solution. Mice then received intraperitoneal injections of 10 mg cortisone
acetate (CA) or mock injections on days 5 and 8 after influenza infection. On day 9, mice were intranasally challenged
with 50,000 Aspergillus fumigatus AF-293 conidia or saline solution. Survival, weight loss, and clinical condition
were monitored until day 16. Severity of influenza and AF infection was scored using the viral pneumonia score
(VPS, 0 = healthy to 12 = severe distress) and the modified murine sepsis score (MSS, 0 = healthy to 3 = moribund,
4 = dead), respectively. Pulmonary fungal burden was determined by an 18S quantitative PCR assay on day 16
or upon death. 14-15 mice per group were assessed across 3 independent experiments. For therapeutic studies,
mice (n = 8 per treatment) received daily tail vein injections of 5 mg/kg liposomal amphotericin B (LAmB) or 5%
glucose (mock treatment) on days 9 through 13 (0-4 days after AF infection).
Results:
Influenza infection alone caused modest early morbidity with fully recovery until day 16. Treatment with CA after
influenza infection led to 13% mortality and sustained mild morbidity (median day-16 MSS = 0.5). Mice infected
with AF after CA treatment (without prior influenza infection) had 21% mortality and a median MSS of 2.0.
Combination of all 3 challenges (influenza, CA, and AF) increased mortality to 64% and caused sustained severe
morbidity in surviving animals (median MSS = 2.7). In contrast, mice not receiving CA showed consistently mild
morbidity after AF challenge (median MSS = 0.5), regardless of prior flu infection. Rank biserial correlation analysis
confirmed that CA was a strong predictor of murine weight loss (correlation coefficient, r = 0.77, p < 0.001),
severity of flu infection (VPS on day 9, r = 0.77, p < 0.001), AF-associated morbidity and mortality (MSS on day 16,
r = 0.49, p < 0.001), and increased fungal burden (r = 0.72, p < 0.001) in mice with PIA. All CA-immunosuppressed
mice with PIA receiving LAmB treatment survived and had a 1.5-point improvement in day-16 morbidity scores
compared to mock-treated mice (median MSS = 0.5 versus 2.0, p < 0.001, Mann-Whitney U test).
Conclusion:
We have established a PIA infection model in CA-immunosuppressed mice that underscores the detrimental
effect of corticosteroid therapy on the outcomes of PIA. We further validated the model by demonstrating
protective activity of antifungal therapy. We envision this preclinical model to serve as an invaluable platform to
study the impact of combined antifungal, antiviral, and immunomodulatory interventions on the natural history
and pathogenesis of PIA.
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SIRNA-MEDIATED KNOCKDOWN OF CFTR IN A549 CELLS IS ASSOCIATED WITH INCREASED
EXPRESSION OF IL-6 AND DEFECTIVE KILLING IN RESPONSE TO ASPERGILLUS FUMIGATUS CONIDIA
K Earle*, M Bromley, P Bowyer, S Gago
Manchester Fungal Infection Group, University of Manchester, UK

Purpose:
Cystic fibrosis (CF) is one of the most prevalent genetic disorders found in Caucasian populations. Dysfunction
of the cystic fibrosis transmembrane conductance regulator (CFTR) manifests most severely in the lung, where
it contributes to the overproduction of mucus, reduced mucociliary clearance and the generation of a proinflammatory environment. It is the combination of these factors, which increases the permissibility of the CF lung
to chronic microbial infections. Aspergillus fumigatus is a frequent coloniser of the CF lung and is responsible for
the development of several diseases including allergic bronchopulmonary aspergillosis (ABPA) and aspergillosis
bronchitis (AB). We hypothesise that the increased incidence and pathogenicity of A. fumigatus infections in CF
patients is due to the host’s inability to effectively clear fungal conidia as a result of CFTR- mediated cytokine
dysregulation and defective internalisation and killing of spores.
Methods:
CFTR-deficient A549 cells were generated using siRNAs with knockdown of CFTR being confirmed via RT–qPCR.
Cytokine release following exposure to A. fumigatus A1160 conidia was quantified using an ELISA. Killing of
A. fumigatus conidia was quantified by plating and counting viable spores following incubation with alveolar cells.
Results:
Silencing of CFTR in A549 cells was associated with increased cytokine expression, specifically IL-6, following
exposure to A. fumigatus conidia. Silencing of the CFTR gene was also associated with increased survival of
conidia, suggesting a decrease in intracellular killing.
Conclusion:
Thus far, the data generated in this study supports the suitability of knock-down cell lines as in vitro models for
investigating host-fungal pathogen interactions in the CF lung. We have been able to effectively knock down
CFTR in A549 cells to produce a model which mimics the CF phenotype in vitro. Using this model, we have
demonstrated the involvement of CFTR dysfunction in the promotion and establishment of A. fumigatus infection
in the lung. In the future, we plan to utilise our isogenic CF cell line to screen A. fumigatus mutant libraries, which
will further aid in the identification of the specific factors which drive fungal persistence in the CF lung.
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MUTUAL INHIBITION OF ANTIFUNGAL AND ANTIVIRAL AIRWAY EPITHELIAL RESPONSES DURING
FUNGAL–VIRAL COINFECTION
P Dancer1, A Pickard2, W Potocka1, K Kadler2, M Bertuzzi1, S Gago1*
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Purpose:
Aspergillus fumigatus is an ubiquitous fungus that cause pulmonary infections in immunocompromised patients
or those with chronic lung diseases. The epidemiology of aspergillosis has recently changed and, patients with
severe viral infection such as those with Covid-19 or influenza have an increased risk for the development of lethal
forms of pulmonary aspergillosis. We have previously demonstrated that airway epithelial cells play a crucial role
in host defence against A. fumigatus by directly internalising and killing internalised spores and by orchestrating
further innate immune responses. Importantly, we also found that protective airway epithelial activities against
fungal challenge are altered in patients susceptible to aspergillosis. Therefore, it is likely that a dysregulation of
airway epithelial responses during fungal-viral coinfection represents a potent driver for aspergillosis.
Methods:
An in vitro model of A. fumigatus–viral coinfection of A549 alveolar epithelial cells was developed combining
the use of fluorescently labelled A. fumigatus, FITC-Poly (I:C) and a nano-luciferase tagged version of SARSCoV2. Coupling the use of imaging flow cytometry, fluorescent microscopy and a nano-luciferase activity assays,
we quantitatively measured outcomes of spore internalisation, killing and viral replication during fungal-viral
coinfection.
Results:
Uptake of A. fumigatus spores by airway epithelial cells was significantly increased in the presence of the viral
mimic Poly(I:C). However, the ability of alveolar epithelial cells to kill internalised spores in the presence of viral
stimulation was reduced therefore suggesting impaired airway antifungal responses during Aspergillus–viral
coinfection. Additionally, type I viral-induced interferon release was abolished in the presence of A. fumigatus
challenge suggesting a possible role of A. fumigatus in modulating antiviral responses. We next explored the
impact of A. fumigatus challenge in SARS-CoV2 replication within airway epithelial cells using nano-luciferase as
a measure of virus replication. Importantly, we found that Aspergillus–induced SARS-CoV2 replication was straindependent suggesting that some A. fumigatus strains might be better adapted to cause coinfection.
Conclusion:
Our findings demonstrate a mutual inhibition of antifungal and antiviral airway epithelial cell responses during
Aspergillus–viral coinfection. We also found that some Aspergillus-specific fungal factors are critical regulators for
viral pathogenicity. The experimental workflow that we have developed will considerably improve our mechanistic
understanding of the fungal and viral factors contributing to the pathophysiology of coinfection.
NOTE: This abstract has also been selected for Oral Presentation
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ASPERGILLUS FUMIGATUS HYPHAL BRANCHING MUTANT SHOWS ENHANCED SUSCEPTIBILITY TO
HOST DEFENSES AND CASPOFUNGIN IN VIVO
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Purpose:
The efficacy of echinocandins for invasive aspergillosis treatment is marred by the ability of Aspergillus to mount
compensatory alterations in cell wall integrity and stress response signaling. The transcription factor ZfpA regulates
features of A. fumigatus growth reminiscent of echinocandin tolerance mechanisms, including hyphal branching,
septa formation, and cell wall composition. However, the relevance of ZfpA-mediated changes to fungal growth
and stress resistance during infection is unclear. We hypothesize that ZfpA regulation of fungal growth and critical
stress response pathways shapes fungal interaction with immune cells and echinocandin tolerance in vivo, and
therefore represents a valuable target for improving aspergillosis therapies.
Methods:
We coupled the optical transparency of larval zebrafish with RFP-expressing wild-type, ZfpA deletion (ΔzfpA), and
overexpression (OE:zfpA) strains to track fungal development, immune cell recruitment, and host survival during
A. fumigatus (CEA10 genetic background) infection.
Results:
Previous in vitro analyses of ZfpA manipulation describe decreased hyphal branching and chitin content in ZfpA
deletion mutants, while ZfpA overexpression increases both branching and chitin. Here, we demonstrate a novel
role for ZfpA in disease progression and susceptibility to caspofungin in vivo. In a wild-type host, ZfpA deletion
does not alter germination or leukocyte recruitment but does reduce fungal burden and attenuate virulence of
A. fumigatus in later stages of infection. Virulence of ΔzfpA is re-established in a neutropenic host, suggesting
enhanced susceptibility of ΔzfpA to neutrophil killing. Overexpression of ZfpA does not alter germination, fungal
burden, leukocyte recruitment, or virulence in wild-type or neutropenic hosts. Concomitant with our in vitro
analyses of capsofungin tolerance, caspofungin treatment improves survival of animals infected with ΔzfpA but
has no effect on survival of OE:zfpA-infected animals, indicating enhanced caspofungin sensitivity of ΔzfpA and
decreased sensitivity of OE:zfpA in vivo.
Conclusion:
Our study identifies ZfpA as a regulator of resistance to host defenses and caspofungin treatment during infection.
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DIFFERENTIAL INFLAMMATORY RESPONSE OF BRONCHIAL EPITHELIAL CELLS TO ASPERGILLUS
FUMIGATUS - STENOTROPHOMONAS MALTOPHILIA ISOLATES DERIVED FROM CF INDIVIDUALS
L Roisin1, N Hammoudi1, L Monpierre1, V Balloy2, M Blatzer1, I Valsecchi1, F Botterel1*
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Purpose:
The filamentous fungus Aspergillus fumigatus (Af) and the gram-negative bacillus Stenotrophomonas maltophilia
(Sm) can form biofilms and are commonly co-isolated from the airways of cystic fibrosis (CF) patients. In the
present study, the effects of Af and Sm as mono- and polymicrobial biofilms were investigated on human bronchial
epithelial cells (BECs) regarding epithelial damage, inflammatory response, and biofilm features.
Methods:
ATCC reference strains (Af_REF, Sm_REF) were compared with strains isolated from CF sputa (Af_CF, Sm_CF).
Human bronchial epithelial cells (BEAS-2B; ATCC®, CRL-9609TM) were cultured in F-12 supplemented by 10 % fetal
bovine serum at 37°C, 5% CO2. Confluent cells were exposed to 105 conidia/mL and/or 106 bacteria/mL for 24 h.
Culture supernatants were recovered to estimate the lactate production (stress marker), IL-6, and IL-8 secretion.
The adherent biofilm composition of Af and Sm on BEAS-2B was determined by SEM, CLSM, and qPCR. Protease
secretion was examined on skim milk agar plates.
Results:
SEM analysis shows the presence of extracellular matrix with adherent Af and Sm to BEAS-2B. An antibiosis effect
of Sm on Af growth on BEAS-2B is observed by microscopy and confirmed by qPCR, as already described by our
team without BECs. Indeed, Sm inhibits the growth of Af and modifies the hyphae development, regardless of its
origin (REF or CF). Sm_CF secretes lactate and induces a >10-fold decrease in IL-6 and IL-8 secretion compared to
Sm_REF. These differences probably arise from increased protease secretion observed for Sm_CF.
Conclusion:
This study represents the first co-culture model of Af, Sm, and BECs. We could show that CF strains exhibit
distinct metabolic features. These findings set a basis for further transcriptomic analyses comparing host cell and
pathogen responses during infection and biofilm formation and may open new therapeutic perspectives.
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ISOEUGENOL MODULATES EXPRESSION PATTERN OF TRANSCRIPTIONAL REGULATORS MEDA,
SOMA AND CONIDIAL HYDROPHOBIN GENE RODA IN ASPERGILLUS FUMIGATUS
L Gupta*, P Vijayaraghavan
Amity Institute of Biotechnology, Amity University, Uttar Pradesh, Noida, India

Purpose:
Aspergillus fumigatus is one of the major pathogenic fungal species, causing life-threatening infections. Due to a
limited spectrum of available antifungals, exploration of new drug targets as well as potential antifungal molecules
has become pertinent. Rodlet layer plays an important role in adherence of fungal conidia to hydrophobic cell
surfaces in host, which also leads to A. fumigatus biofilm formation, contributing factor to fungal pathogenicity.
From decades, natural sources have been known for the development of new active molecules. Isoeugenol is a
phenylpropanoid and isomer of eugenol which is generally found in plants like Syzygium aromaticum, Myristica
fragrans, Cinnamomum verum, Ocimum tenuiflorum, Piper nigrum. It has been reported to have antimicrobial,
antioxidant, anti-tumor activities. Antifungal activity of isoeugenol has been reported against various Aspergillus
spp. However, the mechanism of inhibitory action of isoeugenol against A. fumigatus is yet to be explored. The
present study investigates the effect of isoeugenol on genes responsible for hydrophobins (RodA), adhesion as
well as biofilm formation (MedA and SomA) of A. fumigatus.
Methods:
The in-vitro antifungal drug susceptibility of the isoeugenol was calculated against A. fumigatus ATCC 45546
and its biofilm via CLSI M38-A2 microbroth dilution method for filamentous fungi. All biochemical, molecular
assays and microscopic analysis of A. fumigatus were conducted at calculated subinhibitory concentration (IC50)
of isoeugenol. The relative quantification of gene expression responsible for hydrophobins (RodA), and biofilm
formation (MedA and SomA) of A. fumigatus was performed using the comparative threshold cycle method. The
qualitative measurements of absorption, distribution, metabolism, excretion, and toxicity of isoeugenol were
predicted by using SwissADME. Using AutoDock4 tool, ligand isoeugenol was docked at the bioactive catalytic site
of the targeted protein RodA hydrophobin.
Results:
Minimum inhibitory concentration (MIC) and subinhibitory concentration (IC50) of isoeugenol were calculated as
1.90 mM and 0.95 mM, respectively against A. fumigatus. The IC50 showed reduced hydrophobicity and biofilm
formation after treatment with the isoeugenol, and electron micrograph data corroborated these findings. The
quantitative real time PCR (qRT-PCR) showed a significant downregulation in the expression of genes RodA,
MedA, SomA and pksP involved in hydrophobicity and biofilm formation. SwissADME studies potentiated druglike propensity for isoeugenol which formed four hydrogen bonds with low binding energy (-4.54 Kcal/mol) at the
catalytic site of RodA protein studied via AutoDock4.
Conclusion:
The findings conclude that isoeugenol inhibits conidial hydrophobicity and biofilm formation of A. fumigatus and
further investigations are warranted in this direction.
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EVALUATION OF ANTIFUNGAL DRUGS BY AN INVASIVE ASPERGILLOSIS-ON-CHIP MODEL
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Purpose:
Invasive fungal infections by the mould Aspergillus fumigatus in immunocompromised patients are significantly
increasing. Infection occurs in the lung where fungal conidia germinate to grow into filamentous bodies (hyphae),
penetrate the epithelium and invade into the bloodstream. Invasive aspergillosis is associated with high mortality
rates and limited treatment options. Testing of new antifungal drugs in vitro is insufficient, making animal models
the gold-standard for drug efficacy testing. To overcome in vitro limitations, organ-on-chip systems mimic human
physiology much more closely, thus providing a more suitable drug testing environment in terms of organ structure,
cell types and dynamics (e.g. flow). Here, we used our recently established “invasive aspergillosis-on-chip” (IAC)
model to re-capitulate the treatment of A. fumigatus infection by the well-established drugs Voriconazole (VOR)
and Caspofungin (CAS) as well as the potentially new antifungal agent Jagaricin (JAG).
Methods:
The microfluidic IAC models, including human alveolar epithelial cells at an air-liquid-interface and perfused
human endothelial cells separated by a porous membrane, were infected with A. fumigatus conidia and treated
with drugs over night. While clinically relevant concentrations were used for VOR, CAS and JAG were subjected
to dose-response curves. Advanced automated image analysis of three-dimensional confocal microscopy images
of the models allowed us to quantify hyphal horizontal and vertical (invasive) growth and branching behaviour.
Results:
The fungicidal agent VOR was able to eradicate the fungus completely as no fungus was found in IAC models in
contrast to extended hyphal networks in untreated controls. Fungistatic CAS stalled fungal growth and caused
known morphological changes at increasing concentrations. A significant reduction in hyphae horizontal length
was observed for 0.5µg/ml CAS in comparison to untreated controls but also to 5µg/ml CAS (“paradoxical growth”).
More importantly, CAS-treated hyphae, although shorter, were still able to penetrate the epithelium and invade
the endothelium of the IAC model. Again, invasive growth was lowest for 0.5µg/ml CAS. JAG compromised the
epithelium and led to cell layer destruction at increasing concentrations.
Conclusion:
The clinically applied antifungal agents VOR and CAS performed in the IAC models as expected. However, the
presence of invasive hyphae in CAS-treated samples, not detected in previous tests that only look at horizontal
growth, highlight the necessity of in vivo-like test systems. In long run, organ-on-chip models may provide a
much-needed tool to overcome animal testing.
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MOLECULAR DOCKING ANALYSIS OF PLANT-DERIVED SMALL MOLECULES AGAINST VIRULENCE
FACTORS-SPORE COAT PROTEIN (COTH3) AND HIGH AFFINITY IRON PERMEASE PROTEIN (FTR1) OF
RHIZOPUS ORYZAE
H Kamboj*, M Vijay, L Gupta, P Vijayaraghavan
Amity Institute of Biotechnology, Amity University, Uttar Pradesh, Noida, India

Purpose:
Mucormycosis (black fungus) is a lethal fungal infection, caused by fungus belonging to the order Mucorales.
Rhizopus, Mucor, and Lichtheimia species are the most common causative agents of mucormycosis in this order.
R. oryzae is a main causative agent of mucormycosis among all, with high mortality rate (50%-100%). India
has reported highest burden of mucormycosis cases in post COVID-19 patients. Higher mortalities were seen
in patients with neutropenia, hematopoietic and solid organ transplantation, iron overload and uncontrolled
diabetes mellitus. There are various virulence factors those are key players in the infection process. Among all
virulence factors, spore coat protein homolog (CotH3) and virulence factor high-affinity iron permease (FTR1)
were selected to study further. CotH3 is a virulence factor that is detected universally on the spore surface of all
Mucorales except Aspergillus fumigatus and plays a key role as invasins in the pathogenesis of mucormycosis,
disrupts and damages immune cells. FTR1 has role in iron uptake and its transportation at the time of infection
as acquisition of iron is essential and crucial pathogenic event during infection. The treatment of mucormycosis
is compromised by the limited approved effective antifungals. Hence, the discovery of the potential drugs is an
urgent and utmost requirement for the medical fraternity. The present study aims to screen and evaluate the
plant-derived compounds for their antifungal activity against R. oryzae using in-silico approach.
Methods:
The FASTA sequence of CotH3 and FTR1 protein of R. oryzae were retrieved from NCBI and their secondary and
tertiary structures were speculated using SOPMA. Tertiary structures were predicted using Swiss Model. The best
template having maximum identity with the target and modelling structure was then evaluated using PROCHECK.
The 3-D structures of known antimicrobial compounds were obtained from PubChem. The docking analysis was
performed by AutoDock Tool 4. The ADME-Tox profile of docked compounds were predicted via SwissADME.
Results:
In result, the docking suggested that myristicin, eugenol, isoeugenol, methyl-eugenol showed least binding
energy, i.e., > -6.5 Kcal/mol against catalytic site of CotH3 protein. For FTR1 protein, low binding affinity was
showed by β-Terpineol followed by eugenol and isoeugenol. The ADME-Tox and bioavailability of compounds
exhibited efficient parameters of drug likeness. Among all, only eugenol, isoeugenol and β-terpineol were
following Lipinski’s rule of five and could be administered as oral drugs.
Conclusion:
Our findings suggest that eugenol and isoeugenol could be potential inhibitors of catalytic site of CotH3 and FTR1
protein of R. oryzae.
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MICROHEMORRHAGE-ASSOCIATED TISSUE IRON CAUSES MACROPHAGE LYSOSOMAL LEAKAGE
AND LOSS, WHICH INCREASES THE RISK FOR INVASIVE ASPERGILLOSIS IN A CYSTIC FIBROSIS
MOUSE MODEL OF AIRWAY TRANSPLANTATION
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Purpose:
Aspergillus fumigatus (Af)-related pulmonary diseases are life-threatening, and occur in up to 30% of lung
transplant recipients (LTRs). In cystic fibrosis (CF) LTRs the incidence of Af infections is higher than non-CF LTRs.
Putative factors such as prior fungal colonization do not justify this increased risk. Defects in cystic fibrosis
transmembrane conductance regulator (CFTR)-deficient macrophages (mφs) have been suggested to increase
the risk of infections in CF patients. Using a murine orthotopic tracheal transplant (OTT) model, we have shown
that iron-overload triggers Af invasion. We developed a murine CF OTT model (using a CFTR knockout (CFTR-/-)
recipient) and investigated how iron-overload affects CF mφ function. We hypothesize that iron-overload, in the
CF transplant, impacts the ability of the CF mφ to control Af, promoting fungal invasion.
Methods:
We examined the tracheal iron levels before and after transplantation in the CFTR-/- mouse and the control
by immunofluorescence staining and a colorimetric assay. Murine CFTR-/- mφ phagocytosis and killing of Af
conidia was evaluated by flow cytometry and confocal microscopy. Iron-induced reactive oxygen species (ROS)
were assessed by flow cytometry, and lysosomal leakage and loss by immunofluorescence staining and confocal
microscopy. The depth of Af invasion in the OTT (CF vs control) was evaluated by Grocott methenamine silver
staining. Finally, we examined airway biopsies from CF-LTRs for iron-laden mφs using Prussian blue stain and
measured bronchoalveolar lavage (BAL) iron content using inductively-coupled mass spectrometry (ICP-MS).
Results:
CF and CF OTT tracheas had higher iron levels than the controls. CFTR -/- mφs had a significantly (p<0.001) lower
ability to phagocytose and kill Af conidia at baseline and this dysfunction further declined with increasing iron
concentrations (p<0.001). CFTR-/- mφs had higher levels of ROS at baseline and the addition of iron significantly
increased levels of ROS compared to controls (p<0.0001). In culture, iron induced CFTR-/- mφ lysosomal leakage,
and decreased the number of mφ lysosomes (p<0.0001). In the CF OTT we observed highest grade of tissue
invasion (grade 4) in all animals compared to controls (grade 2, p=0.0018). Human CF-LTR biopsies showed a
higher mean number of iron-stain positive mφs than the control biopsies (p=0.03). Iron content was also higher
in the CF LTR BAL compared to non-CF LTRs.
Conclusion:
Here we show that (i) the CF murine tracheas have higher baseline iron content compared to the non-CF tracheas,
which we also observed in our clinical samples from LTRs; (ii) murine CFTR-/- mφs have a decreased ability to
phagocytose and kill Af conidia and that the of addition of iron further impairs CF mφs; (iii) iron induces lysosomal
leakage and reduces lysosomal numbers in CFTR-/- mφs; and (iv) Af invasion was uniformly the highest grade
in the murine OTT model in CF recipients compared to control recipients. These results suggest that the innate
immune response in the CF LTR may be significantly impaired by high transplant iron levels, through increased
mφ lysosomal leakage and loss, decreasing their ability to kill Af, a factor that may explain the higher rates of
invasive aspergillosis in CF LTRs.
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INFECTION METALLOMICS AS A TOOL FOR FUNCTIONAL STUDIES IN ASPERGILLUS FUMIGATUS
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Purpose:
When proliferating to the host, pathogenic toxins, proteases, extracellular vesicles, quorum sensing molecules,
metallophores, etc., modulate the inter-microbial interactions & host-cell response and may alter the immune
or somatic cell secretomes. Infection metallomics (IM) was developed as a new analytical portfolio for functional
studies in host-pathogen-therapy and virus-bacterium-fungus interactomes [1]. The platform affords emerging
diagnostic approaches with clinically relevant features as a welcome side-product.
Methods:
IM provides quantitative and qualitative identification of pathogen molecular profile in bodily fluids and tissues
by mainly molecular mass spectrometry with isotope data filtering of metal-containing species (Fe, Cu, Zn,
Mn, Ni) using CycloBranch bioinformatics tool [2]. Contrary to nucleic acid sequencing or microbial cell wall
component detection, the active secondary metabolism may reflect the pathogen viability. This presentation will
overview the most recent literature in the field and provide authors’ opinions on the important yet understudied
IM application areas.
Results:
Different Aspergillus morphotypes were monitored during conidial germination, including dormancy, isotropic
& polarized growths. The colonization by Aspergillus was distinguished from invasion through differential extra
and intracellular siderophore profiles at given germination stages. In mixed infection rat models and critically ill
patients with a distant bacterial & fungal lung infection, the microbial proliferation was manifested by siderophore
secretion in the urine [3]. On the contrary, proximal specimens (bronchoalveolar lavage, breath condensate,
endotracheal aspirate, sputum) may warn either of co-colonization or the beginning of invasive infection. In a
separate study, the IM has revealed the differential effect in the speed of mobilization of Aspergillus siderophores
[6] and mycotoxins [7] by mycovirus-free and infected strains.
Conclusion:
The advantages of IM are affordable dynamic range, specificity, noninvasiveness, high sampling-to-result speed,
and the ability to handle mixed infections. As secondary metabolism events represent time-resolved processes,
metallophores’ molecular leakage into the urine may indicate an angioinvasion process reflecting distant lung,
urinal tract, or even central nervous system infections triggered by a bacterial, mycobacterial, or fungal invader.
Acknowledgment:
The authors gratefully acknowledge support from the Czech Science Foundation (21-17044S)
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Purpose:
Aspergillus fumigatus is a ubiquitous environmental mold that can cause a life-threatening infection known as
invasive aspergillosis (IA). IA is caused by defects in innate immune system function that result in failed clearance
of inhaled conidia from the lung. While it is known that innate immune function, particularly NADPH oxidase
activity, is responsible for clearance of these conidia from the lung, the mechanism by which these conidia are
killed by leukocytes remains unknown. While processes of cell death in have been identified in animals, these
processes remain largely unknown in outside of metazoa. Contributing to this question regarding non-metazoan
cell death, many canonical components of regulated cell death are not conserved outside of metazoa. Here
we investigate the role of A. fumigatus cytochrome c (cycA) in both hydrogen peroxide-induced and leukocyteinduced fungal cell death. Cytochrome c is a canonical cell death effector in higher order metazoa that functions
in programmed and regulated forms of cell death and is conserved across eukaryotes.
Methods:
To examine the effects of hydrogen peroxide (H2O2) on cell death, we generated a cycA null strain in a background
strain that contains a histone H2A:mRFP reporter to monitor histone fragmentation, a canonical marker of cell
death. Swollen conidia were exposed to 10mM H2O2 for 8hrs in LGMM media. Every two hours, conidia were
gathered and stained with caspACE and sytox blue to quantify caspase-like activity and cell viability, respectively,
and were analyzed by flow cytometry. Long term viability was examined by treating swollen conidia with 10mM
H2O2 for 2.5hrs, followed by monitoring long term growth by absorbance at 405nm in a germination assay. For
in vivo experiments, a FLuorescent Aspergillus REporter (FLARE) experiment was conducted in C57BL/6J mice by
staining H2A:mRFP conidia with Alexa Flour 633 and inoculating at 3e7 conidia per mouse. 36hrs post inoculation,
cells were gathered from murine lungs and stained for corresponding leukocyte subsets. Analysis was conducted
by flow cytometry.
Results:
We observed that the cycA null strain displays altered cell death phenotypes including reduced histone
fragmentation, reduced caspase-like activity, and reduced sytox blue staining after 6hr and 8hr exposure to 10mM
H2O2. However, using a germination assay to monitor growth 30hrs after acute 2.5hr exposure to 10mM H2O2,
we observed that loss of cycA results in no observable growth after treatment, suggesting a loss of viability as
compared to the WT and complement strains. Examining in vivo leukocyte killing by FLARE technology, we observe
that loss of cycA results in lower in viability in leukocyte subsets including neutrophils and total macrophages as
compared to WT and complement strains. However, the cycA null strain displayed higher viability in specifically
the alveolar macrophage subset as compared to other leukocyte subsets.
Conclusion:
Taken together, these data suggest cytochrome c presence in A. fumigatus contributes to cell survival under
death inducing conditions and future studies will seek to define the underlying mechanisms.
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Purpose:
Rhizopus delemar is an opportunistic fungal pathogen and the primary causative agent of mucormycosis, an
invasive infection with mortality rates often exceeding 50%. Hallmarks of mucormycosis include angioinvasion
and the production of a ricin-like toxin (mucoricin). Treatment usually involves repeated injections of fungicidal
amphotericin B (AmB). However, AmB’s extended use is restricted by its severe toxicity concerns.
Methods:
Our research group has developed a novel technology in which Dectin immune receptors, which recognize fungal
cell oligosaccharides, are incorporated onto the outer surface of an antifungal-loaded liposome (DectiSomes).
The Dectin receptors guide the liposomes to fungal cells, concentrating them away from human cells and thus
minimizing potential toxicity effects. I am currently evaluating the efficacy of these DectiSomes against R. delemar.
Results:
DectiSomes bind to R. delemar hyphae at least orders of magnitude more effectively than uncoated antifungalloaded liposomes. Preliminary data indicate that DectiSomes also effectively inhibit fungal metabolic activity in
vitro and reduce lung fungal burden in a neutropenic mouse model of pulmonary mucormycosis.
Conclusion:
We continue to explore the potential of this exciting novel therapeutic for treating mucormycosis.
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Purpose:
The goal of our research is to dramatically improve the efficacy of antifungal drugs by targeting drug loaded
liposomes directly to fungal cells.
Methods:
DectiSomes are lipid nanoparticles (e.g., liposomes) carrying an anti-infective drug and coated with pathogen
receptor protein that targets them to pathogenic cells. We have demonstrated the pan-antifungal efficacy of
DectiSomes using the carbohydrate recognition domains of three C-type lectin pathogen receptors Dectin-1
(CLEC7A), Dectin-2 (CLEC4N), and the DCS12 isoform of DC-SIGN (CD209) to target Amphotericin B loaded
liposomes to Aspergillus fumigatus, Candida albicans, and Cryptococcus neoformans1,2,3,4,5,6,7. These three
pathogens represent 1.2 billion years of fungal pathogen evolution and divergence.
Using the combination of novel and synthetic techniques we have developed, production of C-type lectin-targeted
DectiSomes is 1,000-times less expensive than monoclonal targeted immunoliposomes.
Results:
The three classes of DectiSomes, DEC1-AmB-LLs, DEC2-AmB-LLs, and DCS12-AmB-LLs, bound all three species
order(s) of magnitude better than control liposomes, including untargeted AmB-LLs and bovine serum albumin
coated BSA-AmB-LLs. The various DectiSomes killed all three fungal pathogens in vitro order(s) of magnitude
more efficiently than control liposomes and lowered the effective dose ED90 10- to 20-fold. When delivered
either by oral aspiration and by intravenous injection, respectively, DectiSomes reduced the fungal burden of
A. fumigatus in the lungs and C. albicans in the kidneys 10-fold compared to the untargeted control liposomes.
DectiSomes improved the survival of mice with aspergillosis and candidiasis.
Conclusion:
DectiSomes have the potential to provide a leap forward in antifungal drug development, repurposing old and
new antifungal drugs. Order of magnitude reductions in the effective dose should reduce drug toxicity. Low cost
and dramatically improved efficacy should encourage pharmaceutical companies to commit time and resources
to the clinical development of DectiSomes as pan-antifungal therapeutics.
1.  Meagher, R.B., Pham, T., Lewis, Z.A., Lin, X. & Ambati, S. DC-SIGN Targets Amphotericin B-Loaded Liposomes to
Diverse Pathogenic Fungi. Fungal Biol and Biotech (2022 in press).
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Offer a Promising Therapeutic Option for Pulmonary Aspergillosis. mBio 12, 1-8 (2021). https://www.ncbi.nlm.nih.gov/
pubmed/33622715
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ANTI-PD1 PLUS INTERFERON-Γ ASSOCIATED WITH ANTIFUNGAL THERAPY IN THE TREATMENT OF
REFRACTORY COVID-ASSOCIATED PULMONARY ASPERGILLOSIS AND CEREBRAL MUCORMYCOSIS
AS Serris1*, FU Uhel2, GMB Martin-Blondel3, OL Lambotte4, MEB Bougnoux5, EL Litvinova6, AO Ouedrani7,
CR Rouzaud1, VB Bedarida8, JHR Raphalen9, FL Lanternier1,10
Infectious Diseases, Necker-Enfants Malades Hospital, Paris, France
Intensive Care Medicine, Louis Mourier Hospital, Paris, France
3
Infectious Diseases, Toulouse University Hospital, Toulouse, France
4
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5
Parasitology-Mycology Laboratory, Necker-Enfants Malades Hospital, Paris, France
6
Immunology Laboratory, Pitié Salpétrière Hospital, Paris, France
7
Immunology laboratory, Necker-Enfants Malades Hospital, Paris, France
8
Otorhinolaryngology, Lariboisière Hospital, Paris, France
9
Intensive Care Medicine, Necker-Enfants Malades, Paris, France
10
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Purpose:
Despite progresses in the management of invasive fungal infections (IFI) such as aspergillosis and mucormycosis,
these infections still cause substantial morbidity and mortality, and new therapeutic approaches are urgently
needed. Recently published studies in animal models and human case reports suggest a potential benefit of
checkpoint inhibitors in the treatment of IFIs.
Methods:
We report the case of a diabetic patient with refractory pulmonary aspergillosis and cerebral mucormycosis
coinfection in the context of a severe COVID-19 infection treated with anti-PD1 monoclonal antibody nivolumab
plus interferon gamma (IFN-γ) as salvage treatment in combination with antifungal treatment.
Results:
A 56 years-old diabetic patient was admitted in ICU for a severe COVID-19 which required immediate mechanical
ventilation. The patient received 10 days of dexamethasone followed by two doses of tocilizumab according to
the standard of care protocol. Five days later, COVID-associated pulmonary aspergillosis was diagnosed based
the growth of Aspergillus flavus in BAL culture, positive galactomannan both in BAL and in serum and new
pulmonary lesions. An antifungal treatment with voriconazole was started. A month later, abnormal neurological
examination, led to the discovery of two cerebral abscesses associated with sinusitis. ENT surgery was performed,
revealing extensive necrosis, and allowing for the drainage of one abscess. Rhizopus & Mucor PCR was positive
in the blood as well as in most of the per-operative sinus samples. Pathology confirmed invasive mucormycosis,
but additional debridement was not feasible. After two weeks of dual antifungal therapy, the patient’s condition
was not improving. Because of the poor prognosis and increased expression of programmed death-1 (PD-1) on
circulating T-cells, immunoadjuvant therapy with interferon-γ and nivolumab was started. The patient received
100 mg of interferon-γ 3 times a week during a month and 2 injections of nivolumab four weeks apart. Under
this treatment, reduction of the size of the cerebral abscesses and negativation of serum galactomannan and
Mucorales PCR were obtained. Unfortunately, after eight weeks, the patient developed septic shock with oliguric
renal failure following ventilation acquired pneumonia. Palliative care was started and the patient died.
Conclusion:
Combination immunotherapy should be considered as salvage treatment of life-threatening IFI unresponsive
to conventional therapy. Further studies will be needed to determine its optimal timing and role in the current
therapeutic arsenal.
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EFFECT OF IRON ON ASPERGILLUS PROTEASES: INSIGHT INTO POSSIBLE THERAPEUTIC TARGET
FOR ALLERGIC BRONCHOPULMONARY ASPERGILLOSIS
PC Chatterjee1*, WC Chiu1, EBB Burgener2, PLB Bollyky3, JH Hsu1
Division of Pulmonary, Allergy, Critical Care Medicine, Stanford University School of Medicine, Stanford, USA
Center for Excellence in Pulmonary Biology, Department of Pediatrics, Stanford University School of Medicine, Stanford, USA
3
Division of Infectious Diseases and Geographic Medicine, Stanford University School of Medicine, Stanford, USA
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Purpose:
Aspergillus fumigatus (Af) is a ubiquitous mold that causes a severe allergic immune response known as allergic
broncho-pulmonary aspergillosis (ABPA) in 10-25% of children with cystic fibrosis (CF). Af secretes proteases,
which result in a Th-2 mediated allergic immune response leading to progressive lung function decline. Despite
the high morbidity, ABPA is not well characterized in children. Current therapies, including systemic and inhaled
corticosteroids, do not modify disease progression and their use has long-term negative sequelae including
growth retardation, diabetes, and osteoporosis. Thus, there is clear unmet need to better understand the CF
(host)-Af (pathogen) interaction in order to develop new treatment strategies for ABPA and severe fungal asthma.
Methods:
To better understand the role of iron in Af protease production, wild type Af (WT, 10AF) and the iron intolerant
Af mutant strains (ΔsreA/cccA (lacks relevant iron metabolism genes) and ΔprtT (lacks a transcription factor for
Af protease expression) were cultured with iron dextran, the xenosiderophore (deferoxamine, DFO), or the iron
chelator (deferasirox, DFX) and RT-PCR was used to measure Af protease transcription. The effect of an iron-avid
Pseudomonas filamentous bacteriophage (Pf4) on Af protease expression (RT-PCR) was assessed by co-culturing
10Af and Pf4 in increasing iron concentrations. Protease activity was studied in Af cultures exposed to iron,
using the skimmed milk substrate assay. To study the impact of iron in vivo, we used murine orthotopic tracheal
transplant (OTT) model. The model allows for the delivery of iron or DFX in a nanoparticle solution at the time
of transplant. Animals treated with a blank vehicle solution were studied in parallel (controls). Animals were
inoculated intratracheally with Af and transcription of Af proteases in the murine trachea were measured using
RT-PCR. Using an established ABPA model in CFTR deficient mice (CFTR 489X-/-, FABP-hCFTR +/+), we are evaluating
the impact of iron lowering strategies on mitigating a Th-2 mediated response (IL4, IL5, IL13 cytokines).
Results:
In-vitro, supplemental iron increased Af protease production whereas protease expression decreased in cultures
treated with DFX. Expression of the Af serine protease TppA - was induced by iron and DFO (P<0.001) and inhibited
by DFX. Iron did not upregulate TppA in ΔsreA/cccA strain, or the ΔprtT strain compared with WT control. We also
found that co-culture of Af with Pf4, a bacteriophage commonly found in CF patients, significantly mitigated
TppA expression in presence of iron (P<0.05). Qualitative analysis of protease activity revealed greater zone of
proteolysis in iron-treated Af compared to control. In OTT model, expression of TppA was 4x104-fold higher in the
iron-treated compared to the DFX treated animals (P<0.05).
Conclusion:
Our study suggests that iron induces expression of Af proteases, and iron chelation can mitigate the expression
of iron-induced Af proteases. It also highlights iron as a critical virulence factor and raises the possibility that
lowering airway iron may represent a novel treatment for ABPA in children with CF.
NOTE: This abstract has also been selected for Oral Presentation
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TARGETING ASPERGILLUS FUMIGATUS HYPOXIA RESPONSE PATHWAYS TO POTENTIATE
CONTEMPORARY ANTIFUNGAL THERAPIES
C Gutierrez Perez1*, S Dhingra1,2, SM Kwansy3, TJ Opperman3, RA Cramer1
Microbiology and Immunology , Dartmouth College, Hanover, NH, USA
Biological Sciences, Clemson University, Clemson, SC, USA
3
Microbiotix Inc , Worcester, MA, USA
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2

Purpose:
Aspergillus fumigatus is a ubiquitous airborne filamentous fungus that is estimated to contribute to 600,000
deaths each year. There are currently only three contemporary antifungal therapies to treat invasive Aspergillus
infections. Rapidly increasing resistance to first line therapy voriconazole highlights a significant need to develop
novel antifungals with innovative mechanisms of action. Research from our lab has shown that the hypoxia
response, mediated by the transcriptional regulator SrbA, is necessary for virulence and azole resistance in
Aspergillus fumigatus. Therefore, identifying a compound that inhibits the SrbA mediated hypoxia response
pathway would introduce a potentially novel antifungal that could potentiate azoles activity in vivo.
Methods:
We designed and performed a high-throughput screen by adapting a gpdA-luciferase reporter system to screen
over 200,000 small molecule compounds for antifungal activity in the presence of fluconazole or hypoxic
conditions. Using a secondary screen measuring enhanced fluconazole sensitivity and hypoxia specificity, we
confirmed 50 compounds that fit all parameters to date. We then prioritized compounds that show limited
human toxicity and an MIC≤10 µM for further investigation.
Results:
Increased SrbA expression through expression of the N terminus bHLH transcription reduces susceptibility to
several of these molecules. These data suggest that the compounds may act on the SrbA dependent hypoxia
response. Since SrbA pathway inhibition increases azole sensitivity, we next tested the compounds against
voriconazole-resistant clinical isolates and determined that combination therapy increases voriconazole efficacy.
Conclusion:
Using this high-throughput screen and follow up secondary screens we have identified compounds that are
hypoxia specific and potentiate azole therapy with minimal human toxicity. Additionally, preliminary data suggests
that several compounds are acting through the SrbA dependent hypoxia response pathway, a well characterized
virulence factor. Through this work we are finding that we can identify novel antifungal compounds that act
through innovative and well characterized biological mechanisms. One potential application of these findings is
that these compounds can be used in combination therapy to potentiate azoles and combat antifungal resistance.
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CONFERENCE SUPPORTERS
Pfizer is committed to developing breakthroughs that change patients’ lives. Today,
Pfizer UK offers a diverse portfolio to patients including over 20 antibacterial and
antifungal medicines. With infectious disease continuing to be a threat to global
health, Pfizer is supporting the appropriate use of antibacterial/antifungal agents to
protect patient health.
Pulmatrix is committed to the development of novel and transformational
medicines to patients globally, with an initial focus on respiratory disease, using our
proprietary iSPERSE dry powder inhalation technology to optimize pharmacokinetics
and pharmacology. In partnership with Cipla Technologies, Pulmatrix is developing
PUR1900 (Pulmazole) as potentially the 1st inhaled anti-infective to treat fungal
infections in patients with Allergic Bronchopulmonary Aspergillosis (ABPA).
Our pipeline is complemented by PUR1800, a narrow spectrum kinase inhibitor,
currently in clinical development for the treatment of acute exacerbations in chronic
obstructive pulmonary disease (AECOPD). www.pulmatrix.com
The Cystic Fibrosis Foundation is the world’s leader in the search for a cure for cystic
fibrosis. The Foundation funds more CF research than any other organization, and
nearly every CF drug available today was made possible because of Foundation
support. Based in Bethesda, Md., the Foundation also supports and accredits a
national care center network that has been recognized by the National Institutes
of Health as a model of care for a chronic disease. The CF Foundation is a donorsupported nonprofit organization.
In 2018, the CF Foundation dedicated $100 million through 2023 to its Infection
Research Initiative as part of a sweeping effort to advance infection research. To
date, the Foundation has committed more than $85 million to the initiative and
continues to fund any science that we believe holds real promise to address
infections. For more information, visit cff.org
F2G is a clinical-stage biopharmaceutical company focused on the discovery and
development of novel therapies to treat life-threatening invasive fungal infections.
F2G has discovered and developed a completely new class of antifungal agents called
the orotomides. The orotomides have a distinct mechanism of action, selectively
targeting fungal dihydroorotate dehydrogenase (DHODH), a key enzyme in the de
novo pyrimidine biosynthesis pathway. This differentiates the orotomides from
the currently marketed antifungal agents. Olorofim (formerly F901318) is F2G’s
leading candidate from this class and has fungicidal activity against a broad range
of mould infections including a variety of rare and resistant moulds that cause lifethreatening infections for which current therapies have limitations or are ineffective.
Olorofim is in a Phase 2b open-label study focusing on rare and resistant invasive
fungal infections including invasive aspergillosis (including azole-resistant strains),
coccidioidomycosis and scedosporiosis (including lomentosporiosis). Olorofim has
received orphan drug status from the European Medicines Agency and orphan drug
status, Qualified Infectious Disease Product (QIDP) designation and Breakthrough
Therapy designation from FDA. F2G is headquartered in the UK with subsidiaries in
the US and Austria. www.f2g.com
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SCYNEXIS, Inc. (NASDAQ: SCYX) is a biotechnology company pioneering innovative
medicines to help millions of patients worldwide overcome and prevent difficult-totreat infections that are becoming increasingly drug-resistant. SCYNEXIS scientists
are developing the company’s lead asset, ibrexafungerp (formerly known as SCY078), as a broad-spectrum, systemic antifungal for multiple fungal indications in
both the community and hospital settings. SCYNEXIS has initiated the launch of its
first commercial product in the U.S., BREXAFEMME® (ibrexafungerp tablets). The
U.S. Food and Drug Administration (FDA) approved BREXAFEMME on June 1, 2021.
In addition, late-stage clinical investigation of ibrexafungerp for the prevention
of recurrent Vulvovaginal Candidiasis (VVC) and the treatment of life-threatening
invasive fungal infections in hospitalized patients is ongoing. For more information,
visit www.scynexis.com.
Vircell is a biotechnology company specialized in the development and production
of ready-to-use diagnostic solutions for human infectious diseases: ELISA, CLIA
in monotests format (VirClia®), IFA, DFA, Rapid Tests (VIRapid®), PCR Controls
(AmpliRun®),Real Time PCR, Immunocapture Agglutination (Brucellacapt®),
Cell lines and Transport Media. Vircell has been a successful market player
worldwide, distributing its products in over 90 countries across the five continents.
www.vircel.com
AVIR Pharma’s mission is to bring to market specialty medicines that answer the
unmet medical needs of Canadian patients. One of the therapeutic areas AVIR is
specialized in is infectious diseases. In 2017, AVIR became the license holder for
Zevtera® (ceftobiprole), a 5th generation cephalosporin. Thereafter, in 2018, AVIR
received Health Canada marketing authorization for its antifungal agent Cresemba®
(isavuconazole). Located near Montreal, Canada, AVIR Pharma is a sister company
of Laboratoire Riva, a family owned company with over 40 years of experience in
the Canadian marketplace. Making a difference in people’s lives is central to our
corporate philosophy and is at the root of why we advocate, care, partner and
innovate. www.avirpharma.com
Bruker’s market leading MALDI Biotyper® (MBT) is the globally recognized
solution for routine microbial identification including MBT Sepsityper® for direct
identification from positive blood culture. In addition, the Molecular Diagnostics
portfolio provides full workflow solutions from nucleic acid extraction to automated
result interpretation across a broad range of clinical areas including Respiratory,
Mycobacteria (incl. Tuberculosis), STI and Virology. Other portfolios include
MICRONAUT for antimicrobial susceptibility testing. www.bruker.com
The California Institute for Medical Research (CIMR) is an independent research
facility on the campus of the Santa Clara Valley Medical Center, an affiliated hospital
of Stanford University Medical School. Since its founding in 1963, CIMR has been a
resource for researchers, regional hospitals and doctors. More than 300 research
programs have been conducted at CIMR. This has resulted in nationally recognized
discoveries in medicine and medical care. CIMR provides a convenient location in San
Jose, California, for start-up biotechnology companies, local physicians and medical
research scientists wanting to start new projects or expand current research. The
Foundation for Research in Infectious Diseases supports the Infectious Disease
Research laboratory at CIMR. For more information, see the website: www.cimr.org
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Gilead Sciences, Inc. is a biopharmaceutical company that has pursued and
achieved breakthroughs in medicine for more than three decades, with the goal of
creating a healthier world for all people. The company is committed to advancing
innovative medicines to prevent and treat life-threatening diseases, including HIV,
viral hepatitis and cancer. Gilead operates in more than 35 countries worldwide,
with headquarters in Foster City, California. www.anti-infectives-gilead.com
IMMY focuses primarily on bringing rapid, high-quality fungal diagnostics closer to the
patient. We have a long history of delivering accurate and affordable solutions that
can be implemented in any laboratory setting, on any shift, around the world. IMMY
is bridging the gap between fungal infections and proper treatment through rapid
diagnostics for Aspergillosis, Cryptococcosis, Histoplasmosis, Coccidioidomycosis,
and Blastomycosis. www.immy.com
The Journal of Fungi (ISSN 2309-608X, IF 5.816) is an international, peer-reviewed,
scientific, open access journal that provides an advanced forum for studies related
to pathogenic fungi, fungal biology, and all other aspects of fungal research. Our aim
is to publish papers that are of significant impact to the mycology community, and
to help researchers present their cutting-edge findings and opinions in detail and
with quick dissemination among their peers. All articles published in the Journal of
Fungi are included in the most important indexing services, such as PubMed, the
Science Citation Index Expanded (Web of Science), Scopus, and many others.
www.mdpi.com/journal/jof
LDBIO Diagnostics - From diagnosis to patient well-being
LDBIO Diagnostics is an independent pharmaceutical company dedicated to the
development, production and marketing of in vitro diagnosis offering infectious
diseases testing solutions. It was founded in 1998 on the basis of the development
of confirmatory serological tests in parasitology and mycology, using Western Blot
technology and natural antigens.
Wishing to offer an ambulatory diagnostic test dedicated to use as close as
possible to the patient, LDBIO Diagnostics team also developed rapid immunochromatographic tests (ICT) for the detection of parasitic and fungal diseases. They
are offered to a wider range of professionals, not necessarily equipped and trained
in conventional laboratory biology.
LDBIO Diagnostics’ development strategy implies close relationships with its
partners and customers, both French and foreign, as well as a sustained attention to
all aspects related to the quality and performance controls of its products in order to
be able to offer the best possible diagnostic tool. It also implies a particular interest
in certain orphan diseases, outside the market of reagents usually encountered and
for which there are often few tests available. www.ldbiodiagnostics.com/en/home
Mundipharma is a global healthcare company with a presence across Africa, Asia
Pacific, Canada, Europe, Latin America, and the Middle East.
Mundipharma is dedicated to bringing innovative treatments to patients in the
areas of Infectious Disease, Pain & Supportive Care and Consumer Healthcare as
well as other severe and debilitating disease areas. Our guiding principles, centred
around Integrity and Patient-Centricity, are at the heart of everything we do. For
more information visit www.mundipharma.com
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The National Aspergillosis Centre was commissioned on 1st May 2009 by the NHS
National Specialised Commissioning Group to provide inpatient and long-term
care for the patients with chronic pulmonary aspergillosis (CPA) for England and
Scotland. The centre provides high level of expertise in the clinical management of
CPA, diagnostic testing and monitoring as well as contributing to the care of patients
with other forms of aspergillosis.
Since opening its doors we have seen approximately 2987 patients with Aspergillus
or other fungal diseases. Of these we treated 1300 patients with a CPA diagnosis.
We currently have 400 patients on service with CPA. In addition, 40 cases had
surgery and 126 went for bronchial embolization. Our patients have access to our
expert clinicians, specialist nurses and our CARES team. www.aspergillus.co.uk
At OLM Diagnostics, our vision is to reduce illness and death associated with fungal
disease globally; through use of rapid diagnostic testing and targeted, appropriate
use of antimicrobials. Our mission is to make fungal diagnostic testing accessible
on a global scale, by developing and providing rapid diagnostic kits that are robust,
accurate and effective, yet inexpensive. Our novel and reliable rapid-diagnostic
tests fit seamlessly into current treatment pathways, with the aim of reducing the
rate of drug resistant infections by promoting a new diagnostic led approach. We
aim to achieve this whilst delivering clear financial and clinical benefits to hospitals,
clinicians and patient care. www.olmdiagnostics.com
Pulmocide Ltd is a clinical-stage biopharmaceutical company focused on novel
inhaled therapies for the treatment of life-threatening lung infections. Our lead
program, Opelconazole, is a novel, inhaled, antifungal agent for the management of
pulmonary fungal diseases which has the potential to address multiple indications.
Opelconazole has been used on a “special needs” basis in the UK in patients who
have not responded to multiple standard-of-care (SOC) antifungal therapies, with
remarkable results. As of January 2021, of the eleven patients treated, positive
clinical results were observed in nine patients.
We are focused on initiating a clinical programme targeting the treatment of
second-line, invasive pulmonary aspergillosis disease as part of a combined
antifungal regimen. The company is also considering the potential of Opelconazole
to prevent pulmonary fungal infections in at-risk patients and as a treatment for
chronic Aspergillus infections. www.pulmocide.com
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