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The Apt1 flippase is important for Cryptococcus neoformans 
transmigration across endothelial cells  
 
Vanessa Alves da Silva1,5, Juliana Rizzo2, James Kronstad3, Daniel Adesse4, Robin 
C. May5 & Marcio Rodrigues6  
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Cryptococcus neoformans is the leading cause of fungal meningitis and is responsible for 
200,000 deaths annually. This yeast is surrounded by a polysaccharide capsule and it sheds 
large amounts of glucuronoxylomannan to the extracellular space via unconventional 
secretion pathways. One of the regulators of this process is the aminophospholipid 
translocase (flippase) Apt1. The Apt1 flippase promotes the asymmetric distribution of lipids 
in biological membranes, which is essential for membrane architecture. In C. neoformans, 
deletion of APT1 resulted in disturbed polysaccharide secretion, increased susceptibility to 
macrophage killing and an inability to reach the brain in a murine model. Thus, we 
investigated the ability of the apt1Δ strain to transmigrate across endothelial cell layers in 
vitro. To perform the transmigration assay, immortalized endothelial cells from mouse 
cerebral cortex (bEnd.3) were grown on transwell systems until confluent. The cell 
monolayers were infected with C. neoformans (wild type and apt1Δ) and after 24h, aliquots 
of the lower chamber (brain side) were inoculated on YPD agar for quantification of fungal 
loads. To determine the rate of cryptococcal yeast cell association with brain endothelial 
cells, non-adherent cryptococci were removed by extensive washing, after 4h of interaction. 
Endothelial cells lysates were plated on YPD agar for CFU enumeration. Mutant and wild 
type strains presented similar association rates with endothelial cells, however the apt1Δ 
strain showed a clear transmigration deficiency. The understanding of how C. neoformans 
interacts with cerebral microvascular endothelial cells and crosses the blood-brain barrier is 
essential for the development of strategies to prevent CNS infection.  
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Physiological Properties and Drivers of Goliath cell formation in C. 

albicans  

 

 

Dhara Malavia, Dr. Laura Lehtovirta, Omran Alamir, Prof. Neil Gow and Dr. Duncan 
Wilson  
 
 
Aberdeen Fungal Group, MRC Centre for Medical Mycology, Institute of Medical Sciences, 
University of Aberdeen, Foresterhill, Aberdeen, UK, AB25 2ZD Email: 
d.malavia@abdn.ac.uk  
 
 
 
 
Candida albicans is a major human fungal pathogen, responsible for superficial, as well as 

life-threatening disseminated infections. Polymorphism in C. albicans is an established 

virulence attribute and fungal cells must acquire essential nutrients from the host in order to 

proliferate. However, the host immune system has evolved complex mechanisms to actively 

withhold essential nutrients like zinc in a process known as nutritional immunity. Therefore, 

in the battle of pathogenicity versus nutritional immunity, the fungus must have developed 

strategies to survive and thrive within the host under the restrictive conditions of nutritional 

immunity. We have observed that C. albicans transforms to a giant ‘Goliath’ yeast 

morphology upon zinc starvation. This response is also seen in multiple Candida albicans 

clinical isolates and in the related species, Candida dubliniensis and Candida tropicalis. 

Investigations into the physiological properties of Goliath cells has revealed cell wall 

alterations, increased lipid droplets, extreme increased chorological age, enlarged vacuoles, 

delayed hyphae formation and hyper-adhesion to abiotic surfaces. Key regulators, including 

Zap1 and Hog1 play crucial roles in governing the yeast to Goliath transition and we are now 

further exploring the underlying molecular mechanisms and cellular processes associated 

with the Goliath morphology. 
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Initiation of cryptococcosis is independent of infective burden at 
low inocula  
 

 

Katherine Pline1 & Simon Johnston1 
 

 

1Department of Infection, Immunity & Cardiovascular Disease, University of 
Sheffield, Western Bank S10 2TN, UK, e-mail: kmpline1@sheffield.ac.uk, 
s.a.johnston@sheffield.ac.uk  
 
 
 

Cryptococcus neoformans is an opportunistic fungal infection that causes cryptococcal 

meningitis and meningoencephalitis in severely immunocompromised individuals. 

Macrophages play a critical role in determining the outcome of infection, where they are 

essential for clearance of cryptococcal cells, or act as “trojan horses” to disseminate 

infection in the immunocompromised. Elucidating how macrophages interact with 

cryptococci is important in understanding how the outcome of infection is related to immune 

response; however, the initial stage of cryptococcal infection is largely unstudied. As human 

infection is likely initiated by a single or very few fungal cells, we have modelled this in 

zebrafish, where infections can be tracked at the level of individual pathogen cells. We can 

demonstrate that at such low initial levels of infection the outcome of infection is not linearly 

related to initial level of infection; however, at higher levels seen later in infection and more 

usually modelled in animal studies of cryptococcosis, the outcome of infection is 

proportionally related to the initial fungal burden. Furthermore, using an in vitro murine 

macrophage model of infection, we find that phagocytosis of cryptococci is dependent upon 

the number of fungal cells present, with cryptococcal uptake being proportional to the initial 

level of infection. Macrophages display neither enhancement, nor reduction, of phagocytic 

ability or pathogen handling as infection level increases. These results suggest that host-

pathogen interactions are dynamic and responded proportionally to cryptococcal insult as 

disease progresses but that the initiation of cryptococcosis is independent of infective 

burden at low inocula.  
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10 reasons why taxonomy currently is a mess 

 

Sybren de Hoog 

 

 

Westerdijk Fungal Biodiversity Institute, Utrecht and Center of Expertise in Mycology of 

Radboudumc / Canisius Wilhelmina Hospital, Nijmegen, The Netherlands 

 

During the last decades, taxonomy of medical and environmental fungi has gone 

through some methodical revolutions, leaving the classical morphological approach 

behind. Among the major changes are the adoption of a single name for each 

species, abandoning the separate naming of sexual and asexual morphologies that 

had been maintained especially for fungi, and the universal application of molecular 

phylogeny as a leading classificatory principle. The choice of singular names is 

procedural, to be solved by consensus, while the latter change of approach is 

technical, leaving us with a multitude of conceptual dilemmas. The technical advance 

is very significant, but given the large size of the Fungal Kingdom, the novelties 

certainly will need several more decades to crystallize into a stable nomenclatural 

system. 

  



Comparison of stress resistance in Candida auris with other 

pathogenic Candida species 

 

 

Helen, Heaney1*, Linda Paterson2, Juliette Laing2, Alan Walker3, Elizabeth Johnson4 

and Alistair J P Brown1 

 

 

1   Medical Research Council Centre for Medical Mycology, Aberdeen Fungal 

Group, University of Aberdeen, Institute of Medical Science, Foresterhill, 
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3   Rowett Institute, University of Aberdeen, Foresterhill, Aberdeen AB25 2ZD, UK. 

4   Health Protection Agency, Mycology Reference Laboratory, Kingsdown, Bristol, 

BS2 8EL, UK. 

 

 

 

Candida auris has rapidly emerged as a significant human pathogen in the last decade. 

C. auris infections show high mortality rates (~66%), multi-drug resistance and a propensity 

for transmission in care environments. The mechanisms by which C. auris spreads efficiently 

from person-to-person, are not well understood. Therefore, we tested whether enhanced 

resistance to environmental stresses contributes to this ability to spread in health care 

environments. We compared the resistance of C. auris to single stresses and combinations 

of stresses against other pathogenic Candida species. Stress resistance was examined 

using in vitro assays on solid media and also for Candida cells on hospital linen. The results 

suggest that some C. auris strains are relatively thermotolerant, some displaying growth at 

42ºC. All of the C. auris strains examined in this study were salt tolerant, and sensitive to 

pH2, but not to pH4. They were also sensitive to certain types of oxidative stress. When 

contaminating hospital linen, C. auris displayed resistance to desiccation, but sensitivity to 

low pH. The data offer potential strategies to limit the spread of C. auris via contamination of 

hospital linen. 

 

 



Elucidation and modulation of innate immune responses during 

mucormycete infections 

 

Herbert Itabangi1, Bradley Pollard1, Ignacio Insua2, Joao Correia1, Paula 

Seoane1, Gordon Brown3, Jason King4, Francisco Fernandez Trillo2, Elizabeth 

Ballou1, Kerstin Voelz1 

 

1Institute of Microbiology and Infection, School of Biosciences, University of 

Birmingham, Edgbaston, Birmingham, B15 2TT, UK 

2School of Chemistry, University of Birmingham, Edgbaston, Birmingham, B15 2TT, 

UK 

3Aberdeen Fungal Group School of Medicine, Medical Sciences and Nutrition, 

Institute of Medical Sciences, University of Aberdeen, Foresterhill Aberdeen, AB25 

2ZD, UK 

4Department of Biomedical Science, the University of Sheffield, Western Bank, 

Sheffield, S10 2TN, UK 

  

Mucormycosis is a life-threatening mold infection with overall mortality rates of 50%, yet 

fatality reaches 100% in patients with disseminated disease, prolonged neutropenia, or brain 

involvement. The disease is caused by a group of filamentous fungi, the mucormycetes, and 

particularly targets patients with immunosuppression due to diabetic ketoacidosis (DKA), iron 

overload, severe trauma, neutropenia, corticosteroid treatment, or organ transplantation. 

These predisposing conditions are linked to defects in key aspects of the innate immunity, 

particularly defects in phagocytic effector functions by macrophages and neutrophils, 

suggesting phagocyte activity is crucial to disease control.  Yet, we currently have a very 

limited understanding of the interaction between mucormycete spores and phagocytes. 

Recently, we showed that the early events during phagocyte-spore interaction determine 

disease outcome.  Here, we report that, during the early stages of infection, mucormycetes 

spores modulate macrophage functions including phagocytic uptake, phagosome 

acidification and cytoskeletal organisation via a secreted factor. We investigate the influence 

of mucormycete host-cell interaction through a series of infection biology and chemistry 

techniques that reveal new insights into the molecular mechanisms underlying fungal 

pathogenesis.  

  



Genomic epidemiology of Candida auris within the United Kingdom 

 

Johanna Rhodes, Silvia Argimon, Nancy A. Chow, Kizee A. Etienne, Rhys A. Farrer, 

Andrew M. Borman, Ana P. Litvintseva, Shawn R. Lockhart, Christina A. Cuomo, 

Elizabeth M. Johnson, Silke Schelenz, Darius Armstrong-James, David M. 

Aanensen, Matthew C. Fisher 

 

To evaluate the genetic epidemiology of the recently emerged fungal pathogen Candida 

auris within the United Kingdom, 46 unique clinical C. auris isolates from 39 patients in six 

healthcare centres isolated between 2013 and 2016 were subjected to whole genome 

sequencing (WGS). These sequences were investigated for known alterations conferring 

drug resistance in ERG11, FKS1 and FUR1, as well as investigate the likely geographical 

origin and routes of transmission into the UK. Of the 36 isolates subjected to antifungal 

susceptibility testing, all displayed reduced susceptibility to the frontline drug fluconazole. 

Phylodynamic analyses revealed 63% (n = 29) of isolates had an Indian or Pakistani 

geographical origin, with the remaining isolates originating from South Africa (n = 16) or 

Japan (n = 1). As such, this suggests multiple introductions of C. auris to the UK, and clonal 

expansion within healthcare centres, with isolates separated by <12 SNPs in all healthcare 

centres.  



Intestinal Basidiobolus in a child from Dubai  

 

Alasdair Bamford. 

 

Great Ormond Street Hospital and UCL Great Ormond Street Institute of Child Health. Great 

Ormond Street, London. 

 

The case of a 23 month old boy from Dubai will be presented. Fever and abdominal 

pain with eosinophilia and bowel wall eosinophilic inflammation, initially treated with 

steroids, was subsequently found to be due to Basidiobolus ranarum. Following 

surgery and antifungal treatment he made a full recovery. A brief overview of 

epidemiology, diagnosis and management of this rare fungal infection will also be 

presented.  

  



Antifungal Susceptibility Testing: why, when and how 

 

Maiken Cavling Arendrup, Prof., MD, PhD., Dr. Med. Sci., ESCMID Fellow 

 

EUCAST development Laboratory and Unit of Mycology, Statens Serum 

Institut, Copenhagen; Dept Clinical Medicine, University of Copenhagen, and Dept 

Clinical Microbiology, Copenhagen University Hospital Rigshospitalet, Copenhagen, 

Denmark 

 

Resistance in yeast and moulds is emerging. The most important settings of acquired 

resistance are azole-resistant Aspergillus fumigatus, echinocandin-resistant Candida 

glabrata, and MDR C. auris. Azole resistance may develop in patients with chronic 

pulmonary aspergillosis (CPA) but also in the environment through exposure to azole 

fungicides. C. glabrata is intrinsically intermediately susceptible to azoles but rapidly 

develops further resistance to azoles, and is increasingly resistant to first-line echinocandin 

drugs. Finally, MDR C. auris is emerging in Asia and the U.S.A, and has caused ≥15 

outbreaks in Europe, North-America, South-America and Africa since 2014. Therefore, 

antifungal susceptibility testing (AFST) is important not only for epidemiological surveillance 

purposes but also for clinical management. This is particularly important in drug exposed 

patients with Candida infections but in drug exposed as well as drug naïve patients with 

aspergillosis. 

EUCAST and CLSI have developed reference methods and associated clinical breakpoints 

(BPs) and/or epidemiological cut off values (ECOFFs) for the major yeast and mould AFST. 

These will be reviewed with the main focus on the EUCAST procedures. Moreover, EUCAST 

has recently evaluated the azole agar screening plate in a multicentre study documenting its 

applicability for detection of potentially azole resistant A. fumigatus isolates, this will be 

reviewed as well. 

A range of commercially available AFST tests is on the market including agar diffusion tests, 

microdilution tests and semi-automated tests. The strengths and limitations of these tests, 

and how to perform an in house validation before implementation, will be reviewed. 

 

 

 



Occurrence of triazole resistance in clinical isolates of human 
fungal pathogen Aspergillus fumigatus in Northwest London, 

United Kingdom 
 

Alireza Abdolrasouli1,2, Johanna L. Rhodes3, Silke Schelenz4, Matthew C. Fisher3, & 
Darius Armstrong-James1,4 
 

1Fungal Pathogens Laboratory, National Heart and Lung Institute, Imperial College London, 
2Diagnostic Mycology Service, Department of Medical Microbiology, Northwest London 
Pathology, Imperial College Healthcare NHS Trust, 3Department of Infectious Diseases 
Epidemiology, School of Public Health, Imperial College London, 4Department of 
Microbiology, Royal Brompton and Harefield NHS Trust, London, United Kingdom, e-mail: 
a.abdolrasouli@imperial.ac.uk 
 

Objectives: To evaluate the prevalence of azole-resistant Aspergillus fumigatus and 

examine the molecular alterations in cyp51A amongst triazole-resistant clinical isolates 

obtained from two major centres in Northwest London, United Kingdom. 

 

Material and Methods: Clinical isolates of A. fumigatus from two major centres in Northwest 

London were included for comparison. Antifungal susceptibility testing was carried out using 

standard microbroth dilution method. Triazole-resistant A. fumigatus isolates were subjected 

to a mixed-format RT-PCR assay (AsperGenius) which detects TR34/L98H, Y121F and 

T289A mutations. Whole-genome sequencing (WGS) used to investigate other alterations in 

cyp51A conferring triazole resistance. 

 

Results: From a total of 1,308 clinical A. fumigatus isolates tested in a centralized diagnostic 

mycology service between 1998-2017, 32 (2.4%) had minimum inhibitory concentration 

(MIC) values above the breakpoints for one or more triazole antimycotic agents. In contrast, 

13.1% (n = 22) of clinical isolates collected from a specialised cardio-thoracic centre (2014 

to 2016), demonstrated resistant to at least one traizole agent. Environmentally driven 

TR34/L98H was present among triazole-resistant isolates obtained from both centres. No 

TR46/Y121F/T289A was detected amongst resistant isolates. Respiratory samples remained 

the most common sample type in both centres for the isolation of triazole-resistant A. 

fumigatus. 

 

Conclusion: Notably, 13.1% of clinical A. fumigatus isolates in the specialised cardio-

thoracic centre were resistant to at least one triazole agent. Our finding of environmentally 

driven TR34/L98H among one-third of azole-resistant isolates is of clinical significance. 

Finally, our analysis suggests non-cyp51A mechanisms are responsible for the triazole-

resistance in our clinical resistant isolates. 
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PFIZER LECTURE – Paschalis Vergidis 

 

Consultant in Infectious Diseases, Mycology Reference Centre, Manchester 

  



Unresectable invasive mucormycosis of the lungs, treated with 
Isavuconazole 
 

 

Dr Rajesh Alajangi 

 

Haematology-Oncology, University Hospitals Bristol  



Antifungal Prescription in Children and Neonates: a multicentre 

point prevalence study (PASOAP). 

Laura Ferreras-Antolin1, Adam Irwin2, Marieke Emonts3, Stephane Paulus 4,7, Alicia 

Demirjian5, Sally Kinsey6, Simon Drysdale7, Paddy McMaster8, Ayad Atra9, Stefania 

Vergnano10, Sanjay Patel11, Elizabeth Whittaker12, Mike Sharland13, Adilia Warris1. 

1. Medical Research Council. Centre for Medical Mycology at the University of Aberdeen, 

Aberdeen Fungal Group, Institute of Medical Sciences, Foresterhill, Aberdeen, UK.  

2. Department of Paediatric Infectious Diseases, Great Ormond Street Hospital, London, UK.  

3. Department of Paediatric Immunology and Infectious Diseases, Newcastle upon Tyne, UK.  

4. Department of Paediatric Infectious Diseases, Alder Hey Children's Hospital, Liverpool, UK.  

5. Department of Paediatric Infectious Diseases, Evelina Children Hospital, London, UK.  

6. Department of Paediatric Oncology, General Infirmary, Leeds, UK.  

7. Department of Paediatrics, Medical Sciences Division, University of Oxford, Oxford, UK.  

8. Paediatric Infectious Diseases, Pennine Acute Hospitals Trust, Bury, UK 

9. Department of Paediatric Oncology, Royal Marsden Hospital, Downs Road, Sutton, London, 

UK.  

10. Department of Paediatric Infectious Diseases, Bristol Royal Hospital for Children, Bristol, UK. 

11. Department of Paediatric Infectious Diseases, University Hospital Southampton NHS 

Foundation Trust, Southampton, UK. 

12. Paediatric Infectious Diseases, Imperial College Healthcare NHS Trust, London, UK.   

13. Paediatric Infectious Diseases Research Group, Clinical Sciences, St George’s, University of 

London, London. UK. 

 

Rational: The overuse of antifungals and increasing antifungal resistance urges the need for 

paediatric antifungal stewardship programmes. To obtain insight in paediatric antifungal (AF) 

prescribing a point prevalence study (PPS) was performed. 

Methods: We performed a modified PPS in 12 centres in England, with weekly prospective 

data collection over 26 weeks. Data were entered in a REDCap database. 

Results: In the 6 months period, 1,210 children and neonates (83% and 17%, respectively) 

received AF. On average, 1.07 (SD 0.02) antifungals per patient were prescribed. 83.7% of 

the prescriptions came from paediatric wards: haematology-oncology 32.9%, PICU 18.8% 

and BMT units 13.5%; 16.3% prescriptions were from neonatal units. 32.5% of the children 

suffered from a malignancy, 7.1% from a primary immunodeficiency, and 16% were born 

prematurely. Almost half the patients (44%) had no specific condition rendering them at 

higher risk for IFD. 80.6% of the patients had no diagnosis of possible/probable/proven IFD 

based on EORTC criteria. Indication for AF use was mainly prophylaxis (68%), with 

empirical, pre-emptive and targeted treatment in 16.7%, 6.9% and 8.3%, respectively. Main 

AF prescribed for prophylaxis were fluconazole 32%, L-AmB 25.2%, nystatin 24.4%, and 

itraconazole 16.2%. For therapeutic indications, 35.6% received L-AmB, 29.4% fluconazole 

and 27.8% nystatin. Median duration of AF prescription (counted per PPS-weeks) was 2 

weeks (IQR 1-4, min 1, max 26). More than half of the patients were discharged on AF.  

Conclusion: We provide the largest paediatric AF prescription data in England. The vast 

majority were prescriptions in patients without evidence of IFD.   



Determining the impact of azole resistant Aspergillus fumigatus on 
outcome in cystic fibrosis 

 
 

Dr Anand Shah 
 
 
 

 
Consultant Adult Cystic Fibrosis, Royal Brompton and Harefield NHS Foundation Trust, 
Honorary clinical fellow, Fungal Pathogens Laboratory, NHLI. 

 
 
 
 
 
A. fumigatus is a saprophytic moud that within cystic fibrosis (CF) can result in a spectrum of 

disease ranging from colonisation, serological sensitization, allergic bronchopulmonary 

aspergillosis (ABPA), Aspergillus bronchitis and aspergilloma formation. As the only oral 

anti-Aspergillus agents currently available, initial treatment is based on azole therapy. 

However, variable pharmacokinetics make achieving therapeutic drug levels in CF 

problematic. Recent studies however have highlighted an increasing emergence of azole 

resistance. During this talk I will present our initial work detailing the prevalence of azole 

resistance in our adult CF cohort at the Royal Brompton and Harefield NHS Foundation trust 

which is one of the largest adult CF centres in Europe.  

 

I will present preliminary data showing resistance to at least one azole antifungal drug in 

~16% of adults with CF culturing A. fumigatus and provide some developing genomic and 

clinical epidemiology data indicating potential aetiology. I will additionally highlight the 

prevalence of emerging fungal pathogens with intrinsic azole resistance in adults with CF. 

Lastly, I will present our data analysis and statistical plan to determine the effect of azole 

resistance on outcome in adult CF. 

 
 
 
 
 
 
 
 
 
 



An end to the empirical antifungal era – an update on novel 

diagnostic strategies 

 

Prof. Katrien Lagrou 

 
 
For decades, empirical antifungal therapy has been the mainstay of management of patients 

with febrile neutropenia. During the last 10 years diagnostic tools for fungal infections and 

knowledge about the performance characteristics of these tools in different patient 

populations expanded significantly. This allows clinicians to move away from empirical 

strategies or to limit empirical treatment to the period before results of diagnostics tests are 

available. 

Many studies revealed that diagnostic performance can be improved through the 

combination of different biomarkers, mainly antigen and molecular detection tests but also 

new markers are explored such as proinflammatory markers. Important steps forward were 

made regarding the standardization of PCR based tests, including the determination of 

optimal sample types and processing procedures.  

Stratification of the patient population according to the risk for fungal infections is of utmost 

importance to choose the appropriate diagnostic strategy. Screening of asymptomatic 

patients is clinically useful in high-risk patients (not on mould-active prophylaxis) only. 

However biomarkers are important to diagnose fungal infections in low risk patients with a 

clinical picture suggestive of an invasive mould infection.  

It is difficult to assess if improvements in diagnostic strategies for invasive fungal infections 

have an impact on outcome. With the new antifungal drugs in development with different 

spectra, and emerging antifungal resistance, it can be expected that the need for rapid and 

reliable diagnostic tests will only increase in future. 

  



Improved Radiological Imaging of Mould Infections: 
The Cornerstone of Antifungal and Diagnostic Stewardship in 
Haematology Units 
 

Russell E. Lewis, Associate Professor/ Infectious Diseases 
 
Department of Medical and Surgical Sciences, Infectious Diseases Unit- S. Orsola-Malpighi,  
University of Bologna, Bologna, Italy 
 
 
 
Empirical or fever-driven antifungal treatment strategies for mould infection in patients with 
haematological malignancies are widely recognised to result in over-treatment and 
excessive cost. Alternatively, a diagnostic-driven approach using non culture-based 
biomarkers reduces empiric antifungal use and is cost-effective, but may not be sufficiently 
sensitive in all patient groups, particularly those who receive antifungal prophylaxis. For this 
reason, computed tomography (CT) of the chest and/or sinuses remains the most important 
diagnostic exam for guiding clinical decisions, including the need for invasive diagnostic 
procedures (e.g., bronchoscopy, biopsy) and antifungal treatment.  
 
A limitation of standard CT exams is that frequently detected signs suggestive of mould 
infection (e.g., halo sign, reverse halo sign, hypodense sign) lack sufficient sensitivity or 
specificity to firmly establish or rule-out disease. However, investigators in Switzerland, Italy 
and Germany have shown that CT pulmonary angiography (CTPA), which allows 
radiologists to assess direct evidence of angioinvasion and pulmonary vessel occlusion 
inside infiltrates (i.e. the vessel occlusion sign, VOS), significantly improves the sensitivity 
and specificity of CT imaging mould infection and is not affected by antifungal prophylaxis. 
Studies in Germany and Italy have reported the VOS is associated with a high diagnostic 
odds ratio for mould infection (36.8-72.5). In Bologna, we found that a negative VOS is 
associated with a sufficiently low negative likelihood ratio (0.03) to support discontinuation of 
empirical antifungal therapy in a majority of high-risk patients with haematological 
malignancies.  
 

  

Positive vessel occlusion sign (VOS +) Negative vessel occlusion sign (VOS-) 
 
The availability of newer CT scanners to perform technically adequate studies at 80-90% 
lower radiation doses opens new possibilities for the use of CT as a tool for preemptive 
screening of mould infection. In our institution, the early low-dose CT now allows most 
patients with suspicious lesions to undergo CTPA within 24-72 hours of fever onset, and has 
reduced time to bronchoscopy. Currently we are studying how early-low dose CT screening 
followed by CTPA “characterisation” affects the microbiological and/or histological diagnostic 
performance of bronchoscopy.  



Moving towards a diagnostic driven approach in the management 

of invasive candidiasis in critical care 

 

Alida Fe Talento 

 

St. James’s Hospital, Dublin 

 

 

 

Invasive candidiasis is the most common invasive fungal disease in patients 

admitted to critical care which impacts significantly to the patients’ outcome.    

Although there are guidelines on their management, early diagnosis has remained 

challenging due to the low sensitivity of culture-based techniques and the lack of 

internationally agreed definitions. This has fuelled an increased prescribing of 

antifungal agents for empiric therapy.  However, antifungal agents have associated 

toxicity and increased use has led to the emergence of resistance.  Fungal 

biomarkers such as 1-3 beta-d-glucan have been shown to aid in the diagnosis of IC 

in critical care patients.  The talk will focus on our centre’s experience to date on the 

usefulness of this biomarker in the management of IC in our critical care.   

  



Fungal Keratitis: Update on Epidemiology, Diagnosis and 
Management 

 

 

Prof. Matthew Burton 

 

International Centre for Eye Health, London School of Hygiene & Tropical Medicine 

And  

Moorfields Eye Hospital, London 

 

 

Management of fungal keratitis (FK) is a major clinical challenge and is associated with poor 

visual outcomes. Despite advances in medical and surgical treatment, outcomes remain 

poor in the United Kingdom and elsewhere, with epidemiological data suggesting ~40% of 

patients have 6/60 vision or worse in the affected eye. A British Ophthalmic Surveillance Unit 

survey reported a low incidence rate of 0.32 cases/million/year (95%CI 0.24 - 0.44) between 

2003 and 2005. That study reported limitations, particularly around case ascertainment, 

which reflect the major challenges in confirming this diagnosis. Recently a marked increase 

in the absolute number of cases presenting to Moorfields Eye Hospital for the eight-year 

period 2007 to 2014 was reported. In addition, there was a shift in the epidemiology and 

microbiology of FK. The majority are now filamentous fungal infections associated with 

contact lens use. Previously ocular surface disease associated with yeast infections 

dominated. In recent years, there has been increasing use of new diagnostic modalities, 

such as in vivo confocal microscopy (IVCM), and PCR. Therefore, the potential change in 

epidemiology could in part reflect improved diagnostic sensitivity. There has also been a 

change in recent years in how FK is managed medically, following the finding that topical 

natamycin was superior to voriconazole in a large trial in India. 

 

 

 

 

 



What has fungal whole genome sequencing ever done for us? 

 

Matthew C. Fisher 

Faculty of Medicine, School of Public Health, Imperial College London, London, UK. 

 

 

Abstract: Fungal biologists, epidemiologists, agriculturalists and clinicians are 

increasingly exposed to a panoply of exciting and inspiring sequencing technologies 

promising to revolutionise our ability to detect, describe and discriminate amongst 

mycoses. However, how do these claims bare up under scrutiny? This talk will 

examine the field of fungal whole genome sequencing from the point of view of an 

academic laboratory embedded within a London teaching hospital in order to answer 

the question ‘should we believe the hype’? 
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multiple human genetic factors 
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Fungal colonisation of the airway epithelium in patients with fungal allergy is associated with 

worse asthma outcome. However, the identification of host genetic factors controlling fungal 

colonisation of the respiratory airways in those patients is a challenge. We aimed to identify 

genetic variants associated with allergic bronchopulmonary aspergillosis (ABPA) 

susceptibility and provide mechanistic insight using CRISPR/Cas9 genome edited bronchial 

epithelial cells. Whole exome sequencing was assessed in patients with ABPA compared to 

atopic asthmatics and healthy controls. Three candidate genes (ZNF77, IL17RA and 

CARD10) were selected for phenotypic validation. CRISPR/Cas9-16HBE bronchial epithelial 

deficient in ZNF77, IL17RA and CARD10 were used in Aspergillus challenge experiments. 

16HBE cells carrying an ABPA-associated genetic variant in ZNF77 (16HBE*ZNF77) were 

challenged with A. fumigatus spores for 6 hours and changes in the morphology of the 

epithelium and fungal adhesion, germination and growth were microscopically evaluated. We 

found 16HBE*ZNF77 cells facilitated A. fumigatus adhesion, germination and growth in the 

early stage of infection compared to 16HBE cells (P < 0.01) leading a significant increment 

of IL-10 secretion (P < 0.05). Fluctuations in the late response (24 hours) to A. fumigatus 

spores by 1L17RA and CARD10 deficient epithelial cells (16HBEIL17RA and 16HBECARD10) 

were also analysed. We found 16HBEIL17RA challenged with A. fumigatus spores showed 

20% higher epithelial desquamation, 5-fold increased fungal burdens and 2-fold increment 

IL-8 release than 16HBE cells (P< 0.05). Interestingly, no changes in IL-8 were observed in 

challenged 16HBECARD10 cells. In conclusion, there are multiple host genetic factors leading 

fungal colonisation of the airway epithelium. An impaired ZNF77 and IL17RA functions lead 

to high fungal burdens in the respiratory airways. However, cells deficient in CARD10 were 

unable to respond via IL-8 suggesting a downstream effect impairing neutrophil function. 

Further studies are needed to mechanistically validate our results.  
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Differential susceptibility of Dectin-1 isoforms to functional 

inactivation by neutrophil and fungal proteases. 
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Patients with cystic fibrosis (CF) experience chronic or recurrent bacterial and fungal lung 

infections.  Many CF patients cannot effectively clear Aspergillus from their lungs. This may 

result in IgE sensitization and the development of allergic bronchopulmonary aspergillosis 

(ABPA), or invasive infections such as aspergillus bronchitis.  Lung disease in CF patients is 

associated with neutrophil-dominated inflammation and elevated levels of the serine 

protease neutrophil elastase (NE).  Various C-type lectin-like receptors (CLRs) including 

Dectin-1 and Dectin-2 are involved in the immune response to Aspergillus.  Herein we show 

that purified NE cleaves Dectin-1 in an isoform specific manner. Bronchoalveolar lavage fluid 

(BALF) from CF patients, which contains high NE activity, induces Dectin-1 cleavage.  

Similarly, filtrate from a protease-producing strain of A. fumigatus induces isoform specific 

cleavage of Dectin-1.  Dectin-1 knockout (KO) cells and NE treated cells demonstrated 

reduced phagocytosis of zymosan, a fungal cell wall preparation. In addition, NE cleaves two 

other CLRs, Dectin-2 and Mincle and fungal-induced cytokine production was reduced in 

Dectin-1 KO cells, Dectin-2 KO cells and NE treated cells.  Thus Dectin-1 and Dectin-2 

cleavage by NE and/or A. fumigatus-derived proteases results in an aberrant anti-fungal 

immune response which likely contributes to disease pathology in CF patients.  
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 Microbes often inhabit environments in which a conserved, sequential series of 

conditions may be experienced.  In these circumstances the microbe may evolve to use a 

stress or signal to prime a response to a second predicted condition, this concept is called 

“adaptive prediction”. We believe the pathogenic yeast Candida albicans exhibits adaptive 

prediction to enhance survival in its host. When C. albicans enters the human bloodstream it 

encounters glucose levels of 0.05-0.1%. Previous work has shown that levels of glucose as 

low as 0.01% leads to multiple changes in C. albicans transcriptome, affecting in particular 

osmotic, oxidative and azole antifungal stress resistance. We are studying this 'Glucose 

enhanced oxidative stress resistance' (GEXSR) phenomenon as an example of adaptive 

prediction with the hypothesis that once C. albicans invades the glucose-rich bloodstream 

from the gut it immediately prepares for oxidative attack by circulating phagocytic immune 

cells. We have found that GEXSR is a unique phenotype to C. albicans among fungal 

species tested and manifests as increased survival against direct H2O2 and neutrophil killing 

in response to both human plasma and plasma levels of glucose. We have shown that two 

glucose sensing pathways are key regulators: the cAMP and glucose repression (AMPK) 

pathways. Interestingly, the majority of selected potential downstream targets representing 

various systems of oxidative stress defences (catalase, superoxide dismutases and 

thioredoxins) did not facilitate the phenomenon of GEXSR. We believe GEXSR is an 

example of adaptive prediction and suggests that C. albicans has recently evolved as a 

specialised opportunistic pathogen. 
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Adaptation to the host micronutrient environment: Candida 
albicans Zrc1 and its role in zincosomal zinc buffering.  
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The nutritional landscape of the human host varies greatly. Essential metals such as zinc 

(required by pathogens for viability and subsequent ability to cause disease) can be 

restricted or pooled to toxic levels in a process known as nutritional immunity. Candida 

albicans can coexist as a commensal member of the microbiota and also cause life 

threatening invasive infections. During these conditions it responds to overcome alterations 

in zinc availability. We hypothesise that this ability to overcome nutritional immunity relies on 

its capacity to create and utilise intracellular zinc stores.  

 

We observed that C. albicans generates vacuolar and vesicular (zincosomes) zinc stores 

when zinc is present in the environment, and that these reservoirs can fuel growth under 

subsequent nutrient restriction. We have identified two plasma membrane and seven 

intracellular predicted zinc transporters in C. albicans and created deletion mutants of all of 

them. We have found that the intracellular Zrc1 transporter is essential for C. albicans 

zincosome formation and for adaptation to and growth in high zinc environments. Using 

fluorescence microscopy and flow cytometry, we have found that zincosomal accumulation 

is rapid, occurring within 10-20 minutes of exposure to zinc whereas vacuolar accumulation 

occurs more slowly. The zrc1Δ mutant strain was avirulent in a Galleria mellonella infection 

model and exhibited severely impaired liver colonisation in a murine model of systemic 

candidiasis. This indicates a crucial role for Zrc1 in overcoming host nutritional immunity. We 

have successfully tagged Zrc1 with an optimised Venus fluorescent protein and are currently 

investigating localisation dynamics. We propose that zincosomes play an important role in 

the detoxification of high intracellular zinc during pathogenesis, and Zrc1 is essential in 

facilitating this process. 



Transcriptional profiling of Candida auris biofilms reveals 
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Background: The emerging yeast pathogen Candida auris has drawn considerable 

attention as a source of healthcare associated infections, mainly due to its high level of 

resistance against all classes of antifungals. Recent studies have demonstrated this 

organism is able to form biofilms, which have shown resistance to all classes of antifungals.  

 

Materials/Methods: C. auris clinical isolates (n=9) were screened for biofilm formation and 

planktonic and sessile antifungal susceptibility against azoles, polyenes and echinocandins. 

Furthermore, two phenotypically distinct isolates were selected for transcriptomics, to 

determine the mechanisms of biofilm formation. Following sequencing, reads were aligned to 

a de-novo assembled transcriptome with differential expression performed using R package 

DESeq2. In addition, biochemical assays were employed to validate RNA-Seq findings. 

 

Results: C. auris displayed heterogeneous biofilm formation in a phase dependent manner. 

Moreover, these structures were less susceptible to all classes of antifungals, when existing 

as biofilms. Transcriptional analysis revealed 454 genes were differentially expressed 

between planktonic cells and biofilms. Specifically, Rdc3, Mdr1 and Cdr1 were significantly 

increased by 3.5, 3 and 4.5-fold, respectively, in biofilms. The role of these transporters was 

confirmed using fluorescence and inhibition assays, with efflux activity increasing during 

biofilm development.  

 

Conclusions: C. auris is able to form heterogeneous biofilms that have increased 

resistance to current antifungals. Furthermore, we have identified efflux pumps as a 

contributing mechanism of resistance in C. auris biofilms. Collectively, we have 

demonstrated a potential mechanism of C. auris resistance, where further understanding will 

aid the management of C. auris infections clinically. 

 
 
 
 
 
 



Does Differential Coregulation of Hsp90 Cochaperones Contribute 
to Morphogenesis in Candida albicans?  
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Leading fungal pathogen Candida albicans causes invasive systemic infections and life-

threatening biofilms associated with swelling mortality rates. Due to rapid emergence of anti-

fungal resistances in combination with a paucity of effective drug targets, treatment options 

for invasive candidaemia are alarmingly inadequate. Heat shock protein 90 (Hsp90), a highly 

conserved regulator of virulence, morphogenesis, biofilm development, and drug resistance, 

holds potential as an indirect therapeutic target to enhance antifungal drug efficacy. ATP-

dependent regulation of Hsp90 is modulated via a network of less conversed cochaperones, 

which could provide a potential venue for drug development if implicated in C. albicans 

virulence strategies.  

 

 

When measuring expression of Hsp90 and five cochaperones at the transcriptional and post-

transcriptional levels, we observed that cochaperones demonstrate an intriguing pattern of 

coregulation during filamentous but not planktonic growth. Cdc37, Sba1, and Sti1, which 

block Hsp90 ATPase activity, have increased expression, while Cpr6 and Aha1, which 

support Hsp90 ATPase activity. Comparative analyses revealed this coregulation is post-

transcriptional as mRNA expression exhibits decoupling with Sba1, Cdc37, and Aha1 protein 

expression. Yet, filamentation was not dependent upon expression of Aha1, Sba1, or Sti1.  

Thus, we present novel findings of Hsp90 cochaperones demonstrating coregulation in 

distinct C. albicans’ hyphal morphologies associated with virulence. Furthermore, these data 

suggest that this coregulation is modulated by morphogenesis itself, though further studies 

are needed. Our findings contribute to elucidating the virulence potential of Hsp90 

chaperones and thus will yield insights into fungal virulence strategies to further the long-

term development of therapeutics to treat invasive candidaemia. 
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The antifungal drug development pipeline 
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Fungal diseases are estimated to kill between 1.5 and 2 million people each year, 

which exceeds global mortality estimates for either tuberculosis or malaria. Only four 

classes of antifungal agents are available to treat invasive fungal infections and all 

suffer pharmacological shortcomings including toxicity, drug-drug interactions and 

poor bioavailability. Resistance to many of these drugs is also emerging. There is an 

urgent need for novel antifungals. 

Here I will review the current state of the antifungal drug discovery pipeline 

highlighting some promising next generation antifungal agents and their potential 

benefits over existing therapies. 

  



A journey through outer space:  The viscoelastic properties of the 

fungal cell wall allow traffic of AmBisome (liposomal amphotericin 

B) as intact liposome vesicles 
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The fungal cell wall is a critically important structure that represents a permeability barrier 

and protective shield. Candida albicans and Cryptococcus neoformans were exposed to 

liposomes containing amphotericin B (AmBisome).  The liposomes have a diameter of 60-

80 nm yet their mode of action requires them to penetrate the fungal cell wall to deliver 

amphotericin B to the cell membrane where it binds to ergosterol. Surprisingly, using cryo-

fixation techniques with electron microscopy, we observed that the liposomes remained 

intact during transit through the cell wall of both yeast species, even though the predicted 

porosity of the cell wall (~5.8 nm) is theoretically too small to allow these liposomes to pass 

through intact.  C. albicans mutants with altered cell wall thickness and composition were 

similar in both their in vitro AmBisome susceptibility, and the ability of liposomes to penetrate 

the cell wall.  AmBisome exposed to ergosterol deficient C. albicans, however, failed to 

penetrate beyond the mannoprotein-rich outer cell wall layer.  Melanization of C. neoformans 

and the absence of amphotericin B in the liposomes was also associated with a significant 

reduction in liposome penetration.  These results demonstrate that AmBisome can reach cell 

membranes intact, implying that fungal cell wall viscoelastic properties are permissive to 

vesicular structures.  The fact that AmBisome can transit through chemically diverse cell wall 

matrices when these liposomes are larger than the theoretical cell wall porosity, suggests 

that the cell wall is capable of rapid remodelling, which may also be the mechanism for 

release of extracellular vesicles.  

  



Candidalysin signals through the epidermal growth factor receptor 

(EGFR) 
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Background: Candida infections cause severe morbidity and mortality in millions each year 

and immunocompromise is observed to enhance susceptibility. The Candida albicans 

derived toxin, Candidalysin (CL), is critical for epithelial cell damage and mucosal 

pathogenicity during infection1, however CL mechanisms remain unclear. 

 

Methods: TR146 human buccal epithelial cells were pre-treated with EGFR signaling 

inhibitors (targeting Matrix Metalloproteases (MMPs) responsible for cleavage and 

maturation of EGFR ligands, or EGFR receptors directly) 1 h prior to Candidalysin exposure 

or C. albicans infection. Protein expression was measured at various time points from cell 

lysate and culture supernatant samples. 

 

Results: Stimulation of TR146 cells with CL induced secretion of EGFR ligands, EGFR 

phosphorylation and internalisation, expression of cFos transcription factor as well as 

secretion of neutrophil chemokines GM-CSF and G-CSF. Similar observations were made 

when infected with C. albicans fungus but not CL-Null strains of C. albicans. Additionally, 

inhibition of MMPs or EGFR kinase activity, significantly suppressed EGFR phosphorylation 

and downstream signaling following CL or C. albicans stimulation.  

 

Conclusion: EGFR activation is critical for Candidalysin signaling and inflammatory cytokine 

responses in TR146 epithelial cells. Further investigation is required to understand the 

implications of cytokine signalling during infection, though induction of neutrophil activating 

chemokines may suggest a protective function. This knowledge may help determine the 

therapeutic value of EGFR and its downstream signalling pathways during C. albicans 

infections. Additionally, following Candidalysin exposure, MMP-released EGFR ligands may 

be responsible for activating EGFR, however direct Candidalysin-EGFR binding cannot be 

ruled out. 

 



 

The Respiratory Microbiome in CF patients 
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As other cutaneo-mucosal sites, human respiratory tract hosts a specific microbiome leading 

to mutually beneficial interactions between humans and their microbiome including those 

that are essential for good health. The lung microbiome, which is believed to be stable or at 

least transient in healthy people, is nowadays considered as a poly-microorganism 

component -composed of bacteria, archaea, viruses, phages, and fungi- contributing to 

disease pathogenesis. Most deep-sequencing studies on the respiratory microbiome have 

focused on bacteria, but there is evidence that other nonbacterial organisms, constituting the 

mycobiome or virome, are also likely to play an important role in healthy people as well as in 

patients with chronic pulmonary diseases such as COPD, asthma and cystic fibrosis (CF).  

 

While the respiratory mycobiome has drawn closer attention, data on human mycobiome, its 

diversity, richness, and variation among different populations (healthy and diseased 

individuals) are still limited.  

 

Here, we summarize the recent published data on CF respiratory mycobiome, and discuss 

how models adapted from ecology field (i.e. island model or Climax/Attack model) allows us 

to explore new questions such as microbiome dynamic and adaptation to host response, and 

the connection between biomes of different body sites (especially the gut microbiome in CF 

context).  

 

Considering CF lung as a "poly-microorganism component” where fungi are co-factors in 

infection, inflammation, and host immune responses, and therefore may contribute to the 

decline of lung function and pulmonary disease progression suggests several outlooks, 

which will certainly call for a renewal of our understanding and management of CF.  



An aromatic cage in Candida Als adhesins enhances selectivity for 
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Adhesion to host cells is a prerequisite for colonisation by Candida albicans and colonisation 

is essential for pathogenesis. Als adhesins are abundantly expressed on the C. albicans 

surface and are involved in primary fungal-host cell contacts and the formation of biofilms. 

These adhesins specifically bind proteins in the extracellular matrix and cell membrane of 

the host. We have previously shown that this binding mechanism relies on specific 

recognition of flexible C termini of host ligands.  

 

Although a number of host proteins have been identified as targets for Als-mediated 

adhesion, it is yet unclear whether adhesion depends on high affinity interactions with 

selected ligands or a ‘Velcro-like’ association with different ligands in a range of binding 

affinities. 

 

Using surface plasmon resonance (SPR) and fluorescence polarisation (FP), we analysed 

the association of Als proteins to peptides corresponding to the C termini of >40 

representative human extracellular proteins. The data show preferential binding to 

sequences containing aromatic amino acids in the P2 position, next to the C terminal 

residue, as in the case of fibulin, an insulin-like growth factor-binding protein, SPARC-related 

modular calcium-binding proteins, papilin and two statherin variants. These observations are 

consistent with our X-ray crystallographic data that show a well-defined ‘aromatic cage’ that 

increases the complementarity of Als-ligand interactions. Our results are useful for the 

design of ligands that can be used as inhibitors Candida adhesion and the formation of 

biofilms.  
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Fungal cells change shape in response to environmental stimuli, and these morphogenic 

transitions drive pathogenesis and niche adaptation. For example, dimorphic fungi switch 

between yeast and hyphae in response to changing temperature. The basidiomycete 

Cryptococcus neoformans undergoes an unusual morphogenetic transition in the lung from 

haploid yeast to large, highly polyploid cells termed Titans. Titans influence fungal interaction 

with host cells, including through increased drug resistance, altered cell size, and altered 

Pathogen Associated Molecular Pattern exposure. Despite the important role these cells 

play in pathogenesis, understanding the environmental stimuli that drive the morphological 

transition, and the molecular mechanisms underlying their unique biology, has been 

hampered by the lack of a reproducible in vitro induction system. Here we demonstrate 

reproducible in vitro Titan induction in response to environmental stimuli consistent with the 

host lung. In vitro Titans exhibit all the properties of in vivo Titans, the current gold standard, 

including altered capsule, cell wall, size, high mother cell ploidy, and aneuploid progeny. We 

identify the bacterial peptidoglycan subunit Muramyl Dipeptide as a serum compound 

associated with shift in cell size and ploidy, and demonstrate that bronchial lavage fluid and 

bacterial co-culture induce Titanisation. Additionally, our assay identifies established 

(cAMP/PKA) and previously undescribed (USV101) regulators of Titanisation. Finally, we 

investigate Titanisation in clinical isolates and their impact on disease outcome. Together, 

these findings provide new insight into the environmental stimuli and molecular mechanisms 

underlying the yeast-to-titan transition and establish an essential in vitro model for the future 

characterization of this important morphotype. 
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The chitin attenuator: the Ca2+/calcineurin pathway maintains the 
viability of Candida albicans cells with supra-normal chitin levels. 
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Chitin is an essential structural polysaccharide component of fungal cell walls. Chitin is 

absent in human cells and therefore represents an attractive target for antifungal therapy. 

Recent reports have suggested that Candida cells can resist killing by echinocandins by up-

regulation of chitin synthesis thereby sustaining cell wall integrity. This increase in chitin 

content in caspofungin-resistant C. albicans is coordinated simultaneously by the PKC, 

Ca2+/Calcineurin and HOG pathways. However, when echinocandins are removed, the chitin 

content quickly returns to basal levels, suggesting that elevated chitin content represents a 

fitness cost. We show here that those cells that die in the presence of caspofungin often 

have supra-normal chitin levels, and therefore that having too much chitin in the cell wall 

may be detrimental for viability. Chitin content may therefore need to be clamped at levels 

that enable cells to survive cell wall stresses but are not so high that they negatively affect 

viability. 

We have identified two populations of cells with elevated chitin: [i] live cells that exhibited a 

2-fold increase in chitin and elevated echinocandin resistance and, [ii] dead cells that 

exhibited up to a 30-fold supra-normal increase in chitin. Therefore, we propose that whilst 

high levels of chitin confers echinocandin protection, it can also generate a non-elastic wall 

that is not compatible with long term viability. We present a new model in which the 

Ca2+/calcineurin pathway acts as a buffering system or attenuator in maintaining high-chitin 

cells by coordinating both chitin upregulation and modulation of the cell wall integrity 

pathway.  
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During infection, pathogenic microbes face extreme micronutrient (iron, zinc) restriction due 

to the action of host nutritional immunity. We hypothesised that eukaryotic pathogens which 

originate from niches of relatively high nutrient abundance may store micronutrients within 

intracellular organelles and subsequently mobilise these reserves during infection. Candida 

albicans is normally a commensal of the gastrointestinal tract, but can translocate from this 

niche and cause serious invasive infections.   

The fungus is able to assimilate zinc from its environment via the plasma membrane 

transporter Zrt2 as well as the Pra1/Zrt1 zincophore system. Using intracellular fluorescent 

zinc probes and live cell imaging, we found that, following uptake, zinc is trafficked to the 

fungal vacuole via the action of two novel transporters which we have named Viz1 and Viz2 

(vacuolar import of zinc). When cells then transit from a high to low nutrient environment 

they are able to mobilise this zinc reservoir via the Zrt3 vacuolar exporter and intracellular 

zinc utilisation is able to fuel seven generations of growth. Zinc “preloaded” cells are hyper-

virulent in a Galleria infection model and this effect is reversed in vacuolar mobilisation 

deficient mutants. We have also found that this vacuolar trafficking of intracellular zinc is 

regulated by the cyclic AMP/PKA pathway. 

In summary, a eukaryotic pathogen has the organellar capacity to withstand nutritional 

immunity via intracellular zinc compartmentalisation and mobilisation.  
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Phagocytosis is an essential component of immune defences to fungal pathogens.  

Differences in the dynamics of phagocytosis are dependent on the characteristics of 

the fungal cargo, related in turn to differences in cell wall composition and cellular 

morphology.  Previous studies have focused on specific fungus phagocyte 

interactions; however, most studies have not allowed direct comparisons between 

organisms and experimental setups.  Relative differences in behaviour are difficult to 

define.  Here we studied the effects of different fungal cargoes on the temporal 

dynamics of phagocytosis by macrophages using live cell video microscopy.  

Thioglycolate-elicited peritoneal macrophages from C57BL/6 mice were challenged 

in parallel with 6 fungal species: Saccharomyces cerevisiae, Candida albicans, 

Candida glabrata, Cryptococcus neoformans (wild type and an acapsular mutant, 

cap59), Aspergillus fumigatus and Mucor circinelloides.  Considerable differences 

in the dynamics of the responses were observed.  Rate of uptake varied by up to 

27-fold and time to phagosome acidification varied by as much as 75-fold.  Heat-

killing or opsonizing fungi markedly affected the kinetics of the interaction.  Fungal 

and macrophage killing assays further revealed cargo specific differences in 

phagocytosis and evasion mechanisms.  Isotropic growth and germination of A. 

fumigatus and M. circinelloides resting and pre-swollen spores was impaired inside 

phagocytes.  Internalized C. albicans hyphae underwent apical swelling and 

pseudohyphal morphology.  This study highlighted major differences in the kinetics 

of fungus phagocytes interactions that are likely to impact on pathogenesis and 

virulence. 
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For pathogenic yeasts, adaptation to stresses encountered in the human host is vital 

for the establishment of infection. Upon phagocytosis, for example, the invading 

microorganisms must withstand toxic levels of reactive oxidative species (ROS) 

produced as part of the oxidative burst. Understanding the mechanisms behind 

stress adaptation could provide novel targets for antifungal therapeutics. 

 

The pathogenic yeast Candida glabrata is intrinsically more resistant to ROS than 

other closely related yeasts, despite similarities in their core oxidative stress 

responses. To reveal factors contributing to ROS tolerance in C. glabrata, a library of 

mutants resistant to oxidative stress-inducing chemicals was created using chemical 

mutagenesis and microevolution methods. Whole genome sequencing of the 

resultant 108 stress resistant strains SNPs, indels and aneuploidies which could be 

related to the oxidative stress phenotype.  

 

Most C. glabrata oxidative stress resistant mutants showed a fitness trade-off. For 

example, most mutants showed decreased competitive fitness and were more 

susceptible to the antifungal drug fluconazole. A Galleria mellonella model of C. 

glabrata infection was optimised and revealed that increased oxidative stress 

resistance does not necessarily lead to increased virulence in C. glabrata. As such, 

adapting to one biologically relevant stress may not be advantageous overall to 

pathogenicity. 
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Use of a quorum sensing molecule to increase the potency of azole 
drugs. 
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The arsenal of drugs available to treat fungal infections is limited and many are hindered by 

restricted spectrum of activity, toxicity and the emergence of drug resistance. Thus, mortality 

rates associated with invasive fungal infections remain high (~1.5 million people/year). 

Development pipelines for novel antifungal drugs are slow and costly making the 

identification of adjuvants that increase the potency of existing antifungal drugs an attractive 

strategy.  

 

We have identified a molecule, 2-phenylethanol (PE), which increases the antifungal activity 

of azole drugs against a broad range of fungal pathogens including Candida sp., Aspergillus 

fumigatus and Cryptococcus neoformans. PE is a naturally occurring quorum sensing 

molecule and while little is known about its mode of action, is has long been known to have 

antibacterial activity. Fractional inhibitory concentration indices (FICI) revealed that PE acts 

synergistically with fluconazole against fungi and importantly, PE can re-sensitize even 

highly resistant C. albicans strains to fluconazole. The PE-fluconazole combination also has 

potent activity against biofilm growth. PE alone is non-toxic to humans and is currently FDA-

approved for use in cosmetics. Hence the use of PE as an antifungal adjuvant was explored. 

 

We found that growth inhibition exerted by the PE-fluconazole combination is mainly 

fungistatic and, unlike other quorum sensing molecules, does not lead to toxic levels of ROS 

accumulation in the cell. Instead, C. albicans cells treated with PE have reduced efflux of the 

dye rhodamine 6G (R6G). Therefore, PE may increase the potency of azoles by reducing 

drug export from the cell. 
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Background 

In order to survive in-host, Aspergillus fumigatus must adapt to specific niche environments. 

This study aims to advance understanding of genetic and physiological in-host adaptation of 

A. fumigatus. 

 

Method  

Here we showcase an adapted CRISPR/Cas9 method (Weber et al., 2016) to generate 

single nucleotide polymorphisms (SNPs) in clinical strains. Previously, using whole genome 

comparisons we identified 248 non-synonymous SNPs in a series of 13 isogenic strains 

recovered from a single patient over a period of 2 years. High-level azole resistance, growth 

and conidiation defects were observed in the series. We chose to reverse G54R cyp51A 

mutation (AFUA_4G06890) to wild-type in a highly resistant isolate and recreate 167* 

identified in an uncharacterized protein (AFUA_7G01960).  

 

Results  

Interestingly, reversal of G54R cyp51A mutation to wild-type reduced itraconazole resistance 

(MIC >16 mg/L to 0.5 mg/L) but had no effect on posaconazole resistance (MIC >16 mg/L), 

indicating the presence of an additional resistance mechanism. Additionally, recreating 167* 

in an uncharacterized protein increased resistance to itraconazole (MIC 1 mg/L to 4 mg/L) 

and voriconazole (MIC 1 mg/L to 2 mg/L), but had no effect on posaconazole susceptibility 

(MIC 0.25 mg/L). Unexpectedly, this transformant possessed a 50% enhanced mycelial 

growth rate. 

 

Conclusions 

Here we show a modified CRISPR/Cas9 method that can be used for creating SNPs in 

clinical A. fumigatus strains. Our findings provide further insight into the complex process of 

in-host adaptation.  

 

Reference 

Weber et al. Functional Reconstitution of a Fungal Natural Product Gene Cluster by  

Advanced Genome Editing. ACS Synth Biol. 2016;6(1):62–8.  
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Hundreds of spores of the common mould Aspergillus fumigatus are inhaled daily by 

human beings, thereby representing a constant, often fatal, threat to human respiratory 

health. The small size of A. fumigatus spores and their abundance in the airborne microflora 

suggest that interactions with airway epithelial cells (AECs) are frequent and we and others 

have previously demonstrated that AECs are able to internalise A. fumigatus spores thereby 

limiting spore germination. We hypothesised that spore internalisation and killing by AECs is 

important for controlling exposure to A. fumigatus; therefore, defective AEC-mediated spore 

uptake and killing would represent major risk factors for aspergillus-related diseases. In 

order to test these hypotheses we established and applied a direct and quantitative single 

cell approach based on differential fluorescence staining using Calcofluor White and a panel 

of tdTomato-expressing fluorescent A. fumigatus isolates and imaging flow cytometry (IFC). 

This approach allowed us to quantitatively measure rates and outcomes of spore 

internalisation in immortalised and primary AECs obtained from healthy donors and from 

patients with Chronic Obstructive Pulmonary Disease (COPD) and asthma.    

Uptake of A. fumigatus spores increased proportionately with duration of A. 

fumigatus-AEC co-incubation, and already occurred by 4 hours of co-incubation. Single 

AECs were able to internalise multiple A. fumigatus spores and spores internalised by AECs 

were delayed for germinative growth. The non-invasive and attenuated ΔpacC mutant was 

less efficiently internalised, relative to the parental isolate. While viability of internalising 

AECs was largely unaffected, only 1% of internalised spores remained viable after 8 hours of 

co-incubation. Furthermore, a nystatin protection assay indicated that AECs were able to 

curtail the growth of the internalised ΔpacC mutant more efficiently, compared to wild type 

spores. Importantly, in vitro comparisons of rates and outcomes of spore internalisation in A. 

fumigatus-challenged primary human AECs from healthy, COPD and asthmatic donors 

revealed a significantly increased internalisation index in COPD donors.    

Despite the huge heterogeneity of host responses to fungal challenge, the integration 

of the data obtained demonstrates that uptake and killing of fungal spores by immortalised 

and primary ECs can provide a potent means of pathogen control. Our findings further 

suggest that such mechanisms of fungal control become compromised in patients with 

COPD, leading to heightened susceptibility to fungal infection. The single cell approach has 

significant potential to reveal first-in-field insights into the epithelial protective activities 

towards A. fumigatus in health and disease. 
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Rhizopus delemar, a fungus belonging to the mucorales order, is saprophytic and 

found ubiquitously. Mucorales species are responsible for causing Mucormycosis, an 

emerging infection that has proven difficult to treat, presenting with unacceptably 

high mortality rates in immunocompromised individuals. Disease depends upon 

spore germination and hyphal growth leading to angioinvasion and subsequent 

vessel thrombosis and necrosis in the host. However, we currently have a very 

limited understanding on the genetic network underpinning the regulation of 

mucormycete spore germination. We have determined the phenotypic changes and 

transcriptional basis of germination in Rhizopus delemar RA99-880. We will present 

our phenotypic data in correlation with our high-resolution transcriptomics time 

course data set. This is the first detailed study of the genetic regulation of 

mucormycete spore germination.  
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The skin is the first physical and immunological barrier of protection against external 

aggressions, including infections. Two general mechanisms of fungal infection in skin (FSI) 

could be described, primary by direct inoculation and secondary to systemic dissemination. 

In the study of FSI, available skin models present main issues including variation in 

responses to infection, dissimilar infection conditions, and characterisation of their scope. 

The aim of this project is to establish a full-thickness human skin model for different fungal 

species and to describe its potential as a model to study FSI. In this ex-vivo model, fungal 

infections, due to 6 different species, were reproduced successfully and confirmed by 

macroscopic observation, histology techniques (H&E, GS and calcofluor stains) and by 

SEM. Cell viability (propidium iodide), apoptosis (TUNEL system) and proliferation (Ki-67) 

were evaluated and made possible to stablish the time life of the model for 14 days. 

Antimicrobial peptide and cytokine secretion by the skin (infected and non-infected) were 

confirmed by Mass-spectrometry and RT-PCR. Also, pharmacological effects of antifungal 

drugs were evaluated with this model. This ex-vivo full-thickness human skin model is a 

good option to study human FSI. 
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Heat shock protein 90 (Hsp90) is a chaperone protein in eukaryotes and bacteria that 

stabilises proteins during environmental stress and acts as a major protein interaction hub. 

In the human pathogen Candida albicans, Hsp90 controls virulence and drug resistance 

through its interactions with 5% of the genome. C. albicans and its relative, C. glabrata, 

cause ~75% of invasive Candida infections (candidaemia). For severely 

immunocompromised patients, mortality rates for candidaemia exceed 50% and over 50,000 

deaths are attributed to it globally every year. Few drugs are available to treat Candida 

infections and resistance to these is growing, compounded by C. glabrata’s intrinsic 

resistance to azoles. Due to conservation between orthologues, current medicines targeting 

Hsp90 are too toxic to use at anti-fungal doses, however it is hoped that Hsp90 interactors 

may be less conserved and be better drug targets. Therefore, this project investigates 

genetic and physical interactors of Hsp90 in C. albicans and C. glabrata.  

 

In C. albicans 5 kinases that interact with Hsp90 also influence virulence and drug 

resistance. Direct interactions between these 5 kinases and Hsp90 will be further 

characterised using in vitro biochemistry and electron cryo-microscopy, providing structural 

information for rational drug design. In C. glabrata a knock-out library covering 15% of the 

genome will be screened for genetic interactors with Hsp90. To date, screening ~5% of the 

C. glabrata genome has identified 15 putative interactors. Together, these data provide new 

information about Hsp90 interactors in pathogenic Candida species, which may be further 

developed as novel anti-fungal drug targets. 
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Candidaemia is widely reported as the fourth most common form of bloodstream infection 

worldwide. Reports of breakthrough cases of candidaemia whilst patients are on treatment 

are increasing, especially in the context of the increase in use of the newest group of 

antifungal agents, the echinocandins.  

 

 

Previous studies have developed a rapid test for the detection of genetic mutations in 

Candida glabrata that can indicate resistance to this group of agents. However, most clinical 

diagnostic laboratories lack the equipment needed to undertake rapid genetic analysis of 

organisms on a daily basis and the analysis of protein fingerprints to rapidly identify 

organisms causing infection has dramatically increased in the last 5 years.  

 

 

This study is attempting to use equipment available in most diagnostic laboratories for 

protein analysis to look for markers of emerging antifungal drug resistance in C. glabrata. 

The work is ongoing but will present a good example of when research reaches a dead end, 

how there is always an alternative way of looking at the work you are undertaking. 
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Candida albicans is able to proliferate in environments that vary dramatically in ambient pH, 

a trait required for colonising niches such as the stomach, vaginal mucosal and the GI tract. 

Here we show that C. albicans cells grown in acidic environments are more readily 

phagocytosed and elicit a strong proinflammatory innate immune response. This altered 

immune response is due to the increased exposure of cell wall beta-glucan, driving 

enhanced Dectin-1 recognition. This pH-dependent beta-glucan unmasking was not 

observed in other non-albicans Candida species, suggesting that it is a trait specific to C. 

albicans. We propose that this pH-dependent unmasking of the cell wall may contribute to 

the non-protective hyperactivation of the innate immune system during growth in the acidic 

environment of the female reproductive tract and may, in part, explain why C. albicans is the 

predominate fungal pathogen causing vaginal infections.  
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The opportunistic human fungal pathogen Candida albicans has a novel family of predicted 

glycosylphosphatidylinositol (GPI) anchored cell wall proteins comprised of Rhd3/Pga29, 

Pga30 and Pga31. This protein family is absent in other fungi but conserved in some 

pathogenic Candida species. The proteins are all predicted to be heavily glycosylated. 

Pga29 is abundantly expressed while Pga31 is stress or caspofungin induced or expressed 

when cells are grown on lactate or in vivo during infection. Treatment with caspofungin 

below the MIC activates a salvage responses that results in altered cross-linking and 

changes in the cell wall proteome, in an attempt to reinforce the cell wall. By proteomic 

analysis, treatment of C. albicans SC5314 with sub-MIC caspofungin led to a rapid 

accumulation of Pga31 in the cell wall within 20 minutes. Consequently, the protein may 

have a role in maintaining cell wall integrity in response to stress. Disruption of single or 

multiple members of the gene family in C. albicans led to significant alterations in cell 

adhesion, hydrophobicity and flocculation phenotypes. The pga30/pga31∆B double mutant 

had increased flocculation. In addition, biofilm formation in pga30/pga31∆B and pga31∆B 

mutants appeared to be significantly reduced in RPMI-1640 medium. The deletion mutants 

are less virulent in an invertebrate infection model, and fungal burdens of the larvae infected 

with the mutants were reduced in comparison to the control strain infection. We propose that 

the observed phenotypes such as attenuated virulence of the mutants is a consequence of 

altered surface properties, in this case, resulting in altered fungal recognition.  
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Fungi such as Candida species are a major cause of hospital-acquired infections especially 

in immuno-compromised patients, and invasive candidiasis is associated with a high 

mortality rate. Central to Candida albicans virulence is its ability to switch between budding 

(yeast) and filamentous (hyphal) growth, and to colonise different body niches. In each 

distinct environment it must remodel its cell surface to ensure appropriate levels of 

transporters and cell wall synthesis enzymes. Endocytosis is known to be a critical pathway 

in surface remodelling, allowing cells to internalise proteins that are no longer needed at the 

plasma membrane. Endocytosis is also crucial to highly polarised hyphal growth, where 

endocytic recycling of key membrane proteins is essential to maintain their polarised location 

at the hyphal tip.  

The aim of this study is to investigate the role of the AP2 endocytic adaptor complex in 

endocytosis within C.albicans. Homozygous deletions were generated in an essential 

subunit of the AP2 complex. The deletion did not affect rates of cell growth but using 

fluorescence and electron microscopy, defects were observed in hyphal polarization and in 

cell wall organization. Current studies aim to determine how the AP2 complex is activated to 

interact with specific cargoes, and why this is important in C.albicans hyphal growth.   
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The appropriate treatment of invasive fungal infections caused by Candida species (spp.) is 

essential in reducing the substantial morbidity and mortality associated with such infections.  

Currently, therapeutic decisions require both accurate identification of the infecting Candida 

species, and time consuming culture-based antifungal susceptibility testing of each individual 

isolate.  

Nano-mechanical cantilevers (NMCs) are powerful sensors that can detect the extremely 

small specific vibrations of individual living cells that result from metabolic activities and 

molecular motors. The aim of this project was to investigate whether NMCs can be adapted 

to measure the real-time specific responses of different Candida species following exposure 

to physiological concentrations of antifungal agents. 

Deflection of NMCs was recorded with Candida albicans was introduced into the 

environment of a liquid cell.  Over a period of typically 10 minutes, the amplitude of the 

cantilever fluctuations increased by about an order of magnitude and was also more erratic 

than the ‘resting’ Brownian fluctuations prior to the introduction of C. albicans. After the 

addition of high dose (8 mg/L) amphotericin B (AMB), a decrease in large fluctuations was 

recorded within a minute. After 10 minutes the fluctuation amplitude had decreased to 

almost Brownian level. Addition of lower, sub-therapeutic doses (0.06 mg/L) resulted 

initially in a decrease in the amplitude of the fluctuations but larger amplitude fluctuations 

returned after 15-20 minutes. 

This simple and low-cost NMC technique appears to be a viable rapid method for 

identifying antimicrobial resistance in C. albicans and for determining the effective level of 

antifungal agent. 
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Candida albicans is a common human fungal pathogen frequently found at mucosal 

surfaces. Epithelial cell (EC) responses to this pathogen are currently poorly understood. 

Recently, members of the IL-36 cytokine family have been identified as playing a key role in 

epithelial inflammation and potentially regulating type-17 responses to fungal infections.  We 

demonstrated increased gene expression of IL-36 family members in both C. albicans-

infected human ECs and a murine oroparyngeal (OPC) model. To identify the fungal moiety 

responsible, human ECs were infected with either a ece1Δ/Δ or a ece1ΔΔ+ECE1Δ184-279 null 

mutant, deficient in Candidalysin production. strains failed to induce IL-36 gene expression 

in human ECs or mice. In contrast, treatment of ECs with Candidalysin alone induced IL-36 

gene expression. To determine the signal pathways responsible for IL-36 induction, we 

inhibited MAPK, PI3K and NF-κB signalling. p38-MAPK, NF-κB and particularly PI3K 

inhibition resulted in reduced IL-36 gene expression, indicating a critical role for these 

pathways in regulation of these genes. Notably, OPC in IL-36R-/- mice showed increased 

fungal burdens at day 5 post-infection. Thus, we have identified C. albicans infection of ECs 

as an inducer of IL-36 family gene expression via Candidalysin activation of intracellular 

signalling. Further, we have identified IL-36 cytokines as an important part of innate anti-

Candida immunity at mucosal surfaces. Given the key role that IL-36 family members may 

play in inflammatory and type-17 immune responses to fungal infection, these cytokines and 

their antagonists may represent potential targets for the development of novel therapeutics 

in the treatment of mucosal Candida infections. 
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Protection against fungal pathogens depends on the detection of fungi by pattern recognition 

receptors (PRRs). C-type lectin receptors (CLRs) are a family of PRRs that play a critical 

role in antifungal immunity. CLRs recognise carbohydrates found in the fungal cell walls, 

leading to stimulation of several innate and adaptive immune responses. We have recently 

discovered a new CLR called Melanin sensing C-type Lectin receptor (MelLec), which we 

found to be expressed in mice by CD31+ endothelial cells and a sub-population of these cells 

that co-express EpCAM. Unlike other characterised CLRs, MelLec did not recognise 

carbohydrates, but recognised 1,8-dihydroxynaphthalene (DHN)-melanin found in 

pathogenic fungi including Aspergillus fumigatus and Foncesaea pedrosoi. We 

demonstrated that heptaketide naphthpyrone, which is the first product in the DHN-melanin 

biosynthetic pathway, was recognised by MelLec. We have also shown that several other 

intermediates in this pathway are recognised by this CLR. We could also demonstrate that 

melanin recognition through this receptor was essential for protection against disseminated 

A. fumigatus infection in both mice and human. In summary, we have shown that the newly 

identified CLR, MeILec, recognises an important component found in the cell wall of many 

pathogenic fungi and plays a critical role in immunity to A. fumigatus.  

 

 



Evaluation of colorimetric Micronaut-AM method against CLSI 

broth micro-dilution method for antifungal susceptibility testing of 

Aspergillus species against four commonly used antifungals 

 

Ali Nuh, Darius James-Armstrong, Newara Ramadan and Silke Schelenz  

 

Department of Microbiology, Laboratory Medicine, Royal Brompton and Harefield NHS 

foundation trust, Sydney Street, London SW3 6NP, UK; 02073518451, a.nuh@rbht.nhs.uk 

 

Objective: evaluation of the Micronaut-AM colorimetric method for susceptibility testing of 

Aspergillus species against anidulafungin, amphotericin, voriconazole and itraconazole.  The 

MICs obtained by this method were compared to those generated by CLSI broth 

microdilution method. 

 

Methods: 42 clinical isolates of Aspergillus species, 8 of them azole-resistant, were tested 

against amphotericin, anidulafungin, voriconazole and itraconazole.  A fumigatus ATCC 

204305 was used as a reference strain and test was performed in accordance with the 

manufacture’s instruction. MICs were compared with broth micro-dilution MIC results of 

these isolates from Bristol Mycology reference laboratory.    

 

Results: The level of agreement between Micronaut-AM (MN) generated MICs and the 

reference laboratory MICs results were very good.  Overall, the level of agreement (within 2 

log2 dilution) between MN and CLSI reference laboratory method was 100% for 

anidulafungin; 97% for amphotericin; 90% for voriconazole and 94% for itraconazole.  In 

addition, Micronaut-AM was able to detect all azole resistant isolates.    

 

Conclusion: The Micronaut-AM method is still under investigation and requires further 

studies. However, it showed good agreement with reference broth micro-dilution method 

results for all antifungal agents and isolates tested and was able to detect azole resistance. 

This colorimetric method is very promising and appears to be a suitable alternative 

susceptibility testing method for Aspergillus species.   
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Background: Candida albicans (C. albicans) is a human fungal pathogen that causes severe 

morbidity and mortality in millions of individuals worldwide. Candidalysin is a newly identified 

cytolytic peptide toxin that is critical for fungal pathogenesis and epithelial immunity. 

Preliminary data has identified the epidermal growth factor receptor (EGFR) as a key 

component in mediating the epithelial response to Candidalysin. However, it is unknown how 

EGFR and its associated adaptor proteins are activated in response to this toxin. 

 

Aim: To characterise early molecular events of EGFR activation and adaptor protein 

recruitment in response to Candidalysin. 

 

Methods: TR146 oral epithelial cells were stimulated with Candidalysin (15 min to 3 h) at lytic 

(70 µM and 15 µM) and sub-lytic (3 uM and 1.5 µM) doses. Protein lysates were collected 

and phosphorylation of EGFR (pEGFR) and associated proteins; Gab1, Shc, SHP2, Vav2 

and c-CBL, were determined by western blotting. 

 

Results: EGFR activation occurs in a dose and time dependent manner. Lytic doses of 

Candidalysin induced pEGFR 15 min post-treatment, with peak levels of pEGFR observed at 

2 h. While sub-lytic doses of Candidalysin induced pEGFR at 15 min, this induction was 

transient, with low levels of phosphorylation peaking at 30 min post-treatment. Similar results 

were observed with Gab1, Shc, SHP2 and c-CBL. 

 

Conclusion: Candidalysin induces the EGFR signalling pathway in oral epithelial cells in a 

dose and time dependent manner. Further investigation is required to elucidate the 

functional role of these EGFR activation events in immune induction and cell survival in 

response to Candidalysin.  
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Purpose: Surgery is one of the treatment options for chronic pulmonary aspergillosis (CPA) 

especially single aspergilloma, those with recurrent haemoptysis despite embolisation and 

azole-resistant disease. This study aims to investigate the correlation between Aspergillus 

Immunoglobulin G (IgG) titre and clinical condition of patients after surgery. 

Methods: Retrospective study of patients who underwent surgery for CPA between 2007 

and 2017 in National Aspergillosis Centre, Manchester, UK.   

Results: 29 patients (mean age 52 years) with CPA underwent surgery. Histopathology 

showed evidence of Aspergillus in lung tissue (n=26, 90%). The most common underlying 

disease were tuberculosis (n=5, 17%) and chronic obstructive pulmonary disease (n=5, 

17%). Haemoptysis (n=16, 55%) and cough (n=12, 41%) were the main symptoms from the 

patients before surgery. Assessed   2-5 months after surgery, 13 patients were 

asymptomatic (45%). The mean Aspergillus IgG level before surgery was 217.3 mg/L and 2-

5 months after surgery 163.1mg/L. Recurrence of CPA was noted in 14 patients (48%). In 

this recurrent group, the mean Aspergillus IgG level was 348.3 mg/L and decreased to 162.8 

mg/L along with the clinical improvement of patients measured 6 months after antifungal 

therapy. 

Conclusions: Surgery in these selected CPA patients resulted in favourable outcomes with 

the decrease in clinical symptoms and the Aspergillus IgG level after surgery. These findings 

suggest that Aspergillus IgG test is a potential tool for evaluating therapy and predict 

recurrences of CPA.  

 

Keywords: Aspergillosis, Surgery, Immunoglobulin G 
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Background: Since its emergence in 2009, the fungal pathogen Candida auris (CA) has 

received considerable attention due to its resistant phenotype and its persistence within the 

healthcare environment. The impact on infection control is substantial, so understanding the 

mechanisms of spread and survival is critical. 

 

Materials/methods: Four CA isolates were used throughout this study. Surface testing was 

performed using three substrates: cellulose-matrix, plastic and steel. Following adhesion, 

cells were then treated with NaOCl or peracetic acid (PA). Cell viability was quantified using 

CFU counting. The efficacy of skin disinfectants was also analysed using a 3-D biofilm 

model. Grown biofilms were challenged with clinical concentrations of povidone iodine (PVP-

I), chlorhexidine and hydrogen peroxide (H2O2) with viable cells quantified using CFU 

counting and qPCR.  

 

Results: The cellulose matrix was shown to be the most susceptible surface, with complete 

eradication achieved against both agents. No viable cells were recovered from plastic 

following treatment with PA, NaOCl treatment was shown to reduce viability by <2-log. Steel 

was the most resilient substrate, with 3 log reductions observed against NaOCl and PA. For 

antiseptic testing, mature biofilms were shown to be significantly less susceptible than early 

biofilms to both CHX treatments and H2O2, with PVP-I eradicating both biofilms.  

 

Conclusions: Given the drug resistant phenotype of CA, then its control within the clinical 

environment is paramount. The study highlights the potential deficits associated with 

controlling this organism, and only through the understanding of its mechanisms of survival 

and resistance will assist in devising new infection control interventions.   
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 Candida auris was described from discharge from a human external ear canal in Japan in 

2009. It has subsequently been reported from a multitude of clinical manifestations, and 

today is an important nosocomial pathogen with clonal inter- and intra-hospital transmission. 

It is widespread across several Asian countries, South Africa and parts of South America, 

with evidence that closely related, but distinct clonal lineages might predominate in different 

regions. To date, the UK National Mycology Reference Laboratory (MRL) has received in 

excess of 200 isolates from at least 20 different UK hospitals, including a number of isolates 

suspected of being part of several large local outbreaks.  

 

 

 Here, we present results of phenotypic, genetic and antifungal susceptibility testing of a large 

selection of C. auris isolates from diverse UK hospitals. The UK isolates fall into three well 

supported clades corresponding to lineages previously reported from India, Malaysia and 

Kuwait, Japan and Korea, and South Africa, respectively. Interestingly, isolates from the 3 

clades differed in characteristics in vitro, virulence in the Galleria mellonella infection model 

and thermo-tolerance. All isolates were resistant to fluconazole, with strains from Japan, 

Korea and South Africa exhibiting higher MICs than their Indian counterparts to the other 

triazoles. Additional resistance to either amphotericin B or the echinocandins was detected in 

approximately 10% of isolates, in a clade-independent manner. In summary, recent and 

ongoing outbreaks of C. auris from the UK have several different geographic origins, with 

evidence for multiple independent introductions of this emerging pathogen in to the UK.  
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Scedosporium and Lomentospora spp. are two closely related medically important 

fungi generally found in soil, polluted water, sewage, as well as indoor air. They cause 

infections in both immune competent and immune compromised individuals, and are an 

increasing clinical problem especially in Europe and the United States, in patients with 

underlying medial conditions. Moreover they are highly antifungal resistant, especially L. 

prolificans, which is multidrug resistance and are therefore difficult to treat, resulting in high 

mortality rates.  

 

 

The innate immune system is the first line defense against fungal pathogens. 

Patrolling phagocytes ingest fungal spores and attempt to kill and eradicate the pathogen. 

However, it is well known that many fungal pathogens are able to evade killing and escape 

from the phagocyte. The driver(s) behind and reason(s) for the existence of these 

mechanisms of escape are largely unknown. For that reason we have started to investigate 

how Scedosporium and Lomentospora spp. manipulate the innate immune system and how 

this information can potentially be used to stimulate immunity to improve treatment of those 

highly antifungal resistant pathogens.  Here I will discuss our recent findings in this system, 

including some unexpectedly major differences between the intracellular behavior of these 

two species and other human fungal pathogens.   
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Cryptococcus neoformans is a worldwide opportunistic human fungal pathogen causing life-

threatening pneumonia and meningitis in immunocompromised patients. During the earliest 

stage of host lung infection, C. neoformans undergoes an unusual yeast-to-Titan 

morphogenetic transition. Titans are large (>11m) cells with increased drug resistance and 

altered Pathogen Associated Molecular Pattern (PAMP) exposure. These features drive 

Titan resistance to host immunity and are thought to mediate pathogenesis. However, our 

screen of clinical isolates found wide variation in the capacity of pathogenic strains to 

Titanise. The C.neoformans wild-type Titanising strain H99 elicits meningitis in mice, while 

the non-Titanising clinical isolate Zc1causes pneumonia. However, the relative impact of 

Titan vs. yeast morphology, as well as other underlying differences in virulence between the 

two strains, remains undescribed. Here we applied our in vitro Titan induction protocols to 

investigate yeast vs. Titan phenotypes and underlying mechanism. We report that H99 

Titans displayed altered distribution of important PAMPS, with increased chitin and 

decreased chitosan and mannan. Additionally, when co-incubate with macrophages, H99 

titans showed reduced uptake, consistent with previous reports in vivo. We also observed 

that engulfed Titans and daughters had increased survival rates compared to un-induced 

H99 yeast. Surprisingly, induced Zc1 cells that failed to Titanise also exhibited changes in 

PAMP exposure, and induced cells of either isolate were more likely to escape phagocytes 

via non-lytic vomocytosis. Together, our work suggests that Titan induction has broad 

implications for host-fungal interactions and pathogenesis and begins to form a framework 

through which these questions can be addressed.  

 

 


