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Fungi are a major cause of human dis-
eases with a global reach [1, 2], and new 
invasive fungal diseases (IFDs) are con-
tinually appearing [3, 4] while some es-
tablished fungal pathogens are emerging 
in new patient populations [5]. It is a con-
cern that choice of antifungal therapy is 
restricted to 3 main drug classes at a time 
of escalating resistance and with a limited 
pipeline of new agents [6]. In addressing 
these challenges there is an ongoing need 
for well-conducted studies to better de-
termine the incidence and clinical pres-
entations of IFDs in both established and 
new risk populations but also to improve 
clinical and laboratory diagnostics and 
to evaluate antifungal therapies in well-
conducted trials.

It was with these shortcomings in 
mind that nearly 2 decades ago the 
European Organization for Research and 
Treatment of Cancer/Invasive Fungal 
Infections Cooperative Group, together 
with the National Institute of Allergy 
and Infectious Diseases Mycoses Study 
Group, National Institutes of Health 
(EORTC-MSG), produced consensus 
definitions of IFDs [7]. Their intention 

was to standardize the definitions of IFDs 
for the purpose of clinical research with a 
particular focus on mycoses in high-risk 
patients with cancer or with hemato-
logical malignancies undergoing inten-
sive chemotherapy or hematopoietic stem 
cell transplantation. At that time, the 
main drivers for production of these def-
initions were the often ill-defined nature 
of the clinical presentations of IFDs, a lack 
of clarity on radiological and laboratory 
diagnostic criteria, and overreliance on 
empirical antifungal therapy in high-risk 
patients, with consequent drug toxicity 
and increased costs. Their definition of 
proven IFD was largely based on histo-
logical or cytological demonstration of 
the presence of yeasts or molds in tissue, 
or their recovery from cultures taken 
from sterile sites. What was novel was the 
creation of a composite set of host, clin-
ical, and mycological criteria that would 
define patients with a probable or pos-
sible IFD recognizing the difficulties in 
establishing a proven diagnosis.

In 2008, updated definitions were 
produced [8] in response to the need to 
broaden the risk populations for IFDs to 
include those receiving T-cell immuno-
suppressants such as cyclosporine, tumor 
necrosis factor α (TNF-α) blockers, or 
other immunomodulating therapies. 
There was also a need to modify the clin-
ical and mycological criteria for defining 
probable and possible IFD, taking into 
account improvements in imaging tech-
niques and the introduction of new non–
culture-based laboratory diagnostics. By 

this time the pulmonary abnormalities 
associated with invasive mold diseases 
seen on computerized tomographic im-
aging were becoming better defined, 
while laboratory assays for the detection 
of Aspergillus galactomannan and fungal 
β-d-glucan were commercially avail-
able, but with thresholds for determining 
positive test results set by the manufac-
turers rather than being comprehensively 
evidence based.

In drafting the newly revised and up-
dated consensus definitions, published by 
Donnelly et al [9] in this issue of Clinical 
Infectious Diseases, participants were ini-
tially set the task of reviewing evidence 
and providing feedback on specific areas, 
new among these pediatric patients. It is 
recognized that clinical presentations of 
IFDs in children can be less specific and 
the performance of diagnostic assays is 
not always directly comparable to experi-
ence in adults [10]. Another modification 
has been to provide separate criteria for 
defining probable IFD caused by specific 
pathogens that, for the first time, includes 
pneumocystosis; definitions for crypto-
coccosis and endemic mycoses are also 
included. Host factors have been fur-
ther expanded to take account of new 
knowledge, eg, the increased suscepti-
bility of patients receiving ibrutinib to 
IFD, including disseminated aspergillosis 
[11]. For the first time, fungal polymerase 
chain reaction (PCR)–based diagnostic 
assays have been included to help define 
probable IFD, using a wide range of pa-
tient samples in the case of Aspergillus 
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PCR and a commercial Candida PCR (T2 
Biosystems) for the detection of common 
Candida species in blood. How these bio-
markers should be employed as part of 
a diagnostic strategy continues to be the 
subject of debate. Most experience with 
Aspergillus galactomannan detection 
and PCR has been based on surveillance 
testing of leukemic patients during treat-
ment with improved performance when 
biomarkers are used in combination [12]; 
however, the performance of these assays 
is known to be compromised by the use 
of mold-active antifungal prophylaxis, so 
how they are deployed in future research 
studies will need to take this limitation 
into account [13].

A deliberate omission from the 
update is definitions of IFDs in pa-
tients undergoing intensive care treat-
ment, excluding those with recognized 
immunocompromising illnesses and/
or proven disease. This is because the 
group could not produce definitions for 
IFDs that were in harmony with those 
for the other patient groups. Intensive 
care patients have a high incidence of 
candidemia/invasive candidiasis [14], 
and those with chronic obstructive pul-
monary disease in intensive care are an 
emerging risk group for pulmonary as-
pergillosis. The sensitivity of the EORTC-
MSG criteria [8] for defining probable 
Aspergillus disease has been found to be 
inferior to a clinical algorithm in this set-
ting, largely because compatible host fac-
tors were not present [15] so a different 
approach is needed to define these types 
of cases.

The definitions are not intended to 
be used in routine clinical practice, al-
though they will be valuable for studies 
designed to help assess the quality of 
management of IFDs; at any rate, there 
are clinical practice guidelines that use 
a grading system to assess the strength 
of recommendations and the quality 
of the evidence [16, 17] and these pro-
vide a more pragmatic and inclusive 
approach to day-to-day management 
of IFDs.

What is the future for definitions of 
IFDs? Doubtless, the consortium con-
sidered a number of other host, clinical, 
and mycological factors for the defin-
itions but decided there was insufficient 
supporting evidence. Future develop-
ments are likely to include more host fac-
tors because of expanded use of new 
biological therapies that target immune-
signaling pathways [18, 19], while new 
imaging and laboratory diagnostics are 
under investigation [20].

In summary, Donnelly et al [9] provide 
an important revision and update to the 
EORTC-MSG definitions of IFDs and 
these will prove essential when planning 
research studies over the coming years.

Note
Potential conflicts of interest. T. R. R. re-

ports grants from Gilead Sciences, lecture 
honoraria from Gilead Sciences and Pfizer 
Healthcare Ireland, and advisory board mem-
bership with Menarini Pharma, outside the 
submitted work. The author has submitted 
the ICMJE Form for Disclosure of Potential 
Conflicts of Interest.

References
1. Brown  GD, Denning  DW, Gow  NA, Levitz  SM, 

Netea  MG, White  TC. Hidden killers: human 
fungal infections. Sci Transl Med 2012; 4:165rv13.

2. Bongomin  F, Gago  S, Oladele  RO, Denning  DW. 
Global and multi-national prevalence of fungal 
diseases-estimate precision. J Fungi (Basel) 2017; 
3:E57.

3. Jeffery-Smith A, Taori SK, Schelenz S, et al. Candida 
auris: a review of the literature. Clin Microbiol Rev 
2018; 31:e00029–17.

4. Schwartz  IS, Govender  NP, Sigler  L, et  al. 
Emergomyces: the global rise of new dimorphic 
fungal pathogens. PLoS Pathog 2019; 15:e1007977.

5. Schauwvlieghe  AFAD, Rijnders  BJA, Philips  N, 
et al; Dutch-Belgian Mycosis Study Group. Invasive 
aspergillosis in patients admitted to the intensive 
care unit with severe influenza: a retrospective co-
hort study. Lancet Respir Med 2018; 6:782–92.

6. Van Daele R, Spriet  I, Wauters  J, et al. Antifungal 
drugs: what brings the future? Med Mycol 2019; 
57:328–43.

7. Ascioglu S, Rex JH, de Pauw B, et al; Invasive Fungal 
Infections Cooperative Group of the European 
Organization for Research and Treatment of 
Cancer; Mycoses Study Group of the National 
Institute of Allergy and Infectious Diseases. 
Defining opportunistic invasive fungal infections 
in immunocompromised patients with cancer 
and hematopoietic stem cell transplants: an inter-
national consensus. Clin Infect Dis 2002; 34:7–14.

8. De Pauw B, Walsh TJ, Donnelly JP, et al; European 
Organization for Research and Treatment of 
Cancer/Invasive Fungal Infections Cooperative 
Group; National Institute of Allergy and Infectious 
Diseases Mycoses Study Group (EORTC/MSG) 

Consensus Group. Revised definitions of invasive 
fungal disease from the European Organization for 
Research and Treatment of Cancer/Invasive Fungal 
Infections Cooperative Group and the National 
Institute of Allergy and Infectious Diseases 
Mycoses Study Group (EORTC/MSG) Consensus 
Group. Clin Infect Dis 2008; 46:1813–21.

9. Donnelly JP, Chen SC, Kauffman CA, et al. Revision 
and update of the consensus definitions of invasive 
fungal disease from the European Organisation for 
Research and Treatment of Cancer and the Mycoses 
Study Group Education and Research Consortium. 
Clin Infect Dis 2019.

10. Groll  AH, Castagnola  E, Cesaro  S, et  al; Fourth 
European Conference on Infections in Leukaemia; 
Infectious Diseases Working Party of the European 
Group for Blood Marrow Transplantation 
(EBMT-IDWP); Infectious Diseases Group of 
the European Organisation for Research and 
Treatment of Cancer (EORTC-IDG); International 
Immunocompromised Host Society (ICHS); 
European Leukaemia Net (ELN). Fourth European 
Conference on Infections in Leukaemia (ECIL-4): 
guidelines for diagnosis, prevention, and treatment 
of invasive fungal diseases in paediatric patients 
with cancer or allogeneic haemopoietic stem-cell 
transplantation. Lancet Oncol 2014; 15:e327–40.

11. Ghez D, Calleja A, Protin C, et al; French Innovative 
Leukemia Organization (FILO) CLL group. Early-
onset invasive aspergillosis and other fungal infec-
tions in patients treated with ibrutinib. Blood 2018; 
131:1955–9.

12. Ceesay  MM, Desai  SR, Berry  L, et  al. A compre-
hensive diagnostic approach using galactomannan, 
targeted β-d-glucan, baseline computerized tomog-
raphy and biopsy yields a significant burden of 
invasive fungal disease in at risk haematology pa-
tients. Br J Haematol 2015; 168:219–29.

13. Duarte RF, Sánchez-Ortega I, Cuesta I, et al. Serum 
galactomannan-based early detection of invasive 
aspergillosis in hematology patients receiving ef-
fective antimold prophylaxis. Clin Infect Dis 2014; 
59:1696–702.

14. Kullberg BJ, Arendrup MC. Invasive Candidiasis. N 
Engl J Med 2015; 373:1445–56.

15. Bulpa P, Bihin B, Dimopoulos G, et al. Which al-
gorithm diagnoses invasive pulmonary aspergil-
losis best in ICU patients with COPD? Eur Respir J 
2017; 50:1700532.

16. Infectious Diseases Society of America. Practice 
guidelines. Available at: https://www.idsociety.org 
› practiceguidelines. Accessed 30 September 2019.

17. Ullmann AJ, Aguado JM, Arikan-Akdagli S, et al. 
Diagnosis and management of Aspergillus dis-
eases: executive summary of the 2017 ESCMID-
ECMM-ERS guideline. Clin Microbiol Infect 2018; 
24(Suppl 1): e1–38.

18. Chamilos  G, Lionakis  MS, Kontoyiannis  DP. Call 
for action: invasive fungal infections associated 
with ibrutinib and other small molecule kinase in-
hibitors targeting immune signaling pathways. Clin 
Infect Dis 2018; 66:140–8.

19. Reinwald  M, Silva  JT, Mueller  NJ, et  al. ESCMID 
Study Group for Infections in Compromised Hosts 
(ESGICH) Consensus Document on the safety of 
targeted and biological therapies: an infectious 
diseases perspective (intracellular signaling path-
ways: tyrosine kinase and mTOR inhibitors). Clin 
Microbiol Infect 2018; 24(Suppl 2):53–70.

20. Sanguinetti  M, Posteraro  B, Beigelman-Aubry  C, 
et al. Diagnosis and treatment of invasive fungal in-
fections: looking ahead. J Antimicrob Chemother 
2019; 74(Suppl 2):ii27–37.

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/advance-article-abstract/doi/10.1093/cid/ciz1013/5645438 by guest on 05 D

ecem
ber 2019

https://www.idsociety.org › practiceguidelines
https://www.idsociety.org › practiceguidelines

