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COVID-19-associated pulmonary mucormycosis (CAPM) remains an underdiagnosed entity. Using a modified 
Delphi method, we have formulated a consensus statement for the diagnosis and management of CAPM. We selected 
26 experts from various disciplines who are involved in managing CAPM. Three rounds of the Delphi process were 
held to reach consensus (≥70% agreement or disagreement) or dissensus. A consensus was achieved for 84 of the 
89 statements. Pulmonary mucormycosis occurring within 3 months of COVID-19 diagnosis was labelled CAPM and 
classified further as proven, probable, and possible. We recommend flexible bronchoscopy to enable early diagnosis. 
The experts proposed definitions to categorise dual infections with aspergillosis and mucormycosis in patients with 
COVID-19. We recommend liposomal amphotericin B (5 mg/kg per day) and early surgery as central to the 
management of mucormycosis in patients with COVID-19. We recommend response assessment at 4–6 weeks using 
clinical and imaging parameters. Posaconazole or isavuconazole was recommended as maintenance therapy following 
initial response, but no consensus was reached for the duration of treatment. In patients with stable or progressive 
disease, the experts recommended salvage therapy with posaconazole or isavuconazole. CAPM is a rare but under-
reported complication of COVID-19. Although we have proposed recommendations for defining, diagnosing, and 
managing CAPM, more extensive research is required.

Lancet Infect Dis 2022; 
22: e240–53

Published Online 
April 4, 2022 
https://doi.org/10.1016/ 
S1473-3099(22)00124-4

This online publication has 
been corrected. The corrected 
version first appeared at 
thelancet.com/infection on 
April 14, 2022

Department of Pulmonary 
Medicine (V Muthu DM, 
Prof R Agarwal DM, 
Prof A N Aggarwal DM), 
Department of Community 
Medicine and School of Public 
Health (S Kathirvel MD), 
Department of Histopathology 
(Prof A Bal MD), Department of 
Radiodiagnosis and Imaging 
(Prof M Garg MD), and 
Department of Medical 
Microbiology 
(Prof S M Rudramurthy MD, 
Prof A Charabarti MD), 
Postgraduate Institute of 
Medical Education and 
Research, Chandigarh, India; 
Department of Infectious 
Diseases, Sterling Hospital, 
Ahmedabad, India (A Patel MD); 
Department of Internal 
Medicine (Prof O C Abraham MD, 
Prof G M Varghese MD) 
and Department of 
Pulmonary Medicine 
(Prof B Thangakunam DM), 
Christian Medical College, 
Vellore, India; Department of 
Radiodiagnosis 
(Prof A S Bhalla MD) and 
Department of Pulmonary 
Medicine (R Guleria DM, 
Prof A Mohan MD), All India 
Institute of Medical Sciences, 
New Delhi, India; Department 
of Pulmonary Medicine, 
Institute of Pulmonology, 
Medical Research and 
Development, Mumbai, India 
(P N Chhajed MD); Department 
of Pulmonary Medicine, 
Pandit Bhagwat Dayal Sharma 

Introduction
The COVID-19 pandemic precipitated an epidemic of 
mucormycosis worldwide, especially in India.1 Tradi
tionally, the site of involvement of mucormycosis 
is related to the underlying predisposing factors. 
Rhino-orbital mucormycosis occurs in uncontrolled 
diabetes, whereas pulmonary mucormycosis is seen in 
patients with haematological malignancy and transplant 
recipients.2 During the COVID-19-associated mucormy
cosis (CAM) outbreak, rhino-orbital mucormycosis was 
the most common manifestation, followed by pulmonary 
mucormycosis.3–5 Among the various risk factors for 
rhino-orbital mucormycosis and pulmonary mucormy
cosis, uncontrolled diabetes overshadowed all others.3 
In two large multicentre cohort studies from India, 
pulmonary mucormycosis accounted for 13∙3% of the 
total patients with mucormycosis before the COVID-19 
pandemic, and 8∙6% of the total patients with mucor
mycosis during the COVID-19 pandemic.3,6 The lower 
proportion of patients with pulmonary mucormycosis 
during the CAM outbreak could be due to the difficulty in 
diagnosis of and little awareness of pulmonary mucor
mycosis.7 Often, pulmonary mucormycosis is either not 
suspected or remains undiagnosed (due to inadequate 
infrastructure), despite clinical suspicion. The disruption 
of diagnostic and clinical services during the COVID-19 
pandemic further compounded the difficulties in 
diagnosing COVID-19-associated pulmonary mucor
mycosis (CAPM).8,9 Although there are global guidelines 

for the management of mucormycosis,10,11 there is no clear 
guidance on the diagnosis and treatment of pulmonary 
mucormycosis, including CAPM. We framed the current 
consensus statement to address the diagnosis and 
management of CAPM and to identify the knowledge 
gaps in this area.

Methods
We formed a CAPM clinical practice guideline group 
(CAPM-GG), including experts from the Fungal Infection 
Study Forum and the Academy of Pulmonary Sciences in 
India. We selected experts, with specific interest in 
mucormycosis who were actively involved in managing 
CAPM and pulmonary mucormycosis, from various 
disciplines, including pulmonary medicine, infectious 
diseases, clinical mycology, pathology, radiodiagnosis, 
and thoracic surgery to be part of CAPM-GG. At 
the outset, the experts were briefed on the objectives 
of the CAPM-GG and the Delphi process (appendix p 5). 
For the systematic review, two authors (RA and VM) 
searched PubMed and Embase databases (from inception 
to Sept 25, 2021) using the search terms: (“COVID” OR 
“SARS-CoV” OR “coronavirus”) AND (mucor* OR 
“zygomycosis”). The references obtained from the search 
were imported into a reference manager software. Our 
search retrieved 306 articles. We excluded abstracts, 
articles in a language other than English, and animal 
studies. After excluding duplicate citations, we reviewed 
236 articles in detail (appendix pp 9–25). We reviewed the 
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articles reporting cases of CAPM, relevant review articles, 
large series of CAM, and our personal files to identify the 
questions to be addressed (appendix pp 26–30). On the 
basis of the literature review, three authors (VM, RA, and 
AC) formulated the initial questions. The questions were 
circulated by e-mail, and additional questions were 
invited from the CAPM-GG.

Subsequently, we followed a modified Delphi method 
(appendix p 5). We used the commercially available , web-
based Delphi platform for circulating the questions and 
receiving anonymous responses from the participants. The 
Delphi process was continued until the predefined criteria 
of consensus (≥70% agreement or disagreement on a 
statement) was achieved, or for a maximum of three 
rounds. After each round of Delphi, we held virtual 
meetings to discuss the unresolved issues. The comments 
received during the two rounds and the virtual discussions 
were incorporated into the final round of Delphi. We 
recorded the responses to statements using a five-point 
Likert scale: strongly agree, somewhat agree, neutral, 
somewhat disagree, and strongly disagree. For the 
statements for which a response was recorded using the 
Likert sale, the categories strongly agree and somewhat 
agree, or strongly disagree and somewhat disagree, were 
considered together. We recommend a course of action for 
statements for which consensus of 70% or more was 
reached and suggest a course of actions for those with a 
consensus of less than 70%, and provided the consensus 
level for important summary statements. Statements 
failing to achieve the predefined consensus criteria even 
after the final meeting were recorded as dissensus.

Results
The online surveys and meetings were conducted 
between Oct 1 and Nov 1, 2021. 26 of the 28 invited experts 
participated in the survey. The CAPM-GG comprised 
experts from pulmonary medicine (13 [50%]), infectious 
diseases (six [23%]), clinical mycology (three [12%]), 
radiodiagnosis (two [8%]), pathology (one [4%]), and 
thoracic surgery (one [4%]), belonging to either public 
sector (14 [54%]) or private sector (12 [46%]) institutes 
across the country. The results of the Delphi process are 
presented in table 1. We achieved a consensus for 84 of the 
89 statements, based on which we provide various clinical 
practice statements for different questions on CAPM.

Definitions
Pulmonary mucormycosis diagnosed either at the same 
time as, or within 3 months of, confirmed COVID-19 was 
agreed upon as the entry criterion for diagnosing CAPM.6 
We further classified CAPM as proven, probable, and 
possible (panel 1). The consensus for the proven and 
probable CAPM categories was obtained following the first 
round of surveys. For the possible CAPM category, we 
could only reach a consensus in the third round. The 
experts were divided in their opinions on possible CAPM, 
given the potential for over-diagnosis and unnecessary 

empirical treatment, which is both long lasting and 
expensive. However, we retained the possible CAPM 
category, recognising the need for an epidemiological 
definition for facilitating research and adopting a judicious 
treatment approach. Furthermore, the group emphasised 
that an extensive evaluation of possible CAPM should be 
undertaken by performing bronchoscopy or other suitable 
diagnostic procedures to confirm or exclude the diagnosis.

Burden of CAPM
The prevalence of CAPM was reported to be 
0∙01% in patients with COVID-19 from the community 
(data from one centre in Mexico), 0∙15% in patients 
admitted to hospital with COVID-19 (data from 
five tertiary-care centres in India), and 1∙00% in patients 
with COVID-19 on mechanical ventilation (data from 
59 micology laboratories in France).6,12,13 The burden of 
CAPM following the second wave of the COVID-19 
pandemic in India and other countries remains largely 
unknown.14–17

In a systematic review, CAPM accounted for 26 (9∙5%) 
of 275 patients with CAM from across the world.1 
17 (7·3%) of 233 reported CAM cases from India and 
nine (21·4%) of 42 reported CAM cases from the rest of 
the world were due to CAPM.1 On the basis of the scarce 
data available from India,6 France,18 and Chile,19 the 
pooled prevalence of CAPM was estimated to be 5 (95% CI 
<1 to 29) per 10 000 patients admitted to hospital with 
COVID-19 (appendix p 6). The prevalence of CAPM was 
higher in India and Chile than in France. After the 
second wave of COVID-19, India reported more than 
40 000 patients with CAM. The experts estimated that the 
number of patients with CAPM in the recent CAM 
epidemic should have been around 4000. However, no 
more than 40 incidents of CAPM have been published 
globally.1, 20–24 Thus, there is a possibility of gross under-
reporting of the number of patients with CAPM.

Risk factors
All participants considered uncontrolled diabetes (hyper
glycaemia) and inappropriate (or excessive) glucocorticoid 
therapy as major risk factors for CAPM.25, 26 COVID-19 per 
se, and the associated dysregulation of iron metabolism, 
were also considered to be contributing factors.27 Although 
patients with COVID-19 requiring intensive care have 
been noted to develop CAPM,13,16 most experts believed 
that intensive care was not an independent risk factor. 
The CAPM-GG did not consider zinc supplementation, 
contaminated humidifiers, industrial oxygen, or reused 
masks as risk factors for CAPM.1, 28 The experts also found 
insufficient evidence to indicate tocilizumab or other 
immunomodulators as risk factors for CAPM.6

Clinical features
None of the clinical features were found to be specific to 
CAPM, and the presentation of CAPM is often 
indistinguishable from COVID-19 or any pneumonic 
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illness.29 The presence of brownish or black sputum 
and haemoptysis in a patient with COVID-19, particularly 
in the presence of risk factors (as mentioned 
earlier), should trigger investigations for CAPM.30 Other 
suggestive features include chest pain; fever despite 
antibiotic therapy for at least 48 h; worsening or 
productive cough; cavity; or worsening alveolar shadows 
on a chest x-ray in the appropriate setting (eg, a patient 
with uncontrolled diabetes).

Evaluation of suspected CAPM
Early detection of mucormycosis determines patient 
outcomes. In this context, CT of the chest is superior to 
chest x-ray. Mucorales, unlike Aspergillus, rarely colonise 
the respiratory tract.31–33 Thus, the isolation of Mucorales 
from sputum or endotracheal aspirate signifies pro
bable mucormycosis in the presence of compatible 
clinicoradiological features. Sputum examination is a 
non-invasive procedure and can be considered the 
initial investigation. The diagnostic yield might be 
higher with respiratory samples obtained using 
bronchoscopy because they are more representative of 
the disease site. In a study of 24 patients with confirmed 
pulmonary mucormycosis, three were diagnosed with 
sputum examination, whereas nine were diagnosed 
with bronchoscopy.34 No specific serological markers are 
available for mucormycosis. Serum galactomannan 
and β-D-glucan are useful in diagnosing COVID-19-
associated pulmonary aspergillosis (CAPA), a close 
mimic of CAPM. Importantly, dual infections of CAPM 
and CAPA might also be encountered.35,36

We recommend CT with intravenous contrast and 
conventional microbiological testing from the lower 
respiratory tract samples as the initial steps in evaluating 
CAPM (consensus level: 100%).

Imaging of CAPM
A chest x-ray is often the initial imaging available, and 
non-specific signs such as consolidation, cavities, and 
pleural effusion might be encountered. A CT of the thorax 
is thus required to delineate the abnormalities and guide 
diagnostic procedures. The imaging of CAPM has a wide 
differential diagnosis, including CAPA, tuberculosis, other 
bacterial pneumonia, and even severe COVID-19.37 The 
presence of a halo sign, a reversed halo sign (RHS), an air 
crescent sign, a hypodense sign, and cavitating nodules 
help to differentiate invasive mould infections from other 
pneumonias.38 Although a cavity on imaging might be 
seen in vasculitis or malignancy, the setting of COVID-19, 
serial imaging, and the doubling time of the lesions are 
important differentiating features of CAPM.

The presence of COVID-19-related lung abnormalities 
on imaging poses additional challenges in the diagnosis 
of CAPM (appendix p 7). COVID-19 has been shown to 
cause both the halo sign and RHS; the prevalence of both 
signs varies from 0 to 18% in different series.37,39 These 
signs occur early in COVID-19 pneumonia. Serial 

Survey response Consensus 
level (%)

Definition of CAPM

Proven CAPM Yes 100%

Probable CAPM Yes 100%

Possible CAPM Yes 75%

Risk factors

Uncontrolled diabetes Yes 100%

Inappropriate steroid therapy Yes 100%

Severe COVID-19 Yes 78%

Immunosuppression Yes 95%

Immunomodulators for COVID-19 (eg, tocilizumab) Yes 28%

Altered iron metabolism Yes 78%

ICU admission for COVID-19 No 85%

Use of industrial oxygen, contaminated humidifier water, or 
reused masks

No 65%

No or irregular use of a mask during COVID-19 or post-
COVID-19 period

No 79%

Zinc supplement for COVID-19 No 75%

Clinical features

Fever Suggestive 83%

Worsening or productive cough Suggestive 87%

Brownish or black sputum Highly suggestive 74%

Chest pain Suggestive 71%

Haemoptysis Highly suggestive 70%

Worsening respiratory symptoms patients with COVID-19 Suggestive 83%

Worsening chest imaging Suggestive 70%

Evaluation of CAPM

Characteristic imaging on CT with intravenous contrast Yes 100%

Routine imaging of paranasal sinuses or brain No 89%

Respiratory sample positive for Mucorales by conventional 
diagnostic techniques

Yes 100%

Bronchoalveolar lavage sample positive for Mucorales by 
molecular diagnostic techniques

Yes 74%

Serology No 83%

Molecular test of blood, urine, or body fluid No 58%

Imaging findings

Reversed halo sign Highly suggestive 100%

Thick-walled cavity Highly suggestive 94%

Large consolidation or necrotising pneumonia Highly suggestive 81%

Mycotic aneurysm Highly suggestive 100%

Bird’s nest sign Highly suggestive 95%

Multiple large nodules Highly suggestive 72%

Serial imaging showing air-fluid levels Suggestive 80%

Pleural effusion associated with other findings Suggestive 74%

Pneumothorax Non-specific 100%

Mediastinal lymphadenopathy Not suggestive 89%

Centrilobular nodules or tree in bud appearance Not suggestive 100%

Differential diagnosis

Severe COVID-19 Yes 82%

COVID-19-associated pulmonary aspergillosis Yes 100%

Tuberculosis Yes 96%

Other cavitary pneumonias Yes 75%

Bacterial pneumonia (community and hospital acquired) Yes 86%

(Table 1 continues on next page)
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imaging studies in haematological malignancies 
suggest halo sign to be an early feature of pulmonary 
mucormycosis.40,41 By contrast, CAPM most often occurs 
in patients with diabetes following COVID-19 and 
thus resembles pulmonary mucormycosis occurring in 
patients with diabetes rather than haematological 
malignancies.30,42–44 The presentation in CAPM could be 
indolent,30,45 and not as aggressive as in haematological 
malignancies. Additionally, most patients with CAPM 
present relatively late (usually >7 days after the onset of 
COVID-19), and the halo sign is not commonly seen at 
the time of diagnosis.42 Furthermore, serial imaging 
can help in differentiating between COVID-19 and 
CAPM. The halo sign and RHS due to COVID-19 
tend to improve over time,46 whereas in pulmonary 
mucormycosis, cavitation is the usual course.40,41 Thus, 
the timing, clinical setting (uncontrolled diabetes, 
persistent or new-onset fever, haemoptysis, or productive 
cough), and the course of disease help to differentiate 
acute COVID-19 from CAPM.

We classified the different imaging features of 
CAPM as highly suggestive, suggestive, non-specific, or 
not suggestive (panel 2), on the basis of the existing 
evidence and responses received from the CAPM-GG. The 
presence of a thick-walled cavity, bird’s nest sign, RHS, and 
other features were considered as highly suggestive of 
CAPM (appendix p 7), compared with the presence of 
multiple nodules (described in patients with pulmonary 
mucormycosis with haematological malignancies).47 Digital 
subtraction angiography might be required in patients with 
a mycotic aneurysm (appendix p 7).

The portal of entry and risk factors are the same for both 
pulmonary mucormycosis and rhino-orbital mucormycosis, 
yet disseminated disease was reported in only three of the 
20 patients with CAPM.29 Notably, all the patients were 
symptomatic for rhino-orbital mucormycosis. Thus, the 
presence of clinical features should guide evaluation of 
mucormycosis at other sites (paranasal sinuses) in patients 
with CAPM rather than routine imaging.

The presence of RHS, thick-walled cavity, bird’s nest 
sign, mycotic aneurysm, large consolidation, or necrotising 
pneumonia, and multiple large nodules (nodules >1 cm) 
and serial imaging showing cavity with an air-fluid level, 
were considered highly suggestive imaging features of 
CAPM in the appropriate clinical setting (consensus 
level: 72–100%). We do not recommend routine imaging of 
the paranasal sinuses or brain in patients with CAPM 
(consensus level: 89%).

Bronchoscopy for CAPM in patients with COVID-19
Flexible bronchoscopy can be performed in patients with 
COVID-19 at any time, adhering to standard pre
cautions.48–52 Bronchoscopy and bronchoalveolar lavage 
with 60 mL of saline has been safely done even in patients 
with severe acute respiratory distress syndrome due to 
COVID-19 (median fractional concentration of oxygen of 
inspired air is 0∙8 and positive end-expiratory pressure of 

Survey response Consensus 
level (%)

(Continued from previous page)

Diagnostic procedures

Open-lung biopsy for diagnosis No 73%

Diagnostic bronchoscopy should be performed as early as 
possible for the evaluation of suspected CAPM

Yes 95%

Flexible bronchoscopy can be safely performed in all patients 
with COVID-19 (intubated and non-intubated), following 
standard precautions

Yes 78%

CT-guided trucut biopsy (or fine-needle aspiration with 
on-site evaluation)

Yes 91%

Laboratory processing of samples

Use of high-volume samples Yes 85%

Rapid transport to the laboratory Yes 90%

Use of Calcofluor microscopical examination Yes 72%

Semiquantitative estimation of fungus Not recommended 85%

Mincing (instead of grinding) the tissue sample Yes 87%

PCR from surgical or biopsy specimens for bronchoalveolar 
lavage fluid

Yes 74%

The histopathology of CAPM is not different from non-CAPM Yes 90%

Immunohistochemistry is useful in differentiating 
mucormycosis from aspergillosis in tissues

Yes 61%

Species identification and antifungal susceptibility

Does species identification help in the management? Yes 74%

Is an antifungal susceptibility test essential for optimal 
therapy?

Yes 71%

Choice of drug and dose

Liposomal amphotericin B is the treatment of choice for 
CAPM

Yes 100%

If liposomal formulation is unavailable, any lipid formulation 
can be used

Yes 100%

If no lipid formulation is available, amphotericin B 
deoxycholate should be used as the primary therapy over 
posaconazole or isavuconazole

Yes 94%

Initial dose of intravenous liposomal amphotericin B 5 mg/kg 80%

Should the amphotericin B dose be escalated in bilateral or 
non-operable disease?

No 85%

Should the amphotericin B dose be escalated in the presence 
of uncontrolled risk factors for CAPM?

No 90%

Should the amphotericin B dose be escalated in the presence 
of extrapulmonary mucormycosis (disseminated or ROCM)?

No 52%

After complete or partial response is achieved, maintenance 
treatment with isavuconazole or posaconazole should be 
given

Yes 100%

Preferred formulation of posaconazole is a tablet Yes 80%

Therapeutic drug monitoring of posaconazole Yes 74%

Combination of antifungals

The combination of antifungals (posaconazole or 
isavuconazole with amphotericin) is not evidence based and 
should not be recommended

Yes 89%

Echinocandins in combination with amphotericin B can be 
given in CAPM

No 83%

Salvage therapy with posaconazole or isavuconazole might 
be considered in refractory patients

Yes 100%

Nebulised amphotericin B for CAPM No 95%

(Table 1 continues on next page)
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10 cm of water).48 The median time of occurrence of 
CAPM following COVID-19 ranges from 2 to 3 weeks6,30 
and the majority of patients are unlikely to transmit 
SARS-CoV-2 during this period. Preliminary data suggest 
that the use of bronchoscopy is safe in patients with 
CAPM.53

Mycotic aneurysms encountered in CAPM have the 
potential to cause fatal or severe haemoptysis.22,24,30 Hence, 
a cautious approach is required when carrying out flexible 
bronchoscopy, bronchoalveolar lavage, or biopsies in 
patients with massive haemoptysis or mycotic aneurysms. 
Notably, the bronchoscopy unit should be equipped to 
handle emergencies, such as severe bleeding following 
diagnostic bronchoscopies.54 The choice of additional 
procedures, such as transbronchial lung biopsy (TBLB), 
endobronchial biopsy, brush cytology, and others, 
needs to be individualised, depending on the imaging 
abnormalities, bronchoscopical findings, and the patient’s 
status.54 In general, performing more than one procedure 
increases the diagnostic yield of bronchoscopy in CAPM, 
as with other diseases. Flexible bronchoscopy can be used 
for peripheral and non-peripheral lung lesions.54 Radial 
endobronchial ultrasound-guided bronchoalveolar lavage 
or TBLB could improve the chances of obtaining a 
representative specimen.54,55 Importantly, endobronchial 
abnormalities occur in up to 79% of patients with 
suspected pulmonary mucormycosis undergoing 
diagnostic bronchoscopy.56 In patients with suspected 
invasive mould disease based on clinical and radiological 
features, identification of an adherent mucus plug during 
bronchoscopy was noted exclusively in patients 
with pulmonary mucormycosis and not those with 
invasive pulmonary aspergillosis.54 Furthermore, invasive 
tracheobronchitis is a feature of fungal disease in 
intubated, critically ill patients, and can be diagnosed only 
with bronchoscopy.57

We recommend early flexible bronchoscopy in most 
patients with CAPM (consensus level: 95%) due to the 
following advantages: visualisation of airway abnor
malities, performing endobronchial biopsies, and 
provision of samples representing the lower respiratory 
tract (bronchoalveolar lavage or bronchial washings).

Transthoracic biopsies and needle aspiration
Lung biopsies obtained by video-assisted thoracoscopic 
surgery or thoracotomy might yield the diagnosis in 
suspected CAPM. However, due to the high morbidity 
and mortality of this test and the availability of less 
invasive diagnostic tests, surgical lung biopsy should 
rarely be used for the diagnosis of CAPM. Although both 
fine-needle aspiration biopsies and core-needle biopsies 
can be used to diagnose mould infections, a consensus 
was achieved for transthoracic core-needle biopsies 
owing to their higher diagnostic yield (figure 1).58–61 
The complication rates of transthoracic core-needle 
biopsies and fine-needle aspirates have been similar 
in the studies published before the COVID-19 

pandemic.58–62 However, considering the possibility of 
severe bleeding in patients with suspected CAPM, 
an alternative approach of performing a fine-needle 
aspiration cytology with on-site cytopathological exami
nation might be considered before proceeding with core-
needle biopsies.

We recommend transthoracic trucut core-needle 
biopsy for diagnosing CAPM in patients with peripheral 
chest lesions (consensus level: 91%).

Survey response Consensus 
level (%)

(Continued from previous page)

Response monitoring and duration of therapy

Duration of therapy should be based on response assessment 
(instead of a fixed duration)

Yes 81%

Monitoring with a weekly chest radiography (along with 
antifungals as and when required)

Yes 95%

Preferred timing of CT scan for response assessment 4–6 weeks 70%

Surgery For CAPM

All patients with potentially resectable disease of the lung 
(unilateral) should undergo surgery

Yes 95%

Preoperative multidisciplinary team evaluation Yes 100%

Timing of surgery after diagnosis* As early as possible 
(< 1 week); <2 weeks

34%; 40%

Spirometry desirable in all patients preoperatively, especially 
before pneumonectomy or in those with pre-existing lung 
disease

Yes 100%

Surrogate tests such as 6-MWT or other methods are 
sufficient to assess exercise capacity (if spirometry not 
possible)

Yes 90%

Preoperative assessment of frailty Yes 82%

Delay surgery or continue medical management and reassess 
in frail patients

Yes 89%

Surgery for CAPM in the presence of COVID-19-related lung 
disease†

After stabilistion 80%

Extensive invasion of mediastinal structures and hilar vessels 
seen on thoracic imaging is associated with technical 
difficulties during surgery and poor outcome; hence, initial 
medical management followed by reassessment is suggested

Agreed 81%

Prevention of CAPM

Prophylactic antifungals or nebulised amphotericin B to 
prevent CAPM in patients with COVID-19 admitted to 
hospital or the ICU

No 91%

Universal masking Yes 95%

Avoidance of construction site Yes 90%

Control of blood sugars in diabetes Yes 100%

Immunosuppression for COVID-19, optimal dose, and 
duration

Yes 95%

Severe COVID-19 and development of CAPM before 10 days 
of therapy with glucocorticoids

Stop therapy 71%

No glucocorticoid use for non-severe (non-hypoxaemic) 
COVID-19

Yes 100%

Judicious use of corticosteroids for post-COVID-19 lung 
disease (at the lowest possible dose for the shortest possible 
duration)

Yes 78%

CAPM=COVID-19-associated pulmonary mucormycosis. 6-MWT=6 min walk test. CAPA=COVID-19-associated 
pulmonary aspergillosis. ICU=intensive care unit. ROCM=rhinoorbitocerebral mucormycosis. *After stabilising the 
metabolic derangements. †Except in patients with emergent indications such as massive haemoptysis.

Table 1: Results of the Delphi process for the various statements on different questions concerning CAPM
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Quality of the clinical sample and technical details of 
sample processing
Obtaining a high-volume sample, avoiding contamination, 
and ensuring rapid transport to the laboratory increases 
the diagnostic yield during mycological analysis. The 
processing of tracheal, bronchial, and bronchoalveolar 
lavage fluid samples in the mycology laboratory is similar. 
The respiratory sample is first centrifuged, and the 
pellet obtained is used for microscopy and culture. The 
use of Calcofluor-white staining improves the detection of 
hyphae during microscopy.33 Mincing the tissue 
samples for culture should be performed instead of 
grinding, because grinding compromises fungal viability. 
Environmental contamination of a sample obtained in a 
non-sterile manner could result in a positive culture 
for Mucorales.63 Hence, the experts considered direct 
microscopy to be more reliable than culture when 
performed from a non-sterile sample. In the presence of 
strong clinicoradiological suspicion, isolated growth of 
Mucorales (despite negative direct smear microscopy) 
could represent probable CAPM. However, in the absence 
of a strong clinical or radiological suspicion, an isolated 
positive culture should be interpreted with caution, and 
repeating the biopsy or bronchoalveolar lavage could be 
warranted.

Role of nucleic acid amplification assays in CAPM
Molecular diagnostic tests from respiratory and other 
samples could help to diagnose CAPM. The diagnostic role 
of nucleic acid amplification (NAA) tests on blood or body 
fluids is still unclear, and the experts did not recommend 
routine use of these tests for diagnosing CAPM. However, 
the experts acknowledged the potential usefulness of 
molecular tests from blood or body fluids once standardised 

testing methods and more evidence are available. Molecular 
assays from a non-sterile site should also be cautiously 
interpreted. NAA assays for Mucorales in a sample obtained 
from a sterile site provide supportive evidence for CAPM in 
a compatible clinical setting.64–66 One published study in 
CAPM18 and a few studies67–69 in non-CAPM suggest 
the potential usefulness of NAA tests using bronchoalveolar 
lavage fluid. The group felt that a commercially available 
NAA test could be more reproducible than an in-house 
assay and should be preferred.

The expert group recommended using a standardised 
NAA method from sterile sites or bronchoalveolar lavage 
fluid (consensus level: 74%). No consensus was reached 
for NAA tests on samples other than bronchoalveolar 
lavage (consensus level: 58%).

Mucorales identification and drug susceptibility testing
The identification of the species of Mucorales and anti
fungal susceptibility testing are necessary for epide
miological purposes and in patients who do not respond 
adequately to treatment.70 For example, infections caused 
by Mucorales, such as Cunninghamella bertholletiae, have 
been shown to respond poorly to amphotericin B.71,72 By 
contrast, the minimum inhibitory concentration (MIC) of 
posaconazole is higher for Mucor circinelloides (4 µg/mL) 
than for other species, and mice infected with 
M circinelloides show poor response to posaconazole 
treatment.73–76 Recognising the organism also becomes 
relevant in cases in which differentiating septate and 
aseptate hyphae on morphology is difficult.70 Antifungal 
susceptibility testing is also valuable for dual infections 
(CAPA and CAPM) as azole resistance is reported in 
Aspergillus fumigatus, and Aspergillus terreus is intrinsically 
resistant to amphotericin B.77,78

Panel 1: Definitions of COVID-19 associated pulmonary mucormycosis

COVID-19-associated pulmonary mucormycosis (CAPM) is diagnosed either 
simultaneously with or within 3 months of virologically confirmed COVID-19.

Proven CAPM
Histopathology or cytology showing aseptate hyphae or culture obtained by a sterile 
procedure from a usually sterile site (pleural fluid or lung) showing growth of Mucorales.

Probable CAPM
Presence of all the following: compatible clinical features, risk factors, and suggestive 
imaging (thick-walled cavity, large consolidation, reversed halo sign, or multiple large 
nodules) and demonstration of aseptate hyphae (with or without growth of Mucorales) 
in a sample representative of the lower respiratory tract (including bronchoalveolar 
lavage, non-bronchoscopic bronchial lavage, bronchial washings, bronchial brushing, 
endotracheal aspirates, and sputum).

Possible CAPM
Presence of all the following: compatible clinical features; uncontrolled diabetes, 
prolonged or inappropriate glucocorticoid therapy (dose, duration, or indication deviating 
from the current evidence-based practice for glucocorticoids in COVID-19); and highly 
suggestive radiology (reversed halo sign, mycotic aneurysm, or thick-walled cavity), in the 
absence of a definite alternative diagnosis.

Panel 2: CT findings of COVID-19-associated pulmonary 
mucormycosis

Highly suggestive
•	 Thick-walled cavity
•	 Reversed halo sign
•	 Large consolidation or necrotising pneumonia
•	 Mycotic aneurysm
•	 Bird’s nest sign
•	 Multiple large nodules (nodules >1 cm)
•	 Serial imaging showing cavity with an air-fluid level

Suggestive
•	 Pleural effusion

Non-specific
•	 Pneumothorax

Not suggestive
•	 Enlarged mediastinal lymph nodes
•	 Centrilobular nodules or tree-in-bud appearance (could be 

seen in patients with haemoptysis or in patients with 
coexisting COVID-19-associated pulmonary aspergillosis)
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The expert group recommended species identification 
and performing antifungal susceptibility testing 
for epidemiological purposes to guide the choice of 
antifungals, and in patients with disease progression 
(consensus level: 71–74%).

Histopathology in CAPM
It is not known whether the histopathology of CAPM is 
different from that of non-CAPM. Limited experience 
points towards little difference in the tissue reaction to the 
fungi.79 Dual infections with Aspergillus and Mucorales 
have also been noted in pathological specimens of patients 
undergoing surgery for CAPM (appendix p 8). A swollen 
small hyphal segment of Aspergillus might occasionally be 
mistaken for Mucorales. Immunohistochemistry using 
antibodies against Rhizopus (and other Mucorales) 
could help to differentiate Aspergillus from Mucorales.80 
Furthermore, identification of Mucoralean DNA by PCR 
(and DNA sequencing) in fresh or formalin-fixed paraffin-
embedded tissues might also be attempted in complex 
cases.81 A diagnostic algorithm for CAPM is provided in 
figure 1.

CAPA and CAPM dual infections
CAPA is the closest differential diagnosis of CAPM 
because of the shared risk factors and similar 
clinicoradiological features.82 Dual infections of CAPA 
and CAPM further add to the diagnostic conundrum.36 
Although glucocorticoids are a risk factor for both CAPA 
and CAPM,83 poorly controlled diabetes is more often 
associated with CAPM than with CAPA.4,5,26

The imaging findings of CAPM overlap with CAPA. In 
contrast-enhanced CT chest scans, vessel occlusion sign 
(due to angioinvasion) is seen in patients with invasive 
pulmonary aspergillosis,84 but might also be seen in 
patients with pulmonary mucormycosis.41 The bird’s nest 
sign is seen in up to a third of patients with pulmonary 
mucormycosis, in contrast to 3% of patients with invasive 
pulmonary aspergillosis,80 and might help to differentiate 
the two invasive mould infections.38 On the basis of 
clinical experience and the published literature, we have 
summarised the likelihood of diagnosing CAPA versus 
CAPM on encountering various radiological findings 
(appendix p 3). However, in patients with radiological 
features highly suggestive of CAPM (panel 2), the 
evaluation of CAPM might have to continue despite 
diagnostic evidence of CAPA (microbiological or 
serological), because therapy will be dictated against dual 
infections (use of antifungal agent active against both 
Aspergillus and Mucorales and the need for surgery). For 
example, in a patient with uncontrolled diabetes whose 
CT thorax shows RHS, the evaluation for mucormycosis 
should continue despite microbiological and serological 
evidence of aspergillosis.85

Biomarkers such as serum galactomannan have 
imperfect diagnostic performance for CAPA, especially 
in non-neutropenic individuals.86 The accuracy of 

bronchoalveolar lavage fluid β-D-glucan is poor 
(sensitivity is 52% and specificity is 58%) for the diagnosis 
of invasive fungal disease.87 The sensitivity (87%) and 
specificity (81%) of bronchoalveolar lavage fluid 
galactomannan is acceptable in diagnosing invasive 
pulmonary aspergillosis.88 Thus, even when performing 
these two tests in the bronchoalveolar lavage fluid, we 
cannot conclusively exclude invasive pulmonary 
aspergillosis. However, the sensitivity improves to 94% 
when combining the two tests.87,88 Thus, the likelihood 
of diagnosing CAPM is higher in a patient with 
negative bronchoalveolar lavage fluid β-D-glucan and 
galactomannan.

It is possible to encounter multiple scenarios suggestive 
of dual infection, which can be categorised further for 
research and epidemiological purposes (appendix p 4).

Prevention of CAPM
The most important step in the prevention of CAPM is 
the judicious use of glucocorticoids and other 
immunosuppressants for COVID-19.89 Glucocorticoids 
should be used only in hypoxaemic individuals with 
COVID-19, with the dose and duration of glucocorticoids 
conforming to the current guidelines.90 The expert 
panel advised against using antifungal prophylaxis for 
preventing CAM or CAPM in patients with COVID-19. 
Instead, the emphasis was placed on optimal glycaemic 
control.91 In patients with prolonged hypoxaemia due to 
COVID-19 or post-COVID-19 lung abnormalities, when a 
longer duration of glucocorticoids might be needed, the 
lowest possible dose of glucocorticoids should be used 
(along with strict glycaemic control).92

Control of underlying risk factors
The control of underlying risk factors is essential to 
improve outcomes in CAPM. For example, strict 
glycaemic control (140–180 mg/dL [7·8–10∙0 mmol/L]) is 
suggested in patients with CAPM, like in other critically 
ill patients.91 Before initiating or withholding other 
immunosuppressive drugs in the transplant setting, 
the risk–benefit ratio must be weighed. In general, in 
transplant recipients receiving immunosuppression who 
develop CAPM, low-dose glucocorticoids could be 
continued to avoid graft rejection.93

Management of CAPM
Surgery
The CAPM-GG recommended surgery for all patients 
with potentially resectable disease (figure 2). Extensive 
invasion of mediastinal structures and hilar vessels is 
associated with technical difficulties during surgery 
and poor outcome.94 A few patients with potentially 
resectable disease might not be operable due to multiple 
comorbidities or frailty.95,96 The treatment decision for 
these patients needs to be individualised, ideally after a 
discussion involving a multidisciplinary team, consisting 
of thoracic surgeons, clinicians, and radiologists.
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Preoperative evaluation should include spirometry 
(especially in patients due to receive a pneumonectomy 
or patients with chronic respiratory disease) and 
assessment of frailty and exercise capacity (eg, 6 min 
walk test [6MWT]).97 Spirometry might not be possible 
for patients with COVID-19 or patients with massive 
haemoptysis,98 and the decision to operate must be made 
on the basis of surrogate measures (ie, 6MWT and frailty 
assessment) and multidisciplinary team evaluation.

 The optimal timing for surgery in CAPM is unknown, 
and there is a wide variation in practice.99 Although surgery 
should be performed as early as possible, the experts felt 
that the metabolic abnormalities (eg, glycaemic control 
and electrolyte imbalance) should be corrected, which 
generally takes 1–2 weeks. Emergent surgery is warranted 
in patients with massive haemoptysis.3,97,99–101 In patients 
with CAPM, surgery could be delayed due to the poor 
health status of patients. However, it was suggested that 
surgery be performed soon after stabilising COVID-19 or 
post-COVID-19 hypoxaemia. Uncommonly, patients 
might show a good response following medical therapy 
and, consequently, might not require surgery for CAPM. 
These patients should be closely observed, and the 
underlying risk factors such as diabetes should be 
controlled. However, re-evaluation and surgery should be 
considered at the earliest sign of deterioration.

In patients with bilateral disease, surgery could be 
considered if the lesion in one of the lungs shows total or 

near-total resolution, or when there is a complication 
such as massive haemoptysis. Some patients might 
tolerate partial resection, provided the lung reserve 
permits surgery of both the lungs.

All patients with potentially resectable lung disease 
should undergo surgery (consensus level: 95%). We 
recommend that surgery should be performed as soon as 
the metabolic derangements are corrected, generally 
within 1–2 weeks (consensus level: 74%). Furthermore, 
in patients who show invasion of the mediastinal 
structures during imaging, we recommend initial 
medical management followed by reassessment for 
surgery (consensus level: 81%). We also recommend that 
a multidisciplinary team evaluate all such patients before 
surgery (consensus level: 100%).

Medical management
All patients with proven or probable CAPM should be 
treated with antifungal agents that are effective against 
Mucorales. The expert group recommended against 
routinely treating patients with possible CAPM. However, 
delayed initiation of therapy is associated with high 
mortality in patients with mucormycosis.11 Hence, the 
treatment decision must be individualised, ideally after 
discussion by a multidisciplinary team (ie, clinicians, 
radiologists, microbiologists). For example, patients with 
highly suggestive imaging (eg, RHS, mycotic aneurysm 
and bird’s nest sign), risk factors (eg, post-COVID-19 in a 

Figure 1: Diagnostic algorithm for evaluating suspected CAPM
CAPM=COVID-19-associated pulmonary mucormycosis. *Direct microscopy or histopathology showing broad aseptate hyphae.

Obtain sample for microbiology
and pathology

Obtain tissue for histopathology
and culture for definite diagnosis of
proven CAPM

Bronchial washings or
bronchoalveolar lavage: probable
CAPM
Endobronchial biopsy or 
transbronchial lung biopsy: proven
CAPM

Bronchoscopy* Image-guided biopsy or fine-needle
aspiration cytology*

Central or peripheral lesionProbable CAPM Peripheral lesion alone

AbsentPresent

Aseptate hyphae

Sputum or tracheal aspirate microscopy

Proven CAPM

Suspected CAPM (clinical features, imaging)Extrapulmonary lesion
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patient with diabetes, with diabetic ketoacidosis, or on 
glucocorticoid therapy), and clinical features (massive 
haemoptysis) would benefit from early therapy. The 
experts recommended classifying treatment in CAPM as 
primary and maintenance therapy.

Primary therapy
Liposomal amphotericin B is the therapy of choice for 
patients with CAPM. The experts agreed on an initial 
dose of 5 mg/kg per day of intravenous liposomal 
amphotericin B as recommended by the global 
guidelines for mucormycosis.11 A higher dose (10 mg/kg 
per day) has been suggested to treat intracranial 
disease.11,102,103 The experts advocated against dose 
escalation of liposomal amphotericin B for patients with 
bilateral pulmonary disease or inoperable CAPM, 
although no consensus was reached for critically ill 
patients with CAPM. When liposomal amphotericin B 
is not available, other lipid formulations of 
amphotericin B could be used.10,11 Posaconazole or 
isavuconazole should not be routinely used as primary 
therapy because there is no supporting randomised 
controlled trial, except in situations in which the 
organism is known to have a high minimum inhibitory 
concentration for amphotericin B (eg, C bertholletiae). 
The experts agreed that triazoles might also be the 

primary therapy when none of the amphotericin B 
formulations are available.

When administering amphotericin B, serum electro
lytes, renal and liver functions, and complete blood count 
should be closely monitored. Hypokalaemia induced by 

Definition

Success

Complete response Survival and resolution of all attributable clinical features (symptoms and signs) of 
disease, and resolution of the radiological lesion (or lesions) or persistence of only a 
scar or postoperative changes that can be equated with a complete radiological 
response

Partial response Survival and resolution of all attributable clinical features (symptoms and signs) of 
disease, and a 25% or higher reduction in the diameter of radiological lesion (or 
lesions); or radiological stabilisation (<25% reduction in the diameter of the lesion), 
and resolution of all attributable symptoms and signs of fungal disease

Failure

Stable disease Survival and minor or no improvement in all attributable clinical features 
(symptoms and signs) of disease and radiological stabilisation (<25% reduction in 
the diameter of the lesion)

Progressive disease Worsening clinical symptoms or signs of disease, and new sites of disease or 
radiological worsening of pre-existing lesions or persistent isolation of Mucorales

Death Death due to any cause during the period of assessment

The criteria have been adapted from the Mycoses Study Group and European Organisation for Research and Treatment 
of Cancer consensus criteria for response assessment in invasive mould disease.106

Table 2: Response assessment criteria in COVID-19 associated pulmonary mucormycosis

Figure 2: Proposed algorithm for treating CAPM
CAPM=COVID-19-associated pulmonary mucormycosis. *Treatment duration should be individualised and could be extended up to 12 weeks after complete response.

Stable or progressive disease

Assess response at 4–6 weeks

Continue liposomal amphotericin B

No Yes

Operable lesion and patient fit for surgery

Proven or probable CAPM

Initiate liposomal amphotericin B with regular monitoring of
serum electrolytes and renal function, and correct metabolic
derangements and risk factor control

Partial response

Complete response

Partial response

Surgery as soon as possible

• In vitro antifungal susceptibility
• Re-evaluate for other causes
• Continue liposomal
   amphotericin B or salvage
   posaconazole or isavuconazole

• Reassess for surgery
• Start posaconazole or isavuconazol
   until complete response

• Close observation
• Posaconazole or isavuconazole for
   another 4–6 weeks*

• Continue liposomal
   amphotericin B for 4–6 weeks
• Start posaconazole or
   isavuconazole after liposomal
   amphotericin B for  at least
   4–6 weeks after complete
   response*
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amphotericin B could be aggravated by glucocorticoids 
used for COVID-19. Daily electrolyte monitoring with 
electrolyte supplementation was proposed for hypoka
laemia and hypomagnesaemia, and amphotericin B can 
be continued with electrolyte supplementation. The renal 
dysfunction associated with amphotericin B is generally 
reversible after discontinuing therapy. All formulations 
of amphotericin B have been safely used in a standard 
dosage, even in patients on renal replacement therapy.104,105 
The experts advised temporarily discontinuing 
amphotericin B if the serum creatinine values double 
from baseline and advised restarting amphotericin B 
once the values normalise. Another approach is to reduce 
the dose of amphotericin B (from 5 mg/kg per day to 
1–3 mg/kg per day) and increase the dose once the serum 
creatinine values return to baseline. Some patients 
with progressive renal dysfunction, anaphylaxis, drug 
non-availability, or drug intolerance might need to 
switch over to salvage therapy with posaconazole or 
isavuconazonium.

The optimal duration of primary therapy for CAPM is 
unclear. The experts recommended that the duration of 
therapy be based on response assessment rather than 
fixed duration (table 2). However, most experts agreed 
that complete or partial response is generally achieved by 
4–6 weeks of primary therapy.

We recommend liposomal amphotericin B (5 mg/kg 
per day) as the treatment of choice for CAPM (consensus 
level: 100%). This dose could be escalated (10 mg/kg 
per day) in patients with intracranial involvement 
(consensus level: 48%). If the liposomal formulation is 
unavailable, any amphotericin formulation can be used 
for primary therapy rather than posaconazole or 
isavuconazole (consensus level: 94–100%). We do not 
recommend escalating the dose of amphotericin B in 
patients with bilateral or non-operable disease or 
uncontrolled risk factors (consensus level: 85–90%).

The ideal time for response assessment using a 
CT scan remains unclear. Chest radiography might be 
performed weekly, or as clinically indicated, to detect 
radiological deterioration rather than improvement. 
Unlike in invasive pulmonary aspergillosis, improvement 
in pulmonary mucormycosis takes longer, particularly in 
patients with diabetes.103 The expert group recommended 
performing a CT scan of the thorax at 4–6 weeks to assess 
treatment response.106 The response should be 
categorised as complete response, partial response, 
stable disease, or progressive disease (table 2). A complete 
or partial response is classified as a successful outcome, 
whereas stable or progressive disease is considered a 
treatment failure.106

Maintenance therapy
Once a complete or partial response is achieved, mainte
nance treatment with isavuconazole or posaconazole 
should be initiated (except when the organism isolated is 
resistant to azoles, eg, M circinelloides).107 A clear 

consensus was not achieved even after three rounds of 
Delphi regarding the duration of treatment after attaining 
a complete or partial response. Although most (two-
thirds) participants in the expert group suggested at least 
4–6 weeks of maintenance therapy after complete 
response, a few experts felt the need for a longer duration 
(up to 3 months). Importantly, all of the experts agreed 
that the duration of maintenance treatment needs to be 
personalised. The factors to be considered are the 
predisposing conditions (COVID-19 only vs COVID-19 
with coexisting diabetes vs COVID-19 in organ transplant 
recipients, for whom the reversal of immune status 
differs), the extent of lung involvement, complete or 
partial surgical resection, response to initial therapy, the 
type of Mucorales, and coexisting pulmonary illnesses 
for which a delayed resolution is expected.

A delayed-release tablet of posaconazole is preferred to 
the suspension form.25 The suspension form has variable 
absorption and less dependable pharmacokinetics than the 
posaconazole tablet.108 The expert group favoured 
posaconazole over isavuconazole due to its wider 
availability, reduced cost of therapy, more experience of its 
use by health-care professionals, and published evidence. 
However, therapeutic drug monitoring is recommended 
for patients on posaconazole therapy, and the target 
concentration should be more than 1 mg/L. By contrast, 
isavuconazole does not need therapeutic drug monitoring, 
might have lesser toxicity and better bioavailability than 
posaconazole, but has a higher cost than posaconazole.10,109,110

In patients with stable disease or partial response, 
surgery should be considered along with maintenance 
therapy with posaconazole or isavuconazole. The experts 
suggested the following measures in patients with 
progressive disease: excluding secondary infections, 
species identification, and antifungal susceptibility testing 
(if not performed earlier). Additionally, the underlying risk 
factors for CAPM should be addressed. The experts 
reached a consensus on the following therapeutic approach 
in patients with progressive disease: continuing liposomal 
amphotericin B, or using posaconazole or isavuconazole 
as salvage therapy for a longer duration until a complete or 
partial response is achieved. The experts suggested against 
using a combination of antifungal agents in patients with 
treatment failure.111,112 Despite a theoretical advantage of 
drug synergy,113 there is currently no clear evidence 
supporting the use of a combination of antifungal drugs 
for the treatment of pulmonary mucormycosis.11,112 A 
management algorithm is provided in figure 2.

We recommend maintenance treatment with isavuco
nazole or posaconazole after the patient achieves a 
complete or partial response (consensus: 100%). No 
consensus could be reached regarding the duration of 
treatment after the patient attains a complete or partial 
response. We do not recommend a combination of 
antifungal drugs (posaconazole or isavuconazole with 
amphotericin) in patients with treatment failure 
(consensus level: 89%). We recommend continuing 
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liposomal amphotericin B or using posaconazole or 
isavuconazole for a longer duration until a complete or 
partial response is achieved, as salvage therapy in patients 
with treatment failure (consensus level: 89–100%).

In the absence of high-quality data for CAPM or non-
CAPM, nebulised amphotericin B was not recommended 
for treatment. Colony-stimulating factors (G-CSF, 
GM-CSF) or neutrophil transfusions should not be 
routinely used in patients with CAPM.

Future directions
The expert group identified the following broad areas for 
conducting research: incidence and epidemiology of 
CAPM at different geographical locations; factors 
contributing to the development of CAPM in patients 
with COVID-19; imaging findings of CAPM versus CAPA; 
the role of molecular diagnostics (ie, blood, endotracheal 
aspirate, or sputum) in CAPM; and duration of medical 
therapy for CAPM and timing of surgery.

Limitations and strengths
Data on CAPM are scarce. This Review is primarily based 
on the opinions of a small group of experts, although this 
group does have considerable experience and were 
actively managing CAPM cases during the pandemic. 
The opinions of this group might have inherent biases, 
as all the experts are from a single country. Furthermore, 
the experiences of the experts are derived from a 
population comprising patients from a single country, 
with possible common geographical, racial, genetic, and 
environmental factors. CAPM could behave differently in 
other parts of the world. The strengths of the decision 
process include obtaining anonymous responses from 
the experts and performing three rounds of Delphi to 
clarify ambiguous statements and questions. Although 
CAPA has been recognised as an important complication 
of COVID-19 in many countries, CAPM remains under-
diagnosed. The absence of a biomarker for CAPM is a 
substantial drawback, and the true incidence of CAPM 
might be underestimated. The current consensus 
opinion therefore provides a framework to improve 
awareness of, identify, and manage CAPM until well 
conducted studies are available. The various possible 
categories of dual infections of CAPA and CAPM are also 
categorised.

Conclusions
In conclusion, this Review provides current knowledge 
on the epidemiology, risk factors, and expert guidance on 
defining CAPM for patient care and research. 
Furthermore, this Review summarises the available data 
on imaging, diagnostic challenges, and management 
issues unique to CAPM, which are likely to evolve with 
further research. The widespread dissemination of these 
guidelines could improve awareness about CAPM, and 
possibly research into CAPM, to meet the unmet needs 
in this field.
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