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Abstract
Background: As the global coronavirus pandemic (COVID-19) spreads across the 
world, new clinical challenges emerge in the hospital landscape. Among these chal-
lenges, the increased risk of coinfections is a major threat to the patients. Although 
still in a low number, due to the short time of the pandemic, studies that identified a 
significant number of hospitalised patients with COVID-19 who developed second-
ary fungal infections that led to serious complications and even death have been 
published.
Objectives: In this scenario, we aim to determine the prevalence of invasive fungal 
infections (IFIs) and describe possible associated risk factors in patients admitted due 
to severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection.
Patients/Methods: We designed an open prospective observational study at the Rey 
Juan Carlos University Hospital (Mostoles, Spain), during the period from February 1 
to April 30, 2020.
Results: In this article, we reported seven patients with COVID-19-associated pulmo-
nary aspergillosis (CAPA) who had a poor prognosis. Severely ill patients represent a 
high-risk group; therefore, we must actively investigate the possibility of aspergillosis 
in all of these patients. Larger cohort studies are needed to unravel the role of COVID-
19 immunosuppressive therapy as a risk factor for aspergillosis.
Conclusions: As the pandemic continues to spread across the world, further reports 
are needed to assess the frequency of emergent and highly resistant reemergent fun-
gal infections during severe COVID-19. These coinfections are leading a significant 
number of patients with COVID-19 to death due to complications following the pri-
mary viral disease.
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1  |  INTRODUC TION

Invasive fungal infections (IFIs) have an incidence of approximately 
4.7 per 1000 patients and have been associated with high morbid-
ity and mortality in critically ill and immunocompromised patients. 
The most important fungi isolated are Candida spp., Aspergillus spp., 
Cryptococcus spp. and Pneumocystis spp.1 Although studies indi-
cate an increase in IFI, the incidence is underestimated in clinical 
settings.2

Invasive aspergillosis has been reported in critically ill patients 
with influenza. In the study by Schauwvlieghe et al, authors identi-
fied influenza as an independent risk factor for invasive pulmonary 
aspergillosis (IPA), associated with high mortality.3 In previous coro-
navirus disease outbreaks (severe acute respiratory syndrome, SARS 
and Middle East Respiratory Syndrome, MERS), some patients ex-
perienced clinical complications caused by IFI, especially Aspergillus 
spp.4

A few cases of IPA have been published in critical infection cases 
caused by the severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2). However, the global incidence is underestimated, and 
more evidence is needed. A series of factors, such as lung damage 
caused by the SARS-CoV-2 infection, medical interventions and im-
munosuppressive treatments used could explain the increased risk 
of IFI in Coronavirus Disease 2019 (COVID-19)-patients. It is clini-
cally relevant to understand the risk factors associated with IFI in 
patients with COVID-19 and to determine a group of high-risk pa-
tients. Several concomitant factors play a role in the development of 
these coinfections.5–8

We hypothesised that the use of immunosuppressors could 
increase the risk of the patients to develop probable IPA.9 In this 
scenario, we aim to determine the prevalence of IFIs and describe 
possible associated risk factors in patients admitted due to severe 
SARS-CoV-2 infection.

2  |  METHODS

2.1  |  Study design

We designed an open prospective observational study, which was con-
ducted at the Rey Juan Carlos University Hospital (HURJ), during the 
period from February 1 to April 30, 2020 (Figure 1). The HURJ is a cen-
tre integrated into the public health network of Madrid (Spain), which 
serves a population of approximately 174,000 inhabitants in the south-
ern area of Madrid. It has 358 individual hospital beds, with the possi-
bility of doubling the number according to the demand, including those 
of the Pneumology service. The Pneumology service has a Respiratory 
Intermediate Care Unit (RICU). Before the COVID-19 pandemic, our 
RICU was integrated into the ICU and had four beds. The patients were 
attended by a pneumonologist in the morning and by another in the 
afternoon. Patient assistance at night and on weekends was performed 
by the ICU personnel. The Pneumology hospital area, prior to COVID-
19, had 12 hospital beds, with the possibility of doubling the amount 
to 24 beds, according to admission needs. During the COVID-19 pan-
demic, the RICU was unified with the Pneumology hospitalisation sec-
tion, reaching 45 hospital beds to attend semi-critical patients.

F I G U R E  1  Flow chart of the study. ICU, Intensive Care Unit; IFI, Invasive fungal infection; RICU, Respiratory Intermediate Care Unit; 
RJCUH, Rey Juan Carlos University Hospital
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The study presented here was approved by the Ethics Committee 
of the Fundación Jiménez Díaz Health Research Institute (EO102-20-
HRJC). This ethics committee covers four hospitals that belong to 
the same hospital group (Jiménez Díaz Foundation, Rey Juan Carlos 
University Hospital, Infanta Elena University Hospital, and Villalba 
Hospital). This work is a retrospective observational study and, in view 
of the pandemic situation, informed consent was not requested from 
the patients. The confidentiality regarding subject personal data was  
maintained.

2.2  |  Sample design

We included 215 adult patients respectively admitted to the RICU or 
to the intensive care unit (ICU), with a confirmed diagnosis of severe 
pneumonia caused by SARS-CoV-2 (Figure 1). IFI was diagnosed ac-
cording to the criteria of the European Organization for Research 
and Treatment of Cancer/Mycoses Study Group.10

Patients without a microbiological diagnosis of SARS-CoV-2 or 
IFI, and those from whom the planned data was not collected were 
excluded from the database.

In order to confirm the presence of a SARS-CoV-2 infection, 
smear samples were collected from the upper respiratory tract, at 
the moment of admission, and processed for RT-PCR (‘Primerdesign 
Ltd COVID-19 genesig® Real-Time PCR assay’, HAIN Lifescience, 
Chandler's Ford, UK). A serological diagnosis was made using the 
COVID-19 rapid Biozek Medical Test with a specificity of 98% for 
IgG and of 96% for IgM and a sensitivity of 100% for IgG and 85% 
for IgM (BIOZEK, Apeldoorn, Netherlands).

2.3  |  Microbiological diagnosis

According to our protocol, from all patients admitted to the RICU 
or ICU, samples of respiratory secretions and nasal, oropharyngeal, 
rectal, urine and skin exudates were collected every two weeks. 

TA B L E  1  Summarised socio-demographic variables (gender, age, admission to ICU), number of comorbidities, and COVID-19 symptoms

Sex

Age 
(years 
old) Comorbidities

Time 
from start 
symptoms 
(Days a 

COVID-19 
symptoms

ICU (OTI) 
Time OTI Complications

Death (days) Cause 
of death Treatmentb  Antifungal therapy Isolate

Case 1 Male 75 Sleep apnoea syndrome, 
Basal-cell carcinoma, 
Diabetes mellitus type 2, 
arterial hypertension, 
dyslipidemia, COPD

20 Dyspnoea, cough, 
and fever

YES (YES) 
5 days

Pneumothorax, sepsis, 
atrial fibrillation, severe 
myopathy and acute renal 
failure

YES (25) Sepsis Tocilizumab (600 mg) Methylprednisolone 
(40 mg/day) Interferon β-1b

No treatment A. fumigatus

Case 2 Male 42 Morbid obesity 12 Cough, sputum, 
dyspnoea, and 
fever

YES (YES) 
11 days

Thoracic bleeding, sepsis, 
severe myopathy, acute 
renal failure, multiorgan 
failure and atrial fibrillation

YES (23) Sepsis Methylprednisolone (40 mg/day) Itraconazole (IV): 200 mg Q12H × 48 h. Subsequent, 
daily starting day 3 200 mg Q24H

A. fumigatus

Case 3 Female 60 Morbid obesity, peptic 
ulcer, extrinsic allergic 
alveolitis

10 Fever, malaise, 
diarrhoea and 
headache

YES (YES) 
10 days

Sepsis, atrial fibrillation, 
severe myopathy and 
acute renal failure

YES (20) Lopinavir/Ritonavir (400 mg/100 mg) No treatment A. niger

Case 4 Female 58 Sleep apnoea syndrome, 
and arterial 
hypertension

15 Fever, malaise, 
cough and 
dyspnoea

YES (YES) 
7 days

Acute renal failure, and severe 
myopathy

NO Tocilizumab (1.600 mg) Methylprednisolone 
(120 mg daily - for 3 days)

Itraconazole (IV): 200 mg Q12H × 48 h. Subsequent, 
daily starting day 3 200 mg Q24H until the ninth day 
PO: 200 mg Q24H for 60 days

A. flavus

Case 5 Male 70 Diabetes mellitus type 
2, and arterial 
hypertension

11 Fever, malaise, 
cough and 
dyspnoea

NO (NO) Atrial fibrillation, and 
pulmonary embolism

YES (42) Organ 
failure

Tocilizumab (600 mg) Methylprednisolone 
(120 mg daily - for 3 days)

Itraconazole IV: 200 mg Q12H × 48 h. Subsequent, daily 
starting day 3 200 mg Q24H

A. fumigatus

Case 6 Male 55 Diabetes mellitus type 
2, and arterial 
hypertension

10 Dyspnoea, cough, 
and fever

YES (YES) 
5 days

Acute renal failure NO (28) Tocilizumab (600 mg) Methylprednisolone 
(120 mg daily - for 3 days)

Amphotericin B deoxycholate (ABD) (IV) 5 mg / kg / day A. niger

Case 7 Male 57 No known comorbidity 12 Dyspnoea, cough, 
and fever

YES (YES) 
18 days

Pneumothorax, thoracic 
bleeding, pulmonary 
infarction, sepsis, acute 
renal failure, severe 
myopathy and Broncho-
pulmonary fistula

YES (30) Sepsis Tocilizumab (600 mg) Methylprednisolone 
(250 mg daily - for 3 days)

Itraconazole (IV): 200 mg Q24H until the ninth day PO: 
200 mg Q24H for 60 days

A. flavus

Abbreviations: COPD, Chronic Obstructive Pulmonary Disease; COVID-19, Coronavirus Disease 2019; ICU, Intensive Care Unit; IV (Intravenous),  
administration within or into a vein or veins; OTI, Orotracheal intubation; PO (Oral), Administration to or by way of the mouth.
a‘Time from start symptoms’ refers to the time from the beginning of the symptoms to hospital admission. 
bAll patients received Azithromycin 500 mg for 3 days, Hydroxychloroquine sulphate 5 mg/kg (310 mg base) for 7 days and third-generation  
cephalosporins for 7 days. 
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Samples of sputum, from patients with sputum production, were 
collected and processed for microbiology analysis.

To obtain additional samples of respiratory secretions by a direct 
aspiration (bronchoaspirates, BAS) or by completing a bronchoalve-
olar lavage (BAL), a bronchoscopy was performed. For the BAL, we 
instilled three 50 ml aliquots of sterile physiological solution (150 ml 
in total) in the area with radiological involvement.

Patients with a sustained fever above 38ºC, despite the use of 
prescribed antibiotics, had blood samples collected for blood cul-
tures. Similarly, we sent the tip of the removed central catheters of 
these patients to the microbiology laboratory. Fungal species were 
identified by the analysis of the ITS1-5.8S-ITS2 region amplified by 
PCR and sequenced according Sanger et al (1977).

For the diagnosis of fungal infections, the detection of the 
Aspergillus galactomannan antigen was carried out in the BAL sam-
ple by using the Platelia™ Aspergillus EIA assay (Bio-Rad, Marnes La 
Coquette, France). We considered that the result was positive when 
the Aspergillus-galactomannan antigen value was ≥0.5.

2.4  |  Variables

We obtained the data from the electronic medical record system 
of our centre, which allows the access to medical and nursing com-
ments, in addition to laboratory and radiology exams.

We collected the data related to the socio-demographic situation 
of the patients as well as their baseline health situation. During the 
inpatient stay, the data regarding the clinical course of the disease, 
the treatment for COVID-19 and the unfavourable evolution of the 
disease, including the occurrence of a major complication, admission 
to the ICU, and death were analysed.

A severe pneumonia was identified when there was failure of 
one or more organs, when the oxygen saturation measured by pulse 
oximetry was <90% in ambient air, or when the respiratory rate was 
>30 breaths per minute. In acute respiratory distress syndrome 
(ARDS) cases, the classification was made according to when the 
partial pressure of arterial Oxygen (PaO2)/ fraction of inspired oxy-
gen (FiO2) scored as mild (200 mm Hg < PaO2 / FiO2 < 300 mm Hg), 

TA B L E  1  Summarised socio-demographic variables (gender, age, admission to ICU), number of comorbidities, and COVID-19 symptoms

Sex

Age 
(years 
old) Comorbidities

Time 
from start 
symptoms 
(Days a 

COVID-19 
symptoms

ICU (OTI) 
Time OTI Complications

Death (days) Cause 
of death Treatmentb  Antifungal therapy Isolate

Case 1 Male 75 Sleep apnoea syndrome, 
Basal-cell carcinoma, 
Diabetes mellitus type 2, 
arterial hypertension, 
dyslipidemia, COPD

20 Dyspnoea, cough, 
and fever

YES (YES) 
5 days

Pneumothorax, sepsis, 
atrial fibrillation, severe 
myopathy and acute renal 
failure

YES (25) Sepsis Tocilizumab (600 mg) Methylprednisolone 
(40 mg/day) Interferon β-1b

No treatment A. fumigatus

Case 2 Male 42 Morbid obesity 12 Cough, sputum, 
dyspnoea, and 
fever

YES (YES) 
11 days

Thoracic bleeding, sepsis, 
severe myopathy, acute 
renal failure, multiorgan 
failure and atrial fibrillation

YES (23) Sepsis Methylprednisolone (40 mg/day) Itraconazole (IV): 200 mg Q12H × 48 h. Subsequent, 
daily starting day 3 200 mg Q24H

A. fumigatus

Case 3 Female 60 Morbid obesity, peptic 
ulcer, extrinsic allergic 
alveolitis

10 Fever, malaise, 
diarrhoea and 
headache

YES (YES) 
10 days

Sepsis, atrial fibrillation, 
severe myopathy and 
acute renal failure

YES (20) Lopinavir/Ritonavir (400 mg/100 mg) No treatment A. niger

Case 4 Female 58 Sleep apnoea syndrome, 
and arterial 
hypertension

15 Fever, malaise, 
cough and 
dyspnoea

YES (YES) 
7 days

Acute renal failure, and severe 
myopathy

NO Tocilizumab (1.600 mg) Methylprednisolone 
(120 mg daily - for 3 days)

Itraconazole (IV): 200 mg Q12H × 48 h. Subsequent, 
daily starting day 3 200 mg Q24H until the ninth day 
PO: 200 mg Q24H for 60 days

A. flavus

Case 5 Male 70 Diabetes mellitus type 
2, and arterial 
hypertension

11 Fever, malaise, 
cough and 
dyspnoea

NO (NO) Atrial fibrillation, and 
pulmonary embolism

YES (42) Organ 
failure

Tocilizumab (600 mg) Methylprednisolone 
(120 mg daily - for 3 days)

Itraconazole IV: 200 mg Q12H × 48 h. Subsequent, daily 
starting day 3 200 mg Q24H

A. fumigatus

Case 6 Male 55 Diabetes mellitus type 
2, and arterial 
hypertension

10 Dyspnoea, cough, 
and fever

YES (YES) 
5 days

Acute renal failure NO (28) Tocilizumab (600 mg) Methylprednisolone 
(120 mg daily - for 3 days)

Amphotericin B deoxycholate (ABD) (IV) 5 mg / kg / day A. niger

Case 7 Male 57 No known comorbidity 12 Dyspnoea, cough, 
and fever

YES (YES) 
18 days

Pneumothorax, thoracic 
bleeding, pulmonary 
infarction, sepsis, acute 
renal failure, severe 
myopathy and Broncho-
pulmonary fistula

YES (30) Sepsis Tocilizumab (600 mg) Methylprednisolone 
(250 mg daily - for 3 days)

Itraconazole (IV): 200 mg Q24H until the ninth day PO: 
200 mg Q24H for 60 days

A. flavus

Abbreviations: COPD, Chronic Obstructive Pulmonary Disease; COVID-19, Coronavirus Disease 2019; ICU, Intensive Care Unit; IV (Intravenous),  
administration within or into a vein or veins; OTI, Orotracheal intubation; PO (Oral), Administration to or by way of the mouth.
a‘Time from start symptoms’ refers to the time from the beginning of the symptoms to hospital admission. 
bAll patients received Azithromycin 500 mg for 3 days, Hydroxychloroquine sulphate 5 mg/kg (310 mg base) for 7 days and third-generation  
cephalosporins for 7 days. 
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moderate (100 mm Hg < PaO2 / FiO2 < 200 mm Hg) or severe (PaO2 
/ FiO2 < 100 mm Hg).11

The CURB-651 and MuLBSTA2 were used as severity indices for 
pneumonia, the latter being used as an indicator for viral pneumo-
nia. According to the MuLBSTA score, we classified the patients as 
having a low risk (0–11 points, mortality 5.07%) or a high risk of mor-
tality (≥12 points, mortality 33.92%) (Table S1). We considered a cut-
off point of 12 from the MuLBSTA score to differentiate between 
the low-risk mortality group (0–11 points) and the high-risk mortality 
group (>12 points).12,13

The radiological involvement was classified according to the ra-
diographic assessment of lung oedema (RALE).14 To calculate the 
RALE score, the chest was divided into 4 quadrants. Each quadrant 
was scored, from zero to four, according to the extension of the alve-
olar opacities: zero, no involvement; one, <25% of involvement; two: 
25%–50%; three: 50%–75% and four: >75%). The total result was 
obtained from the sum of the scores of each one of the quadrants. 
We analysed each lung separately, and we scored from zero to four 
points depending on the damage visualised in the radiological exam 
(maximum of eight points, adding up the punctuation of both lungs). 
A score below two was interpreted as mild involvement, between 
three and six points as moderate, and above 6 as severe involvement 
(Table S2).

2.5  |  Statistical analysis

Data was analysed using the IBM® Statistical Product and Service 
Solutions (spss®) statistical software, version 20.0 (SPSS Inc, Chicago, IL, 
USA). Statistical summary was applied to describe socio-demographics 
and clinical variables of the study. Data was presented as median (inter-
quartile range [IQR], mean ± standard deviation [SD]) or numbers with 
percentages if not indicated otherwise. Differences between groups 
were analysed using Fisher tests. The calculation of relative risk (RR) 
was made using contingency tables and the results were expressed as a 
confidence interval (CI). For univariate analysis Student's test and Chi-
square test, were used as appropriate. Spearman's test was used for 
the bivariate correlation test for independent predictor selections. The 
level of significance will be assumed when p < .05.

3  |  RESULTS

From the total number of patients included in the study (n = 215), we 
diagnosed opportunistic IFI in 49 individuals (22.8%). Seven of these 
patients had an infection caused by Aspergillus spp. (A.  fumigatus, 
n = 3; A. flavus, n = 2 and A. niger, n = 2) (Table 1). The global prevalence 
of aspergillosis was 5.4%. In all cases, Aspergillus spp. was isolated 
from respiratory samples (bronchoalveolar lavage n = 6, bronchial as-
pirated secretions n = 2, and serial sputum n = 1). The bronchoscopy 
was made during ICU admission, and the indication of a possible infec-
tion was the progression of lung infiltrates and the low ratio of PaO2/
FiO2, despite medical treatment and invasive ventilation. The median 

age of the patients was 59.6 ± 15.21 years, and the majority was male 
(five male patients versus two female patients). Approximately 85.7% 
(n  =  6) had comorbidities (high blood pressure in all cases and one 
patient had interstitial lung disease) (Table 1). None of the patients 
were immunocompromised. The main comorbidities identified in the 
patients were morbid obesity, high blood pressure and sleep apnoea. 
None of the patients were immunocompromised (Table 1). Five pa-
tients with IPA were admitted to the ICU, approximately in the 14th 
day after the symptoms started. All of them needed orotracheal intu-
bation and parenteral nutrition. The outcomes were more adverse in 
IPA patients, with a high mortality (86% vs 37%, p-value = .002) and 
more extended hospital stay (31.8 vs 15.7 days, p-value = .038).

Radiological involvement was more severe in IPA patients than 
in patients without IPA, and clinical scores of severity followed the 
same trend (lower PaO2/FiO2 value: 136.4 vs 150.6; high MuLBSTA 
score punctuation: 11.2 vs 10, without significant differences. 
There was a significant number of complications 100% vs 70%, p-
value ≤ .05 (Table 2, Tables S1 and S2).

The time since the onset of symptoms started was eleven days 
(IQR 26). Upon admission, all patients received a noninvasive respi-
ratory therapy (four cases with continuous positive airway pressure 
and three cases with high nasal flow). In six patients, orotracheal in-
tubation and invasive ventilation were required due to the worsen-
ing of respiratory function (Tables 1 and 2). Regarding the medical 
treatment received, all patients were treated with type 1β interferon 
(IFN), five patients were treated with Tocilizumab (71.4%), and four 
patients (57.1%) were treated with systemic corticosteroids (Tables 1 
and 3). All patients received Azithromycin 500  mg for 3  days, hy-
droxychloroquine at a dose of 5 mg/kg for 7 days and 3rd genera-
tion cephalosporins for 7 days (Table 1). Interestingly, Tocilizumab 
was prescribed in 71.4% of the cases whereas only 33.3% was pre-
scribed to the other group (p-value  =  .05). Similarly, type 1β IFN 
was prescribed to 71.4% vs 20.9% patients without Aspergillus spp. 
(p-value ≤  .05). A combination of Tocilizumab with corticosteroids 
was more frequent in IPA patients (57.1% vs 28.7%, p-value =  .18) 
(Table 3). From the seven patients diagnosed with IPA, three did not 
receive antifungal treatment for early death, three were treated with 
itraconazole and one of them with Amphotericin B (Table 1).

We identified important complications in those patients, such as 
acute renal failure (five cases, 71.4%), sepsis (five cases, 71.4%), atrial 
fibrillation (four cases, 57.1%), pulmonary embolism (three cases, 
42.8%) (Table  1). Unfortunately, five patients (71.4%) died in the 
ICU after an average stay of 24 days (IQR 27) due to complications 
caused by ARDS and severe respiratory failure.

4  |  DISCUSSION

Severe SARS-CoV-2 infection causes severe lung damage (diffuse 
alveolar damage in the acute or organising phases and focal pulmo-
nary microthrombi).15 In some cases, this lung damage was added to 
previous comorbidities that already affected the patients (eg chronic 
obstructive pulmonary disease (COPD), type 2 diabetes mellitus and 
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chronic renal failure). COVID-19 treatment (ie biological treatments, 
corticosteroids or type 1β IFN) and invasive techniques performed 
during patient admission to the ICU (eg orotracheal intubation, cen-
tral venous or arterial catheters, and parenteral nutrition) could lead 
to a secondary invasive fungal infection. Symptoms, such as fever, 
cough and dyspnoea could not pinpoint whether the patients had only 
COVID-19 or an IPA coinfection. The persistence of fever is probably 
the most indicative symptom for the existence of an associated con-
comitant infection. To our knowledge, and to this date, more than 50 
published cases of IPA have been identified in patients with COVID-
19. However, the clinical characteristics and risk factors are not well 
defined.16–25 It seems to exist a trend in which patients with IPA have 
the worst clinical prognosis and the highest mortality. In our cohort, 
five of the patients that had an IPA coinfection died. Wu JH et al, 
showed lesions related to a fungal infection in the postmortem analy-
sis of patients with COVID-19.26 In our cohort, we did postmortem 
studies in all deceased patients and we are unaware of any other po-
tential causes. The radiological findings were not specifically caused 

by IPA, probably because the radiological findings in COVID-19 pa-
tients overlapped those in the former, according to other authors.27

The prevalence of IPA, published in other studies, was very sim-
ilar to our data: between four and nine per cent of critically ill pa-
tients had IPA.6 According to Van Arkel et al, the average time for the 
diagnosis was approximately 19 days after admission, whereas in our 
study this average was 12 days.

The poor prognosis of patients with IPA supports the systematic 
screening of Aspergillus spp. infection in critically ill patients with 
COVID-19. We assume that the complexity of diagnosing IPA is due 
to the fact that laboratory results and findings in the radiological im-
ages are not sufficient to distinguish aspergillosis from SARS-CoV-2 
infection.

According to our results, the significant risk factor that seems to 
be associated with IPA is the treatment for COVID-19 (Tocilizumab 
and type 1β IFN). This is in line with the fact that cytokines act 
in the defence of the host against fungal infections. Patients 
with severe COVID-19 have noticeable lung damage due to the 
viral replication and the consequent cytokine storm and complex 

Aspergillus sp. 
group (n = 7)

Non-Aspergillus sp. 
group (n = 208)

p-value (Chi-
square test χ2)

Age (years old) 59.6 63 .32

PaO2/FiO2 (IQR) 136.4 (71) 148.5 (69) .47

SpO2/FiO2 (IQR) 123.7 (64) 162.5 (73) .40

MulBSTA score (IQR) 11.2 (5.5) 10 (6) .95

CURB-65 score (IQR) 1.7 (2) 0.5 (2) .032

RALE score: Severe group (%) 50 46 .84

Complications (%) 100 70 .05

Duration of stay (days) ± SD 32.25 ± 14 16.5 ± 10.5 .038

Death (%) 86 37 .002

Abbreviations: FiO2, Fraction of inspired oxygen; IQR, Interquartile range; PaO2, Partial Pressure 
of arterial Oxygen; RALE, Radiographic assessment of lungoedema; SD, standard deviation; SpO2, 
Oxygen saturation measured by a pulsometer.

TA B L E  2  Summarised scores for 
assessment of pneumonia severity 
(MuLBSTA and CURB-65), and the 
radiological findings (RALE); lung failure 
(PaO2/FiO2, SpO2/FiO2), and outcomes 
(prevalence of complications, length of 
stay and prevalence of death)

Treatment regimen
Aspergillus sp. group 
(n = 7)

Non-Aspergillus sp. group 
(n = 208)

p-
value

Azithromycin; n (%) 7 (100) 194 (93.3) .91

Hydroxychloroquine; n (%) 3 (43) 203 (98) .84

Lopinavir-ritonavir; n (%) 3 (43) 59 (28.3) .24

Tocilizumab; n (%) 5 (71.4) 69 (33.3) .05

Corticosteroids; n (%) 4 (57.1) 187 (90) .196

Cyclosporine; n (%) 1 (14.2) 19 (9.2) .55

IFN type 1β; n (%) 5 (71.4) 9 (4.3) .05

Combined IS treatment: 57.1% 36% .18

TCZ + SC 4 (57.1) 60 (28.7)

TCZ + CP 0 0

SC + CP 0 10 (4.7)

TCZ + SC + CZ 0 14 (6.7)

Abbreviations: CP, Cyclosporine; IFN, Interferon; IS, Immunosuppressants; SC, Systemic 
corticosteroids; TCZ, Tocilizumab.

TA B L E  3  Pharmacological treatment of 
COVID-19 patients. Treatment received 
by patients with and without an Aspergillus 
sp. coinfection
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inflammatory processes.28 This hyperinflammatory response has 
been described in cases of sepsis (between 3.7%–4.3%) and half of 
the ARDS severe cases.29 Recent evidence supports the role of IL-6 
as a marker for a more severe disease,30 and the treatment with 
Tocilizumab seems to be an excellent choice to treat them.31 Last 
but not least, there are published cases of an invasive fungal infec-
tion in patients with rheumatoid arthritis treated with Tocilizumab. 
This evidence can probably be extended to the patients suffering 
from COVID-19.32,33

In summary, patients with COVID-19 and an invasive aspergil-
losis coinfection have a poor prognostic. Critically ill patients rep-
resented a high-risk group, and we should actively investigate the 
possibility of aspergillosis in all of these patients. Larger cohort stud-
ies are needed in order to understand the role of immunosuppres-
sive therapy with COVID-19 as a risk factor for IPA.
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