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Abstract

Background: COVID-19 patients on mechanical ventilation are at risk to develop inva-
sive aspergillosis. To provide additional data regarding this intriguing entity, we con-
ducted a retrospective study describing risk factors, radiology and prognosis of this
emerging entity in a Brazilian referral centre.

Methods: This retrospective study included intubated (18 years) patients with
COVID-19 admitted from April 2020 until July 2021 that had bronchoscopy to investi-
gate pulmonary co-infections. COVID-19-associated aspergillosis (CAPA) was defined
according to the 2020 European Confederation of Medical Mycology/International
Society of Human and Animal Mycosis consensus criteria. The performance of tra-
cheal aspirate (TA) cultures to diagnose CAPA were described, as well as the radiologi-
cal findings, risk factors and outcomes.

Results: Fourteen patients (14/87, 16%) had probable CAPA (0.9 cases per 100 ICU
admissions). The sensitivity, specificity, positive predictive value and negative pre-
dictive value of TA for the diagnosis of CAPA were 85.7%, 73.1%, 46.2% and 95%
respectively. Most of the radiological findings of CAPA were classified as typical of
invasive pulmonary aspergillosis (64.3%). The overall mortality rate of probable CAPA
was 71.4%. Age was the only independent risk factor for CAPA [p = .03; odds ratio
(OR) 1.072]. CAPA patients under renal replacement therapy (RRT) may have a higher
risk for a fatal outcome (p = .053, hazard ratio 8.047).

Conclusions: CAPA was a prevalent co-infection in our cohort of patients under me-
chanical ventilation. Older patients had a higher risk to develop CAPA, and a poor

prognosis may be associated with RRT.
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1 | INTRODUCTION

It is estimated that over 10%-20% of the SARS-CoV-2-infected pa-
tients require hospitalisation,? and 3%-5% of them end up needing
intensive care support.*

Patients with severe COVID-19 requiring intensive care are at
risk to develop invasive pulmonary aspergillosis (IPA).% With a prev-
alence of up to 30% in some intensive care units,“'5 the COVID-19-
associated aspergillosis (CAPA) has mortality rates over 40%.%¢ The
diagnosis CAPA may be challenging and the radiologic findings may
be unspecific and unhelpful for its diagnosis.7 However, diagnostic
criteria have been proposed and have helped researchers to better
characterise and study this disease.® To bring additional relevant in-
formation regarding CAPA, we investigated the cases that occurred
at a Brazilian referral centre between April 2020 to July 2021, in-
cluding two high incidence peaks of SARS-CoV-2 infections that oc-
curred in June 2020 and March 2021 (https://covid19.who.int/regio
n/amro/country/br). Moreover, we further analysed the epidemiol-
ogy, laboratory and radiological findings, as well the risk factors and

prognostic features of this intriguing and emergent medical entity.

2 | MATERIAL AND METHODS

2.1 | Settings and casuistic

This retrospective study was carried out at the Albert Einstein
Hospital of Sdo Paulo, a referral Brazilian centre with 650 beds. All
consecutive patients (218 years) with the diagnosis of COVID-19 by
RT-PCR admitted to the intensive care unit (ICU) between 1 April
2020 and 31 July 2021 that had bronchoalveolar lavage (BAL) to in-
vestigate a fungal or bacterial superinfection were included. Patients
with cystic fibrosis and/or lung transplant recipients with previ-
ous recurrent airways colonisation or infection by Aspergillus spp.
were excluded from the study. Data were collected and held anony-
mously, and the study was approved by the local ethics Committee
(n. 34 882 620.7.0000.0071).

2.2 | Laboratory analysis

BALs and tracheal aspirates (TA) were cultured on Sabouraud plus
chloramphenicol (BioMérieux, Marcy L'Etoile, France) agar tubes at
30°C and 35°C for up to 21 days. Fungal identification was carried
out with micromorphology and by MALDI-TOF Mass Spectrometry
(Microflex Bruker, Bremen, Germany) according to the manufactur-
er’s instructions.

The galactomannan in BAL and serum specimens were measured
with a sandwich enzyme-linked immunosorbent assay (Platelia
Aspergillus™; Bio-Rad Laboratories, Hercules, California, USA), and
guantitative values were provided as optical density index (ODI).

Voriconazole serum levels requested between the sec-
ond and the fifth day after the first dose’ were measured with

liguid chromatography tandem mass spectrometry as previously
described.!® All laboratory tests have been approved by the College
of American Pathologists (CAP) external proficiency testing (CAP
number 6 705 801).

2.3 | Classification of CAPA

Patients with COVID-19 with pulmonary infiltrates (entry criterium)
were classified as having proven, probable and possible CAPA ac-
cording to the 2020 European Confederation of Medical Mycology/
International Society of Human and Animal Mycosis (ECMM/ISHAM)
consensus criteria.?

2.4 | Radiology

CT scan findings were classified as typical of IPA if they met at least
one radiologic criteria of IPA proposed by the European Organization
for Research and Treatment of Cancer and the Mycosis Study group
Education and Research Consortium (EORTC/MSG,) criteria: dense,
well-circumscribed lesion(s) with or without halo sign; air crescent
sign; cavity; wedged-shape and segmental or lobar consolidation.!!
Other radiologic findings were described and classified as nonspe-
cific of IPA.

2.5 | Epidemiology, risk and prognostic factors

Variables were analysed at ICU admission and included: age, sex,
body mass index (BMI), underlying conditions, haematologic or solid
cancer, and sequential organ failure assessment (SOFA) score.'?
Additional variables were evaluated during ICU hospitalisation until
the diagnosis of CAPA, or until hospital discharge for those with-
out CAPA: antibacterial and/or antifungal exposure, azithromycin
exposure, corticosteroid and/or tocilizumab therapy, high-level cor-
ticosteroid exposure defined as dosage higher than or equivalent to
prednisone 16 mg/day 215 days,* renal replacement therapy (RRT),
extracorporeal membrane oxygenation (ECMOQO), heart failure re-
quiring inotropic drugs, hepatic failure, previous candidaemia during
hospitalisation. Prognostic factors were also analysed for the proven
or probable CAPA cases at diagnosis: age, BMI, baseline diseases,
galactomannan serum levels, SOFA score at CAPA diagnosis, heart

failure requiring inotropic drugs, RRT, ECMO.

2.6 | Statistical analysis
The sensitivity, specificity, positive and negative predictive values
were calculated for TA cultures for the diagnosis of proven or prob-
able CAPA.

The total and monthly incidence of CAPA were calculated per
100 ICU admissions of COVID-19 patients.


https://covid19.who.int/region/amro/country/br
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Demographic data and clinical characteristics were presented
as counts and percentages. For continuous variables, medians and
ranges were described. Group comparisons were carried out with
Pearson’s chi-square or Fisher’s exact test where appropriate for
categorical variables. For continuous variables, group comparisons
were carried out with the Mann-Whitney test.

To investigate the risk factors of CAPA, proven and probable
CAPA were matched to consecutive ICU-hospitalised controls that
also underwent bronchoscopy to investigate a superinfection (non-
CAPA patients) in a 1:3 ratio. Binomial logistic regression was used to
characterise independent risk factors for the development of CAPA.
Variables with p values <0.1 at the univariable level were included
in the multivariable models in a forward stepwise method. Results
were given as odds ratios (ORs) with 95% confidence intervals (Cls).
Survival curves for CAPA and non-CAPA patients were calculated
by Kaplan-Meier curves, and univariable analysis was assessed by
the log-rank test.

Multivariable analyses of factors associated with death among
CAPA patients were performed using stepwise multiple logistic
regression analysis. Variables with p values <.1 at the univariable
level were included in the multivariable model in a forward step-
wise method. Results were given as ORs with 95% Cls. A multi-
variable time-to-death analysis was also performed using stepwise
Cox regression analysis. Variables with p values <.1 at the univari-
able level were included in the multivariable model in a forward
stepwise method. Results were given as hazard ratios (HRs) with
95% Cls.

All tests were two-tailed, and p values <.5 were considered sta-
tistically significant. Statistical analysis was performed with SPSS
version 22.0 (IBM Corp., Armonk, NY, USA).

3 | RESULTS

A total of 1604 COVID-19 patients were admitted to the ICUs during
the study period. Among them, 87 (5.4%) had at least one bronchos-
copy and BAL sampling during hospitalisation to investigate the aeti-
ology of new pulmonary infiltrates. According to the CAPA proposed
criteria, a total of 14 probable (Table 1) and 8 possible cases were
diagnosed. Therefore, the incidence of probable CAPA in the study
period was 0.9 cases per 100 ICU admissions. The higher incidence
of probable CAPA occurred during August 2020 and April 2021,
with 2.9 and 2.5 cases per 100 ICU admissions respectively. Of
note, among the 14 probable cases, two (14.3%) patients presented
tracheal lesions suggestive of invasive fungal infection. Among the
eight possible cases, one patient presented tracheal lesions sugges-
tive of invasive fungal infection.

Aspergillus fumigatus and Aspergillus niger were found in five
(5.7%) and three (3.5%) of the BAL samples respectively. A total of
twelve BAL samples from 10 patients had GM ODI values above
1, and four samples from three patients had values above 10. Of
note, six (50%) of these samples were culture negative. BAL direct
microscopy was requested in 6 probable CAPA cases, and one

Diagnosis,Therapy and Prophylaxis of Fungal Diseases

sample was positive (16.6%). In 33 patients, a total of 48 tracheal
aspirates were collected. Fifteen TA samples from thirteen patients
had positive cultures for either A fumigatus (n = 8, 16.7%), A niger
(n = 5, 10.4%), Aspergillus terreus (n = 1, 2%) or Aspergillus flavus
(n =1, 2%). Seven patients with probable CAPA had TA to inves-
tigate pulmonary infections, and six were positive for Aspergillus
spp. (85.7%). Among the 26 patients without probable CAPA that
were investigated with TA cultures, 7 (26.9%) had positive samples
for Aspergillus spp. Of note, one patient with a TA sample positive
for A niger had a serum GM ODI above 10 (Table 1). The sensitivity,
specificity, positive predictive value (PPV) and negative predictive
value (NPV) of TA for the diagnosis of probable CAPA were 85.7%,
73.1%,46.2% and 95% respectively. Seventy-three serum GM sam-
ples from 43 patients were collected to investigate CAPA. Among
the 14 patients with probable CAPA, eight were investigated with
serum GM and three (37.5%) were positive. In two cases, serum
positive GM samples were the only microbiological criteria for
CAPA (Table 1). Among 35 patients without probable CAPA, 31 had
GM samples with ODI below 0.5, and four had isolate specimens
with ODI ranging from 0.53 to 1.04. Of note, one of these false-
positive samples (ODI 1.04) was related to a patient receiving oral
probiotics containing Bifidobacterium.

Among the fourteen patients with probable CAPA, 9 (64.3%)
had one or more typical radiologic criteria of invasive pulmonary as-
pergillosis: pulmonary cavity (n = 7), dense well-circumscribed lung
lesions with or without halo sign (n = 5), air crescent sign (n = 4) or
wedged-shape segmental consolidation (n = 1). The other 5 patients
had nonspecific radiological signs of invasive pulmonary aspergillo-
sis, including ground glass opacities, reticular pattern and consolida-
tions, or bronchopneumonic opacities (Figure 1).

By analysing the data retrieved by the patients that had proba-
ble CAPA, most of the patients were males (85.7%), with a median
age of 72 years (interquartile range 62 to 77 years). The median day
of hospitalisation until the development of CAPA was 19 days (in-
terquartile range 13 to 30 days). Five of the probable CAPA cases
had chronic pulmonary obstructive disease (COPD; 35.7%); eight
had diabetes mellitus (57.1%). Only two (14%) patients had received
tocilizumab before developing aspergillosis. All patients except one
received high-level corticosteroids before developing CAPA. Twelve
(84.7%) probable CAPA cases received antifungal therapy, and nine
(64.2%) had voriconazole for at least 48h. More details regarding the
antifungal therapy are provided in Table 1. Among the patients that
were treated with voriconazole, seven had therapeutic drug moni-
toring (TDM) and three (42.9%) had serum levels below 1 mg/L. Of
note, five patients (35.7%) developed bacterial pneumonia after the
diagnosis of CAPA. The overall mortality rate of the probable CAPA
cases was 71.4% (n = 10/14), compared to 50% (n = 4/8) of the pos-
sible CAPA cases (p =.38).

By comparing the data retrieved from the patients with probable
CAPA and controls (Table 2), we found by univariate analysis that
older patients were at higher risk to develop aspergillosis (median
72.4 years vs. 62 years, p =.03), and COPD was more prevalent in
the aspergillosis group (36% vs. 12%, p =.04). In multivariate analysis
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FIGURE 1 Examples of typical radiologic criteria of invasive
pulmonary aspergillosis according to the EORTC/MSG criteria
(arrows). (A) Pulmonary cavity (Case 2, see Table 1); (B) air
crescent sign (Case 1, see Table 1); (C) wedged-shape segmental
consolidation with reversed halo sign(Case 3, see Table 1); (D)
dense well-circumscribed lesion without halo sign (Case 10, see
Table 1)

(Table 2), age was the independent factor associated with the devel-
opment of CAPA (p =.03; OR = 1.072, CI95% = 1.006-1.141). The
Kaplan-Meier survival curves derived from CAPA and non-CAPA
patients (Figure 2) showed no statistically difference between the
two groups (p =.439).

The prognostic factors among the 14 patients with proba-
ble CAPA were analysed and are summarised in Table 3. Of note,
among the 10 patients that deceased, six patients were treated with
voriconazole and five had TDM. Three of the five patients (60%) had
voriconazole serum levels below 1 mg/L. Among the four survivals,
two had received voriconazole and had serum levels were between 1
and 5 mg/L. By multivariate analysis, RRT was the only independent
variable associated with poor prognosis (p = .03, OR = 27, CI95%
= 1.260-578.354). The time-to-death analysis provided similar
data compared to the logistic regression model. However, the Cox

s, Therapy and Prophylaxis of Fungal Diseases

regression model showed a p value of 0.053 for RRT as a poor prog-
nostic factor, with a HR of 8.047 (Cl 95% 0.970-66.796).

4 | DISCUSSION

The rates of reported CAPA are highly variable, ranging from 0% to
30%,%1%15 and separating colonised from infected patients is diffi-
cult in some cases.>'® Moreover, autopsy studies have also shown
conflicting results that mirror the reported incidences.’>'” Local
factors such as the prevalence of comorbidities (e.g., COPD), the en-
vironment (e.g., use or lack of high-efficiency particulate air filters)
and level of immunosuppression (e.g., tocilizumab exposure), among
others, may influence the incidence of CAPA of each centre.*814

The description and validation of CAPA risk factors will be help-
ful for its future management. However, only a few risk factors for
CAPA have emerged until now, including older patients and tocili-
zumab exposure.’® Indeed, a higher tocilizumab exposure would
have led to more cases of CAPA in our centre. Studies previous to
the COVID-19 pandemic have shown that COPD patients under me-
chanical ventilation have a higher risk to develop invasive aspergillo-
sis.” Our results showed a trend towards COPD as a risk factor for
CAPA. Indeed, a recent meta-analysis has pointed out that COPD
may be also a relevant risk factor for developing CAPA.?° These
findings suggest that in the context of COVID-19 and mechanical
ventilation, older and/or COPD patients with new pulmonary infil-
trates that appeared despite broad-spectrum antibiotics should be
investigated for IA.

The diagnosis of CAPA is challenging, and the combination of
different diagnostic tools may be necessary for its diagnosis.21 If
only tracheal aspirate cultures were considered for CAPA diagnosis,
several cases would have been treated unnecessarily in our centre.
Serum galactomannan was requested for 43 patients in our cohort.
Although serum GM for CAPA diagnosis may produce false-positive
results, occasionally related to the prescription of nutritional supple-
ments containing Bifidobacterium,?? positive results may be related
to angioinvasion that has been reported in some CAPA cases.?>%*
Therefore, serum GM may be useful for the diagnosis of CAPA if re-
quested in scenarios of high pre-test probability in patients without
ongoing known risk factors for false-positive results.

We provided additional data that illustrate the radiologic findings
of CAPA. Our findings are different from some other cohorts where
most of the patients lacked typical radiological findings of IPA.32>26
Typical lesions such as nodules with halo sign were seen in our co-
hort, corroborating that CAPA may evolve to angioinvasion. Indeed,
CAPA is a complex disease presenting a continuum that progresses
from respiratory colonisation, to tissue damage and ultimately, to
angioinvasion.?’

Voriconazole has been widely used in some centres for the
treatment of CAPA,*>! and serum levels have been reported to be
very erratic among critically ill COVID-19 patients.28 In our cohort,
a high proportion of the patients receiving voriconazole showed low
serum levels. Isavuconazole is another therapeutic option for the
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TABLE 2 Analysis of potential conditions associated with CAPA

Univariable analysis p Multivariable analysis p

Parameters CAPA (n = 14) Non-CAPA (n =42) value value (OR, CI95%)
Demographics
Median age (interquartile range) 72 (62-77) 62 (54-71) 0.015 0.03(1.072, 1.006-1.141)
Male sex (%) 12 (84) 34 (81) 0.16
Baseline conditions
Median BMI (interquartile range) 27 (24-28) 28 (26-30) 0.13
Diabetes mellitus (%) 8(57) 14 (33) 0.11
Hypertension (%) 7 (50) 22 (52) 0.87
Heart disease (%) 5(36) 6(14) 0.08
Chronic renal failure (%) 1(7) 4 (10) 0.79
Chronic obstructive pulmonary disease (%) 5 (36) 5(12) 0.04
Cancer (%) 3(21) 4 (10) 0.34
SOFA score at ICU admission, median 4 (2-5) 3(2-4) 0.58
(interquartile range)
External conditions (%)
Azithromycin exposure 7 (50) 17 (40) 0.53
Previous candidaemia 1(7) 2(5) 0.45
Antifungal exposure 10(71) 34 (81) 0.45
High level corticosteroid exposure 13(93) 40(95.2) 0.73
Tocilizumab exposure 2 (14) 8(19) 0.69
Renal replacement therapy 10 (71) 26 (62) 0.52
ECMO 1(7) 10 (24) 0.17

Abbreviations: BMI, body mass index; ECMO, extracorporeal membrane oxygenation; SOFA, sequential organ failure assessment. Statistically

significant p values were highlighted in bold.

treatment of invasive aspergillosis, and some centres have reported
successful treatment of CAPA with this drug.18 However, low isavu-
conazole serum levels have been reported in patients under RRT.?
In our cohort, 10 CAPA patients were under RRT during the azole
treatment. Therefore, critically ill COVID-19 patients receiving ei-
ther voriconazole or isavuconazole may need TDM for the optimal
management of CAPA.

Regarding the outcomes, CAPA has shown high mortality
rates in different centres, usually above 40%.1820 we compared
the mortality rates of CAPA and non-CAPA patients, and, differ-
ently from other studies, we found no statistical difference in the
outcome. Our study included only COVID-19 patients that un-
derwent bronchoscopy for the investigation of a superinfection.
Most of the non-CAPA patients had a bacterial infection diag-
nosed (data not shown), which may explain the poor outcomes
of both groups. A high mortality rate has also been reported for
ventilator-associated pneumonia by multidrug-resistant bacteria in
COVID-19 patients.3° A high proportion of critically ill COVID-19
patients develops acute kidney injury.3! In this context, renal
failure has been associated with poor prognosis in COVID-19,%!
and consequently, it may also negatively impact the outcomes of
CAPA. In our cohort, 90% of the patients with probable CAPA that

deceased had severe renal failure requiring RRT. Continuous re-
search to investigate strategies to mitigate the acute kidney injury
in COVID-19 is necessary to achieve a better global prognosis for
these patients.32

Our study has limitations that need to be pointed out. The lack of
an institutional protocol for the diagnosis of CAPA limited the evalu-
ation of TA performance. Not all patients that had bronchoscopy for
the investigation of a superinfection had concurrent TA collected.
Thus, prospective studies with protocols that include an adequate
gold standard method (i.e., lung tissue histology with invasive hy-
phae) to investigate CAPA are necessary to better evaluate the
performance of the different methods for its diagnosis. Moreover,
this single-centre study included a relatively low number of proba-
ble CAPA patients. The inclusion of more cases would have helped
to point out additional risk and prognostic factors of this relevant
disease.

In conclusion, CAPA was prevalent co-infection in patients under
mechanical ventilation. Aspergillus-positive TA should trigger prompt
bronchoscopy for the investigation of CAPA. Serum GM may be useful
for management of CAPA when requested and interpreted adequately.
Older patients have a higher risk to develop CAPA, and poor prognosis
may be associated with renal failure requiring replacement therapy.
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FIGURE 2 Kaplan-Meier survival
curves obtained from CAPA and non- 1,04
CAPA patients (P = .439)
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TABLE 3 Prognostic factors among patients with probable CAPA

Parameters Dead (n = 10) Alive (n = 04) p value value (OR, CI95%)
Age, median (interquartile range) 72 (64-76) 69 (60-77) 0.71
BMI, median (interquartile range) 27 (25-28) 24 (23-26) 0.35
Diabetes mellitus (%) 6 (60) 2 (50) 0.68
Cancer (%) 3(30) 1(25) 1
SOFA score at CAPA diagnosis, median 3(1-4) 4 (3-6) 0.51
(interquartile range)
Serum galactomannan ODI>1 (%) 3(30) 0(0) 0.5
Heart Failure requiring inotropic drugs 4 (40) 0(0) 0.25
Renal replacement therapy 9 (90) 1(25) 0.04 0.03 (27, 1.260-578.354)
ECMO 1(10) 0(0) 1

Univariable analysis

Multivariable analysis p

Abbreviations: BMI, body mass index; ECMO, extracorporeal membrane oxygenation; SOFA, sequential organ failure assessment; ODI, optical

density index. Statistically significant p values were highlighted in bold.
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