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Abstract Early after the beginning of the corona-
virus disease 2019 (COVID-19)-pandemic, it was
observed that critically ill patients in the intensive
care unit (ICU) were susceptible to developing sec-
ondary fungal infections, particularly COVID-19
associated pulmonary aspergillosis (CAPA). Here
we report our local experience on the impact of mold
active antifungal prophylaxis on CAPA occurrence in
critically ill COVID-19 patients. This is a monocen-
tric, prospective cohort study including all consecu-
tive patients with COVID-19 associated acute respira-
tory failure who were admitted to our local medical
ICU. Based on the treating physician’s discretion,
patients may have received antifungal prophylaxis or
not. All patients were retrospectively characterized as
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having CAPA according to the 2020 ECMM/ISHAM
consensus definitions. Seventy-seven patients were
admitted to our medical ICU during April 2020 and
May 2021 and included in the study. The majority
of patients received invasive-mechanical ventilation
(61%). Fifty-three patients (68.8%) received posa-
conazole prophylaxis. Six cases of probable CAPA
were diagnosed within clinical routine management.
All six cases were diagnosed in the non-prophylaxis
group. The incidence of CAPA in the overall study
cohort was 0.57 events per 100 ICU days and 2.20
events per 100 ICU days in the non-prophylaxis
group. No difference of cumulative 84-days sur-
vival could be observed between the two groups
(»p=0.115). In this monocentric cohort, application of
posaconazole prophylaxis in patients with COVID-19
associated respiratory failure did significantly reduce
the rate of CAPA.

Keywords COVID-19-associated pulmonary
aspergillosis - Prophylaxis - Posaconazole - Intensive
care unit - Respiratory failure

Introduction

Recent studies have highlighted that severe respira-
tory viral infections such as influenza or coronavi-
rus disease 2019 (COVID-19) pose a risk for sec-
ondary fungal infections in critically ill patients [1].
In consequence, influenza-associated pulmonary
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aspergillosis (IAPA) has been recognized as a new
entity that affects immunocompromised as well as
non-immunocompromised critically ill patients [2].
In line, a severe course of COVID-19, caused by
severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), may cause respiratory failure and
admission to intensive care unit (ICU), compli-
cated by secondary bacterial and/or fungal infec-
tions, particularly CAPA [3-5]. The pathogenesis
of CAPA is driven by several factors. First, SARS-
CoV-2 infections leads to cellular damage in the
respiratory epithelium, which is usually considered
the first line of defense against fungal infections [6].
Damaged epithelium is associated with reduced cil-
iary clearance of inhaled fungal spores and altered
direct antiviral mechanisms, such as production and
release of antimicrobial peptides [7]. Suppression
of the type-1 interferon immune response by the
viral infection may represent a key immunological
mechanism predisposing these patients to develop
CAPA [1, 5]. However, severe viral infections may
also cause depletion of Bla lymphocytes affecting
production of anti-Aspergillus Immunoglobulin G
(IgG), and thereby allowing the fungus to remain
concealed from recruited lung neutrophils [8, 9]. In
addition to the direct effects caused by viral infec-
tion, adjunctive immunosuppressive/immunomodu-
latory treatment for the treatment of moderate to
severe COVID-19 may exacerbate the risk of devel-
oping CAPA [5, 10].

The overall burden of CAPA in critically ill
COVID-19 patients is challenging to assess and wide
variability of CAPA prevalence has been reported
[11]. In a pan-European multicenter study, inter-
center CAPA prevalence rate varied between 1.7 to
26.8%, with a median prevalence of 11% [12]. This
variance in incidence rates was also observed among
many other studies [5] and has several potential rea-
sons including availability of fungal diagnostics, local
epidemiology, demographics and socio-economic
factors. High prevalence and mortality rates [13]
of CAPA raised the question whether critically ill
COVID-19 patients may benefit from application of
mold-active antifungal prophylaxis, similar to other
high-risk groups [14-17]. Additionally, diagnosis of
invasive aspergillosis in the ICU is often challeng-
ing, given the often unspecific clinical and radio-
logical presentation as well as the risks associated
with invasive diagnostic procedures, even though
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bronchoscopy is a well-tolerated procedure in venti-
lated COVID-19 patients [18].

In a recently published observational data obtained
from several ICUs from our center, it could be
shown, that CAPA prevalence rate may significantly
be reduced by application of antifungal prophylaxis
[15]. However, antifungal prophylaxis was not asso-
ciated with survival benefits in critical ill COVID-19
patients. Here we report our local experience with
CAPA in a medical ICU, and the impact of systemic
mold active prophylaxis in critically ill COVID-19
patients on CAPA development. We report this data
in addition to the data reported earlier [15], as we
have observed that the baseline characteristics of crit-
ically ill COVID-19 patients have changed over the
time of the pandemic. We now observe a higher num-
ber of immunocompromised patients in the ICU (e.g.,
active malignancies) compared to the early phases of
the pandemic and associated with that, higher rates
of CAPA and higher mortality rates [19]. In addition,
we aimed to include data on CAPA epidemiology and
diagnostic work-up in a cohort of patients receiving
antifungal prophylaxis in a homogenous cohort of
critically ill COVID-19 patients, which has not been
reported before.

Methods
Study Cohort

This is a prospective monocentric observational study
performed at the University Hospital of Graz, Austria.
The primary objective of this study was to describe
our local experience with CAPA, and to compare the
incidence of CAPA between patients who developed
COVID-19 associated respiratory failure (ARF) and
who received antifungal prophylaxis versus those
who did not receive prophylaxis. Secondary objec-
tives were the comparison of demographic data and
outcome between the two groups.

At our institution, systemic antifungal prophy-
laxis with posaconazole [intravenous (i.v.) or oral
tablet formulation] 300 mg twice daily at day 1,
followed by 300 mg once daily was recommended
for all patients with COVID-19 associated ARF
for the duration of respiratory support (non-inva-
sive or invasive) in September 2020. Alternatively,
inhaled liposomal amphotericin B (lipAmB) at a
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dose of 12 mg thrice weekly could have been used
in patients who had a contraindication for posa-
conazole. The decision whether or not to implement
antifungal prophylaxis, however, was solely at the
treating physician’s discretion and also depended
on the time the local recommendations where
published.

All consecutive COVID-19 patients who devel-
oped ARF and were admitted to our medical ICU
between April 2020 and May 2021, were consid-
ered eligible for study inclusion. Inclusion crite-
ria were a positive SARS-CoV-2 polymerase chain
reaction (PCR) result and admission to ICU due to
COVID-19 associated ARF. Exclusion criteria were
age<18 years and other reasons than COVID-19
associated ARF for ICU admission.

All included patients were classified as having
proven CAPA, probable CAPA, possible CAPA or no
CAPA based on the 2020 ECMM/ISHAM consensus
definitions [20].

Part of the data from a part of the study cohort
reported here, have been reported in earlier publica-
tions [12, 13, 15, 21]. The study was approved by the
local ethics committee (32-296 ex 19/20).

Statistical Analysis

For statistical analysis IBM SPSS 27 (SPSS Inc.,
Chicago, IL) was used. For the descriptive analysis
categorical variables were displayed in absolute and
relative frequencies with counts and percentages.
Quantitative variables were presented as medians
and quartiles or as mean plus 95% confidence inter-
val (95% CI), as appropriate. To compare the group
of patients who received antifungal prophylaxis ver-
sus those with no antifungal prophylaxis and test for
statistical significance, categorical variables were
tested with chi-squared test and Fisher’s exact test,
respectively. All quantitative variables were ana-
lyzed for normal distribution. Quantitative variables
were then tested for statistically significant difference
between the two groups with Mann—Whitney-u-test
or unpaired t-test, as appropriate. Survival curves
of patients with and without CAPA are displayed as
Kaplan—Meier curve. The impact of CAPA diagnosis
on survival status of COVID-19 patients was assessed
by the log-rank test. A p value <0.05 was considered
statistically significant.

Results
Study Cohort

Baseline characteristics of the study cohort are dis-
played in Table 1. Seventy-seven patients were admit-
ted to the ICU during the observational period, ful-
filled inclusion criteria and were enrolled into the
study. Twenty-seven patients (35.1%) were female
and 50 (64.9%) had a cardiovascular disease as a risk
factor for a severe COVID-19 course. Second most
prevalent underlying condition was chronic lung
disease in 26 patients (33.8%), followed by obesity
defined as body-mass-index>30 (27.3%), diabetes
mellitus (23.4%), malignancies (15.6%), and his-
tory of smoking (14.3%). Six patients (7.8%) were
recipients of a solid organ transplant. Thirty patients
(39.0%) patients received non-invasive ventilation
only on ICU, and 47 (61.0%) patients required inva-
sive mechanical. Out of the 47 patients who received
invasive mechanical ventilation, seven received
additional extracorporeal membrane oxygenation
(ECMO) treatment.

Antifungal Prophylaxis, CAPA Development and
Outcome

Fifty-three patients (68.8%) received antifungal
prophylaxis during their ICU stay as part of their rou-
tine management. Posaconazole was used as prophy-
laxis in all 53 patients, and all patients received posa-
conazole intravenously. As none of the patients had
contraindications against the routine use of posacona-
zole, inhaled lipAmB was not used in this cohort dur-
ing the observational period.

In the total study cohort, six patients were routinely
diagnosed with CAPA. All CAPA cases were classi-
fied as probable CAPA. CAPA was only diagnosed in
the non-prophylaxis group with six cases versus no
case in the prophylaxis group (p<0.001). CAPA was
diagnosed at a median of 8.5 days (25-75th: 3—-18.25)
following ICU admission. The incidence of CAPA in
the overall cohort was 0.57 events per 100 ICU days
(95% CI 0.53-0.62) and 2.2 events per 100 ICU days
(95% CI 2.02-2.37) in the non-prophylaxis group.

The median length stay in the ICU was 10 days
(25-75th: 5-20) in the non-CAPA group ver-
sus 36.5 days (25-75th: 33—42.25) in the group of
patients diagnosed with CAPA (p<0.001). Median
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Table 1 Baseline characteristics of study cohort

Total (n=177)

Prophylaxis group ~ No prophylaxis group P value

(n=53) (n=24)
Age (years), median (25th—75th quartile) 62 (55-72.5) 62 (54-72.5) 61.5 (55-74.3) n.s
Male sex, n (%) 50 (64.9) 35 (66) 15 (62.5) n.s
CAPA classification
Proven 0 0 n.a
Probable 6 0 6 <0.001
Possible 0 0 n.a
Baseline characteristics, n (%)
Cardiovascular disease 50 (64.9) 34 (64.2) 16 (66.7) n.s
Diabetes mellitus 18 (23.4) 10 (18.9) 8 (33.3) n.s
History of smoking 11 (14.3) 7(13.2) 4(16.7) n.s
Malignant disease 12 (15.6) 6(11.3) 6 (25) n.s
Obesity (BMI> 30 kg/mz) 21 (27.3) 17 (32.1) 4(16.7) n.s
Pulmonary disease 26 (33.8) 17 (32.1) 9 (37.5) n.s
Solid organ transplantation 6(7.8) 509.4) 14.2) n.s
Respiratory support on ICU, n (%)
Non-invasive ventilation 30 (39.0) 19 (35.8) 11 (45.8) n.s
Invasive mechanical ventilation 47 (61.0) 34 (64.2) 13 (54.2) n.s
ECMO* 7(5.2) 7(13.2) 0(0) n.s
COVID-19 therapy, n (%)
Systemic corticosteroids 63 (81.8) 46 (86.8) 17 (70.8) n.s
Tocilizumab 5(6.5) 1(1.9) 4 (16.7) 0.031
Outcome
Survival day 30, n (%) 49 (63.6) 30 (56.6) 19 (79.2) n.s
Survival at ICU discharge, n (%) 43 (55.8) 28 (52.8) 15 (62.5) n.s
ICU stay (days), median (25th—75th quartile) 11 (5-23) 10 (5-20) 12.5 (4.5-33.75) n.s

BMI=Body Mass Index, CAPA=COVID associated pulmonary aspergillosis, ECMO =Extracorporeal membrane oxygenation;
EORTC =European Organization for Research and Treatment of Cancer, /CU =Intensive Care Unit; n.s. =not significant (p >0.05)

*All patients with ECMO had invasive mechanical ventilation at time of ECMO initiation and were counted as “invasive mechanical

ventilation” and “ECMO”

observation time from ICU admission to last fol-
low-up visit for the whole study cohort was 30 days
(25-75th: 15-39.5). For patients who were diagnosed
with CAPA, the median follow-up time after CAPA
diagnosis was 32 days (25-75th: 24.75-49.5). Thirty
days after ICU admission 30 patients (56.5%) in the
prophylaxis group were still alive, while 19 patients
(79.2%) in the non-prophylaxis group were still
alive. At ICU discharge 28 patients (52.8%) in the
prophylaxis group were still alive, while 15 patients
(62.5%) in the non-prophylaxis group were still alive.
Out of the six CAPA patients, four were discharged
alive from ICU (66.6%). In the group of non-CAPA
patients, 39 out of 71 patients (54.9%) were dis-
charged alive (p =0.689).

@ Springer

No difference in the cumulative 84-day survival
for individuals who received antifungal prophylaxis
versus those who did not could be observed (Fig. 1;
p=0.115). Median survival time was estimated with
42 days (95% CI 30.24-53.76) in the CAPA group
and 42 days (95% CI 33.29-50.71) in the group of
patients without developing CAPA (p > 0.05).

Administration of systemic glucocorticosteroids
did not differ significantly between both groups.
Forty-six patients (86.8%) in the prophylaxis group
received glucocorticosteroids versus 17 patients
(70.8%) in the control group. In contrast, tocili-
zumab was significantly more often applied in the
non-prophylaxis group with four patients versus one
patient in the prophylaxis group (p=0.031).
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Fig. 1 Kaplan—Meier survival curves between patients who received antifungal prophylaxis and those you did not for an 84-day
follow-up period. No differences in probability of survival could be observed between the groups (Log-rank test: p=0.115)

CAPA Diagnosis

Bronchoscopy including BALF-GM testing was per-
formed in 11 out of the 24 patients (45%) that did not
receive antifungal prophylaxis and in 19 out of the 53
patients (36%) who received antifungal prophylaxis
(»>0.05). In addition, baseline characteristic (e.g.,
immunosuppressive disease) were similar among the
CAPA and non-CAPA group. All six CAPA cases had
BALF-GM testing. In the group of patients without
CAPA, BALF-GM was performed in 24 out of 71
patients (34%).

In four out of the six CAPA patients, there was a
positive BALF-GM result with an optical density
index (ODI)>1. Two patients had a positive GM
result in serum with an ODI>0.5. Four out of six
patients had a positive Aspergillus spp. specific poly-
merase chain reaction (PCR) result in BALF. There
was one positive Aspergillus spp. lateral flow device
(LFD) result in BALF in the total cohort (this patient
also had a positive BALF-GM and BALF-Aspergillus
PCR), one positive Aspergillus spp. culture result in

BALF and one positive Aspergillus spp. culture result
in tracheal aspirate.

Discussion

In this prospective monocentric cohort study in criti-
cally ill COVID-19 patients, we observed a CAPA
incidence of 2.2 events per 100 ICU days in those not
receiving antifungal prophylaxis, while not a single
case of CAPA was observed in those with adminis-
tration of mold active antifungal prophylaxis. No
impact on cumulative 84 days survival, however, was
observed.

Antifungal prophylaxis has been shown to signifi-
cantly reduce the incidence of invasive fungal disease
(IFD) in different cohorts of patients with hemato-
logical malignancies who are considered to be at
high risk for IFD development [22-25]. Prevalence
rates of IFDs of up to 25% have been reported in
neutropenic patients in the pre-prophylaxis era [26].
Similar rates have been observed in other cohorts of
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critically ill influenza and COVID-19 patients [2, 10,
12, 27]. To evaluate the impact of antifungal prophy-
laxis on IAPA, the randomized POSA-FLU trial has
been conducted. This study investigated the safety
and efficacy of posaconazole prophylaxis in critically
ill influenza patients [28]. The trial showed a trend
towards reduced incidence of IAPA in the posacona-
zole arm versus the placebo arm (5.4% versus 11.1%),
but failed to prove statistical significance, because of
lack of power and due to the fact that the rate of early
IAPA after ICU admission (within 48 h) was higher
than expected. In addition, prophylaxis was limited
to a maximum of seven days, however, two cases
of IAPA were diagnosed after day 7 (day 8 and 12,
respectively). In contrast to this finding, we observed,
that the time from ICU admission to CAPA diagno-
sis was longer in the cohort reported here (median
8.5 days). This is in concordance with reports from
other studies [5]. The longer period may allow anti-
fungal prophylaxis to reduce the rate of fungal infec-
tions more significantly compared to influenza,
as mean C,;, levels of>1000 mg/L are achieved
approximately 3 days after start of intravenous posa-
conazole [29]. Even though, it may take several
more days to reach a solid steady state (approxi-
mately 7 days), this would be sufficient to achieve
solid trough levels before the majority of CAPA
cases are clinically diagnosed. Also, in patients who
receive  ECMO, posaconazole plasma concentra-
tions of >1 mg/L. will be reached in the majority of
patients within 48 h [30]. Concordant with this, we
observed a significantly reduced CAPA incidence rate
in the prophylaxis group. In line with another larger
study from our center, evaluating a shorter timeframe
but involving multiple ICUs across our hospital [15],
we could not observe a significant reduction in mor-
tality in the group of patients who received antifun-
gal prophylaxis. This observation may be, at least
partly, explained by the fact that our study was neither
designed, nor aimed to detect a difference in mortal-
ity. In addition, all patients who needed ECMO treat-
ment in our cohort received antifungal prophylaxis,
whereas no patient in the non-prophylaxis group was
treated with ECMO. Taken together with the find-
ing, that 30-days after ICU admission, more patients
in the non-prophylaxis group were alive compared
to the prophylaxis group, one may hypothesize, that
patients in the prophylaxis group may had more
severe disease and a poorer prognosis, regardless of
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the application of antifungal prophylaxis. In addi-
tion, the fact that there was no survival benefit for the
prophylaxis group may, at least partly, be explained
by the pathophysiological hallmarks of CAPA. In
contrast to invasive aspergillosis in severely neutro-
penic patients and also observed in critically ill influ-
enza patients, CAPA does not primarily cause angio-
invasive infection [31]. Angio-invasion in CAPA
is usually observed at later stages of the disease. In
general, we observed that CAPA diagnosis is made at
a median of 8.5 days after ICU admission. This impli-
cates, that patients who die earlier from COVID-19
in ICUs cannot develop CAPA. This is potentially
causing a bias towards a higher mortality rate in the
non-CAPA cohort. As all CAPA cases occurred in
the non-prophylaxis group, this, however, may partly
explain the fact that we could not observe a signifi-
cant survival benefit between the two groups.
Thereby Kaplan—Meier analyses starting at the
day of ICU admission are biased by the fact that the
control arm includes all those who are more severely
ill and have a fatal outcome before they can develop
CAPA. In contrast, multiple large studies have shown
that mycological evidence for CAPA per se, like posi-
tive BAL GM or BAL culture and especially positive
serum GM are associated with significantly higher
mortality rates often exceeding 80% [21, 31, 32].
Different reasons may explain the pathophysio-
logical differences between IAPA and CAPA, includ-
ing the lack of neutropenia in many patients with
COVID-19 in ICUs as well as the different patho-
physiology of COVID-19 compared to influenza.
Infection with influenza virus, for example, does
cause severe lytic infections in the respiratory epithe-
lium and therefore mitigate early invasive growth of
Aspergillus [6]. In addition, influenza has shown to
affect some defense mechanisms against pulmonary
infections like the NADPH-depended production of
reactive oxygen species in macrophages and neutro-
phils [33]. However, application of immunomodula-
tory drugs including glucocorticosteroids or anti-IL-6
treatment is not standard of care for severe influenza
but for severe COVID-19, which may contribute to
the elevated risk of pulmonary aspergillosis in criti-
cally ill COVID-19 patients. In our cohort, there was
only a relatively small number (N=35) of subjects
that received tocilizumab, however, majority of these
patients (n=4) were in the non-prophylaxis group. As
tocilizumab treatment is considered an independent
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risk factor for the development of CAPA [12], this
may partly contributed to the higher CAPA incidence
in the non-prophylaxis group in this study. In general,
we do not exactly know the reasons why antifungal
prophylaxis was withhold in some patients. One may
only speculate that, especially in the early phase of
the pandemic, the burden of CAPA and risk factors
for CAPA development had not been clearly identi-
fied. For some physicians, the risk—benefit ratio may
therefore be difficult to establish, considering the
potential side effects of antifungals in the ICU and
the unclear benefit—especially in terms of overall out-
come. Some physicians therefore may have favored a
pre-emptive strategy, even though we know now, that
screening for CAPA is difficult based on the limited
sensitivity of blood biomarkers and the need for inva-
sive procedures like bronchoscopies.

In this study, BALF-GM was the main mycological
diagnostic criterium, however, also serum-GM turned
out positive in two out of the six CAPA patients
indicating angio-invasive disease. Next generation
sequencing of plasma samples may overcome some
of the limitations of conventional blood GM testing
and showed promising results for CAPA diagnosis in
a subgroup of CAPA patients reported here [34].

The influence of different SARS-CoV-2 strains on
the epidemiology of CAPA and consequently on the
management strategies, including antifungal prophy-
laxis, is not fully understood yet. CAPA incidence
rates may also differ with the predominant SARS-
CoV-2 strains [35], as observed for influenza [36]. In
this study, we covered several COVID-19 waves and
observed CAPA cases in all of them, including one
CAPA case that was diagnosed in the period (before
September 2020) where there was no local recom-
mendation for antifungal prophylaxis in critically
ill COVID-19 patients. Whether future variants of
SARS-CoV-2 or adaptions in the COVID-19 manage-
ment will affect the epidemiology of CAPA needs to
be closely observed, as this may also affect the strate-
gies for CAPA management and prevention.

Based on currently available data, no recommen-
dation can be given for or against the general use of
antifungal prophylaxis in critically ill COVID-19
patients. This is also influenced by several factors
like the wide variation on local epidemiology, the
use of (combination) immunomodulatory treatment,
individual risk factors like underlying immunosup-
pressive disease, potential transient risk factor like

construction work, and draw backs of azole usage
in the ICU like drug-drug interactions or toxicities.
Besides antifungal prophylaxis, however, fungal
awareness is key for early diagnosis and treatment.
This is critical, as it is well-known, that true fungal
infections in COVID-19 patients are associated with
reduced probability of survival [12, 37].

This report highlighted the local experience with
application of antifungal prophylaxis in critically ill
COVID-19 patients. As this was a non-interventional
observational trial, it does come with some impor-
tant limitations that should be considered: First, the
uncontrolled study design does not allow for equal
distribution of risk factors for CAPA development or
poor outcome among the two groups. As some vari-
ables including APACHE-II score, SOFA score or
details on EORTC/MSGERC risk factors for fungal
infections were not available, it cannot be excluded,
that baseline characteristics were distributed une-
qually among the two groups. Second, as no systemic
antifungal screening protocol was implemented at our
center, the decision whether or not to perform anti-
fungal diagnostics was solely based on the treating
physician’s discretion. This may cause over- or under-
diagnoses of CAPA in one of the groups. Third, we
did not observe a biopsy proven CAPA case, which
is due to the fact, that lung biopsy in critically ill
COVID-19 patients is usually not possible. Lastly, the
study was not designed to investigate a survival ben-
efit of antifungal prophylaxis in this cohort. In addi-
tion, a cox regression model couldn’t be performed to
implement CAPA as a time-dependent variable and
avoid immortality bias due to the small sample size
of CAPA cases and not fulfilling the assumption of
proportional hazards.

In conclusion, in this observational cohort we
found that the application of mold active antifun-
gal prophylaxis in critically ill COVID-19 patients
was associated with significantly reduced number of
CAPA cases, while we could not observe an effect on
overall survival.
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