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Abstract

Invasive pulmonary aspergillosis (IPA) is a severe infection caused by aspergillus sp. that usually develops in

patients with severe immunosuppression. IPA has been recently described in critically ill COVID-19 patients

(termed as COVID-associated pulmonary aspergillosis, or CAPA) that are otherwise immunocompetent. In

order to describe the characteristics of patients with CAPA, we conducted a retrospective cohort study in

a tertiary care center in Mexico City. We included all patients with confirmed COVID-19 admitted to the in-

tensive care unit that had serum or bronchoalveolar lavage galactomannan measurements. We used the

criteria proposed by Koehler et al. to establish the diagnosis of CAPA. Main outcomes were the need for

invasive mechanical ventilation (IMV) and in-hospital mortality. Out of a total of 83 hospitalized patients with

COVID-19 in the ICU, 16 (19.3%) met the criteria for CAPA. All patients diagnosed with CAPA required IMV

whereas only 84% of the patients in the non-IPA group needed this intervention (P = 0.09). In the IPA group,

31% (n = 5) of the patients died, compared to 13% (n = 9) in the non-CAPA group (P = 0.08). We conclude

that CAPA is a frequent co-infection in critically ill COVID-19 patients and is associated with a high mortality

rate. The timely diagnosis and treatment of IPA in these patients is likely to improve their outcome.

Lay Summary

We studied the characteristics of patients with COVID-19-associated invasive pulmonary aspergillosis

(CAPA). Patients with CAPA tended to need invasive mechanical ventilation more frequently and to have

a higher mortality rate. Adequate resources for its management can improve their outcome
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Introduction

Since its emergence in December 2019, SARS-CoV-2 has spread
all over the world. By October 16, 2020 the coronavirus disease
2019 (COVID-19) has caused the death of more than one mil-

lion people, with mortality rates reaching up to 12% in some
countries.1,2 COVID-19 causes a wide variety of clinical man-
ifestations, ranging from an asymptomatic disease to a severe
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form with acute respiratory distress syndrome (ARDS) and mul-
tiorgan dysfunction.3

Invasive pulmonary aspergillosis (IPA) is a severe infection
caused by Aspergillus Sp, which is an opportunistic fungal
pathogen. IPA usually develops in patients with severe immuno-
suppression due to a variety of conditions such as hematologi-
cal malignancies, neutropenia of any cause and HIV infection.4

Transplant recipients or chronic users of corticosteroids and
other immunosuppressive therapies are at increased risk of pre-
senting IPA.5,6 Interestingly, IPA has been extensively described
in patients with severe viral pneumonia without the aforemen-
tioned typical risk factors. In some series of patients with severe
influenza pneumonia the incidence of IPA can be as high as 19%
and is associated with a mortality rate of 51%.7 IPA has also
been described in critically ill COVID-19 patients, and has been
termed COVID-associated pulmonary aspergillosis (CAPA),with
a similar clinical presentation to that of influenza-associated
IPA.8,9

At the beginning of the pandemic several non-standardized
immunosuppressive therapies were used widely for the treatment
of COVID-19,which could represent an important risk factor as-
sociated with the development of IPA. One of them, tocilizumab
which is a monoclonal antibody that targets the IL-6 receptor,
was increasingly being used with questionable results to treat the
cytokine storm that develops in critically ill COVID-19 patients.
Tocilizumab has been associated with the development of oppor-
tunistic infections caused by mycobacteria, Pneumocystis carinii
and fungi such as Candida albicans and Aspergillus.10–12 An-
other extensively prescribed treatment for COVID-19 were high-
dose glucocorticoids. Before the results of the RECOVERY13

trial became public, steroids were used in over 80% of COVID-
19 patients with ARDS. Glucocorticoids impair the function of
neutrophils and lymphocytes and are also considered a tradi-
tional risk factor for the development of IPA when used for pro-
longed periods of time.14

Influenza-associated pulmonary aspergillosis (IAPA) criteria
proposed by Verweij et al.7 were originally used to confirm
or rule out CAPA, however, recent criteria, developed specif-
ically for CAPA, have been proposed by Koehler et al. The
case definitions are divided in proven tracheobronchitis or other
pulmonary form, probable tracheobronchitis, other probable
pulmonary forms and other possible pulmonary forms.15 We car-
ried out the present study to ascertain the incidence and clinical
characteristics of IPA in critically ill COVID-19 patients in our
population, as well as the impact of the use of high dose steroids
and tocilizumab in the development of IPA.

Materials and methods

Study design and setting

We conducted a cohort study using the COVID-19 registry of
the American British Cowdray Medical Center, a private teach-

ing hospital in Mexico City. This registry constitutes an ongo-
ing, prospective database, which gathers data on all hospitalized
adult patients with COVID-19 diagnosed and treated at our in-
stitution since March 12, 2020. The diagnosis of COVID-19 was
established based on the presence of the typical clinical manifes-
tations (fever, cough, myalgias, and headache), the detection of
SARS-CoV2 RNA on pharyngeal swabs, as well as a chest CT
scan with the characteristic findings (atypical pneumonia with
ground glass appearance). The database includes demographic
variables, past medical history, clinical variables upon hospital
admission, initial and follow-up laboratory studies, treatments
received during hospitalization, documented nosocomial infec-
tions, and outcomes. The main outcomes were the need for in-
vasive mechanical ventilation (IVM) and in-hospital mortality.

Study participants

We analyzed the data from all patients registered betweenMarch
15 and July 10, 2020, who were admitted to the intensive
unit (ICU) and who had a serum or bronchoalveolar lavage
fluid galactomannan measurement during hospitalization. We
excluded all patients with missing data on critical variables (di-
agnostic criteria and outcomes). The case group consisted of
patients who fulfill the case definitions for proven or probable
CAPA proposed by Koehler et al.15 and the control group com-
prised patients that had IPA ruled out with a negative serum
galactomannan. Patients with further clinical suspicion also had
a bronchoalveolar lavage (BAL) performed to rule out IPA.

Study procedures

Samples for SARS-CoV-2 PCR testing were obtained according
to the Center for Disease Control guidelines and processed with
the kit RNeasy Mini Kit (Qiagen). Galactomannan (either on
serum or bronchoalveolar lavage fluid samples) was determined
using the EUROIMMUN Analyzer 1-2P system ELISA.

Statistical analysis

We used mean and standard deviations, or medians and in-
terquartile ranges (IQR), as appropriate, depending on data
distribution to summarize continuous variables. For categori-
cal variables, we used frequencies and simple proportions. We
compared patients’ characteristics with confirmed CAPA and
without CAPA using the chi-square test, Student’s t-test, or the
Mann–Whitney U test as applicable. Time until death was evalu-
ated using a Kaplan-Meier curve and the log-rank test. Statistical
significance was considered to be present when the P value was
< 0.05. As statistical software, we used SAS, University Edition
version 9.4 (SAS Institute, Cary, NC, USA).

Results

Out of a total of 198 patients, we included 83 patients that met
the study criteria. We identified 16 patients (19.2%) that were
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Table 1. Patient characteristics.

Variable CAPA (n = 16) Controls (n = 67) P-value

Age (years), mean (SD) 64 (10) 55 (15) <0.001
Female sex 5(31.25) 15 (22) 0.47
PaFIO2, median (IQR) 122 (84–166) 108 (82–160) 0.76
Comorbidities

Overweight 8 (50) 33 (49) 0.39
Obesity 6 (38) 19 (28) 0.39
COPD 1 (6) 3 (4) 0.77
Hypertension 4 (25) 22 (33) 0.57
Diabetes mellitus 5 (31) 13 (19) 0.30
Cancer 3 (19) 3 (4) 0.05

Laboratory data, median (IQR)
Leucocytes 9 (6–10) 8 (6–12.5) 0.94
Lymphocytes 0.93 (0.62–1.27) 0.88 (0.54–1.10) 0.65
Platelets 205 (135–257) 192 (139–298) 0.66
D-Dimer 1088 (714–2795) 1072 (648–2085) 0.68
C reactive protein 18 (5–26) 17 (9–30) 0.39
Interleukin 6 15 (9–88) 44 (12.5–77) 0.60
Ferritin 1756 (1027–2387) 1178 (722–2089) 0.18

Severity scales
NEWS, mean (SD) 7.1 (2.47) 6.84 (2.45) <0.001
CALL, median (IQR) 10 (8.5–11.5) 9 (7–11) 0.21
MuLBSTA, median (IQR) 12 (11–12) 9 (7–12) 0.26

Positive bacterial isolates
CVC culture 5 (31) 4 (6) 0.01
Endotracheal tube culture 3 (19) 7 (10) 0.39
Sputum culture 1 (6) 3 (4) 1.00

Here we show the comparison of the baseline characteristics among patients with and without CAPA. All values are N(%) unless otherwise noted.
COPD: Chronic obstructive pulmonary disease, CRP: C-reactive protein, CVC: Central venous catheter, IL-6: Interleukin-6.

diagnosed with CAPA during hospitalization, meeting the IAPA
criteria. These 16 patients met the criteria for a probable case
with a positive galactomannan determination (87.5%), but only
2 patients were diagnosed with a proven case with positive cul-
tures of Aspergillus sp. Five out of 16 patients (31.2%) had a
positive serum galactomannan while other seven had a positive
galactomannan from BALwith two patients having both positive
serum and BAL galactomannan. As mentioned before, only two
patients had a positive culture, both from sterile bronchoalveolar
aspirations. Twenty-seven patients of the control group (35.8%)
had a negative galactomannan from BAL while on IMV, no
bronchoalveolar lavage in this group was done in non-intubated
patients. The rest of the control group had a negative serum
galactomannan. The performance of the serum and BAL galac-
tomannan for the diagnosis of IPA was of 43.7 and 77.7%, re-
spectively. The median time from COVID-19 onset to a positive
galactomannan result was 13 days (IQR 9-20). The median time
elapsed from intubation to a positive galactomannan result was
6 days (IQR 4-9).

Table 1 depicts the baseline characteristics of COVID-19 pa-
tients with and without proven IPA. Patients with CAPA were
older (64 vs. 55, P < 0.001), more frequently had a history of
cancer and tended to have higher scores in the NEWS scale. Pa-

Table 2. COVID-19 treatment received.

COVID-19 treatment CAPA (n = 16) Controls (n = 67) P-value

Hydroxychloroquine 14 (88) 56 (84) 0.71
Lopinavir/ritonavir 11 (69) 45 (67) 0.91
Azithromycin 12 (75) 56 (84) 0.43
Steroids 2 (13) 22 (33) 0.34
Tocilizumab 12 (75) 43 (64) 0.52

Here we show the COVID-19 treatment received by each group. There were no signif-
icant differences in the frequencies in which COVID-19 treatment was administered
among both groups. All values are N (%).

tients with IPA had microbiological isolates found in their CVCs
more often than patients without IPA.We found no other signif-
icant differences among both groups.

Table 2 depicts the different treatments received by the pa-
tients. There were no significant differences between the two
groups in regard to the proportion or dose of glucocorti-
coids (1.3 mg/kg of prednisone or equivalent), tocilizumab,
lopinavir/ritonavir, azithromycin or hydroxychloroquine. Pa-
tients with a positive galactomannan tended to receive treatment
with azithromycin more often that those with a negative galac-
tomannan, although this did not reach statistical significance (50
vs. 29.8%, P = 0.24).
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Figure 1. Clinical outcomes. Here we show the comparison of both clinical

outcomes of interest (invasive mechanical ventilation and in-hospital death)

among both groups. Both outcomes tended to be more frequent in the CAPA

group, although neither reached statistical significance.

Figure 2. Kaplan-Meier curve for in-hospital mortality. Comparison of survival

curves in the CAPA group and control group. Mortality tended to be more fre-

quent in the invasive pulmonary aspergillosis, showing a peak in incidence at

approximately 30 days of hospitalization. There was no statistical significance

in in-hospital mortality (P = 0.1279).

All patients diagnosed with CAPA required invasive mechani-
cal ventilation whereas that was the case for 84% of the patients
in the non-CAPA group (P = 0.09). At the end of the follow up,
31% (n= 5) of the patients in the CAPA group died, compared to
13% (n= 9) in the non-CAPA group (P= 0.08) (Figure 1).When
assessing time to in-hospital mortality, the CAPA group showed
a peak for in-hospital mortality at approximately 30 days into
their stay in the ICU. This did not prove to be statistical signifi-
cant (P = 0.1279) (Figure 2).

Discussion

IPA has been described in multiple settings as an important infec-
tion in COVID-19 patients.CAPAmay significantly contribute to
the morbidity and mortality of these critically ill individuals.16,17

In our study, patients with IPA were older and were more likely
to have a history of malignancy. Consistent with most COVID-
19 reports, diabetes and obesity were frequent comorbidities in

the whole cohort. There were no other clear risk factors among
the analyzed baseline characteristics or administered COVID-19
treatments for presenting CAPA, which is consistent with pub-
lished reports.17 Although there was an important trend towards
worse clinical outcomes in the CAPA group (including the need
for invasive mechanical ventilation), both univariate and multi-
variate analysis showed no significant difference between groups,
which probably is a consequence of our small sample size and
subsequently of a lack of statistical power.

The incidence of CAPA found in the present study (19%) was
similar to that found in other reports, however our mortality rate
was significantly lower (16.86%) than that previously reported
in case series and systematic reviews (44–54.1%).17–20 In fact,
unlike previously reported series, the difference in mortality rate
among our patients with and without CAPA did not reach statis-
tical significance. A possible explanation of the lower mortality
rate reported in our study is the readily accessible resources for
the treatment of COVID and IPA in our center. We have had no
shortage of equipment or human resources and we have been
able to offer IVM to all patients that have required it. Galac-
tomannan processing time in our center is <48 h, and it is a
standard practice in our ICU that enables us to promptly initiate
the appropriate antifungal therapy as soon as the diagnosis of
CAPA is suspected. Some studies have reported the early use of
antifungal therapies (like voriconazole) as likely factors associ-
ated with an increased survival rate in these patients.20 All these
factors emphasize the importance of constant re-evaluation and
prompt detection of complications by the involved medical team.

IPA usually develops in patients with traditional risk factors
such as neutropenia, due to cancer chemotherapy or immuno-
suppressive therapy.21 Interestingly, in practically none of our
patients were these risk factors present prior to the diagnosis
of SARS-CoV-2 infection, and only one of them had received
high-dose steroids for 3 weeks before the diagnosis. This lack
of traditional risk factors for IPA has also been observed in most
other studies.22and it is similar to what happens with influenza-
associated IPA, whereby most patients do not have a clear his-
tory of immunosuppression.23 Viral infection by itself seems to
be the risk factor predisposing to the development of CAPA.24

The pathophysiology of CAPA is not completely understood, but
some of the proposed mechanisms are the disruption of natural
lung barriers by respiratory viruses, including the damage to the
respiratory epithelium and the overexpression of cytokines and
the consequent dysregulation of the immune response.25–27

Another important proposed risk factor for the develop-
ment of CAPA is the use of immunosuppressive therapy for
the treatment of COVID-19. IPA has been previously described
in patients with SARS-CoV-1 infection using high dose corti-
costeroids,28 but this relationship is still not clearly described
in SARS-CoV-2. Interestingly, in our cohort the proportion of
patients receiving high-dose glucocorticoid therapy was lower
among the patients who developed CAPA than among those
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who did not, although this did not reach statistical significance
(13 vs. 33%). Both groups of patients received similar doses of
glucocorticoids for similar periods of time, and almost no pa-
tients met EORTC criteria of steroid use as a risk factor for IPA.
Another therapy that poses an important risk factor for the
development of IPA is tocilizumab. There was no apparent
risk factor for CAPA, with both groups having very similar
proportion of patients treated with tocilizumab (P = 0.75).
Azithromycin, has been widely used during the pandemic be-
cause of its immunomodulatory properties, however, a recent
study by Delliere, shows that a dose >1500 mg may increase the
risk of developing IPA. In our cohort, there was no difference in
the dose of azithromycin in both groups.29

Two main limitations in our study are its retrospective na-
ture and the small sample size. Nevertheless, this remains one
of the bigger cohorts of CAPA when compared with other re-
ports.9,16–19,21 The major bias in our study relates to the com-
parison between patients with invasive and noninvasive me-
chanical ventilation. Although there was a similar proportion
of BAL galactomannan measurements among patients that re-
quired IMV in the non-CAPA and CAPA groups (48.21 vs
56.25%, P = 0.570), none of the non-intubated patients in the
control group had bronchoalveolar lavage specimens taken. Fur-
thermore, all non-intubated patients in the control group had
a favorable clinical course (and were discharged while stable)
without the addition of an antifungal treatment, which makes
the diagnosis of CAPA unlikely even in the absence of BAL in-
vestigations. Another important limitation is that most patients
were diagnosed as probable CAPA and only a few patients had
a proven diagnosis documented by a culture. Of important note,
most previously published studies have used these same diagnos-
tic criteria, even though they have not been extensively validated.
A recently published study by Mohamed et al., have proposed
new diagnostic criteria, which includes a more extensive doc-
umentation of the presence of IPA using other markers such as
Beta-D-Glucan, but still need to be validated.28 Finally, our study
was carried out in a teaching hospital in Latin America, where
medical residents give the vast majority of care and provide most
interventions in COVID-19 patients.

We conclude that IPA is a frequent co-infection in critical
COVID-19 patients. Settings with the adequate resources for the
diagnosis and treatment of this clinical entity have the ability to
propitiate good clinical outcomes and to decrease the mortality
rate of these patients. This study represents a tertiary care cen-
ter’s real-life experience and may constitute the basis for future
investigations.
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