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Abstract

Background: Managing mechanically ventilated patients in intensive care units (ICU) during the Coronavirus
Disease 2019 (COVID-19) pandemic poses several multidimensional challenges. Among these, the occurrence
of fungal and bacterial co-infections is detrimental to patient outcomes and creates significant diagnostic and
therapeutic challenges. As insights grew, dexamethasone (DXM) administration became a standard part of
the treatment strategy. Given the immunosuppressive effects of corticosteroids administered to an already
vulnerable population, questions have arisen regarding the their possible impact of corticosteroids on the
incidence of colonization of the respiratory tract by Candida species fungal co-infections.

Objective: The current study aimed to assess the differences in morbidity and mortality between patients with
and without evidence of respiratory tract Candida species colonization This study aimed to assess whether
respiratory tract colonization by Candida species influences morbidity and mortality in ventilated COVID-
19 ICU patients. Furthermore, as a secondary objective, we attempted to determine whether the addition of
DXM was associated with an increased incidence of Candida species colonization and whether DXM treatment
contributed to differences in outcome. had any detrimental effect on the incidence of complications, considering
that patients were often colonized with Candida species, possibly selected under antimicrobial pressure.
Methods: This single-center retrospective cohort study analyzed data from Polymerase Chain Reaction (PCR)
confirmed COVID-19 patients receiving who required invasive ventilatory support in our ICU from March
2020 to January 2022. Patients were grouped based on the presence or absence of respiratory Candida species
colonization. Clinical outcomes such as mortality, ICU length of stay (LOS) and ICU length of ventilation
(LOV) were compared. In a secondary analysis, patients were grouped according to DXM exposure to explore
the potential association between colonization and clinical parameters. were divided into DXM and non-DXM
groups to compare the occurrence of respiratory colonization by Candida species (diagnosed through tracheal
aspirates and bronchoalveolar lavage (BAL) fluid samples). In addition to DXM use, we investigated other
possible confounding factors in the development of respiratory colonization by Candida species by creating two
additional groups: patients displaying Candida species respiratory colonization and those without. The study
was approved by the Institutional Ethics Committee of AZ Sint Blasius, Dendermonde.

Results: We included 59 patients: 38 received DXM treatment and 21 did not. Forty-three patients (73%)
had positive respiratory Candida species culture results. No statistically significant difference reduction in
mortality rate was observed between colonized and non-colonized ventilated COVID-19 patients. outcome in
ventilated COVID-19 patients with respiratory tract Candida species colonization was revealed compared to
those without. However, Candida species-colonized patients had a significantly longer ICU LOS and LOV.
Respiratory Candida colonization was more frequent in the DXM group (83%) than in the non-DXM group
(74%); however, this difference was not statistically significant. An increase in colonization did not translate
into worse outcomes. Once DXM became the standard treatment, we only noted a non-significant increase in
patients displaying signs of respiratory tract colonization. However, this did not translate into worse outcomes.
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Conclusion: In this retrospective cohort study of ventilated COVID-19 patients, respiratory Candida species
colonization was not associated with increased mortality but was linked to prolonged ICU stay and mechanical
ventilation. DXM treatment did not exacerbate the pathogenic behavior of Candida species or negatively
impact the outcomes. in a niche field of medicine lacks sufficient power to reveal pronounced correlations. We
demonstrated little difference in outcomes for patients who showed signs of Candida species respiratory tract
colonization compared to those without. Notably, we did not register a single event where respiratory tract
colonization led to invasive infection, indicating that this phenomenon remains benign in COVID-19. Moreover,
the addition of DXM to the treatment did not intensify the pathogenic behavior of these Candida species.
Further research on fungal co-infections is recommended.
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Introduction

The Coronavirus Disease 2019 (COVID-19) global
pandemic has proven to be costly in terms of
resources, lives lost, and physical and mental strain
on healthcare professionals. In response, extensive
research has been conducted to provide optimal
treatment for COVID-19 patients at home, in
hospitals, or intensive care units (ICU). Numerous
studies have provided information on both bacterial
and fungal co-infections in severely ill COVID-
19 patients''°, as these contribute to increased
mortality rates®. An impaired immune response to
Candida species has been described in COVID-
19 patients®, and a possible link to corticosteroid
treatment has already been proposed'. However,
autopsy data®® show that Candida pneumonia is
considered a rare affliction in non-COVID ICU
patients.

Studies have shown that Severe Acute
Respiratory Syndrome Coronavirus 2 (SARS-
CoV-2) dysregulates the immune system'>", It
affects innate and adaptive immune responses
and triggers what is commonly called a “cytokine
storm.” This ongoing activation of the innate
pathways may lead to hyperinflammation, which
in turn damages the lung epithelium''*'¢, Moser
et al. provided evidence of a disturbed immune
response to Candida albicans owing to COVID-
19°. To suppress this dysregulated immune
system, the use of immunosuppressive drugs,
such as corticosteroids, calcineurin inhibitors, anti
tumor necrosing factor-a agents, and interleukin-6
inhibitors like tocilizumab, increased during the
COVID-19 pandemic".

Corticosteroids are powerful anti-inflammatory
drugs18 that were widely used in different
doses during the COVID-19 pandemic®. They
may limit the risk of respiratory complications,
such as acute lung injury and acute respiratory
distress syndrome, in viral pneumonia and may
be associated with better outcomes in COVID-
19 patients*®*. In contrast, several studies have
demonstrated that corticosteroid use in COVID-19

ICU patients may negatively impact outcomes*-’
by altering the respiratory tract’s bacterial and
fungal microbiome owing to immunosuppressive
effects. Therefore, the risk-benefit relationship of
using corticosteroids in COVID-19 patients should
be thoroughly assessed.

This single-center retrospective study
investigated the occurrence of Candida species-
positive respiratory tract cultures in a cohort of
invasively ventilated COVID-19 patients in the
ICU. The primary outcome was whether respiratory
tract colonization by Candida species influenced
patient outcomes including mortality, length of
ICU stay (LOS), and length of artificial ventilation
(LOV). Second, because dexamethasone (DXM)
was introduced as a standard treatment during
our study period, we aimed to explore whether its
administration might act as a confounding factor in
the development of respiratory tract colonization
by Candida species and whether these patients
would experience worse outcomes. To address
these objectives, we first compared patients with
proven respiratory Candida species colonization to
those without, to evaluate outcome differences and
explore potential associations. We then compared
two main patient cohorts (those who received
DXM and those who did not) to assess whether
DXM use influenced the risk of colonization and to
identify other relevant clinical differences.

We predicted that a positive correlation
might exist between DXM use and respiratory
colonization by Candida species, owing to the
immunosuppressive properties of DXM combined
with impaired immune system functioning caused
by COVID-19.

Methods
Study design and population

This retrospective single-center study includes
data from all confirmed COVID-19 patients who
required mechanical ventilation and were admitted
to the ICU of a teaching hospital in Dendermonde,
Belgium. The study inclusion period was from
March 2020 to January 2022. The study is reported
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based on the STROBE guidelines, as indicated
by von Elm et al.*® (shown in the supplement file
(STROBE checklist)).

Inclusion and exclusion criteria

Patients were included upon confirmation of the
diagnosis of COVID-19 through polymerase
chain reaction (PCR) testing on either a tracheal
aspirate or nasopharyngeal swab coupled with
thoracic radiological imaging (X-ray or computed
tomography (CT)) and a requirement for mechanical
ventilation. Due to the absence of a pediatric
ICU, only adult patients were included. Patients
with COVID-19 who required ICU care without
mechanical ventilation were excluded. Patients with
incomplete or missing data, those lost to follow-up
(e.g., due to transfer to another hospital), and those
(or represented by their relatives) who opted out of
participation were also excluded.

Ethical approval and informed consent

The study protocol was approved by the institutional
ethics committee of az Sint Blasius, Dendermonde
(chairperson: Dr. S. Serry) in May 2021 with study
number 502479 and Belgian national registration
number B0122021000003. As per the committee’s
request, a notation was made to the electronic
medical records of each study participant. Patients
or, when applicable, their relatives were allowed to
opt out of the study through informed consent.

Data collection

To determine whether respiratory colonization by
Candida species constituted additional morbidity
and mortality in these vulnerable ventilated patients,
two groups were compared to search for differing
outcome patterns. We plotted invasively ventilated
COVID-19 patients with confirmed Candida
species-positive respiratory samples (Candida
group) against those whose respiratory tract samples
did not show Candida species-positive cultures
during routine screening (No-Candida group).
Additionally, classic risk factors for pulmonary
fungal superinfections were considered”, as we
compared age, sex, Simplified Acute Physiology
Score (SAPS 1I), length of artificial ventilation
(LOV), length of stay (LOS), prevalence of Chronic
Obstructive Pulmonary Disease (COPD)/asthma,
prevalence of Diabetes Mellitus (DM), differences
in Body Mass Index (BMI), chronic corticosteroid
use and ICU-mortality (Tables I and II). Respiratory
colonization by Candida species was determined
using respiratory samples, including tracheal
aspirates and bronchoalveolar lavage fluid (BAL)
samples. The cultures of these samples were
processed using COPAN WASP® (Walk-away

Specimen Processor) on Chocolate Agar, ANC
agar, MSA, MacConkey, and Sabouraud medium.
Moreover, two more groups of patients were defined
based on DXM treatment. Patients admitted before
October 2020, who did not receive standardized
DXM treatment, were classified into the non-DXM
group. Patients admitted after October 2020 who
received standardized DXM treatment consisting of
an equivalent of 6 mg of enteral DXM formed the
DXM group.

Study outcomes

The primary outcome was the effect of respiratory
Candida species colonization in ventilated COVID-
19 patients on mortality and other outcome
parameters, namely, ICU LOS and LOV. The
secondary outcome was to explore whether the
administration of DXM might act as a confounding
factor in the development of respiratory tract
colonization by Candida species and whether
these patients would experience a worse outcome.
Moreover, differences and other potential
confounding factors between the no-DXM and
DXM groups and between the Candida and No-
Candida groups were also examined.

Statistical analysis

Normality of the data was assessed using the
Shapiro-Wilk test. For normally distributed data,
Student’s t-test was used. The Mann-Whitney U
test was used for non-normally distributed data.
Where appropriate, the median and interquartile
range (IQR) were reported.

Binary data were compared using the chi-squared
test.

Statistical tests were performed using free
online software (Excel; Statistics Kingdom,
https://www.statskingdom.com; Calculator Soup,
https://www.calculatorsoup.com; Open Source
Statistics for Public Health, https://www.openepi.
com/TwobyTwo/TwobyTwo.htm). Statistical
significance was set at P < 0.05.

Results
Study population

From March 2020 to January 2022, 59 patients
were included (Figure 1, Table I), with a median
age of 70 years (interquartile range (IQR 62-76),
of which 68% were male. Twenty-one patients did
not receive standardized DXM treatment (non-
DXM group, 36%), and 38 patients were treated
using standardized DXM (DXM group, 64%).
Five patients in the early group received another
form of corticosteroid (methylprednisolone) during
their hospitalization in the ICU, usually in the

RESPIRATORY CANDIDA COLONIZATION IN COVID-19 — BRANTS ET AL. 13



Hospitalised ICU patients
N =1752

v

Patients with COVID-19
N =161

v

Invasively ventilated
N =59

Insufficient airway

sampling

N=5

/

N\

Candida colonization
N =43

v v

No Candida colonization
N =11

DXM
N =29

No DXM
N=14

Fig. 1 — Flowchart of patient selection.

Table I. — Clinical data of overall patient population.
y = years, d = days, IQR = interquartile range.

Variable Study population (n=59)
Age —y (IQR) 70 (62-76)

Male Sex (%) 40 (68)

SAPS II (IQR) 30 (24-38)

ICU Length of Ventilation — d (IQR) 10 (6-19)

ICU Length of Stay — d (IQR) 13 (8-26)

COPD / Asthma (%) 8 (13.6)
Diabetes Mellitus (%) 13 (22)
Body Mass Index (IQR) * 21.5 (5-29)
Corticoid use (%) 1(1.7)
Dexamethasone treatment (%) 38 (64)
Candida species-positive samples (%) ** 43 (73)
Mortality (%) 33 (56)

* No precise body weight could be determined from 8 patients at admission.

** No Candida sampling was performed in 5 patients.

BMI = Body Mass Index; COPD = Chronic Obstructive Pulmonary Disease; ICU
= Intensive Care Unit; IQR = Interquartile Range; SAPS II = Simplified Acute
Physiology Score II; y = years; d = days.

very late stages of ARDS. Of all the participants,
forty-three patients (73%) had positive Candida
cultures, whereas 11 (19%) had negative cultures.
Three patients in the DXM group and two patients
in the non-DXM group did not receive Candida
sampling (8%). We included these patients in the
overall cohort (Table I) for demographic context

and to provide a more comprehensive overview of
our ICU patient population, but excluded them from
the subgroup analyses (DXM vs. Non-DXM and
Candida vs. No Candida).

Of the 51 positive Candida cultures, 65% were
C. albicans, 15% C. tropicalis, 14% C. glabrata,
4% C. dubliensis, and 2% were C. parapsilosis.
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Table II. — Clinical data of patients who were diagnosed with Candida species respiratory tract
colonization (Candida) and those who were not (No Candida). Statistical significance: P < 0.05.

y = years, d = days, IQR = interquartile range.

Variable Candida (n=43) No Candida (n=11) P-value
Age -y (IQR) 70 (63-77) 64 (42-76) 0.10
Male Sex (%) 27 (63) 9 (82) 0.23
SAPS II (IQR) 30 (23-40) 32 (25-37) 0.64
ICU Length of Ventilation — d (IQR) 14 (7-21) 6 (4-11) 0.01
ICU Length of Stay — d (IQR) 18 (12-30) 8 (7-11) 0.001
COPD / Asthma (%) 7 (16) 1(9) 0.55
Diabetes Mellitus (%) 10 (23) 1(9) 0.30
Body Mass Index (IQR) * 27.8 (25.9-32.2) 32.4 (26.7-35.5) 0.32
Corticoid use (%) 0(0) 0(0) NA
Mortality (%) 25 (59) 6 (55) 0.83

* No precise body weight could be determined from 8 patients at admission. 6 in the Candida group and 2 in
non-Candida group.

BMI = Body Mass Index; COPD = Chronic Obstructive Pulmonary Disease; ICU = Intensive Care Unit;
IQR = Interquartile Range; NA = Not Applicable; SAPS II = Simplified Acute Physiology Score II; d =
days; y = years. Statistically significance: P < 0.05.

Primary outcome

No significant difference was found regarding
mortality between patients with and without
proven respiratory Candida species colonization
(59% and 55% respectively, P=0.83). Patients with
colonization did experience a significant longer
ICU LOV (14 days (IQR 7-21) for the Candida
group vs. 6 days (IQR 4-11) for the No-Candida
group, P=0.01) and a significant longer ICU LOS
(18 days (IQR 12-30) for the Candida group vs.
8 days (IQR7-11) for the No-Candida group,
P=0.001) (Table II).

Secondary outcomes

The prevalence of respiratory Candida species
colonization was lower in the Non-DXM group than
in the DXM group (74% and 83%, respectively),
although the difference was not statistically
significant (P=0.42). The Odds Ratio for Candida
species colonization was 1.73 (95% CI 0.45-6.64).
No significant difference was found between the
DXM and the Non-DXM group regarding mortality
(66% vs. 42%, respectively, P=0.09).

Several statistically significant differences were
observed between the non-DXM and DXM groups
(Table I). Specifically, the age difference (Non-
DXM group: 62 years vs. DXM group: 70 years,
P=0.03), SAPS II score (37 (IQR 29-42) for the
Non-DXM group vs. 26 (IQR 21-37) for the DXM
group, P=0.01), and LOS (10 days (IQR 8-18) for
the Non-DXM vs. 18 (IQR 11-30) days for the
DXM group, P=0.02) were statistically significant.
No statistically significant differences were found
between the two groups in terms of mortality, sex,
LOV, COPD/asthma, DM, BMI, and corticosteroid
use (other than DXM) (Table III). Additionally,

no patients appear to have developed proven
candidemia during their ICU stay, as all blood
cultures were negative for Candida species growth.

Discussion

This retrospective study evaluated the impact of
respiratory Candida colonization in mechanically
ventilated COVID-19 patients and found that
it was not associated with increased mortality.
Silva et al. demonstrated increased mortality
from fungal co-infections in COVID-19 patients
with comorbidities such as DM, cardiovascular
disease, or obesity®. These findings could indicate
that our sample size was too small to achieve
significant differences. Our results did however
show a significant correlation between Candida
colonization and a prolonged ICU stay and a longer
mechanical ventilation time. The LOV being
significantly longer in the Candida group is no
surprise, as mechanical ventilation is known to be
a risk factor for acquiring pulmonary infections'
and this connection therefore seems to be a rather
logic one. LOS was also significantly longer
in the Candida group. This could be explained
by the fact that the Candida group had a longer
duration of mechanical ventilation, and therefore,
extended hospitalization in the ICU. Remarkably,
no significant differences in the SAPS II scores
were found between the Candida and No-Candida
groups, further complicating the interpretation of
the extended LOV and LOS in the ICU in these
patients. However, this score has not been validated
in the COVID-19 pandemic setting.

When looking at the effect of DXM on
acquiring respiratory tract colonization with
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Table III. — Clinical data of patients who did not receive dexamethasone treatment (non-DXM
group) and those who received dexamethasone treatment (DXM group). Statistical significance: P <
0.05.DXM = dexamethasone, y = years, d = days, IQR = interquartile range, SD = standard deviation.

Variable Non-DXM (n=19) DXM (n=35) P-value
Age—-y=+SD 62 +13.6 70 + 8.6 0.03
Male Sex (%) 15 (71) 21 (60) 0.16
SAPS II (IQR) 37 (29-42) 26 (21-37) 0.01
ICU Length of Ventilation — d (IQR) 9 (6-16) 14 (6-21) 0.25
ICU Length of Stay — d (IQR) 10 (8-18) 18 (11-30) 0.02
COPD / Asthma (%) 3 (16) 5(14) 0.88
Diabetes Mellitus (%) 3(16) 8(23) 0.54
Body Mass Index + SD * 30.1 £4.6 30.4+6.5 0.86
Corticoid use (%) 0(0) 0(0) NA
Candida species-positive samples (%) 14 (74) 29 (83) 0.42
Mortality (%) 8 (42) 23 (66) 0.09

* No precise body weight could be determined from 8 patients at admission, all of them in the DXM group.
BMI = Body Mass Index; COPD = Chronic Obstructive Pulmonary Disease; DXM = Dexamethasone;
ICU = Intensive Care Unit; IQR = Interquartile Range; NA = Not Applicable; SAPS II = Simplified Acute
Physiology Score II; SD = Standard Deviation; d = days; y = years.

Candida species, no statistically significant link
could be found, which leads us to believe that the
immunosuppressive effects of DXM did not induce
a lower threshold for these vulnerable patients to
develop invasive Candida species colonizations
that could lead to infections. However, other studies
did discover an association between corticosteroid
use and secondary pulmonary Candida species
colonization®®', emphasizing the limited patient
population of this study with the associated lack
in power.

A higher mortality rate was observed in the DXM
group compared to the non-DXM group, although
the difference was not statistically significant.
Nonetheless, despite our non-significant findings
regarding mortality, the effects of DXM on
mortality remain controversial. Previous studies
have demonstrated the beneficial effects of
DXM on mortality in COVID-19 patients**.
The RECOVERY trial suggests a reduction in
mortality secondary to DXM use in COVID-19
patients requiring mechanical ventilation or with
an oxygen requirement, but also a potentially
associated harm or increased mortality in patients
not requiring oxygen®. The EPICOVIDEHA study
group also discovered that DXM use in COVID-19
patients with haematological malignancies resulted
in higher mortality*.

Significant differences in age, SAPS II score, and
ICU LOS were observed were observed between
the DXM and non-DXM groups. The observed
significant difference in age can be attributed to the
limited availability of ICU beds during the initial
waves of the COVID-19 pandemic. This constraint
necessitated stricter admission criteria, resulting in
a higher rate of refusal for older patients. In later

waves, the expansion of ICU capacity allowed
for the admission of a broader range of patients,
including older patients.

Of note, the similarity between invasive
pulmonary aspergillosis (IPA) in patients with
Influenza pneumonia*~¢ and COVID-19 patients*-*,
raises concern about the broader vulnerability of
ventilated COVID-19 patients to fungal infections.
As reported by Van Arkel et al., the incidence rates
for IPA in COVID-19 patients mirror that observed
in severely ill Influenza patients™, underscoring
shared risks.

As seen in this study and already previously
demonstrated in multiple publications®**, prolonged
invasive ventilation significantly increases the risk
of respiratory candida species colonization. Tang et
al. identified several invasive procedures, including
tracheal intubation, central venous line placement,
and mechanical ventilation, as key risk factors for
pulmonary superinfections in COVID-19 patients'.
Additional factors such as the use of multiple
antibiotics, ECMO (Extracorporeal Membrane
Oxygenation), and CRRT (Continuous Renal
Replacement Therapy) also contribute to this risk.

Our study had several limitations. The sample
sizes were small, with only 19 and 35 patients in
the non-DXM and DXM groups, respectively. This
was partly due to the single-center study design of
a hospital with only 12 intensive care beds and a
limited study period. We were also confronted
with patients who were lost to follow-up and
transferred to other hospitals. Moreover, owing
to the retrospective design, data collection was
restricted to previously documented information,
leading to missing data (e.g., missing cultures in
some patients). A formal power analysis to evaluate
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the statistical power our study, was not performed
due to the retrospective character of the study. This
also limits the interpretation of our results. Also a
regression analysis has not been carried out for the
significant longer LOV and LOS in the Candida
group, as we interpreted these findings to be largely
driven by the longer ICU stay itself, which likely
increased the opportunity for Candida detection.

Conclusion

In conclusion, this retrospective cohort study
showed no significant association between
respiratory colonization by Candida species and
poor patient outcome. Colonization never resulted
in an invasive infection, suggesting that it remains
harmless in COVID-19. Also, no link was found
between DXM treatment and respiratory tract
colonization by Candida species, suggesting DXM
treatment did not exacerbate pathogenic behavior
of these Candida species. Further research into
the prevention and treatment of respiratory
fungal infections is essential, given the high
comorbidity and poorer outcomes associated with
such infections, particularly in high-risk patient
populations.
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