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Background: Coronavirus disease 2019 (COVID-19) has become a pandemic. Bacterial superinfections seem to be
associated with higher mortality in COVID-19 patients in intensive care units (ICUs). However, details on the preva-
lence and species distribution of secondary infections are limited. Moreover, the increasing use of dexamethasone may
pose an additional risk of superinfections.

Methods: We performed a single-center retrospective study of the clinical and microbiological characteristics of 154
COVID-19 patients admitted to the ICU between March 2020 and January 2021, focusing on bacterial infections, use
of antimicrobial agents and dexamethasone therapy.

Results: The median age was 68 years; 67.5% of the patients were men. Critically ill COVID-19 patients were treated
with dexamethasone since July 2020 (second wave), which was not common during the first wave of the pandemic.
In the dexamethasone group (n=90, 58.4%), respiratory pathogens were detected more frequently, as were multidrug-
resistant pathogens. The number of patients with polymicrobial detection of respiratory pathogens was significantly
increased (p=0.013). The most frequently detected species were Enterobacterales, Staphylococcus aureus, and
Aspergillus fumigatus. The rates of bloodstream infections did not differ between the groups. The use of dexametha-
sone in ICU COVID-19 patients was associated with higher rates of respiratory infectious complications.
Conclusions: Secondary infections are present in a substantial fraction of critically ill COVID-19 patients. Respiratory
pathogens were detectable in the majority of COVID-19 ICU patients. The use of dexamethasone poses a potential risk
of secondary pulmonary infections. Infectious complications in patients with dexamethasone therapy could be associ-
ated with worse outcomes.
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Introduction

The coronavirus disease 2019 (COVID-19) caused by severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is char-
acterized by often mild or uncomplicated respiratory illness.
Complications such as secondary infections, acute respiratory dis-
tress syndrome (ARDS), sepsis, and multi-organ failure can occur
in a substantial proportion of critically ill hospitalized patients
[1,2]. Confirmed community-onset bacterial co-infection was
detected in only 3-5% of all COVID-19 cases, but more than 50%
of these patients were treated with an empirical antibiotic therapy
[3]. In a recent meta-analysis, only 7% of the hospitalized COVID-
19 patients developed secondary bacterial infections during the
course of the disease and for patients in intensive care units
(ICUs), the infection rate increased to 14% [4]. Zhou et al. report-
ed the occurrence of secondary infections in 50% of all non-sur-
vivors and reasoned that COVID-19 patients were more likely to
die when suffering from secondary infections [S]. However, the
widespread use of empirical antibiotics contrasts with the low rate
of detected superinfections [6]. The overuse of antimicrobial
agents increases the risk of multidrug-resistant nosocomial second-
ary infections, which are associated with unfavorable clinical out-
comes [7]. Therefore, the practice of antibiotic coverage in
COVID-19 patients must be carefully evaluated. Contrarily, antibi-
otic overuse would lead to low rates of detection and reporting of
secondary infections, resulting in underestimation of the preva-
lence of bacterial infections during the pandemic [8]. Elevated
inflammatory markers, clinical presentation, and bilateral radio-
logical infiltrates could lead to misinterpretations regarding the
presence of secondary bacterial infections in the clinical manage-
ment of COVID-19 patients.

As a consequence of the preliminary report of the RECOVERY
trial and the WHO REACT meta-analysis, clinicians worldwide
increased the use of dexamethasone as an adjunct treatment in crit-
ically ill COVID-19 patients [9,10]. This approach was additional-
ly supported by data from the DEXA ARDS trial published in 2020
and represents a paradigm shift, as previously the use of glucocor-
ticoids was not recommended or even stated as contraindicated in
many treatment guidelines for COVID-19 [11,12]. In addition to
the common adverse effects e.g. metabolic complications or gas-
trointestinal bleeding, glucocorticoids were suspected to increase
secondary infections [13], especially since lower viral clearance
has been reported in influenza, MERS and SARS patients on glu-
cocorticoid therapy [14-16]. While dexamethasone was not rou-
tinely used in critically ill patients in the first wave of the COVID-19
pandemic, this therapy was part of standard care since July 2020 at
our institution. Therefore, the aim of our study was to evaluate
COVID-19 patients requiring ICU treatment with or without dex-
amethasone therapy regarding possible differences in detection of
secondary infections with focus on pulmonary and bloodstream
infections representing the most frequent infectious complications
of COVID-19 patients requiring ICU treatment. Also, the used
antibiotic strategies and clinical parameters of patients in the first
wave (without dexamethasone) were compared to patients in the
second wave of the pandemic (with dexamethasone) to elucidate
potential differences in epidemiology and antibiotic management
between the two groups at different time points in the pandemic.

Methods

The Ethics Committee of the Technical University of Munich
approved the protocol of this retrospective study and waived the
need to obtain consent for the collection, analysis and publication
of the data (approval no. 78/21 S). The study protocol was per-
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formed in accordance with the relevant guidelines.

We performed a retrospective, single-center, cohort study of
154 adult patients with laboratory-confirmed acute primary
COVID-19 admitted to the ICU between March 11, 2020, and
January 03, 2021. According to our standard operating procedure
for COVID-19 patients, the need for intensive care was discussed
when the respiratory rate rose above 30 per minute and SpO, fell
below 90% at an oxygen flow rate of 8 L/min by face mask.
Patients were treated in two different ICUs in a university hospital
with 1,163 beds, one affiliated with the Department of Internal
Medicine and the other to the Department of Anaesthesiology and
Intensive Care Medicine.

Medical records, including clinical charts and nursing records,
were reviewed and the data were extracted after review. The data
collected included patient biometrics, comorbidities, clinical
parameters, laboratory findings, information on in-patient manage-
ment, ICU interventions, as well as ICU and hospital stays. SARS-
CoV-2 was confirmed by RT-PCR of respiratory swabs or a com-
bination of IgG/IgM seropositivity and COVID-19 symptoms.
Details of data extraction and testing methods are published else-
where [17]. Patients with positive RT-PCR results were defined as
those with definite COVID-19, and those who could not be con-
firmed were excluded from the analysis. Patients with and without
dexamethasone therapy were compared regarding the rate of infec-
tious complications, clinical parameters and antibiotic strategies.
Dexamethasone was not routinely used in critically ill patients in
the first wave of the COVID-19 pandemic, but was part of standard
care since July 2020. Dexamethasone therapy was not deliberately
selected for specific patients but was used in accordance with cur-
rent treatment standards for patients with a room air saturation
below 90% or those with oxygen demand as well as patients who
had to be treated at the ICU. Patients in the dexamethasone group
received 6 mg of dexamethasone i.v. per day for a total of 10 days.

Microbiological analysis of secondary infections was focused
on respiratory infections and bloodstream infections only. Urine
samples were used for lateral flow antigen test to detect Legionella
pneumophila serogroup 1 and Streptococcus pneumoniae
(BinaxNOW®, Abbott, Chicago, IL, USA). For blood culture (BC)
diagnostics, blood was inoculated in aerobic and anaerobic media
(BACTEC™ Plus, Becton Dickinson, Sparks, MD, USA) for pro-
cessing via an automated BC system. Culture bottles were incubat-
ed for 5-7 days, according to the manufacturer’s recommenda-
tions. BCs were only obtained in case of clinical signs of (blood-
stream) infection, such as rising inflammatory laboratory parame-
ters (leucocyte count, CPR, PCT) and elevated temperature but not
as part of the longitudinal sampling strategy. Considering the diffi-
culty in determining the clinical significance of coagulase-negative
staphylococci (CoNS) in BC, these isolates were reviewed sepa-
rately and considered clinically significant if two or more bottles
yielded the same CoNS. In our longitudinal sampling approach,
tracheal secretion or bronchoalveolar lavage fluid (BAL) of ICU
COVID-19 patients was gained at ICU admission and then at clin-
ical signs of respiratory infection as defined by the physician in
charge or at least once weekly during ICU stay. Primary microbio-
logical cultures of respiratory samples were performed on
Columbia agar, Schaedler agar, and chocolate agar (prepared cul-
ture media, Becton Dickinson, Sparks, MD, USA). Quantitative
cultures of BAL fluids were not performed due to safety reasons
for laboratory personnel. Species identification (matrix-assisted
laser desorption ionization time-of-flight mass spectrometry
(MALI-TOF MS), Bruker Daltronics, Leipzig, Germany) and
automated antimicrobial susceptibility testing (VITEK®,
bioMerieux, Marcy I’Etoile, France) were performed for all rele-
vant pathogens. Advanced analysis in cases of suspected multi-
resistance was performed via lateral flow assay for detection of
carbapenemases (Coris BioConcept, Belgium) and via PCR for
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suspected vancomycin-resistant Enterococci  (GeneXpert,
Cepheid, CA, USA). For data analysis, separate pathogen species
were included once per patient, regardless of the number of detec-
tions in consecutive longitudinal sampling of respiratory speci-
mens. Detection of organisms without relevant pathogenicity for
ventilator-associated pneumonia in BAL-fluid or tracheal secre-
tion, such as Enterococcus spp., Candida spp., CoNS, and Viridans
streptococci [18], were not reported as detected respiratory
pathogens. GM detection (PlateliaTM Aspergillus Ag, Bio-Rad
Laboratories, Munich, Germany) was performed in BAL-fluid or
tracheal secretion parallel to fungal culture. Results were reported
as optical density index (ODI) with a cut-off of 0.5.

Statistical analysis

Continuous data were described by median, 25% and 75" per-
centiles, and categorical data by absolute and relative frequencies.
Relevant characteristics of the groups treated with or without dex-
amethasone were compared by Mann-Whitney U test (continuous
variables) and chi-squared test or Fisher’s exact test (categorical
variables), respectively. Survival times for overall survival in the
hospital were analyzed using Kaplan-Meier curves and compared
by Log rank test. Survival analysis was performed by Cox regres-
sion with dexamethasone and age as independent variables.
Logistic regression models were fitted to the data for binary out-
comes (detection of respiratory pathogens, polymicrobial detection
of respiratory pathogens and detection of A. fumigatus as well as
blood stream infections) with dexamethasone, number of comor-
bidities and sex as covariates. Higher age and pre-existing comor-
bidities were selected as previously described risk factors for
severe outcome in COVID-19 [19,20]. All analyses were conduct-
ed two-sided using a 5% level of significance and 95% confidence
intervals (CI) were calculated for relevant effect sizes. Statistical
analyses were performed using Microsoft Excel 2013 and IBM
SPSS Statistics v. 25.0 (IBM Corp, Armonk, NY, USA).

Results

A total of 154 ICU COVID-19 patients were included in the
analysis. The median age was 68 years (Q,5-Q;5: 59-78) and 67.5%
of the patients were males. Dexamethasone was administered to 90
patients (58.4%). Patients in the dexamethasone group were signif-
icantly older, had a longer ICU stay and more days on a ventilator.
Overall, the in-hospital mortality rate was 39.6% with a higher
mortality rate in the dexamethasone group (32.8% vs. 44.4%). For
the entire cohort, patients on invasive ventilation showed a higher
mortality rate (49.6%), especially patients on mechanical ventila-
tion and renal replacement therapy simultaneously (65.2%). Again,
patients in the dexamethasone group had an even higher mortality
rate than the group without dexamethasone (55.9% vs. 40.8% for
mechanical ventilation, and 76.0% vs. 52.4% for mechanical ven-
tilation and renal replacement therapy). For details on patient char-
acteristics, see Table 1.

The detected slightly higher in-hospital mortality rate in the
dexamethasone group (Figure 1) was not statistically significant
(unadjusted HR: 1.64, 95% CI 0.96 - 2.78), however, after adjust-
ment for age and sex via Cox regression we could still detect an
association of dexamethasone therapy with increased mortality in
our cohort (HR adjusted for age and sex: 1.48, 95% CI 0.87 - 2.53).

As expected, non-survivors were older, had a longer hospital
stay, and were in poorer condition upon ICU admission, with sig-
nificantly higher procalcitonin (PCT), IL-6, and D-dimer levels,
and higher Sequential Organ Failure Assessment (SOFA) and
Acute Physiology, Age and Chronic Health Evaluation (APACHE)
scores (all significant). Notably, more of them required proning
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due to respiratory failure, a greater fraction of them had blood-
stream infections (BSIs) and respiratory infections during the ICU
stay (Supplementary Table 1).

A majority (84.9%) of ICU COVID-19 patients received
empirical antibiotic therapy. Immediate empirical antibiotic thera-
py within 24 hours of hospital admission was more frequently
administered during the first wave of the pandemic (patients with-
out dexamethasone therapy). In contrast, in the dexamethasone
group (patients of the 2™ wave), with growing awareness of antibi-
otic stewardship (ABS) principles during the pandemic and knowl-
edge of low rates of initial bacterial secondary infections, signifi-
cantly fewer patients were administered initial empirical antimi-
crobial therapy (77.5% vs 95.2%). In line with this principle,
empirical administration of azithromycin was significantly rarer in
the dexamethasone group. Overall, piperacillin/tazobactam was
the most frequently administered empiric antibiotic. However,
ampicillin/sulbactam as the primary antibiotic, was significantly
less common in the dexamethasone group (patients of the 2
wave), as patients in this group received antibiotic therapy at a
later stage during their hospital stay and then at an advanced dis-
ease stage, based on microbiological susceptibility testing.
Meropenem was frequently administered as escalation therapy
(48.7%) either as empiric choice or in line with results of suscep-
tibility testing. Underlying microbiological susceptibility testing
results indicating requirement for carbapenem therapy were signif-
icantly more frequent in the dexamethasone group (Table 1).

BSIs were detected in 29.7% of ICU COVID-19 patients dur-
ing their hospital stay. Some patients also suffered from polymi-
crobial BSI, and the most frequently detected species were
Enterobacterales, CoNS, and E. faecium. During the first wave of
the pandemic (patients without dexamethasone therapy), more
BSIs with CoNS and C. albicans were detected, while S. aureus,
E. faecalis, and Enterobacterales were more frequent in the dex-
amethasone group.

Microbiological workup of respiratory specimens directly on
admission was only initiated in a small fraction of patients and
revealed mainly Enterobacterales and S. aureus. In our longitudi-
nal sampling approach, tracheal secretion or BAL fluid of ICU
COVID-19 patients was collected at ICU admission and then once
weekly during their ICU stay to detect any relevant pathogens
causing potential secondary pulmonary infections. This microbio-
logical diagnostic test revealed respiratory pathogens in 75.0% of
all samples, in 45.4% polymicrobial detection of respiratory

No Dexamethasone
04 Dexamethasone

Cumulative Survival

Unadjusted HR 1.64 (95% CI 0.96-2.78)

0 25 50 75 100

Duration Hospital Stay (days)

Figure 1. Kaplan-Meier curves for critically ill COVID-19
patients with and without dexamethasone therapy. Curves were
compared by log-rank test. Survival analysis was performed by
Cox regression with dexamethasone, sex and age as independent
variables and showed an association of dexamethasone therapy
with increased mortality (unadjusted HR 1.64, 95% CI 0.96 -
2.78; adjusted for age and sex HR 1.48, 95% CI 0,87 - 2.53).
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Table 1. Relevant characteristics of the study cohort of critically-ill COVID-19 patients with and without dexamethasone therapy.

Characteristics* [Median (25" and 75 percentiles) Total cohort No Dexamethasone p*
unless otherwise indicated] dexamethasone group
Age (years), n=154 68 (59-78) 65 (53-77) 70 (65-78) 0.031
Male sex, /N (%) 104/154 (67.5) 44/64 (68.8) 60/90 (66.7) 0.786
BMI®, n=150 26.23 (23.67-29.86) 25.59 (23.15-31.74) 26.63 (23.91-29.39) 0.694
Mortality in ICU, /N (%) 60/154 (39.0) 20/64 (31.3) 40/90 (44.4) 0.098
Mortality in hospital, /N (%) 61/154 (39.6) 21/64 (32.8) 40/90 (44.4) 0.146
Duration of ICU stay (days), n=154 13 (5-27) 12 (6-33) 13 (4-23) 0.374
Duration of hospital stay (days), n=154 24 (14-42) 27 (16-45) 21 (12-39) 0.128
Comorbidities
Number of comorbidities, n=154 2 (1-3) 2 (1-3) 2 (1-3) 0.691
No comorbidity present, /N (%) 23/154 (14.9) 12/64 (18.8) 11790 (12.2) 0.263
Obesity (BMI¢ = 30), /N (%) 37/154 (24.7) 18/64 (29) 1990 (21.6) 0.298
Arterial hypertension, /N (%) 99/154 (64.3) 36/64 (56.3) 63/90 (70.0) 0.079
Diabetes mellitus, /N (%) 55/154 (35.7) 20/64 (31.3) 35/90 (38.9) 0.330
Coronary heart disease, /N (%) 42/154 (27.3) 16/64 (25.0) 26/90 (28.9) 0.593
Chronic or end-stage kidney disease, /N (%) 30/154 (19.5) 15/64 (23.4) 15/90 (16.7) 0.296
Cancer, /N (%) 29/154 (18.8) 15/64 (23.4) 14/90 (15.6) 0.218
Immunosuppression, /N (%) 21/154 (13.6) 9/64 (14.1) 12/90 (13.3) 0.897
COPD, /N (%) 13/154 (8.4) 4/64 (6.3) 9/90 (10) 0.5596
Bronchial asthma, n/N (%) 6/154 (3.9) 3/64 (4.7) 3/90 (3.3) 0.6883
Other®, /N (%) 26/154 (16.9) 14/64 (21.9) 12/90 (13.3) -
SOFA-score (on ICU admission), n=152 6 (3-9) 6 (3-10) 5(2-9) 0.407
Apache II-score (on ICU admission), n=150 18 (13-26) 18 (14-22) 19 (12-28) 0.576
Laboratory findings on ICU admission
LDH (U/L), n=144 448 (359-599) 448 (325-568) 451 (374-614) 0.136
Albumin (g/dL), n=134 3.1(2834) 3.1(2.8-3.6) 3.1 (2734 0.857
CRP (mg/dL), n=146 12.6 (6.7-20.4) 13.3 (8.2-21.0) 9.9 (5.8-19.0) 0.112
PCT (ng/mL), n=150 0.3 (0.1-0.7) 0.2 (0.1-0.6) 0.3 (0.1-0.7) 0.803
D-Dimer (pg/L FEU), n=125 1701 (982-6333) 1799 (1089-6617) 1535 (923-5668) 0.646
Leucocytes (G/L), n=152 9.14 (6.04-11.79) 7.93 (5.85-10.76) 9.86 (6.30-12.78)
Lymphocytes (G/L), n=133 0.94 (0.56-1.49) 1.47 (0.88-2.57) 0.75 (0.47-1.09) 0.048
116 (pg/mL), n=133 109 (56-226) 115 (71-183) 109 (49-268) 0.887
25-OH-vitamin D, (ng/mL), n=128 15 (8-26) 13 (8-26) 17 (8-26) 0418
ICU interventions
Invasive ventilation, n/N (%) 117/154 (76.0) 49/64 (76.6) 68/90 (75.6) 0.885
Days on ventilator, n=117 15 (8-25) 16 (8-35) 14 (8-21) 0.324
NIV~ prior to intubation, /N (%) 1/117 (9.4) 2/49(4.1) 9/68 (13.2) -
Proning, /N (%) ST/117 (48.7) 23/49 (46.9) 34/68 (50.0) 0.816
ECMO, /N (%) 11/154 (7.1) 7/64 (10.9) 4/90 (4.4) -
CRRT, /N (%) 49/154 (31.8) 24/64 (37.5) 25/90 (27.8) 0.222
Antibiotic therapy and detected pathogens
Primary antibiotic therapy, /N (%) 129/152 (84.9) 60/63 (95.2) 69/89 (77.5) 0.003
Meropenem, /N (%) 17/129 (13.2) 9/60 (15.0) 8/69 (11.6) 0.609
Piperacillin/tazobactam, /N (%) 717129 (55.0) 26/60 (43.3) 45/69 (65.2) 0.014
Ampicillin/sulbactam, n/N (%) 37/129 (28.7) 22/60 (36.7) 15/69 (21.7) 0.013
Other, /N (%) 4129 (3.1) 3/60 (5.0) 1/69 (1.4) -
Initial addition of azithromycin, /N (%) 52/152 (34.2) 37/63 (58.7) 15/89 (16.9) 0.000
Change of antibiotic therapy, /N (%) 98/154 (63.3) 48/64 (75.0) 50/90 (55.6) 0.013
Escalation, /N (%) 79/98 (80.6) 37/48 (77.1) 42/50 (84.0) 0.387
Addition of vancomycin or linezolid, /N (%) 50/98 (51.0) 23/48 (47.9) 27/50 (54.0) 0.547
Addition of antifungal, /N (%) 37/98 (37.8) 21/48 (43.8) 16/50 (32.0) 0.230
Any meropenem use, /N (%) 75/154 (48.7) 33/64 (51.6) 42/90 (46.7) 0.624
Susceptibility testing justifying meropenem use, /N (%) 15/75 (20.0) 1/33 (3.0) 14/42 (33.3) 0.001
Blood stream infection (BSI, /N (%) 35/118 (29.7) 17/55 (30.9) 18/63 (28.6) 0.782
More than one BSI episode, /N (%) 9/35 (25.7) 417 (23.5) 5/18 (27.8) 0.892
Detection of respiratory pathogen, /N (%) 81/108 (75.0) 30/45 (66.7) 51/63 (81.0) 0.091
Polymicrobial respiratory infection, n/N (%) 49/108 (45.4) 14/45 (31.1) 35/63 (55.6) 0.012
Respiratory detection of A fumigatus, wN (%) 23/108 (21.3) 9/45 (20.0) 14/63 (22.2) 0.781

*Due to the retrospective nature of the study, not all parameters were available for all included patients leading to differing group sizes indicated by “N” for each variable; “Chi Square or Wilcoxon rank-
sum test comparing patients with or without dexamethasone; °Body mass index, calculated as weight in kilograms divided by height in meters squared; *including chronic liver disease, HIV infection and
congestive heart failure; ~non-invasive ventilation (including high-flow nasal cannula). ICU, intensive care unit; COPD, chronic obstructive pulmonary disease; SOFA, sequential organ failure assessment,
APACHE, acute physiology and chronic health evaluation; ECMO, extracorporeal membrane oxygenation; CRRT, continuous renal replacement therapy.
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pathogens was present and A.fumigatus was detected in 21.3%.
Enterobacterales, S. aureus, and A. fumigatus were the most fre-
quently detected species. Interestingly, P. aeruginosa and S. mal-
tophilia were detected mainly in the dexamethasone group.
Moreover, we noticed an increase in multidrug-resistant pathogens
during the second wave of the pandemic (dexamethasone group).
MRSA and ESBL-positive Enterobacterales were almost exclu-
sively detectable in the dexamethasone group (Table 2).

To further analyze the association of dexamethasone therapy
with detection of potential secondary infections, we used a multi-
variable logistic regression analyzing the effect of the three vari-
ables: dexamethasone, number of comorbidities, and sex, on
potential infectious complications. In COVID-19 patients admitted
to the ICU, only the number of comorbidities was significantly
associated with BSIs and respiratory detection of 4. fumigatus, but
dexamethasone was associated with a higher rate of detectable res-
piratory pathogens. A significantly higher proportion of patients in
the dexamethasone group showed polymicrobial detection of
pathogens in the respiratory samples (Table 3).

Discussion

Empirical antimicrobial therapy is a common practice in
COVID-19 ICU patients, but there is a paucity of data on the
prevalence of secondary bacterial infections, specifically in criti-
cally ill patients [21]. Up to 40% of bacterial co-infections have
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been reported in this patient collective, encouraging the adminis-
tration of empirical antibiotic therapy at ICU admission [22,23].
The present study demonstrates that over 50% of all COVID-19
ICU develop detectable respiratory pathogens in pulmonary sam-
ples during hospital stay. During the COVID-19 pandemic,
increased utilization of antimicrobials has been reported, high-
lighting the need for adherence to ABS principles to optimize
antibiotic indication, duration, and discontinuation or de-escalation
strategies [24,25]. Piperacillin/tazobactam was shown to be the
most frequently used antibiotic in this setting [26] and long-term
consequences of liberal use of broad-spectrum antibiotics must be
taken into consideration. ABS strategies aim to optimize antibiotic
use to improve patient management and prevent unnecessary
antibiotic use, fighting the emergence of antimicrobial resistance.
In line with this, in our cohort, empirical administration of antibi-
otic therapy and empirical use of macrolide antibiotics directly at
hospital admission were reduced in the second wave of the pan-
demic (dexamethasone group) based on available data on low rates
of community-acquired coinfections and guided by the local ABS
strategy.

In critically ill COVID-19 patients, knowledge of secondary
infections remains sparse. In a longitudinal analysis of respiratory
specimens and blood cultures in COVID-19 patients admitted to
the ICU, secondary bacterial infections were frequently detected
despite empirical antimicrobial coverage and posed a major risk
factor for mortality. Similar to our findings, in this cohort
Enterobacterales have been reported to be the most frequently iso-
lated respiratory pathogens [27]. Respiratory microbiological diag-

Table 2. Detected species in respiratory samples and blood cultures during hospital stay.

Detected respiratory species

Respiratory species

Respiratory species in Respiratory species

during hospital stay in total cohort no-dexamethasone group in dexamethasone group

(n=186) (n=54) (n=132)
Enterobacterales* 113 (61%) 35 (65%) 78 (59%)

(13 ESBL-positive, (1 ESBL-positive) (12 ESBL-positive,
2 Carbapenem-resistantb) 2 Carbapenem-resistant®)

S. aureus 31 (16.7%) 7 (13%) 24 (18%)

(T MRSA) (1 MRSA) (6 MRSA)
A fumigatus 24 (13%) 10 (19%) 14 (11%)
P aeruginosa 11 (6%) 2 (4%) 9 (%)
S. maltophilia 5 (3%) 0 5 (4%)
Other* 3 (2%) 0 3 (2%)

Blood stream infections
in total cohort

Detected species in blood

cultures during hospital stay

in no-dexamethasone group

Blood stream infections
in dexamethasone group

Blood stream infections

(n=54) (n=24) (n=30)
Enterobacterales® 16 (30%) 6 (25%) 10 (33%)
CoNS 12 (22%) 8 (33%) 4 (13%)
E. faecium 11 (20%) 6 (25%) 5 (17%)

(8 VRE) (4VRE) (4VRE)
C. albicans 5 (9%) 3 (13%) 2 (7%)
E. feacalis 4 (%) 0 4 (13%)
S. aureus 3 (6%) 0 3 (10%)
P aeruginosa 2 (4%) 1 (4%) 1 (3%)
S. agalacitae 1 (2%) 0 1 (3%)

*Group consists of Klebsiella spp. (n=40), £. coli (n=24), E. cloacae (n=13), S. marcescens (n=12), Proteus spp. (n=10), Citrobacter spp. (n=10), H. alveii (n=2), and M. morganii (n=2);"detection of
0XA-48 carbapenemase; °group consists of H. influenzae (n=2),A. pittii (n=1); Sgroup consists of Klebsiella spp. (n=6), £. coli (n=6), C. koseri (n=2), 5. marcescens (n=2); ESBL, extended spectrum
beta lactamase; MRSA, methicillin resistant Staphylococcus aureus; CoNS, coagulase-negative staphylococci; VRE, vancomycin resistant enterococci .
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nostic tests with consequent narrow-spectrum antibiotic therapy
can be a valuable approach to reduce antimicrobial overuse [28].
In addition, local antimicrobial resistance patterns may vary con-
siderably and only by repetitive longitudinal sampling strategies
can an optimal antimicrobial therapy based on susceptibility test-
ing be achieved. Therefore, we used a regular longitudinal sam-
pling approach to closely monitor our COVID-19 patients admit-
ted to the ICU for secondary respiratory infections. Our results
indicate that more than two thirds of all COVID-19 ICU patients
were in danger of developing secondary pulmonary infections dur-
ing their hospital stay. This fraction was higher in the dexametha-
sone group. Interestingly, polymicrobial detection of respiratory
pathogens was significantly more frequent in the dexamethasone
group, and pathogens characteristic of treatment-related nosocomi-
al colonization, such as P. aeruginosa and S. maltophilia, were
mainly found in the dexamethasone group. Moreover, multi-resis-
tant pathogens such as MRSA and ESBL-positive
Enterobacterales were increasingly detectable in the dexametha-
sone group during the second wave of the pandemic. Due to a
change in epidemiology between the two waves of the pandemic in
Germany, patients in the dexamethasone group were significantly
older in our cohort. Possibly, older age might be indicative of more
preceding contacts with the healthcare system and higher rates of
colonization with ESBL-positive Enterobacterales. However,
increased rates of multidrug-resistant pathogens have been report-
ed during the pandemic. During the 2003 SARS-CoV-1 outbreak,
MRSA was more frequent among ICU patients following the use
of broad-spectrum antibiotics [29]. In a single-center study on bac-
terial infections in COVID-19 ICU patients, ceftriaxone was rou-
tinely empirically administered during hospital stay prior to ICU
admission, and multidrug-resistant Acinetobacter baumannii was
detectable in respiratory specimens in the majority of the cohort
[30]. Overuse of antimicrobials is the main driver of antibiotic
resistance, which leads to unfavorable clinical outcomes [7].
During the COVID-19 pandemic, the spread of carbapenem-resis-
tant K. pneumoniae isolates in ICU patients has been documented.
This was attributed to high rates of antimicrobial use, transmis-
sions due to the high intensity of care, the increased burden on hos-
pitals, and the difficulties of working with full personal equipment
[31-33]. In our cohort, we observed only one case of transmission
of carbapenem-resistant OXA-48 carbapenemase-positive K. oxy-
toca. Therefore, we believe that nosocomial transmission was not
a significant problem in our COVID-19 ICU cohort, as infection
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control interventions could be successfully maintained during the
pandemic.

Aside from respiratory secondary bacterial infections,
increased rates of nosocomial BSIs in COVID-19 ICU patients
have been demonstrated [34,35]. Dexamethasone therapy had no
effect on rates of nosocomial BSI in our cohort and an analysis of
resistance patterns of detected pathogens in BSI did not show a sig-
nificant difference in multidrug-resistant pathogens between the
groups. Dexamethasone therapy had no effect on respiratory detec-
tion of 4. fumigatus but was however associated with increased
respiratory pathogen detection in COVID-19 patients (OR 2.10).
Also, polymicrobial detection of respiratory pathogens was signif-
icantly more frequent in the dexamethasone group (OR 2.86). This
may have contributed to the slightly higher mortality observed.
Our results highlight the need for systematic microbiological sam-
pling strategies in COVID-19 patients in the ICU especially in
patients with dexamethasone therapy to allow directed antimicro-
bial therapy in cases of secondary infection. Local ABS guidelines
on microbiological diagnostic, empirical treatment, and de-escala-
tion strategies can help to optimize and limit the use of antimicro-
bial agents to reduce the emergence of antimicrobial resistance
[36,37] during the pandemic.

The present study must be interpreted with caution because of
the limited cohort size. Another important limitation of the study
is, that detection of respiratory pathogens in severely ill COVID-
19-ICU patients might in some cases represent mere colonization
instead of pulmonary infection and the retrospective nature of the
study does not allow to fully resolve this aspect. However, differ-
entiation can sometimes be complicated by preexisting bilateral
radiological infiltrates, elevated temperature, and the fact that dex-
amethasone therapy itself leads to elevation in white blood cell
count. More studies are needed to evaluate the prognostic rele-
vance of secondary infections in COVID-19 patients and the pos-
sible risk of infectious complications associated with dexametha-
sone therapy. Due to the retrospective nature of the study, no fur-
ther follow up data after discharge from hospital and no informa-
tion on final clinical outcome or development of post-COVID-19-
syndrome was available. However, our data increase our knowl-
edge of respiratory pathogens in COVID-19 patients admitted to
the ICU and highlight the relevance of strategies to gain insights
into local epidemiology, resistance patterns, and consequences of
pulmonary superinfections in COVID-19 patients.

Table 3. Association of dexamethasone therapy with infectious complications.

Dexamethasone Male vs female sex N of comorbidities
odds ratio (95% CI) odds ratio (95% CI) odds ratio (95% CI)
p p p
Detection of respiratory pathogen 2.10 (0.87-5.12) 1.72 (0.69-4.33) 0.97 (0.73-1.30)
0.100 0.248 0.840
Polymicrobial detection of respiratory pathogens 2.86 (1.24-6.59) 3.41 (1.36-8.53) 0.95 (0.73-1.24)
0.013 0.009 0.714
Blood stream infection 0.87 (0.39-1.95) 1.03 (0.41-2.59) 1.31 (1.03-1.67)
0.734 0.941 0.030
Pulmonary detection of A. fumigatus 1.18 (0.44-3.17) 1.71 (0.56-5.22) 1.49 (1.09-2.03)
0.739 0.345 0.012

Multivariable logistic regression analysis with dexamethasone, number of comorbidities and sex as covariates for the binary outcomes respiratory detection of A. fumigatus, respiratory infection, polymi-

crobial respiratory infection and blood stream infection.
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Conclusions

Secondary infections are present in a relevant proportion of

critically ill COVID-19 patients, and antibiotic therapy must be
adjusted for susceptibility testing and local epidemiology.
Infectious complications are associated with worse outcomes and
the use of dexamethasone in this patient cohort additionally poses
a potential risk especially for pulmonary secondary infections. As
detection of respiratory pathogens in severely ill COVID-19-ICU
patients might in some cases represent mere colonization, pro-
found clinical evaluation is necessary to avoid antibiotic overuse.
Respiratory pathogens in severely ill COVID-19-ICU patients with
dexamethasone therapy should be microbiologically monitored to
allow directed antimicrobial therapy in cases of definite secondary
infection.

Abbreviations

ABS: antibiotic stewardship;

APACHE: acute physiology and chronic health evaluation;
ARDS: acute respiratory distress syndrome;

BAL: bronchoalveolar lavage fluid;

BC: blood culture;

BSI: blood stream infection;

CI:

confidence interval;

CoNS: coagulase-negative staphylococci;

COVID-19: coronavirus disease 2019;

ICU: intensive care units;

SARS-CoV-2: severe acute respiratory syndrome coronavirus 2;
SOFA: sequential organ failure assessment.
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