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Objectives: To determine the incidence and characteristics of superinfections in mechanically ventilated 

COVID-19 patients, and the impact of dexamethasone as standard therapy. 

Methods: This multicentre, observational, retrospective study included patients ≥ 18 years admitted from 

March 1 st 2020 to January 31 st 2021 with COVID-19 infection who received mechanical ventilation. Pa- 

tient characteristics, clinical characteristics, therapy and survival were examined. 

Results: 155/156 patients (115 men, mean age 62 years, range 26-84 years) were included. 67 pa- 

tients (43%) had 90 superinfections, pneumonia dominated (78%). Superinfections were associated with 

receiving dexamethasone (66% vs 32%, p < 0.0 0 01), autoimmune disease (18% vs 5.7%, p < 0.016) and 

with longer ICU stays (26 vs 17 days, p < 0,001). Invasive fungal infections were reported exclusively in 

dexamethasone-treated patients [8/67 (12%) vs 0/88 (0%), p < 0.0 0 01]. Unadjusted 90-day survival did not 

differ between patients with or without superinfections (64% vs 73%, p = 0.25), but was lower in patients 

receiving dexamethasone versus not (58% vs 78%, p = 0.007). In multiple regression analysis, superinfection 

was associated with dexamethasone use [OR 3.7 (1.80–7.61), p < 0.001], pre-existing autoimmune disease 

[OR 3.82 (1.13–12.9), p = 0.031] and length of ICU stay [OR 1.05 p < 0.001]. 

Conclusions: In critically ill COVID-19 patients, dexamethasone as standard of care was strongly and in- 

dependently associated with superinfections. 

© 2022 The Author(s). Published by Elsevier Ltd on behalf of The British Infection Association. 

This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 
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Bacterial or fungal superinfections following viral infections are 

ell known from seasonal influenza epidemics, mostly in hospital- 

zed patients and in particular in those needing treatment in an in- 

ensive care unit (ICU). 1 At the onset of the SARS-CoV-2 pandemic, 

imilar complications were anticipated. However, in early reports, 

he incidence of secondary infections or superinfections in hospi- 

alized COVID-19 patients was remarkably low, with estimates not 

xceeding 16%, although in some studies these infections had a 

egative impact on outcome. 2 , 3 , 4 , 5 , 6 , 7 Later publications suggested 

hat COVID-19 patients did not show the same propensity for su- 

erinfections as patients with influenza infection, and concluded 

hat use of empiric antimicrobial therapy was not warranted. 8 , 9 

till, in COVID-19 patients with acute respiratory distress syndrome 

ARDS) on invasive mechanical ventilation, a markedly higher rate 

f superinfections was reported. 4 , 10 , 11 , 12 , 13 , 14 

During the summer of 2020, randomized trials demonstrated 

hat dexamethasone improved survival in hospitalized patients 

ith severe COVID-19. 15 , 16 , 17 The drug was rapidly implemented 

s standard of care in most countries. 18 After the introduction of 

his therapy in Norway, the impression was that more COVID-19 

atients acquired superinfections. In particular, we observed more 

ases of suspected pneumonia with findings of enterobacteriaceae 

nd fungus in patients receiving mechanical ventilation. At present, 

ata on the impact of dexamethasone therapy on the incidence 

f superinfections in hospitalized severely ill COVID-19 patients is 

imited. A multicentre retrospective study was therefore performed 

n the south-eastern region of Norway to examine if superinfec- 

ions in hospitalized COVID-19 patients on mechanical ventilation 

ad increased during the COVID-19 pandemic, and whether the in- 

idence of such complications was influenced by the introduction 

f dexamethasone as standard care. 

atients and Methods 

tudy characteristics and data collection 

This was a national, multicentre, observational, retrospective 

tudy with seven participating hospitals in the south-eastern re- 

ion of Norway. The protocol was approved by the Regional Com- 

ittee for Health and Research Ethics for South-East Norway (REK: 

19370). The study population included all patients at or above 

8 years of age admitted from March 1 st 2020 until January 31 st 

021 who fulfilled the following inclusion criteria: (1) SARS-CoV-2 

nfection confirmed by polymerase chain reaction (PCR), (2) clini- 

ally diagnosed ARDS, and (3) treatment during hospitalization in- 

luded invasive mechanical ventilation and/or extra-corporal mem- 

rane oxygenation (ECMO). Exclusion criteria were withdrawal of 

onsent following distribution of a written summary of the study 

rotocol to living eligible patients. In deceased patients, consent 

as waived. The main objective was to examine whether the in- 

idence of superinfections remained stable during the pandemic. 

econdary aims were the characterisation of these infections, their 

elation to dexamethasone use, length of ICU and hospital stay and 

utcome. 

Data were manually collected from electronic medical records 

nd charts and plotted into an electronic database (Ledidi.com, 

slo, Norway). Variables included gender, age, co-morbidities, 

lood values and clinical characteristics on admission and dur- 

ng ICU stay, date of ICU admission, date of intubation and inva- 

ive mechanical ventilation, duration of invasive mechanical venti- 

ation, need for extra-corporal mechanical ventilation (ECMO), su- 

erinfections with microbiological documentation and recurrences, 

se of dexamethasone and other immune-modulating drugs, tar- 
58 
eted and/or empirical use of antimicrobial agents, length of stay 

LOS) in the ICU and hospital, and 90-day survival (obtained from 

ospital records automatically updated from the Norwegian Na- 

ional Population Registry). In Norway, the pandemic‘s first wave 

nded late in May 2020 coinciding with dexamethasone being im- 

lemented as standard of care. 

efinition of superinfections 

A superinfection, synonymous with secondary infection, was 

efined as an incident when the following occurred: 1) Clinical de- 

erioration, 2) A positive specimen obtained > 3 days after hospital 

dmission, 3) Findings of pathogenic microorganisms other than 

ARS-Cov-2 (bacterial, fungal or viral) by cultures (bacteria and 

ungus), Galactomannan antigen assay (GM-EIA) (BioRad, Hemel, 

empstead, UK) or PCR (in-house methods for fungus and virus) 

n clinical specimens and, 4) The introduction of targeted antimi- 

robial therapy or the continuation of empiric antimicrobial ther- 

py in agreement with the findings while the patients was ad- 

itted to the ICU. Findings of coagulase-negative staphylococci in 

 single blood-culture and Candida spp . in airways were consid- 

red contaminators or commensal flora and not superinfections. 

o-infections, i.e. clinical signs of infection with findings of micro- 

ial agents diagnosed on Day 0-2 after admission, were excluded 

rom this study. 

efinition of pulmonary infection 

The definition of ventilator-associated pneumonia (VAP) in- 

ludes new radiographic infiltrates ≥ 48 hours after intubation. 17 

owever, the radiological presentation of COVID-19 ARDS pre- 

luded use of new pulmonary findings as an indication of VAP. Pul- 

onary infection was therefore in our dataset based on: 1):Respi- 

atory deterioration and/or an increase in inflammatory biochemi- 

al markers > 3 days after ICU entry and 2) Microbiological find- 

ngs in airway secretion and, 3) The introduction of targeted an- 

imicrobial therapy or the continuation of empiric antimicrobial 

herapy in agreement with the findings. 

tatistical analysis 

Reported values represent counts (%) and medians (25 th -75 th 

entiles) unless otherwise noted. Chi square test and Wilcoxon 

ank sum test were used to compare demographic and clinical 

haracteristics among patients with and without superinfection, 

nd to compare infections, microbiological findings and outcome 

ith and without dexamethasone therapy. 

Factors associated with presence of superinfection were anal- 

sed using backwards stepwise multiple logistic regression with 

-value thresholds 0.20 to enter and 0.10 to leave the model 

Fit Model platform, Personality Stepwise, SAS-JMP 13.2.0 soft- 

are for Mac, SAS Institute, Cary, NC, USA). Potential dichotomous 

yes/no) predictors of superinfection explored included gender, hy- 

ertension, diabetes, chronic heart disease, chronic lung disease, 

hronic kidney disease, autoimmune disease, malignancy, ongoing 

mmunosuppression prior to COVID-19 infection, dexamethasone 

dministered related to COVID-19, and other immune-modulating 

rugs administered. Potential continuous predictors of superinfec- 

ion included age by decile, body mass index (BMI), C-reactive pro- 

ein (CRP), neutrophil and lymphocyte counts on hospital admis- 

ion and ICU length of stay (LOS). Results are reported as odds ra- 

io (OR) with 95% confidence levels (95% CI) for having an infec- 

ion versus no infection. The statistical significance level was set at 

 < 0.05. 
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Table 1 

Demographics, clinical characteristics, use of immunomodulatory drugs and outcome in 155 COVID-19 ARDS patients with or 

without superinfection 

Full cohort Superinfection No superinfection P value ∗

N = 155 N = 67 N = 88 

Male gender 115 (74) 50 (75) 65 (74) 0.914 

Age (years) 62 (54–70) 62 (57–71) 61 (52–70) 0.257 

BMI 27.8 (24.5–31.1) 27.7 (24.4–31.9) 28.1 (25.1–30.9) 0.987 

Hypertension 69 (45) 32 (48) 37 (43) 0.517 

Diabetes 38 (25) 15 (22) 23 (26) 0.591 

Chronic heart disease 23 (15) 9 (13) 14 (16) 0.609 

Chronic lung disease 36 (23) 17 (25) 19 (22) 0.581 

Chronic kidney disease 12 (7.7) 7 (10) 5 (5.9) 0.271 

Malignancy 7 (4.5) 3 (4.5) 4 (4.6) 0.560 

Autoimmune disease 17 (11) 12 (18) 5 (5.7) 0.016 

Primary Immunodeficiency 0 0 0 NA 

Prior immunosuppressive therapy 17 (11) 9 (13) 8 (9.0) 0.392 

Dexamethasone given ∗∗ 72 (46) 44 (66) 28 (32) < 0.0001 

Duration (days) 11 (8–16) 11 (8–16) 12 (8–16) 0.705 

Time from Admission (days) 0 (0–4) 0 (0–4) 0 (0–4) 0.811 

Hydroxychloroquine 43 (28) 11 (16) 32 (36) 0.005 

Anakinra 29 (19) 11 (16) 18 (20) 0.589 

CRP Admission Highest 129 (70–217) 

280 (200–358) 

128 (60–191) 

273 (188–343) 

129 (80–244) 

280 (205–373) 

0.297 

0.261 

Neutrophils Admission Highest 5.8 (3.8–8.8) 

12.8 (9.2–18.1) 

5.0 (3.8–8.5) 

14 (10–19) 

6.1 (3.8–8.8) 

12 (8.3–17) 

0.758 

0.027 

Lymphocytes Admission Lowest 0.8 (0.6–1.2) 

0.7 (0.5–0.9) 

0.9 (0.6–1.3) 

0.7 (0.5–1.0) 

0.8 (0.6–1.1) 

0.7 (0.5–0.9) 

0.358 

0.585 

PaO2/FiO2 ratio (Worst) 14 (9–20) 12 (8.0–19) 15 (9.8–22) 0.070 

Noradrenaline ≥0.1 μg/kg/min 77 (50) 33 (49) 44 (50) 0.927 

Haemodialysis in ICU 27 (17) 8 (12) 19 (22) 0.117 

Symptoms–Admission (days) 7 (5–10) 7 (6–10) 8 (5–11) 0.731 

Symptoms–Intubation (days) 12 (9–15) 12 (9–16) 12 (9–15) 0.509 

Hospital LOS (days) 27 (20–42) 32 (25–54) 23 (18–33) < 0.0001 

ICU LOS (days) 19 (14–31) 26 (16–42) 17 (12–22) < 0.0001 

Time on ventilator (days) 16 (10–26) 21 (12–34) 13 (9–19) < 0.0001 

90-day survival ∗∗∗ 107 (69) 43 (64) 64 (73) 0.254 

Values are N (%) and medians (25 th –75 th centile). ∗Chi square tests or Wilcoxon test; ∗∗Dexamethasone 6 mg x 1 or equivalent 

dose methylprednisolone (nine patients); ∗∗∗All-cause out-of-hospital survival; BMI: Body mass index (kg/m 

2 ); ICU: intensive 

care unit; CRP: C-reactive protein (mg/L); Neutrophils and lymphocytes: x10 ̂ 9/L; LOS: length of stay. 
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atient characteristics 

156 patients fulfilled inclusion criteria, of which one declined 

o participate. A total of 155 patients were included from seven 

articipating hospitals, with median 36 patients (range 5-50) per 

entre ( Table 1 ). Time from symptom start to hospital admission 

as median 7 days (IQR 5-10). Time from hospital admission to ad- 

inistration of dexamethasone was median 0 day (IQR 0-4). Time 

rom hospital admission to ICU admission was median 2 days (IQR 

-4). All patients received invasive mechanical ventilation; seven 

eceived ECMO therapy. Risk factors for COVID-19, clinical data at 

dmission and peak or lowest point, use of immune-modulating 

rugs, LOS in the ICU and hospital, and outcome are shown in 

able 1 . Seventy-two patients received Dexamethasone i.v. 6 mg 

 1 or equivalent dose of methylprednisolone (nine patients) for 

 median of 11 d (8-16) ( Table 1 ). Seven of the 72 patients who

eceived dexamethasone were admitted during the first pandemic 

ave and 65 patients during the second wave, i.e. after the imple- 

entation of dexamethasone as standard care for COVID-19. 

ccurrence of superinfections 

In 67/155 (43%) of patients a total of 90 superinfections were 

etected. The first superinfections occurred 11 (range 7–17) days 

fter admission and included 57 monomicrobial and 10 polymicro- 

ial infections. Sixteen patients (24%) developed a second superin- 

ection (11 with monomicrobial and 5 with polymicrobial findings) 

0 (range 3-42) days after the first infection, of which four were 
59
ecurrences. Six patients (9% of total) experienced a third superin- 

ection (5 monomicrobial and 1 polymicrobial) 16 (6-26) days after 

he second infection and four were recurrences. One patient had 

 fourth new infection while in the ICU. The predominant location 

or superinfections was the lower respiratory tract (78% of infec- 

ions), followed by 10% bloodstream infections, 8.4% urinary tract 

nfections, and 2% each of positive cultures of faeces and intravas- 

ular lines. 

Microbes, specimens and the relation to dexamethasone treat- 

ent are presented in Figure 1 . In some patients, findings of the 

ame microbe in more than one specimen occurred. Gram-negative 

ods were the dominant pathogens identified, while Staphylococ- 

us aureus was the most common subspecies detected. Fungal in- 

ection was diagnosed in 8 patients, five fulfilling the defined cri- 

eria for possible or probable COVID-19 associated pulmonary as- 

ergillosis (CAPA) at a median of 14 days (9-27) from admittance, 

nd three with Pneumocystis jirovecii pneumonia at 27 days (3-33) 

fter admittance. 19 Two patients had reactivation of HSV and CMV 

nd were treated with antiviral drugs. 

Comparing the patient groups with and without superinfec- 

ions, we found that patients with superinfections more often had 

eceived corticosteroids ( Table 1 ). Patients with superinfections 

lso more often had pre-existing autoimmune diseases, and had 

igher maximum neutrophil count, a trend towards lower mini- 

um PaO2/FiO2 ratio and longer hospital stay, ICU-stay and time 

n ventilator support. However, 90-day survival rates for patients 

ith superinfections were not significantly lower than for those 

ithout superinfections (64% versus 73%, p = 0.25). Moreover, high 

RP levels or low number of lymphocytes, other co-morbidities 

han autoimmune disorders, or use of immunosuppressive drugs 
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Figure 1. Superinfections in COVID-19 patients: Microbial agents and specimens Data from 155 COVID-19 patients on invasive mechanical ventilation. The definition of 

superinfection (N = 90) included a positive specimen obtained > 3 days after hospital admission. Red columns show findings in patients having received dexamethasone or an 

equipotent dose of methylprednisolone as COVID-19 treatment (72 of 155 patients); blue columns are findings in non-corticosteroid treated patients. 

60 
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Table 2 

Demographics, clinical characteristics, use of immunomodulatory drugs and outcome in 155 COVID-19 patients treated with 

or without dexamethasone 

Full cohort DEXA yes DEXA no P value ∗

N = 155 N = 72 N = 83 

Male gender 115 (74) 53 (74) 62 (75) 0.877 

Age (years) 62 (54–70) 62 (54–71) 62 (53–70) 0.711 

BMI 27.8 (24.5–31.1) 28.5 (25.0–32.1) 27.2 (24.2–30.5) 0.104 

Hypertension 69 (45) 36 (50) 33 (40) 0.225 

Diabetes 38 (25) 20 (28) 18 (22) 0.379 

Chronic heart disease 23 (15) 8 (11) 15 (18) 0.214 

Chronic lung disease 36 (23) 20 (28) 16 (19) 0.211 

Chronic kidney disease 12 (7.7) 7 (9.7) 5 (6.0) 0.390 

Malignancy 7 (4.5) 7 (10) 0 (0) 0.003 

Autoimmune disease 17 (11) 10 (14) 7 (8.4) 0.278 

Primary Immunodeficiency 0 0 0 NA 

Immunosuppression pre-admission 17 (11) 13 (18) 4 (4.8) 0.009 

Dexamethasone given ∗∗ 72 (46) 72 (100) 0 NA 

Duration (days) 11 (8–16) NA 

Time from Admission (days) 0 (0–4) NA 

Hydroxychloroquine 43 (28) 1 (1.4) 42 (51) < 0.001 

Anakinra 29 (19) 5 (7.0) 24 (30) < 0.001 

Superinfection after 72 h 67 (43) 44 (61) 23 (28) < 0.001 

CRP Admission Highest 129 (70–217) 

280 (200–358) 

126 (65–184) 

265 (187–326) 

130 (80–225) 

293 (235–380) 

0.398 

0.019 

Neutrophils Admission Highest 5.8 (3.8–8.8) 

12.8 (9.2–18.1) 

5.1 (3.5–8.7) 

15 (10.4–20) 

6.1 (4.0–8.8) 

11.3 (8.3–16.6) 

0.613 

0.002 

Lymphocytes Admission Lowest 0.8 (0.6–1.2) 

0.7 (0.5–0.9) 

0.8 (0.6–1.1) 

0.6 (0.4–0.9) 

0.8 (0.6–1.2) 

0.7 (0.5–0.9) 

0.220 

0.055 

PaO2/FiO2 ratio (Worst) 14 (9–20) 11 (8.0–20) 15 (10–23) 0.015 

Noradrenaline ≥0.1 ug/kg/min 77 (50) 36 (50) 41 (49) 0.940 

Haemodialysis in ICU 27 (17) 13 (18) 14 (17) 0.846 

Symptoms–Admission (days) 7 (5–10) 7 (5–10) 8 (6–11) 0.086 

Symptoms–Intubation (days) 12 (9–15) 13 (10–16) 11 (9–15) 0.013 

Hospital LOS (days) 27 (20–42) 30 (22–49) 25 (18–36) 0.017 

ICU LOS (days) 19 (14–31) 21 (15–37) 18 (13–26) 0.044 

Intubation time (days) 16 (10–26) 16 (10–31) 15 (10–21) 0.256 

90-day survival ∗∗∗ 107 (69) 42 (58) 65 (78) 0.007 

Values are N (%) and medians (25 th –75 th centile). ∗Chi square tests or Wilcoxon test. BMI: Body mass index (kg/m 

2 ); ICU: 

intensive care unit; ∗∗Dexamethasone 6 mg x 1 or equivalent dose methylprednisolone (nine patients); CRP: C-reactive pro- 

tein (mg/L); Neutrophils and lymphocytes: x10 ̂ 9/L; LOS: length of stay; ∗∗∗All-cause out-of-hospital survival. NOTE : In this 

cohort, 98% of patients not receiving dexamethasone arrived during the first wave of the pandemic, when early intubation 

was recommended and hydroxychloroquine was still in use. 
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t the time of hospital admission were not significantly associated 

ith the occurrence of superinfections. Use of hydroxychloroquine 

as statistically associated with a lower number of superinfec- 

ions, but importantly, in our patient cohort, hydroxychloroquine 

se stopped abruptly at the same time as dexamethasone was in- 

roduced as standard therapy. 

Use of dexamethasone was independently associated with the oc- 

urrence of superinfections in COVID-19 patients on invasive me- 

hanical ventilation Superinfections were observed in 44/72 (61%) 

atients who did receive dexamethasone, while in patients who 

id not receive dexamethasone 23/83 (28%) had superinfec- 

ions (p < 0.0 0 01). All invasive fungal infections were found in 

examethasone-treated patients [8/72 (11%) vs 0/83 (0%), p < 0.001] 

 Table 3 ). Survival rates were lower in patients receiving dexam- 

thasone (58% vs 78%). 

Backwards stepwise multiple logistic regression adjusting for 

emographics, comorbidities, admission lab values and ICU LOS 

howed that detected superinfection was independently associated 

ith having received dexamethasone (OR 3.7 (1.80–7.61), p < 0.001) 

nd having autoimmune disease (OR 3.82 (1.13–12.9), p = 0.031). 

onger ICU LOS increased the occurrence of superinfections (OR 

.05 per day LOS, p < 0.001). The combined predictive value of the 

ull regression model was moderate (AUROC 0.786). 

mpiric antimicrobial therapy 

Empiric antimicrobial therapy was administered to 147 (95%) 

atients at some time point, a median of 3 (2-5) courses dur- 
61 
ng the ICU stay. The proportion of patients starting such ther- 

py on hospital admission was higher during the first pandemic 

ave than later in the study period (98% vs. 81%, p = 0.004). Pre- 

ominant empiric antibiotics started on hospital days 0, 1 and 2 

ere penicillins (15%), cephalosporins (50%), fluorokinolones (25%), 

eropenem and gentamicin (3% each). 

iscussion 

In this study of 155 consecutively treated COVID-19 patients 

equiring invasive mechanical ventilation, we demonstrate that 

3% experienced 1-4 superinfections according to our definition 

hroughout their ICU stay. Use of dexamethasone in these patients 

as strongly and independently associated with the occurrence of 

uperinfections, with an adjusted odds ratio of 3.7. Having an au- 

oimmune disease and a long ICU stay also demonstrated a similar 

ndependent association. However, the association of superinfec- 

ions with dexamethasone was strongly present also after adjust- 

ng for these two factors. In this small study we could not demon- 

trate a statistically significant effect of superinfections on 90-day 

urvival. Examining the patients receiving dexamethasone vs. not, 

he same association with infections, in particular invasive fungal 

nfections, and longer ICU stay persisted. Furthermore, the use of 

examethasone demonstrated a significant association with mor- 

ality. Our findings suggest that whereas dexamethasone has been 

hown to increase survival in critically ill COVID-19 patients, it also 

ppears to increase the risk of clinically relevant superinfections. In 



S. Søvik, A. Barratt-Due, T. Kåsine et al. Journal of Infection 85 (2022) 57–63 

Table 3 

Possible invasive fungal infections in eight critically ill Covid-19 patients on invasive mechanical ventilation 

Patients No Sex and Age Risk Factors for COVID-19 or IFI DEXA Pathogens Specimens Diagnostics Therapy Outcome 

1 F 54 Autoimmune disease, 

Immunosuppressive drugs IMV 

3 d 

Yes P. jirovecii ∗ BAL PCR + TMP/SMX 21 d Alive 

2 M 58 IMV 9 d Yes Aspergillus sp. TRACH Culture + , GM: nd, 

PCR: nd 

Voriconazole 13 d Alive 

3 M 61 Autoimmune disease, 

Immunosuppressive drugs IMV 

19 d 

Yes A. fumigatus TRACH Culture + , GM: nd, 

PCR: nd 

Micafungin 1 d Deceased 

4 M 76 Autoimmune disease, COPD, 

Hypertension IMV 14 d 

Yes A. fumigatus TRACH Culture + , GM: nd 

PCR + 

Anidulafungin 15 d Deceased 

5 M 82 MDS? Hypertension, IMV 11 d Yes A. fumigatus TRACH Culture + , PCR + , 

GM + 

Anidulafungin 17 d Deceased 

6 M 60 BMI 30 IMV 27 d Yes P. jirovecii ∗ TRACH PCR + TMP/SMX 38 

d + Anidulafungin 6 d 

Deceased 

7 F 62 Autoimmune disease, 

Hypertension, ECMO 33 d 

Yes P. jirovecii ∗ BAL PCR + TMP/SMX 5 d Deceased 

8 M 58 ECMO 27 d Yes A. fumigatus TRACH Culture + , PCR + , 

GM + 

Isavuconazole 18 d Deceased 

IFI: invasive fungal infection; DEXA: Dexamethasone; F: female; M: male; IMV: invasive mechanical ventilations; d: days; COPD: chronic obstructive pulmonary disease; MDS: 

myelodysplastic syndrome; BAL: bronchioalveolar lavage; SPUT: induced sputum; TRACH: tracheal secretion; TMP/SMX: Trimeptoprim/Sulfamethoxazole; PCR: polymerase 

chain reaction; GM: galactomannan; neg: negative; nd: not done. 
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his Norwegian study, although observational, its use also have an 

mpact on outcome. 

While it is not surprising that use of corticosteroids increases 

he risk of infections in COVID-19 patients, available data on the 

ncidence of superinfections in COVID-19 patients in the dexam- 

thasone era is scarce. In initial studies on dexamethasone use 

n COVID-19, superinfections were not included as secondary out- 

ome. 15 , 16 A later meta-analysis suggested a possible increase in 

econdary infections following corticosteroid therapy, but occur- 

ence of secondary infection was not a pre-defined endpoint in 

he majority of the studies included, so the results should be in- 

erpreted with caution. 20 In a single-centre study on severely ill 

atients, Saade et al. reported that dexamethasone was associated 

ith increased risk of superinfection, but importantly, this popu- 

ation had a high prevalence of underlying immune defects due to 

alignancies and organ transplantation (34%). 12 A recent study of 

CU patients from three French ICUs reported a higher incidence of 

uperinfections than that of the present study, but they found no 

ssociation between the occurrence of VAP and the use of dexam- 

thasone. 21 One possible contributor to the discrepancies between 

ur findings and these studies is differences in the utilization of 

road-spectrum antibiotics, previously demonstrated to be inde- 

endently associated with superinfections in COVID-19. 11 Although 

5% of our patients received empiric antibiotics, this involved to a 

arge extent the use of relatively narrow-spectrum agents due to 

oderate levels of antimicrobial resistance in Norway, as demon- 

trated in EARS-Net. 22 Furthermore, in the French study, the non - 

examethasone treated “first wave” patients were almost twice as 

ikely to be on a ventilator at ICU admission and had 50% longer 

entilator and ICU time than the dexamethasone treated “second 

ave” COVID-19 patients, potentially influencing their results. Our 

ndings of length of stay having an independent association with 

uperinfections could support this. 

Pneumonia was the most frequent form of infection observed, 

nd eight patients (5%), increasing to 11% in the dexamethasone 

reated population, had possible or probable invasive fungal infec- 

ion with a 75% mortality rate. Early in the pandemic, CAPA was 

eported with varying incidence, with a median of 13.5%, ranging 

rom 2.5% to 35% in a review. 23 In three prospective trials, the inci- 

ence was somewhat higher, 14% to 38%. 24 , 25 , 26 In ICU patients re- 

eiving mechanical ventilation, Marr et al. suggested an incidence 

f 20-30%. 27 Two recent studies from ICU populations with COVID- 
s

62 
9 reported 15% and 9% incidence of CAPA and both demonstrated 

n independent association to dexamethasone. 28 , 29 A recent mul- 

icentre study by Perner et al. using differing doses of dexam- 

thasone in critically ill COVID-19 patients demonstrated only 3-4% 

f invasive fungal infections depending on dexamethasone dose. 30 

hese findings support the fact that CAPA is a real threat in COVID- 

9 ARDS, particularly when anti-inflammatory regimens are used. 

We demonstrated a frequent use of empirical antimicrobial 

gents and its use diminished over time possibly making a posi- 

ive contribution to the microbial yield in the dexamethasone era. 

owever, the differences of empiric use at admission was small, 

8% vs 81%, and 95% of all our patients received empiric therapy 

t some point during the ICU stay, making this a less plausible ex- 

lanation for increased superinfection rate by time. 

Having demonstrated a strong association with superinfections 

nd dexamethasone without affecting survival rates, we examined 

he impact of dexamethasone on the same parameters and demon- 

trated a significant impact on unadjusted survival rates. As this is 

 small study, the findings should be interpreted carefully. Further- 

ore, survival rates might have been even lower at this time of 

he pandemic without dexamethasone. 

A clear limitation of this study is its observational, retrospec- 

ive design. However, it was a multicentre study and included 

ost Norwegian hospitals where COVID-19 patients were treated 

oth before and after dexamethasone was implemented as stan- 

ard therapy in patients with ARDS. Due to the limited value of 

adiological diagnostics in assessing VAP in COVID-19 ARDS, the 

iagnosis was based solely on perceived clinical deterioration and 

icrobiological findings, possibly leading to an overestimation of 

rue superinfections. Finally, patient numbers were relatively low; 

his might have influenced some sub-analyses such as the occur- 

ence of fungal infection. 

onclusion 

We report that mechanically ventilated COVID-19 patients re- 

eiving dexamethasone had an over three times higher odds ra- 

io for contracting superinfections while in the ICU. These superin- 

ections were associated with autoimmune disease and longer ICU 

nd hospital stays. Other anti-inflammatory and immunosuppres- 

ive agents are being tested in COVID-19 patients, often in combi- 
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ation with dexamethasone. Based on the present findings, a par- 

icular focus on superinfections is warranted. 
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