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Purpose: Dexamethasone is the only drug that has consistently reduced mortality in patients with COVID-19, es-
pecially in patients needing oxygen or invasive mechanical ventilation. However, there is a growing concern
about the relation of dexamethasone with the unprecedented rates of ICU-acquired respiratory tract infectionsCOVID-19
(ICU-RTI) observed in patients with severe COVID-19.
Methods: This was a multicenter, prospective cohort study; conducted in ten countries in Latin America and
Europe.We included patients older than 18with confirmed SARS-CoV-2 requiring ICU admission. Amultivariate
logistic regression and propensity score matching (PSM) analysis was conducted to determine the relation be-
tween dexamethasone treatment and ICU-RTI.
Results: A total of 3777 patients were included. 2065 (54.7%) were treated with dexamethasone within the first
24 h of admission. After performing the PSM, patients treated with dexamethasone showed significantly higher
proportions of VAP (282/1652 [17.1%] Vs. 218/1652 [13.2%], p = 0.014). Also, dexamethasone treatment was
identified as an adjusted risk factor of ICU-RTI in the multivariate logistic regression model (OR 1.64; 95%CI:
1.37–1.97; p < 0.001).
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Severe COVID-19
Pneumonia
espiratory tract infections; HIV-AIDS, Human immunodeficiency virus- Acquired Immunodeficiency Disease Syndrome; PaO2,
ial carbon dioxide concentration; FiO2, Inspired Fraction of Oxygen; VAP, Ventilator-Associated Pneumonia; VAT, Ventilator-
nula; HAP, Hospital-acquired pneumonia; LOS, Length of stay..
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Conclusion: Patients treated with dexamethasone for severe COVID-19 had a higher risk of developing ICU-
acquired respiratory tract infections after adjusting for days of invasive mechanical ventilation and ICU length
of stay, suggesting a cautious use of this treatment.
© 2022 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
1. Background

Over the last year, more than 200 million people have been infected
by the Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-
2), and more than 4 million people have died worldwide due to this in-
fection [1,2,3]. It is estimated thatmore than 10billion dollars have been
expended taking care of these patients only in the United States, and
around 20 billion dollars were invested in developing the new vaccines
currently available worldwide [4]. Moreover, about 30% of hospitalized
patients develop severe infections and require organ support, including
advanced ventilatory treatments and admission to the intensive care
unit (ICU), increasing the mortality and costs of patient care [5,6]. Dur-
ing the pandemic, several medications have been tested to improve
clinical outcomes in patients with SARS-CoV-2, especially in critically
ill patients [7,8]. However, data evaluating the efficacy of these treat-
ments have been contradictory. Notably, dexamethasone was the first
medication to show a mortality benefit consistently in patients requir-
ing oxygen support or invasive mechanical ventilation; thus, it has be-
come the standard of care for severe COVID-19 patients globally [9].

On the other hand, up to 50% of patients admitted to the ICU due to
severe COVID-19 develop ICU-acquired respiratory tract infections
(RTI) such as ventilator-associated pneumonia (VAP), ventilator-
associated tracheobronchitis (VAT), and hospital acquired-pneumonia
(HAP) [10,11]. Moreover, patients that develop ICU-RTI are frequently
infected bymultidrug-resistant pathogens (e.g., Pseudomonas aeruginosa
and carbapenem-resistant Klebsiella pneumoniae). Consequently, these
patients have highermortality rates, longer ICU length of stay, and higher
patient care-associated costs [10]. The mechanisms underlying these
higher rates of ICU-RTI remained widely unknown, and few studies
have documented the risk factors associated with these infections. The
high incidence of ICU-RTI observed in severe SARS-CoV-2 patients is
contradictory because these patients are in strict isolation, theoretically
decreasing hospital-acquired infections. However, there may be other
factors such as a lower implementation of bundles in pneumonia pre-
vention, longer duration of ventilation, prolonged length of stay, and un-
controlled usage of broad-spectrum antibiotics. A growing concern has
also emerged that treatment with immunosuppressors, such as dexa-
methasone, might be associated with ICU-RTI; however, data exploring
this unintended effect is lacking. Therefore, this study will attempt to
bring novel data in this regard.

Corticosteroids have been associated with immunosuppression
states and subsequent superinfections before the SARS-CoV-2 pandemic
[12]. However, as they are the onlymedications that have proved to im-
prove clinical outcomes early during the pandemic, they have been
widely used, especially in patients admitted to the ICU.We hypothesize
that patients treated with dexamethasone are at a higher risk of devel-
oping ICU-RTI. To test this hypothesis, we performed a propensity score
matching analysis of patients admitted to the ICU in Latin America and
Europe before recommending dexamethasone and after becoming the
standard of care to determine whether this corticosteroid is associated
with ICU-RTI.
2. Materials and methods

This was a multicenter, prospective cohort study of subjects admit-
ted to 84 ICUs due to severe SARS-CoV-2 infection in ten countries
(i.e., Spain, Ireland, Bolivia, Colombia, Chile, Ecuador, Mexico,
Argentina, Uruguay, and Brazil) between March 2020 and January
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2021 [13]. The patients were included in a voluntary prospective regis-
try created by the Latin American Intensive Care Network (Red LIVEN -
https://www.redliven.org/web/) and the Spanish Society of Intensive
Care Medicine (SEMICYUC)(NCT04948242). The attending physicians
collected data by reviewing medical records and laboratory data. All
subsequent cases admitted who met the entry criteria were included
in the registry. The Ethics Committee approved the study of the Clínica
Universidad de La Sabana (IRB#2020AN28) and Hospital Joan XXIII
(IRB#CEIM/066/2020). All datawere anonymized, allowing the require-
ment for informed consent to be waived. Treatment decisions were not
standardized between centers; therefore, they were left to the discre-
tion of the attending physicians.

2.1. Subjects

The cohort includes patients older than 18 years hospitalized in the
ICU due to severe SARS-CoV-2 infection. Confirmed SARS-CoV-2 infec-
tion was determined by reverse transcription-polymerase chain reac-
tion (rt-PCR) in a respiratory sample at each hospital based on local
protocols. Then,we used amodifiedWorldHealth Organization severity
criteria to identify patients with severe and critical SARS-CoV-2 illness,
defined as individuals who have SpO2 < 94% on room air at sea level,
a ratio of arterial partial pressure of oxygen to fraction of inspired oxy-
gen (PaO2/FiO2) <300 mmHg, a respiratory rate > 30 breaths/min, or
lung infiltrates >50% or individuals who have respiratory failure, septic
shock, and/or multiple organ dysfunction. All patients who fit the defi-
nition abovewere admitted to ICU and included in the study. The exclu-
sion criteria were patients receiving dexamethasone outside the
established timeframe (24 h of admission) and patients receiving corti-
costeroids other than dexamethasone. The attending physician deter-
mined the dosage and duration of dexamethasone. All patients in the
control group (i.e., without dexamethasone) were enrolled before July
2021, when the results of the RECOVERY trial were available.

2.2. Data collection

The following variables were recorded during ICU admission: demo-
graphic data, comorbidities, symptoms, physiological variables col-
lected during the first 24 h of ICU admission, systemic complications,
and treatments used during the admission (Table 1). The indication
for corticosteroid treatment was reported in the database and was con-
firmed by medical records.

2.3. Study definitions

ICU-RTI was defined as a clinical syndrome of ventilator-associated
pneumonia (VAP), ventilator-associated tracheobronchitis (VAT), or
hospital-acquired pneumonia (HAP) as defined by the American Tho-
racic Society and the Infectious Diseases Society of America (ATS/
IDSA) guidelines [14]. VAP was defined as pneumonia that arises more
than 48 h after endotracheal intubation; VAT as fever with no other rec-
ognizable cause,with new or increased sputumproduction, positive en-
dotracheal aspirates (ETA) culture (>106 CFU/mL) yielding a new
bacterium and no radiographic evidence of nosocomial pneumonia.
HAP was defined as pneumonia that occurs 48 h or more after admis-
sion to the ICU in patients without invasive mechanical ventilation,
which was not incubating at the time of admission [14]. Additionally,
only patientswith the isolation of respiratory pathogens in a respiratory
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Table 1
Characteristics and outcomes comparing dexamethasone and no dexamethasone group before and after propensity score-matching analysis.

Original cohort Match cohort*

Characteristic All
n = 3777

Dexamethasone
n = 2065

No Dexamethasone
n = 1712

p-value All
n = 3304

Dexamethasone
n = 1652

No Dexamethasone
n = 1652

p value

Demographic
Age, mean (SD) 60.3 (13.1) 60.1 (12.9) 60.6 (13.2) 0.22 60.8 (13.0) 60.6 (12.9) 61.3 (13.3) 0.12
Male, n (%) 2598 (68.8) 1454 (70.4) 1144 (66.8) 0.010 2268 (68.7) 1133 (68.6) 1136 (68.8) 0.91

Country, n (%)
Spain 2456 (65.0) 1217 (58.9) 1239 (72.4) <0.001 2358 (71.4) 1169 (70.8) 1189 (72.0) <0.001
Ireland 44 (1.2) 6 (0.3) 38 (2.2) 30 (0.9) 6 (0.4) 24 (1.5)
Colombia 631 (16.7) 476 (23.1) 155 (9.1) 351 (10.6) 200 (12.1) 151 (9.1)
Ecuador 317 (8.4) 185 (9) 132 (7.7) 241 (7.3) 121 (7.3) 120 (7.3)
Chile 208 (5.5) 96 (4.6) 112 (6.5) 197 (6.0) 80 (4.8) 117 (7.1)
Argentina 80 (2.1) 62 (3) 18 (1.1) 84 (2.5) 54 (3.3) 30 (1.8)
Uruguay 21 (0.6) 19 (0.9) 2 (0.1) 27 (0.8) 19 (1.2) 8 (0.5)
Brazil 12 (0.3) 0 (0) 12 (0.7) 8 (0.2) 0 (0) 8 (0.5)
Mexico 7 (0.2) 4 (0.2) 3 (0.2) 7 (0.2) 3 (0.2) 4 (0.2)
Bolivia 1 (0) 0 (0) 1 (0.1) 1 (0) 0 (0) 1 (0.1)

Comorbid conditions a, n (%)
Congestive heart failure 233 (6.2) 132 (6.4) 101 (5.9) 0.53 189 (5.7) 93 (5.6) 97 (5.9) 0.80
Hypertension 1654 (43.8) 909 (44.0) 745 (43.5) 0.75 1505 (45.6) 750 (45.4) 758 (45.9) 0.27
Chronic pulmonary disease 297 (7.9) 155 (7.5) 142 (8.3) 0.37 262 (7.9) 137 (8.3) 119 (7.2) 0.35
Asthma 163 (4.3) 68 (3.3) 95 (5.5) 0.001 128 (3.9) 59 (3.6) 75 (4.5) 0.24
Chronic kidney disease 232 (6.1) 142 (6.9) 90 (5.3) 0.030 199 (6.0) 99 (6.0) 101 (6.1) 0.90
Neurologic disease 50 (1.3) 27 (1.3) 23 (1.3) 0.92 41 (1.3) 21 (1.3) 20 (1.2) 0.92
Hematological disease 103 (2.7) 52 (2.5) 51 (3.0) 0.38 94 (2.8) 43 (2.6) 55 (3.3) 0.32
HIV-AIDS 16 (0.4) 9 (0.4) 7 (0.4) 0.89 17 (0.5) 8 (0.5) 10 (0.6) 0.68
Obesity 1206 (31.9) 708 (34.3) 498 (29.1) 0.001 1075 (32.5) 548 (33.2) 516 (31.2) 0.32
Diabetes 822 (21.8) 500 (24.2) 322 (18.8) <0.001 704 (21.3) 371 (22.5) 313 (19.0) 0.047
Rheumatological disease 94 (2.5) 46 (2.2) 48 (2.8) 0.25 87 (2.6) 43 (2.6) 44 (2.7) 0.89

Laboratories at ICU admission
FiO2%, mean (SD) 63.4 (27.4) 65 (27.0) 61.4 (27.7) <0.001 63 (27.5) 63.4 (27.2) 62.3 (28.1) 0.23
PaO2 mmHg, mean (SD) 73.7 (24.7) 72.9 (23.9) 74.6 (25.5) 0.06 74.3 (27.5) 74.4 (24.5) 74.2 (28.1) 0.80

PaO2/FiO2 Ratio, n (%)
0–50 124 (3.3) 72 (3.5) 52 (3.0) 0.001 98 (3.0) 43 (2.6) 55 (3.3) 0.40
50–100 1394 (36.9) 816 (39.5) 578 (33.8) 1194 (36.1) 612 (37.0) 582 (35.2)
100–150 925 (24.5) 517 (25.0) 408 (23.8) 832 (25.2) 442 (26.8) 390 (23.6)
150–200 535 (14.2) 271 (13.1) 264 (15.4) 466 (14.1) 215 (13.0) 251 (15.2)
200–250 308 (8.2) 157 (7.6) 151 (8.8) 273 (8.3) 142 (8.6) 131 (7.9)
250–300 210 (5.6) 97 (4.7) 113 (6.6) 171 (5.2) 86 (5.2) 85 (5.1)
300–350 122 (3.2) 54 (2.6) 68 (4.0) 118 (3.6) 39 (2.4) 79 (4.8)
350–400 71 (1.9) 37 (1.8) 34 (2.0) 69 (2.1) 34 (2.1) 35 (2.1)
>400 88 (2.3) 44 (2.1) 44 (2.6) 83 (2.5) 39 (2.3) 44 (2.7)

pH, n (%)
6.6–6.8 6 (0.2) 3 (0.1) 3 (0.2) 0.33 5 (0.2) 3 (0.2) 2 (0.1) 0.021
6.8–7.0 23 (0.6) 12 (0.6) 11 (0.6) 20 (0.6) 11 (0.7) 9 (0.5)
7.0–7.2 179 (4.7) 99 (4.8) 80 (4.7) 158 (4.8) 69 (4.2) 89 (5.4)
7.2–7.4 1461 (38.7) 765 (37.0) 696 (40.6) 1242 (37.6) 594 (36.0) 648 (39.2)
7.4–7.6 2105 (55.7) 1184 (57.3) 921 (53.8) 1878 (56.8) 975 (59.0) 902 (54.7)
7.6–7.8 1 (0.1) 0 (0) 1 (0.1) 1 (0) 0 (0) 1 (0.1)
7.8–8.0 2 (0.1) 2 (0.1) 0 (0) 0 (0) 0 (0) 0 (0)

Leucocytes, 109 cells/L, mean (SD) 10.2 (5.5) 10.5 (5.5) 9.8 (5.4) <0.001 10.1 (5.2) 10.1 (5.2) 10 (5.3) 0.85
Creatinine, mg/dL, median (IQR) 1 (1–1) 1 (1–1) 1 (1–1) 0.42 1 (1–1) 1.1 (1–1) 1 (1–1) 0.14
C-Reactive Protein mg/dL, median (IQR) 16 (8–29) 15 (8–26) 16 (9–28) 0.30 16 (8–28) 15 (8–28) 17 (9–29) 0.022
Pulmonary infiltrates, n (%) 3426 (90.7) 1862 (90.2) 1564 (91.4) 0.21 3066 (91.2) 1503 (91.0) 1563 (91.4) 0.70

ICU interventions
Tocilizumab, n (%) 482 (12.8) 187 (9.1) 295 (17.2) <0.001 349 (10.6) 166 (10.0) 192 (11.6) 0.23
HFNC, n (%) 1034 (27.4) 710 (34.4) 324 (18.9) <0.001 1085 (32.8) 646 (39.1) 334 (20.2) <0.001
Pronation, n (%) 1954 (51.8) 1181 (57.2) 773 (45.2) <0.001 1714 (51.9) 895 (54.1) 781 (47.3) 0.001

ICU Outcomes
VAPb, n (%) 535 (14.2) 341 (16.5) 194 (11.3) <0.001 522 (15.8) 282 (17.1) 218 (13.2) 0.014
VATb, n (%) 275 (7.3) 185 (9.0) 90 (5.3) <0.001 195 (5.9) 107 (6.5) 79 (4.8) 0.09
HAP, n (%) 51 (1.4) 46 (2.2) 5 (0.3) <0.001 25 (0.8) 19 (1.2) 0 (0) 0.07
Invasive Mechanical Ventilation, n (%) 2622 (69.4) 1506 (72.9) 1116 (65.2) <0.001 2308 (69.9) 1153 (69.8) 1157 (70.0) 0.91

Days of Invasive Mechanical Ventilation,
median (IQR)

8 (0–16) 8 (0–17) 7 (0–15) <0.001 8 (0–17) 8 (0–17) 8 (0–17) 0.98

Non-Invasive Mechanical Ventilation, n (%) 438 (11.6) 287 (13.9) 151 (8.8) <0.001 403 (12.2) 235 (14.2) 133 (8.1) <0.001
Hospital LOS, median (IQR) 20 (12–33) 19 (12−32) 20 (11–34) 0.34 20 (12–34) 20 (13−33) 21 (11–35) 0.88
ICU LOS, median (IQR) 12 (6–21) 12 (6–21) 12 (5–21) 0.010 12 (6–22) 12 (6–22) 12 (5–22) 0.43
Death, n (%) 1136 (30.1) 642 (31.1) 494 (28.9) 0.13 1009 (30.5) 501 (30.3) 512 (31.0) 0.74

HIV-AIDS: Human immunodeficiency virus- Acquired Immunodeficiency Disease Syndrome; PaO2: Partial arterial oxygen concentration; PaCO2: Partial arterial carbon dioxide
concentration; FiO2: Inspired Fraction of Oxygen; VAP: Ventilator-Associated Pneumonia; VAT: Ventilator-Associated Tracheobronquitis; HFNC: High Flow Nasal Cannula; HAP:
Hospital-acquired pneumonia; LOS: Length of stay; IQR: Interquartile range.*Nearest Neighbor Matching were used; aPatients may present more than one comorbidity; bSeven patients
presented VAP and VAT together.
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sample (e.g., tracheal aspirate, bronchoalveolar lavage, sputum, or pleural
fluid) after the first 48 h of ICU admission were considered to have ICU-
RTI. Finally, two groups were defined: 1. the dexamethasone group
(who received dexamethasonewithin the first 24 h of hospital admission
andnoother corticosteroid during ICU stay) and2. the nodexamethasone
group (who received no corticosteroid treatment at all).

2.4. Outcomes

Our primary outcome was to determine the association of dexa-
methasone with ICU-RTI. Our secondary outcomes were to describe
the characteristic of patients treated with dexamethasone and explore
the effect of ICU-RTI on clinical outcomes.

2.5. Statistical analysis

Discrete variables were expressed as percentages. Continuous vari-
ables with normal distribution were expressed as means (standard de-
viation); variables with no normal distribution were expressed as
median (interquartile ranges). Categorical variables are presented in
counts (percentages) and were evaluated through the Chi-square test.
For continuous variables with normal distribution, the t Student test
was performed, and for variables with no normal distribution
Wilcoxon-Mann-Whitney test was used.

Twomultivariate logistic regressionmodels were developed to eval-
uate dexamethasone's relation with ICU-RTI in patients with severe
SARS-CoV-2 infection and the factors associated with dexamethasone
administration (dependent variables). The explanatory variables in-
cluded demographic, comorbid conditions, physiological variables col-
lected during the first 24 h of ICU admission, days of invasive
mechanical ventilation (IMV), ICU, and hospital length of stay. Variables
with a p < 0.25 in the initial bivariate analysis were included in the lo-
gistic regression model. The best model was evaluated in terms of
AUC, and the goodness of fit for the model was assessed with the
Hosmer-Lemeshow test.

Moreover, a propensity score matching (PSM) analysis was devel-
oped to reduce selection bias from different baseline characteristics
and disease severity between individuals treated or notwith dexameth-
asone during the first 24 h of admission (sex, age, congestive heart fail-
ure, hypertension, chronic pulmonary disease, asthma, chronic kidney
disease, neurologic disease, hematological disease, HIV-AIDS, obesity,
diabetes, rheumatological disease, IMV, days of IMV, ICU LOS, hospital
LOS, leucocytes, creatinine, C-Reactive Protein, PaO2, FiO2, tocilizumab,
income country). The balance of the variables between the treated and
untreated groups was evaluated through standardized means. After
that, a propensity score was estimated through a logistic regression
model. The matching was performed using nearest neighbor matching
(NNM). The balance pre and post-matching were compared using the
standardized mean differences and the Rubin index to ensure a good
balance of the treated and not-treated groups. After matching the sub-
jects, a calculation of average treatment effect (ATE) and average treat-
ment effects among treated subjects (ATET) were made with their
corresponding 95% confidence intervals (95% CI). Finally, to evaluate
possible confounding factors in the development of ICU-RIT associated
with tocilizumab administration among subjects who received dexa-
methasone, a stratified analysis was performed using the Mantel-
Haenszel method. Statistical significance was set at 0.05. All statistical
analysis was carried out in the R studio 1.3.1056, STATA 14, and IBM
SPSS 28 for MAC.

3. Results

A total of 3777 patients were included in this study (Fig. 1). Themean
(SD) age was 60.3 years (13.1), and 68.8% (2598/3777) were male. Addi-
tionally, the most frequent comorbidities were hypertension 43.8%
(1654/3777) and obesity 31.9% (1206/3777) (Table 1). Inspired fraction
4

of oxygen and partial oxygen pressure mean (SD) at admission were
63.4 (27.4) and 73.7 (24.7), respectively. Of all patients in the analysis,
12.8% (482/3777) received tocilizumab, 69.4% (2622/3777) required in-
vasive mechanical ventilation, and 30.1% (1136/3777) of patients died.
The median (IQR) number of days under IMV, ICU- LOS, and Hospital-
LOSwere 8 (0–16), 12 (6–21), and20 (12−33), respectively. VAPwas ob-
served in 14.2% (535/3777) of the subjects included in the study.

3.1. ICU-RTI analysis

The mean (SD) age of patients that developed ICU-RTI was 61.6
(12.4) years. In that group, the most frequent comorbidities were hy-
pertension 44.7% (382/854) and obesity 29.7% (254/854). When the
ICU-RTI group were compared with those who did not develop ICU-
RTI, patients were more frequently male (72.2% [617/854] vs 67.8%
[1981/2923]; p = 0.01), with diabetes (24.8% [212/854] vs 20.9% [610/
2923]; p = 0.01) and with hematological diseases (4.1% [35/854] vs
2.3% [68/2923]; p = 0.01). Patients who developed ICU-RTI had more
days under IMV (median [IQR]: 17 [10−31] vs 5 [0−12]; p < 0.001),
had longer ICU-LOS (median [IQR]: 21 [12–36] vs 10 [6-18]; p <
0.001) and hospital-LOS (median [IQR]: 28 [16–50] vs 18 [11−30];
p < 0.001). Notably, mortality was also significantly higher in
those with ICU-RTI (39.8% [340/854] vs 27.2% [796/2923]; p < 0.001)
(Supplement Table S1).

3.2. Comparison between subjects with and without dexamethasone treat-
ment

A total of 2065/3777 (54.7%) patients were treated with dexametha-
sonewithin the first 24 h of hospital admission. Demographic characteris-
tics between the dexamethasone and no dexamethasone group are
presented in Table 1. The usage of invasivemechanical ventilationwas dif-
ferent between groups (72.9% [1506/2065] vs. 65.2% [1116/1712]; p <
0.001). Also, the median number of days under IMV were different
among patients who were treated with dexamethasone and those that
did not (median [IQR]: 8 [0–17] vs. 7 [0–15]; p < 0.001), as well as ICU-
LOS (median [IQR]: 12 [7-22] vs. 12 [6-22]; p = 0.01). Patients treated
with dexamethasone more frequently developed VAP (16.5% [341/2065]
vs 11.3% [194/1712]; p < 0.001), VAT (9.0% [185/2065] vs 5.3% [90/
1712]; p < 0.001) and HAP (2.2% [46/2065] vs 0.3% [5/1712]; p < 0.001).

After the PSM, 3304 patients were matched 1:1 using PSM's closest
neighbor (1652 in the dexamethasone group and 1652 in the non-
dexamethasone group). The study groups were well balanced in terms
of different baseline characteristics and disease severity; the region of
common support was wide enough to assure the stability of estimates
obtained by the matching method (Table 1, Fig. 2). After matching, the
Rubin index decreased from 55.7 to 18. Those who received dexameth-
asone therapy developed more frequently VAP (282/1652 [17.1%] vs.
218/1652 [13.2%], p= 0.014). The differences continued to show statis-
tical significance when evaluated using the ATE and ATET by NNM
(Table 3); according to ATE and ATET results [95% CI], there is a differ-
ence of 6% [3%–8%] of superinfection between subjects receiving dexa-
methasone compared to those who did not receive it (p < 0.001).

A sensitivity analysis by performing a stratified analysis to assess the
risk of dexamethasone and ICU-RTI in patients treated with another
immunosuppressor treatment was developed. Adjusted for tocilizumab
administration; dexamethasone remained significantly associated with
superinfection regardless of whether tocilizumab was received (unad-
justed RR:1.63, 95%CI:1.39–1.80; p < 0.001 vs. Mantel-Haenszel
RR:1.59, 95%CI:1.39–1.80; p < 0.001).

3.3. Factors associated with dexamethasone administration in the logistic
regression model

Factors independently associated with the administration of
dexamethasone were low-middle income countries (OR:1.72; 95%



Fig. 1. Flow chart of patients included in the analysis.
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CI:1.55–1.90; p< 0.001), obesity (OR:1.36; 95%CI:1.17–1.58; p< 0.001),
diabetes (OR:1.32; 95%CI:1.11–1.57; p = 0.001), sex (OR:1.17; 95%CI:
1.01–1.36; p = 0.033), higher leukocytes count (OR:1.01; 95%CI:
1.00–1.03; p= 0.003), and higher inspired fraction of oxygen at admis-
sion (OR:1.004; 95%CI:1.002–1.007; p < 0.001) (Table 2).

3.4. Factors associated with the risk of ICU-RTI in the logistic regression
model

The risk of developing ICU-RTI in patients treated with dexametha-
sonewas significantly higher (OR 1.64; 95%CI: 1.37–1.97; p<0.001), in-
dependent of the use of IMV (OR 27.46; 95%CI: 13.45–56.03; p<0.001),
longer days under IMV (OR 1.04; 95%CI: 1.03–1.06; p< 0.001) and lon-
ger ICU-LOS (OR 1.02; 95%CI: 1.01–1.04; p = 0.001). Middle income
countries and low-middle income countries also were related with the
risk of superinfection (OR 1.97; 95%CI: 1.39–2.81; p < 0.001) and (OR
4.55; 95%CI: 3.66–5.66; p < 0.001), respectively (Table 2).

4. Discussion

In this large cohort of patients admitted to the ICU in Latin America
and Europe, after a comprehensive statistical analysis (including PSM),
we found that treatment with dexamethasone in patients with severe
Fig. 2.Distribution before (A) and after (B) Propensity ScoreMatching between patients with d
support between patients with and without dexamethasone administration.
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infection by SARS-CoV2 was associated with a higher risk of developing
ICU-RTI independently of disease severity at admission and days on
IMV. Also, we found that patients that developed ICU-RTI had higher
mortality rates. Moreover, we found that lower PaO2/FiO2 Ratio on ad-
mission, more days on IMV, and longer ICU-LOS were also indepen-
dently associated with higher mortality rates.

The effect of corticosteroids in patients with severe pneumonia had
already been studied before the pandemic as a possible adjuvant treat-
ment in cases of severe inflammatory states [12,15]. Thus, steroids were
used early in the pandemic as a strategy to modulate the inflammatory
reaction observed in COVID-19, especially in severely ill patients [16-
18]. As a result of this potential benefit, systemic steroids were included
in the platform trials launched to identify treatments to improve clinical
outcomes in COVID-19 patients, such as the REMAP-CAP the RECOVERY
trial, among others [9,19,20]. Dexamethasone was found to reduce the
28-day mortality in hospitalized patients with COVID-19 who received
respiratory support in the RECOVERY trial [9]. Also, a metanalysis
carried out by The World Health Organization found a mortality reduc-
tion in patients treated with systemic corticosteroids [19]. Therefore,
dexamethasone has become the standard of care in patients admitted
to the hospital due to COVID-19. Notably, some experts have postulated
that there are still unresolved issues regarding using systemic cortico-
steroids in COVID-19 patients, particularly secondary infections.
examethasone and patients without dexamethasone administration. C, region of common



Table 2
Factors associatedwith dexamethasone treatment and characteristics associated with the
risk of ICU-RTI in the multivariate logistic regression models.

Variable Odds Ratio 95% CI p-value

Dexamethasone treatment
Sex 1.17 1.01–1.36 0.033
Chronic pulmonary disease 0.74 0.57–0.95 0.020
Asthma 0.70 0.50–0.98 0.040
Obesity 1.36 1.17–1.58 <0.001
Diabetes 1.32 1.11–1.57 0.001
Days of IMV 1.01 1.00–1.02 0.010
Leucocytes, 109 cells/L 1.01 1.00–1.03 0.003
C-Reactive Protein, mg/dL 0.996 0.994–0.997 <0.001
Higher FiO2 support, % 1.004 1.002–1.007 <0.001
Tocilizumab 0.61 0.49–0.75 <0.001
Low-middle income country 1.72 1.55–1.90 <0.001

Risk of ICU-RTI
IMV 27.46 13.45–56.03 <0.001
Dexamethasone 1.64 1.37–1.97 <0.001
pH < 7.4 1.35 1.13–1.61 0.001
PaO2/FiO2 Ratio 0.996 0.995–0.997 <0.001
Days of IMV 1.04 1.03–1.06 <0.001
ICU LOS, days 1.02 1.01–1.04 0.001
Hospital LOS, days 0.98 0.98–0.99 <0.001
Middle-income country 1.97 1.39–2.81 <0.001
Low-middle income country 4.55 3.66–5.66 <0.001
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Superinfections in COVID-19 patients are more frequent than in other
lower respiratory tract infections, such as influenza pneumonia [10].
Our study found that dexamethasone was associated with a higher fre-
quency of ICU-RTI, even though patients without dexamethasone had
similar comorbidities. Martinez-Martinez M et al., in a small unicentric
analysis with 336 patients, observed that corticosteroids (OR:3.26;
95%CI:1.78–5.97) and tocilizumab (OR:1.85; 95%CI:1.02–3.38) were in-
dependently associated with the development of VAP. These findings
are in alignment with our results. To the best of our knowledge, this is
the first multicenter and multinational study with a considerable num-
ber of critical patients and a robust statistical approach to describe the
association between ICU-RTI and dexamethasone administration in
patients with severe COVID-19.

The association of SARS-Cov2 infection and ICU-RTI has been de-
scribed in up to 50.5% of patients admitted to the ICU [10,21]. It is well
known that pathogens involved are mostly multidrug-resistant patho-
gens (e.g., P. aeruginosa, carbapenem-resistant K. pneumoniae, Entero-
bacter spp., among many others) [22-25]. Although multiple factors
have been shown to contribute to the mortality associated with these
infections, it is mainly attributable to the failure or delays of adequate
antibiotic therapy; importantly, we did not assess this aspect in this
study. Patients in these scenarios have a higher risk of ICU mortality,
ranging from 20 to 50% and even up to 76% [14,22,23]. Mortality in pa-
tients with COVID-19 and VAP is not widely described yet; however,
Luyt et al. described patients with severe infection due to SARS-Cov2
with VAP and showed a mortality rate of 34%, comparable to patients
with influenza pneumonia and VAP (40%) [21]. These ranges coincide
with our study results since 39.8% of patients with ICU-RTI died during
their ICU stay. This should be of great concern to the health community,
as secondary infections such as VAP, VAT, and HAP are generally pre-
ventable. All possible risk factors associated with them must be identi-
fied and avoided where possible.
Table 3
Effect of dexamethasone administration on causing ICU-RTI.

Method ATE 95%CI p-value ATET 95%CI p-value

Nearest Neighbor
matching

0.06 0.03–0.08 <0.001 0.06 0.03–0.09 <0.001
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Our study has several strengths and limitations that should be
acknowledged. First, although this was a multicenter collaboration
allowing amore significant sample and excellent generalizability, treat-
ments between the different ICUs and, therefore, dexamethasone ad-
ministration were not standardized. However, international guidelines
were homogeneous at the beginning of the pandemic. All societies rec-
ommended 8mgof dexamethasone for ten days, whichwas the scheme
used per protocol in all participating centers. Secondly, statistical ad-
justments through PSM matching analysis could have limitations like
unmeasured severity scores at ICU admission (e.g., APACHE or SOFA),
or there might have been differences in antibiotic use in terms of agents
used, the timing of initiation dose and administration; all of which may
have been confounding variables. However, other severity variables
were considered, such as laboratory parameters on admission, physio-
logical variables on admission, FiO2 on admission, IMV and days of
IMV, ICU-LOS, and Hospital-LOS. Notably, the PSM analysis is a method-
ology that permits close simulation to randomization, balancing the
sample and reducing observational bias. Mortality in patients who
developed ICU-RTI was not adjusted for covariables; however, this
study aimed to approximate the survival in patients who had been
superinfected and not determine the factors associated with increased
mortality. Further studies are needed to confirm this potential
unintended effect.

To sumup, the benefit of corticosteroids in severe COVID-19patients
is widely recognized, and most treatment guidelines recommend their
use. However, some complications are derived by their use as the in-
creased risk of superinfection reported in our study; thus, cautious use
of this treatment is warranted, especially in patients with no severe in-
fection. Further studies are needed to determine strategies to reduce the
rate of ICU-RTI in patients with severe COVID-19.
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