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Abstract: The prevalence of patients admitted to intensive care units (ICUs) with SARS-CoV-2 in-
fection who were prescribed antibiotics is undetermined and might contribute to the increased
global antibiotic resistance. This systematic review evaluates the prevalence of antibiotic prescribing
in patients admitted to ICUs with SARS-CoV-2 infection using PRISMA guidelines. We searched
and scrutinized results from PubMed and ScienceDirect databases for published literature restricted
to the English language up to 11 May 2021. In addition, we included observational studies of hu-
mans with laboratory-confirmed SARS-CoV-2 infection, clinical characteristics, and antibiotics pre-
scribed for ICU patients with SARS-CoV-2 infections. A total of 361 studies were identified, but only
38 were included in the final analysis. Antibiotic prescribing data were available from 2715 patients,
of which prevalence of 71% was reported in old age patients with a mean age of 62.7 years. From
the reported studies, third generation cephalosporin had the highest frequency amongst reviewed
studies (36.8%) followed by azithromycin (34.2%). The estimated bacterial infection in 12 reported
studies was 30.8% produced by 15 different bacterial species, and S. aureus recorded the highest
bacterial infection (75%). The fundamental outcomes were the prevalence of ICU COVID-19 patients
prescribed antibiotics stratified by age, type of antibiotics prescribed, and the presence of co-infec-
tions and comorbidities. In conclusion, more than half of ICU patients with SARS-CoV-2 infection
received antibiotics, and prescribing is significantly higher than the estimated frequency of identi-
fied bacterial co-infection.
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1. Introduction

In December 2019, an outbreak of novel coronavirus was first detected in Wuhan
City, the capital of Hubei province in Central China. The virus spread rapidly to other
parts of the world, and by 11 March 2020, COVID-19, as it is commonly known, was de-
clared a pandemic by the World Health Organization (WHO) [1]. Statistics from the WHO
indicate that as of May 2021, more than 165 million persons were infected with COVID-
19, and more than 3 million patients died [2]. The ambiguity of this serious disease over
the first wave swept worldwide, posing considerable challenges, including diagnosis,
management, provision of resources, and ethical consideration to all global healthcare in-
stitutions. Therefore, the catastrophic situation resulted in many patients with a wide
range of clinical manifestations ranging from asymptomatic to fatal diseases that required
critical care, including ICU admission [3]. Furthermore, in critical care settings, research
indicates that COVID-19 is associated with increased mortality of up to 50% with pre-
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existing comorbidities, such as diabetes, hypertension, and renal and cardiovascular com-
plications, in critical care settings [4].

It is axiomatic that hospital admissions increase risks of healthcare-associated infec-
tions (HCAIs), leading to a noticeable increase in antibiotic consumption [5]. A recent
study conducted on ICU patients in 88 countries highlighted that 70% of hospitalized pa-
tients receive at least one antibiotic during acute admission; of this cohort 54% developed
a secondary bacterial infection that necessitated antibiotic therapy [6]. In patients with
severe disease, the WHO recommends the provision of antimicrobial therapy to prevent
furthers infection complications, leading to severe acute respiratory distress syndrome
(ARDS) and multi-organ failure [7]. Despite that, scientific literature still has many gaps
and uncertainties regarding the impact of antimicrobial therapy during the pandemic,
particularly in critical care settings, which needs to be assessed and evaluated for the sake
of global health as well as humanity. Therefore, this review aims to determine the preva-
lence of COVID-19 patients admitted to the ICUs that have been exposed to antimicrobial
therapy correlated against isolated pathogens, comorbidities, and clinical outcomes.

2. Results
2.1. Outcome of Study Identification Process

A total of 361 records were identified from databases and manual searches. After
removing duplicates (1 = 8), titles and abstracts were screened for 353 studies, and 242
short-listed articles were eligible for full-text evaluation. Of the 242 full-text studies, 38
were included in the review. Figure 1 provides details of excluded records at each stage
of the screening process.
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Figure 1. PRISMA schematic selection process of the included studies at each stage of the screen-
ing process.
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2.2. Characteristics of 38 Included Studies

Of the 38 included studies in this review, the majority were from countries signifi-
cantly affected by the COVID-19 pandemic: Six studies each (15.8%) were from USA,
China, and France. Three studies each (7.9%) were from Saudi Arabia (KSA) and Italy.
Two additional studies each (5.3%) were from Iran, Spain, and South Korea. The remain-
ing studies were from Brazil, Oman, Congo, Turkey, UK, Colombia, Kosovo, and Indone-
sia. Detailed data on the characteristics of the conclusive studies are given in Table S1 [8—
45].

2.2.1. Patient Characteristics

In total, 2715 patients were reported from the 38 studies included in this review, of
which 71% received antibiotics during their ICU stay (1929/2715). Demographic data of
the study population included both genders with a male/female ratio of 1.7:1. We also
included all ages ranging from neonates, children, adults, and old age patients, encom-
passing pregnant women, patients with cancer, and immunocompromised patients.
Based on 17 studies, the average median age of patients was 51.8 years, while the average
mean age of patients was 62.7 years based on six studies since age was not specified in the
remaining 15 studies. The average length of stay at ICUs ranged between 7.7 and 20 days
for the studies’ median and mean numbers with a standard deviation of (4.57, 12.46), re-
spectively (see Table S1).

2.2.2. Associated Comorbidities

Heart and cardiovascular diseases, hypertension, diabetes mellitus, and respiratory
diseases were commonly recorded as comorbidities among 31 included studies, whereas
seven remaining studies did not report any comorbidities. In addition, obesity; malig-
nancy; liver, renal, and neurological diseases; and organ transplantation (kidney, lung,
liver, and heart) were moderately prevalent according to the reviewed studies (Figure 2).
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Figure 2. Percentage of associated underlying conditions reported based on 31 reviewed studies.
Data on comorbidity were not specified among the seven included studies.
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2.2.3. Antibiotic Prescription

Of the analyzed studies, 52.6% (n = 20) reported prescribing specific antimicrobial to
all patients (100%), while 86.8% (n = 33) recorded prescribing antibiotics to over 50% of
the patients. From the prescribed antibiotics, third generation cephalosporin had the high-
est frequency amongst reviewed studies (36.8%) followed by azithromycin (34.2%). In ad-
dition, 10.5% of the included studies reported a moderate prescription of amoxicillin-
clavulanate, piperacillin-tazobactam, and meropenem. One type of each antibiotic (2.6%)
was prescribed to patients admitted to ICUs: amoxicillin, beta lactam-beta lactamase in-
hibitor, imipenem, moxifloxacin, aminoglycosides, trimethoprim-sulfonamide, lincosa-
mides, tigecycline, and daptomycin. Data on the type of antibiotics were not specified for
42.1% of reporting studies (Table 1).

Table 1. Percentage of the prevalence of prescribed antibiotics amongst reviewed studies.

Frequency Amongst In- Percentage Amongst Reporting

Antibiotic cluded Studies Studies (1 = 38) (%)
Cephalosporin
Third generation cephalosporin 14 36.8
Fourth generation cephalosporin 2 5.3
Cephalosporin (unspecified) 2 5.3
Macrolides
Azithromycin 13 34.2
Macrolide (unspecified) 2 5.3
Penicillin and Penicillin B-lactamase
inhibitor combinations
Piperacillin-tazobactam 4 10.5
Amoxicillin-clavulanate 3 79
Penicillin 3 7.9
Amoxicillin 1 2.6
Beta lactam-beta lactamase inhibitor 1 2.6
Carbapenems
Meropenem 4 10.5
Imipenem 1 2.6
Carbapenems (unspecified) 4 10.5
Quinolones
Fluoroquinolones 3 7.9
Quinolones 2 5.3
Moxifloxacin 1 2.6
Glycopeptide
Vancomycin 2 53
Folate pathway inhibitors
Trimethoprim-sulfonamide 1 29
Aminoglycosides
Aminoglycosides 1 2.9
Lincosamides
Clindamycin 1 29
Glycylcyclines
Tigecycline 1 2.9
Lipopeptides
Daptomycin 1 29
Others Antibiotic (unspecified) 16 42.1

2.2.4. Bacterial Co-Infection

Of all reported studies, only 30.8% discussed the presence of bacterial co-infection,
of which 15 different bacterial species were reported. From evaluated studies, co-infection
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with Staphylococcus aureus (S. aureus) was the highest (75%), followed by Escherichia coli (E.
coli) (58.3%), Klebsiella pneumonia (41.6%), then Pseudomonas aeruginosa (33.3%). Further-
more, 25% of the studies recorded other pathogens such as Acinetobacter baumannii, Strep-
tococcus pneumonia, and Haemophilus influenza (Figure 3). On the other hand, no clear data
on bacterial co-infection were reported in most reviewed studies (69.2%).

Others

Haemophilus influenzae
Streptococcus pneumoniae
Acinetobacter baumanni

Pseudomonas aeruginosa

Bacterial Species

Klebsiella pneumonia
Escherichia coli

Staphylococcus aureus

00 100 200 300 40.0 50.0 60.0 700 80.0
Percentage amongst reporting studies (%)

Figure 3. Percentage of reported bacterial species in ICU patients with COVID-19 from reviewed
studies (n = 12/38). “Others” includes the organisms Morganella morgani, Mycoplasma pneumoniae,
Moraxella catarrhalis, Stenotrophomonas, Burkholderia gladiol, Pneumococcus pneumoniae, and Legionella
pneumophila.

2.2.5. Death Rate

Antibiotic exposure and mortality rates were one of critical analysis outcomes
throughout the review. Evaluated data from the reviewed studies demonstrated strong
positive Pearson correlation coefficients (r = 0.925), between admission to ICU and expo-
sure to antibiotic treatment, which are statistically significant (p < 0.001). In addition, a
moderate Pearson positive correlation coefficient (r = 0.393) was recorded between pre-
scribing antimicrobial and the outcome of patient death, which is statistically significant,
p=0.029.

3. Discussion

The unprecedented recorded numbers of patients infected with SARS-CoV-2 contin-
ues to escalate worldwide. As observed from the early stages of the pandemic, the exten-
sive practice of prescribing antimicrobials for the treatment of COVID-19 infected patients
might lead to the increased adverse events and long-term consequences such as antimi-
crobial resistance [46]. Several studies confirm that most hospitalized patients with
COVID-19 are managed with broad-spectrum antimicrobials with unproven efficacy [47].
Cong et al. (2021) highlighted that the percentage of antibiotic prescriptions for patients
with both severe/critical disease nearly equaled the percentage for patients with
mild/moderate disease, even though more critically ill patients are at greater risk of de-
veloping secondary bacterial infections [3]. These unnecessary antimicrobials and exces-
sive prescribing for mild and moderate COVID-19 will probably increase risks for adverse
events and selective development of multidrug-resistant bacterial pathogens at local
healthcare and regional levels.

To our knowledge, the presented study is the first systematic review to evaluate the
prevalence of antibiotic prescribing for patients admitted to ICU settings with confirmed



Antibiotics 2021, 10, 935

6 of 13

SARS-CoV-2 infection. Our review involved 16 different countries, including major coun-
tries, where the plight of the pandemic was evident: China, USA, Italy, and France. The
demographic data of this review demonstrate that 2715 ICU patients with ages ranging
from 1 day to 92 years and a mean age of 62.7 were exposed to antibiotic therapy. Analo-
gous to our findings, many previous studies concluded that old age patients are more
susceptible to severe and critical illness leading to ICU admission. In addition to the clear
age-related morbidity and mortality, older patients are more prone to an increase of long-
term complications [48,49]. It is relevant to mention that our results were similar to those
of Peckham H. et al. (2020) [50], who found that the proportion of male admission to ICUs
was significantly higher when compared to females. These highlighted numbers can play
an important role in risk stratifications and implications for the clinical management of
COVID-19 [50].

Our reviewed studies of ICU patients with COVID-19 revealed associated underly-
ing conditions including hypertension; diabetes mellitus; obesity; malignancy; heart, car-
diovascular, liver, respiratory, renal, and neurological diseases; cancer; and organ trans-
plantation. From early observational studies during the pandemic, several studies re-
ported increased incidence and severity of COVID-19 in patients with similar underlying
premorbid conditions [51-54]. Conversely, recorded severity markers include acute kid-
ney and liver injuries, demonstrating the potential contribution of antibiotics exposure in
vulnerable populations [54-57].

The review demonstrated the significant global healthcare hospital prescribing of an-
timicrobials, which might be a temporary pattern associated with the serious pandemic.
Since the first wave of this pandemic, multiple regional protocols included empirical an-
timicrobials such as ceftriaxone and azithromycin, leading to a substantial increase in an-
timicrobial consumption at various healthcare settings [36,37]. In accordance, based on
our findings, third generation cephalosporin (36.8%) and azithromycin (34.2%) antibiotics
were the most prevalent antimicrobial agents reported during the management of
COVID-19 in patients admitted to ICUs (Table 1). Macrolide azithromycin and hy-
droxychloroquine intended for the management of COVID-19 during the pandemic were
initially used as an adjuvant anti-inflammatory and antiviral therapy rather than for their
antibacterial properties. Nevertheless, conflicting studies and reports delayed their re-
moval from management protocols [58,59]. Although ambiguous, the doors remain open
for an antimicrobial therapy for various stages of the mysterious disease. A recent study
constructed a computational drug repurposing approach in an attempt to find existing
drugs against COVID-19, advocating that cephalosporin, ceftaroline, fosamil have a re-
markable effect in treating vascular complications in infected patients.

Moreover, these antimicrobials act as antibacterial agents against MRSA, which is the
most abundant observed bacterial infection reported in this review [58]. Of note, excessive
use of these two antimicrobials probably contributed to some adverse outcome scenarios.
They have been associated with cardiac toxicities, including arrhythmias and sudden
death in susceptible patients with underlying cardiac diseases [59].

Consequently, the latest updates from the WHO'’s guidance on the clinical manage-
ment of COVID-19 states that antibiotic overuse increases the risk of emergence and trans-
mission of multidrug-resistant organisms (MDROs). Therefore, infection rates with
MDROs are more challenging to treat, coupled with increased mortality of acute COVID-
19 cases and increased management costs [60]. Worryingly, this review determines a mod-
erate positive correlation (r = 0.393) between prescribing antibiotics and the percentage of
ICU patient death, which is statistically significant (p = 0.029). This can be evaluated as an
observation rather than causation since more antimicrobials were prescribed for patients
with critical disease, which correlated with increased mortality. Nevertheless, more de-
tailed evaluations are needed mainly for associated adverse events such as antimicrobial-
induced acute kidney injuries in critical care settings [61]. Moreover, there is a difference
in reporting mortality rates from previously reviewed studies covering a wide range be-
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tween 0% and 100% of the ICU patients [28,34,45] (see Table S1). This mortality rate vari-
ation appeared to be affected by various clinical and social factors, such as age, comorbid-
ities, regional COVID-19 pandemic situation, and timely access to optimal healthcare [20].

Of note, a wide range of broad-spectrum antibiotics has been frequently prescribed
for ICU patients, including piperacillin-tazobactam, meropenem, amoxicillin, beta lactam-
beta lactamase inhibitor, imipenem, moxifloxacin, aminoglycosides, trimethoprim-sulfon-
amide, lincosamides, tigecycline, and daptomycin, highlighting potential further devel-
opment of current or future AMR as most of them have been prescribed empirically or as
prophylaxis to prevent secondary bacterial infection [62]. In support of this, our review
revealed that most of the studies (69.2%) demonstrated the spectrum of prescribing anti-
biotics for patients admitted to ICUs with COVID-19 lacking any clear evidence of bacte-
rial co-infection. Despite that, 15 different bacterial species were identified in 30.8% of the
reviewed studies. Our findings support the results of a multi-hospital cohort study in the
USA [62], which similarly showed widespread use of antibiotics. The prescription of early
empiric antibacterial therapy treatment occurred in 56.6% of 1705 patients, in which only
3.5% of the cases were confirmed with bacterial infection [63].

The observed high rates of prescribing antimicrobial therapy to COVID-19 patients
admitted to ICUs can be partially understandable, considering the complexity of the novel
critical illness and challenges in excluding associated bacterial co-infections [64].

With limited accurate tests for pathogen identifications, Nag and Kaur, (2021) [65]
reported that the incidence of superadded infection ranged between 13.5% and 44% for
patients with COVID-19 admitted to the intensive care unit (ICU), usually ventilator-as-
sociated pneumonia (VAP) caused by bacterial or fungal causes [65]. Another group re-
viewed the earliest SARS-CoV-2 pandemic cases, and their study observed that overall,
14% of the hospitalized COVID-19 ICU patients had a bacterial co-infection [66]. In the
same study, the authors compared influenza and COVID-19 pandemic patients and found
that bacterial co-infections were more prevalent in influenza patients than in COVID-19
patients. This bacterial infection was associated with the high mortality rate of influenza
A (HIN1) [67]. Commonly, the identification of co-infection bacteria is consistent with the
types of pathogens usually associated with hospital-acquired pneumonia (HAP) or ICU-
HAP as a complication of ICU and does not advocate a specific preference for bacterial
co-infections in COVID-19 [67].

Intriguingly, for patients with COVID-19 admitted to ICUs, pathogen identification
revealed the dominance of the Gram-positive S. aureus infection in 75% of studies as op-
posed to the usual culprits of Gram-negative bacteria (GNB). This observation emulates
the previous noticeable scientific and clinical knowledge of secondary S. aureus pneumo-
nia following influenza infection attributed to upregulation of specific S. aureus virulence
factors [68].

A comparable result found in a study reported the rate of bacterial co-infection at
ICU patients with SARS-CoV-2 pneumonia, which was about 28%; generally, it was asso-
ciated with S. aureus, H. influenzae, S. pneumoniae, and Enterobacteriaceae [27]. Likewise,
during the SARS-CoV-2 outbreak (2003), there was a notable increase in S. aureus super-
infection [69]. Clinicians should be alert to the high percentage of S. aureus co-infection
during COVID-19 pneumonia [26]. This significant analyzed outcome must be considered
when deciding empirical antimicrobial therapy that ideally should include S. aureus cover
as superior or equal to GNB.

Although there were limited data in the reviewed studies about the antimicrobial
resistance patterns in the identified bacteria, a study in our review reported the detection
of extended-spectrum beta-lactamase (ESBL) E. coli in ICU patients [19]. Furthermore, a
retrospective report in France mentioned the detection of other MDR bacteria such as Mor-
ganella morganii, Enterobacter cloacae, Stenotrophomonas maltophilia, Enterobacter cloacae,
Klebsiella pneumoniae, and E. coli [37]. Some studies also reported detection of methicillin-
resistant S. aureus (MRSA) with different percentages: 1.9%, 5%, and 61.5% among ICU
COVID-19 patients [13,26,44]. Compared with the SARS pandemic, the rate of isolating
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MRSA in the ICU patients’ samples was 3.53% before the SARS pandemic; then, it in-
creased to 25.3% during the SARS pandemic [70]. These findings emphasize secondary
MDRO infections in patients due to Acinetobacter baumannii and S. aureus resistant to mul-
tiple commonly used antibiotics [13]. In developing countries, where there are well-
known high rates of multidrug-resistant organisms in ICU settings, superinfections in
COVID-19 patients can cause a huge challenge leading to an upsurge in mortality [64].
Correspondingly, there is a necessity to link empirical antibiotics therapy at ICU settings
based on local antibiogram patterns in countries with a high burden of the disease [46].
Concomitantly, effective antibiotic stewardship should be applied in ICU settings, which
has a critical role in preventing the inappropriate use of antimicrobials. Nevertheless, data
related to antibiotic prescribing in the ICU for COVID-19 patients are limited but continue
to emerge; hence, more studies should be focused on this crucial aspect of critical care
management.

Understanding how long patients hospitalized with COVID-19 remain in ICU is crit-
ical to studying the associated comorbidities. ICU length of stay (LoS) was reported in 16
studies and varied from 1 day to 55 days with an average median value of 7.7 (SD 4.57).
These findings are similar to those of the review by Rees E.M. et al. (2020) that compared
the LoS for ICUs in China and outside China and found a median value of 8 days (IQR 5-
13) for China and 7 (IQR 4-11) days outside of China [71]. This review reports that most
COVID-19 ICU patients were from the older population, which explains the observed ex-
tended stay supported by two previous studies that concluded that critically ill patients
of an older age group tend to have longer LoS [72,73].

Overall, during the COVID-19 pandemic, there has been a significant use of antibiot-
ics and a wide range of specific antibiotic prescribing for COVID-19 patients in ICU, no-
tably given to old age patients with existing underlying comorbidities, despite the paucity
of evidence of associated bacterial infections.

Despite many positive conclusive outcomes, the presented review might have some
limitations that influence the overall quality of evaluated data. Restricting search criteria
from only limited databases published in English might not capture all relevant studies
in the subject. In addition, although almost 400 studies were primarily identified, only 38
had the needed inclusion criteria, and some of which lacked needed additional details
such as types of prescribed antimicrobials. Nevertheless, the review covered a crucial area
of patients with COVID-19 during their admission to critical care, raising many valid ob-
served points, which warrant further exploration.

4. Materials and Methods

We conducted this systematic review based on PRISMA guidelines for systematic
reviews [74] to determine the percentage of ICU patients diagnosed with COVID-19 who
received antibiotics during their stay in the ICU. This is referred to as the prevalence of
antibiotic use in ICU patients with established SARS-CoV-2 infection.

4.1. Search Criteria, Inclusion, and Exclusion

A literature search was accomplished through PubMed and Science Direct databases
for published studies, using the keywords of “COVID-19”, “SARS-CoV-2”, “antibiotics”
and “ICU” for published literature in the English language.

All stated keywords were combined using the “OR” operator and “AND” operator
for searching the literature. An additional article was included following a search of the
Google Scholar search engine.

4.2. Inclusion Criteria

Articles that met our criteria were involved in our study: (1) observational studies of
humans with laboratory-confirmed SARS-CoV-2 infection, clinical characteristics, and
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outcomes of antibiotics prescribed for ICU patients with SARS-CoV-2 infections, and (2)
articles published between 1 December 2019 to 11 May 2021 in peer-reviewed journals.

4.3. Exclusion Criteria

The exclusion criteria were as follows: (1) articles that did not report data on the num-
ber and percentage of patients receiving antibiotics in the ICU; (2) articles with fewer than
10 patients (defined as case series) and/or case reports; and (3) randomized clinical trials,
reviews, editorials, animal studies, letters, and conference abstracts (Figure 1).

4.4. Study Selection

Initial screening of titles and abstracts from the search was conducted by the author
L.A. for the PubMed database and by L.A., H.A., and A]. for the ScienceDirect database,
and the authors identified studies that met all inclusion criteria and none of the exclusion
criteria. All full-text studies meeting initial criteria were then reviewed by authors L.A.,
H.A., and A]. for final inclusion in the review. Authors L.A. and H.A. analyzed 25% of
the randomly selected studies for duplicate screening, and the author A.J. screened all
selected studies for eligibility for quality assurance. Any disagreements were reviewed
independently by another author who had not participated in the screening (H.A.A.).

4.5. Data Extraction

Authors L.A,, H.A.,, and A ]. independently extracted data from included studies us-
ing a data collection form. We collected data on the following variables for demographics
setting: country of study; healthcare setting (inpatient ICU vs. non-ICU); sample size;
mean or median age; and proportion of male patients. Regarding clinical characteristics,
we collected information on several ICU patients who were prescribed an antibiotic, the
number of patients with comorbidities, and bacterial co-infections.

4.6. Data Synthesis and Analysis

The primary outcome was the prevalence of antibiotic prescribing among ICU pa-
tients with COVID-19. We assessed the number of patients prescribed an antibiotic at an
ICU during their course of sickness while additionally observing the proportion of ICU
patients that were positive to COVID-19. In the beginning, we classified by country to find
variations in prescribing practices depending on geography. Then, we stratified by anti-
biotic prescribing. We also stratified prescribing by the bacterial infection identified with
COVID-19 ICU patients in the study. Microsoft Excel 2016 and IBM® SPSS® Statistics v.26
were used for data analysis. The Pearson correlation test was used to correlate the differ-
ent variants.

5. Conclusions

In conclusion, this review revealed a significant prescribing pattern of antibiotics in
the ICU settings for COVID-19 patients with lower detection rates for pathogen identifi-
cation coupled with the significant outcome of mortality. Since COVID-19 patients admit-
ted ICUs were at the highest level of critical care, we strongly advocate a multidisciplinary
approach for monitoring and managing appropriate and judicious prescribing of antimi-
crobials during ICU admissions throughout the pandemic. Assessment and patterns of
antibiotic prescribing for COVID-19 ICU patients should support the identification of op-
portunities for timely interventions, refine antibiotic stewardship strategies to improve
high-quality care, and ensure patient safety.
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Supplementary Materials: The following are available online at www.mdpi.com/article/10.3390/an-
tibiotics10080935/s1, Table S1: Demographical and clinical data of 38 studies related to antibiotics
prescription in the ICU settings for COVID-19 patients.
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