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Table S1. PRISMA 2020 for Abstracts Checklist.

TITLE
Title 1 | Identify the report as a systematic review. Yes
BACKGROUND
Objectives 2 | Provide an explicit statement of the main objective(s) or question(s) the review addresses. Yes
METHODS
Eligibility criteria 3 | Specify the inclusion and exclusion criteria for the review. Yes
Information sources 4 | Specify the information sources (e.g. databases, registers) used to identify studies and the date when each was last searched. Yes
Risk of bias 5 | Specify the methods used to assess risk of bias in the included studies. Yes
Synthesis of results 6 | Specify the methods used to present and synthesise results. Yes
RESULTS
Included studies 7 | Give the total number of included studies and participants and summarise relevant characteristics of studies. Yes
Synthesis of results 8 | Present results for main outcomes, preferably indicating the number of included studies and participants for each. If meta-analysis Yes
was done, report the summary estimate and confidence/credible interval. If comparing groups, indicate the direction of the effect
(i.e. which group is favoured).
DISCUSSION
Limitations of evidence 9 | Provide a brief summary of the limitations of the evidence included in the review (e.g. study risk of bias, inconsistency and impreci- | Yes
sion).
Interpretation 10 | Provide a general interpretation of the results and important implications. Yes
OTHER




Funding 11 | Specify the primary source of funding for the review. n/a
Registration 12 | Provide the register name and registration number. n/a
For more information, visit: http://www.prisma-statement.org/.
Table S2. PRISMA 2020 Checklist.
TITLE
Title 1 | Identify the report as a systematic review. Line 1-3
ABSTRACT
Abstract 2 | See the PRISMA 2020 for Abstracts checklist. Line 10-32
INTRODUCTION
Rationale 3 | Describe the rationale for the review in the context of existing knowledge. Line 39-50
Objectives 4 | Provide an explicit statement of the objective(s) or question(s) the review addresses. Line 51-52
METHODS
Eligibility criteria 5 | Specify the inclusion and exclusion criteria for the review and how studies were grouped for the syntheses. Line 72-90
Information 6 | Specify all databases, registers, websites, organisations, reference lists and other sources searched or consulted to identify studies. Specify the | Line 59-63
sources date when each source was last searched or consulted.
Search strategy 7 | Present the full search strategies for all databases, registers and websites, including any filters and limits used. Line 62-66
Selection process 8 | Specify the methods used to decide whether a study met the inclusion criteria of the review, including how many reviewers screened each Line 76-84
record and each report retrieved, whether they worked independently, and if applicable, details of automation tools used in the process.
Data collection 9 | Specify the methods used to collect data from reports, including how many reviewers collected data from each report, whether they worked | Line 76-91
process independently, any processes for obtaining or confirming data from study investigators, and if applicable, details of automation tools used in
the process.
Data items 10a | List and define all outcomes for which data were sought. Specify whether all results that were compatible with each outcome domain in each | Line 86-91
study were sought (e.g. for all measures, time points, analyses), and if not, the methods used to decide which results to collect.
10b | List and define all other variables for which data were sought (e.g. participant and intervention characteristics, funding sources). Describe Line 86-91
any assumptions made about any missing or unclear information.
Study risk of bias 11 | Specify the methods used to assess risk of bias in the included studies, including details of the tool(s) used, how many reviewers assessed Line 78-84
assessment each study and whether they worked independently, and if applicable, details of automation tools used in the process.
Effect measures 12 | Specify for each outcome the effect measure(s) (e.g. risk ratio, mean difference) used in the synthesis or presentation of results. n/a
Synthesis 13a | Describe the processes used to decide which studies were eligible for each synthesis (e.g. tabulating the study intervention characteristics and | Line 86-91




methods

comparing against the planned groups for each synthesis (item #5)).

13b | Describe any methods required to prepare the data for presentation or synthesis, such as handling of missing summary statistics, or data Line 86-91
conversions.
13c | Describe any methods used to tabulate or visually display results of individual studies and syntheses. Line 86-91
13d | Describe any methods used to synthesize results and provide a rationale for the choice(s). If meta-analysis was performed, describe the Line 86-91
model(s), method(s) to identify the presence and extent of statistical heterogeneity, and software package(s) used.
13e | Describe any methods used to explore possible causes of heterogeneity among study results (e.g. subgroup analysis, meta-regression). n/a
13f | Describe any sensitivity analyses conducted to assess robustness of the synthesized results. n/a
Reporting bias as- 14 | Describe any methods used to assess risk of bias due to missing results in a synthesis (arising from reporting biases). Line 79-84
sessment
Certainty assess- 15 | Describe any methods used to assess certainty (or confidence) in the body of evidence for an outcome. n/a
ment
RESULTS
Study selection 16a | Describe the results of the search and selection process, from the number of records identified in the search to the number of studies included | Line 93-114
in the review, ideally using a flow diagram.
16b | Cite studies that might appear to meet the inclusion criteria, but which were excluded, and explain why they were excluded. Line 93-114
Study characteris- 17 | Cite each included study and present its characteristics. Line 145-374
tics
Risk of bias in 18 | Present assessments of risk of bias for each included study. 93-114
studies
Results of indi- 19 | For all outcomes, present, for each study: (a) summary statistics for each group (where appropriate) and (b) an effect estimate and its preci- n/a
vidual studies sion (e.g. confidence/credible interval), ideally using structured tables or plots.
Results of synthe- 20a | For each synthesis, briefly summarise the characteristics and risk of bias among contributing studies. Line 145-374
5¢s 20b | Present results of all statistical syntheses conducted. If meta-analysis was done, present for each the summary estimate and its precision (e.g. | n/a
confidence/credible interval) and measures of statistical heterogeneity. If comparing groups, describe the direction of the effect.
20c | Present results of all investigations of possible causes of heterogeneity among study results. Line 145-374
20d | Present results of all sensitivity analyses conducted to assess the robustness of the synthesized results. n/a
Reporting biases 21 | Present assessments of risk of bias due to missing results (arising from reporting biases) for each synthesis assessed. n/a
Certainty of evi- 22 | Present assessments of certainty (or confidence) in the body of evidence for each outcome assessed. n/a
dence
DISCUSSION
Discussion 23a | Provide a general interpretation of the results in the context of other evidence. Line 376-459




23b | Discuss any limitations of the evidence included in the review. Line 376-459
23c | Discuss any limitations of the review processes used. Line 441-446
23d | Discuss implications of the results for practice, policy, and future research. Line 447-459
OTHER INFORMATION
Registration and 24a | Provide registration information for the review, including register name and registration number, or state that the review was not registered. | n/a
protocol 24b | Indicate where the review protocol can be accessed, or state that a protocol was not prepared. n/a
24c | Describe and explain any amendments to information provided at registration or in the protocol. n/a
Support 25 | Describe sources of financial or non-financial support for the review, and the role of the funders or sponsors in the review. Line 474
Competing inter- 26 | Declare any competing interests of review authors. Line 476-478
ests
Availability of 27 | Report which of the following are publicly available and where they can be found: template data collection forms; data extracted from in- Line 460-468
data, code and cluded studies; data used for all analyses; analytic code; any other materials used in the review.
other materials

For more information, visit: http://www.prisma-statement.org/.
Figure S1. Search strategy through electronic databases.

MEDLINE:
Search: antibiotic and covid-19
Filters: Clinical Study, from 2022 - 2024

(("anti-bacterial agents"[Pharmacological Action] OR "anti-bacterial agents"[MeSH Terms] OR ("anti-bacterial '[All Fields] AND "agents"[All Fields]) OR "anti-bac-
terial agents"[All Fields] OR "antibiotic"[All Fields] OR "antibiotics"[All Fields] OR "antibiotic s"[All Fields] OR "antibiotical "[All Fields]) AND ("covid 19"[All Fields]
OR "covid 19"[MeSH Terms] OR "covid 19 vaccines"[All Fields] OR "covid 19 vaccines"[MeSH Terms] OR "covid 19 serotherapy"[All Fields] OR "covid 19 nucleic
acid testing"[All Fields] OR "covid 19 nucleic acid testing"[MeSH Terms] OR "covid 19 serological testing"[All Fields] OR "covid 19 serological testing"[MeSH Terms]
OR "covid 19 testing"[All Fields] OR "covid 19 testing"[MeSH Terms] OR "sars cov 2"[All Fields] OR "sars cov 2"[MeSH Terms] OR "severe acute respiratory syn-
drome coronavirus 2"[All Fields] OR "ncov"[All Fields] OR "2019 ncov'"[All Fields] OR (("coronavirus'[MeSH Terms] OR "coronavirus"[All Fields] OR "cov"[All
Fields]) AND 2019/11/01:3000/12/31[Date - Publication]))) AND ((clinicalstudy/[Filter]) AND (2023:2024[pdat]))

SCOPUS:
antibiotic AND treatment AND covid-19 AND PUBYEAR >2021 AND PUBYEAR <2025 AND (LIMIT-TO (DOCTYPE, "ar”)) AND (LIMIT-TO (EXACTKEYWORD,

"Hospital Patient”))



Table S3. Quality appraisal of the included studies.

1. Was the sample frame appropriate to address the target population? Y/N
A suitable sample frame is one that represents hospitalized COVID-19 patients, or that presents data from patients both with and without COVID-19 in a distinguishable
manner.

2. Were study participants recruited in an appropriate way? Y/N
A proper recruitment hinged on non-random selection and on enrolment of any available patient with COVID-19 infection.

3. Was the sample size adequate? Y/N
A sample size was deemed as adequate if 2100 patients. This arbitrary solution was ultimately considered a good compromise for the present analysis.

4. Were the study subjects and setting described in detail? Y/N
A detailed description relied on clear differentiation between the number of patients and episodes of bacterial infection, and on an adequate distinction between
colonization and actual infections.

5. Was data analysis conducted with sufficient coverage of the identified sample? Y/N
Coverage was deemed sufficient if required data were available for all the period/s indicated in the study.

6. Were valid methods used for the identification of the condition? Y/N
The gold standard method to diagnose bacterial infection is based on culture-dependent antibiotic sensitivity testing results after a confirmed clinical diagnosis of
bacterial infection.

7. Was the condition measured in a standard, reliable way for all participants? Y/N
The criterium was not meet if data from a given study included bacterial colonisation that could not be separated from true bacterial infection episodes

8. Was the response rate adequate, and if not, was the low response rate managed appropriately? Y/N
Response rate was considered adequate if the species of bacteria was ultimately identified for all isolates from bacterial infection episodes

9. Was there appropriate statistical analysis? NA
Proper statistical analysis to calculate prevalence of bacterial infection. Point-prevalence was considered appropriately calculated when the sum of all patients with a
diagnosis of bacterial infection was divided by the study population.




Y: yes; N: no; NA: not applicable.

Table S4. Summary description of the studies on the prevalence of bacterial infection and antibiotics use in hospitalized COVID-19 patients
included in the systematic review.

Author, Year  Study Study De-

and Country Population sign Study Aim Setting Methods Study Results
Wards
Data were extracted , .
To evaluate ., 1, Of717 patients included,
from the hospital’s
the frequency . 86 (12.0%) were treated
Ng TM et al. . medical records. . S
. of bacterial co- . with antibiotics and 26
2022, Singa- . . _ . Medical records were
717 hospi- infection and 1 tertiary ... (3.6%) had a documented
pore . Observa- . screened for positive . ) .
talized . the prevalence  hospital, . . bacterial infection. Anti-
[1] tional cohort e microbiology results = .
. ., COVID-19 of antibiotic from January X biotic treatment was not
High quality . study . and concomitant sus- .
patients use among  to April 2020 , independently associated
(8) . pected or confirmed =~ | )
hospitalized . . with lower 30-day or in-
COVID-19 pa bacterial co-infec- hospital mortality rates
tents P tions within 5 days of P y
COVID-19 diagnosis
100/164 patients (61%) re-
ceived antibiotic treat-
To determine ment. 28/164 (17.1%) had
the risk factors a confirmed infection,
associated . mostly of the urinary
with antibiotic > ertiary  Datawere collected -, 10 hq 64.39). Fac-
hospital lo-  from the electronic . . .
use and to as- . tors associated with anti-
. . cated with records on de- L . .
Milas S et al. sess the impact ) . biotic use: being hospital-
. .. 1374 beds (in- mographics, comor- . . . )
2022, Belgium 164 COVID- of antimicro- cluding 44 in- bidities. COVID-19 ized in the intensive care
[2] 19, hospital-Retrospectivebial therapy on "8 . ’ . (OR: 4.59; 95% CI: 1.07-
. . tensive care disease severity, la-
Medium qual- ized pa- study the length of beds) Be-  boratory test results 19.71), age > 65 years
ity (6) tients the hospital Y " (OR: 4.16; 95% CI: 1.72—

tween1l  radiological exami-
March 2020, nation results, treat-
and 3 May ments, length of hos-
2020 pital stay, outcomes

10.05), arrival from a
nursing home (OR: 4.59;
95% CI: 1.11-19.71), dia-
mission and betes (OR: 4.35; 95% CI:
in-hospital 1.26-14.93), bilateral con-

mortality solidation (OR: 9.92; 95%

CI: 2.40-41.06) and a C-
reactive protein level >60

stay, second-
ary intensive
care unit ad-




mg/L (OR: 2.46; 95% CI:
1.13-5.37)

To describe

True bloodstream coin-
fection occurred in 4.2%

(25/595) of the COVID-19

Rebold N et al. . 4hospitals. Variables of interest .
factors associ- ) patients.
2022, . . Observation were compared be- .
595 hospi- ated with a _ Neurological symptoms
us . . ) period of 4  tween true blood- . 2 .
talized Retrospective  bacterial ) . were significantly higher
[3] weeks, be- stream infection )
. COVID-19 cohort study bloodstream in the bloodstream infec-
Medium qual- atients coinfection in tween March (n=25) and all other tion group (OR: 3.27
ity (7) P 8,2020,and  COVID-19 cases group ’
COVID-19 pa- . p<0.01).
) April 4, 2020 (n=570) . .
tients Thirty-day mortality was
higher among true blood-
stream infection (p<0.01)
A bacterial infection was
diagnosed in 40/585
To evaluate & . / .
the incidence Blood and respira (68%) patients with
. . P COVID-19. Gram-nega-
aetiology and tory tract culture re- | .
s tive bacteria were the
Ahava M] et al. outcome of . . ports of hospitalized . .
, 585 labora- Hospital dis- . most common in respira-
2023, Finland blood and res- . patients were col- _
tory-con-  Retrospec- trict. between tory samples, whilst
[4] . . piratory tract lected and analysed o\ .
. firmed pa- tive, observa- . 27 February . D Gram-positive bacteria
Medium qual- . . . bacterial infec- for their association . .
ity (6) tients with tional study tions amon and 21 June with 90-dav case-fa predominated in blood
Y COVID-19 N & 2020 were . cay case cultures. Patients with
hospitalized tality using multivar- . .
. . bacterial infection had
COVID-19 pa- iable regression anal- .
. . longer hospital stay com-
tients ysis . .
pared to patients without
bacterial infection (31
versus 9 days; p<0.001)
To evaluate Data were extracted The prevalence of bacte-
.. the aetiology =~ 3 regional  from the hospital’s rial infections was 12.9%,
Gajic I et al. . D . .
. . of bacterial in- hospitalsin ~ medical records. ~ most of them being hos-
2023, Serbia 7249 hospi- . . . . . . .
. Retrospec- fections, anti- Serbia, from The isolated bacteria pital-acquired (11.5%).
[5] talized . . ) e .
. . tive, observa-  biotic re- 1st January were identified using Bloodstream (37.7%) and
High quality COVID-19 . . p L, . .
. tional study sistance pat- 2021 to 16th “VITEK2” system, respiratory tract infec-
(8) patients . o )
terns, treat-  February analytical profilein- tions (25.6%) were the
ment ap- 2022 dex, and MALDI-  most common bacterial

proaches, TOF mass

infections.




comorbidities,
risk factors,
and mortality

spectrometry. Anti-

microbial susceptibil-

The overall in-hospital
mortality rate of COVID-

ities of bacteria were 19 patients with bacterial

rate of hospi- determined by the  infections was 51.6%,

talized disk diffusion while 91.7% of patients

COVID-19 pa- method, gradient =~ who required invasive

tients test, VITEK2 system mechanical ventilation

or broth microdilu- died
tion test
198 adult, SOSPI'S patients were identi-
Martin AJ et al. sympto- To assess anti- University of fied from the elec- 83% of patients received
2023, US matic, hos- Multi-center,

[6] pitalized retrospective, , .
Medium qual- COVID-19 observational ing trends and Medical Cen

tronic health record.
The primary end-
point was the rate of

biotic prescrib- Rochester

at least 1 course of antibi-
otics, with low rates of
microbiologically con-

11 antibi- ter.
ity (6) Patients 18. study overa. antibt er antibiotic use in pa- firmed bacterial co-infec-
otic use From March . . .
tients admitted for tion
1, 2020, to COVID-19
May 31, 2020
Overall, in the analytical
sample of 13 million pa-
tients, 19% received an
To compare R .
e antibiotic prescription
antibiotic pre- 1 .
scribing trends within 7 days of the first
About 13 amf(;)n diagnosis of COVID-19.
million pa- COVID 1§ . Within the COVID-19
Desai K et al. tients with Hents cate po Data were collected positive cohorts, about
2022, Us  a combined &

[7] total of ap-
Medium qual- proximately
ity (7) 2.4 million
antibiotic
prescrip-
tions

Retrospective rized by their

observational disease sever-
. January-No- bases. Cohorts were
cohort study ity and to com-

Large hospi- from healthcare ad-
tal network. ministrative data-

vember 2020 categorized based on

are these ; .
p diagnosis codes

trends to the
counterpart
non-COVID-19
patient during
the pandemic

11% received an antibi-
otic prescription, while
the non-COVID-19 co-
horts, about 19.7% re-
ceived an antibiotic.

Among patients with an-

tibiotic prescriptions,

about 22.6% received an

“inappropriate” antibi-

otic. Among patients pre-

scribed antibiotics,
azithromycin was the




most common, ranging
from 21.8 to 44.8% for
each cohort

Di Lorenzo A
et al. 2023, It-

To describe an-
tibiotic pre-

Data were extracted
from the hospital

.. . . . In total, 151 patients
scription prac- 1 University electronic record. Pa- P

1.39 ived h
al Single-center, tice in COVID- hospital in It- tients were stratified ;itiii/((;)ti];escsi‘;fliutoile
Y 482 COVID-retrospective, 19 patients be- aly, from 1 into 5 groups accord- . . Y
(8] . . o . , association with the out-
. 19 patients observational fore hospitali- January 2021 ing to the maximal
Medium qual- _ . come. 3,5% (15/428) pa-
: study  zation and bac- to 31 Decem- oxygen supply/venti- . .
ity (7) . . . tients were positive for S.
terial and viral = ber 2021 lation support re- )
. . . . pneumoniae
co-infection quired during the
rates hospitalization
Screening of bacterial
isolates from
ID-1 ients.
COVID-19 patients. e the 3492 included
The prevalence of ;
To assess the patients, 224 (6.4%)
. MRSA was calcu- . .
. pathophysiol- e MRSA strains were iso-
Habib G et al. . 2 hospitals in lated from the day of
2022, Pakistan 3492 Observa- &Y of methi- Pakistan, be- admission to 25 days lated. The prevalence of
’ COVID-19 . cillin-resistant g e MRSA was 7.33% in pa-
[9] . tional, retro- tween the  of hospitalization. ;
. hospitalized . S. aureus su- tients aged =50 years,
Medium qual- . spective . . . years2020 Nasopharyngealand ___ . .
ity (6) patients perinfection in and 2021 endotracheal as irate5'1 % in patients aged <50.
Y COVID-19 pa- . p Bacterial pneumonia in-
. specimens were col- .
tients locted from pationt creased the mortality rate
ecred OM PACS £ om 2.3% to 25.23%
and were transferred
to a bacteriological
laboratory
. To investigate Data were extracted Among the 322,867 hos-
Retrospective . e
. temporal from the participat- pitalizations, 43,089 pa-
. propensity- 66 health sys- . . X . .
Widere JC et trends and ing hospital elec- tients received early anti-
322,867 pa- matched co- tems . . .
al. 2023, US . outcomes asso- tronic records. Pa-  biotics (13,3%). Patients
tients hos-  hort study . . throughout . . . .
[10] . . ciated with tients were defined who received early anti-
_ . pitalized using the Na- .. .. theUS. Be- ae .
High quality , , early antibiotic to have early antibi- biotics were more likely
8) with “tional COVID rescribing in oot March otic use if they re-  to be older, male, obese
COVID-19 Cohort Col- P8 ™ 5050 and - y /A, ODESe
) patients hospi- ceived at least 3 cal-  current smokers, and
laborative ) . June 2022 . .
database talized with endar days of intra- have more comorbid con-
COVID-19 venous antibiotics ditions. Average rates of




within the first5  early antibiotics varied
days of admission  significantly between
centers and over time.
Among nonsurvivors, the
median length of stay be-
fore mortality was 11
days (interquartile range
5-19 days). Ceftriaxone
and azithromycin were
the most prescribed anti-
biotics

The prevalence of bacte-
Laboratory-based rial infection among
surveillance ap- ~ COVID-19 patients was

To describe the
Subagdja MFM o proach: data were  16.4%, predominating
antibiotic re- . . ;
et al. 2022, In- _ _ . obtained from the ~Gram-negative bacteria.
) . sistance in 1 hospital. . . ] .
donesia 2786 adult Retrospective hospital information High range resistance to
COVID-19 pa- From March o
[11] COVID-19  cross-sec- . . system and merged ampicillin-sulbactam (24—
. . . . tients with cul- 2020 to Octo- . )
High quality  patients tional study with the culture and 100%), ceftriaxone (22—

ture-proven  ber 2021

8) . antibiotic susceptibil- 81%), cefotaxime (22—
bacterial infec- _ . _
ton ity test from labora- 73%) and ciprofloxacin
tory information sys- (20-86%) were reported
tem among the Gram-nega-
tive bacteria
The primary out-
To investigate come was inpatient
the occurrence death occurring 115/266 (43%) patients
Bilan ] et al. and outcomes 1 hospital ~ within 90 days of  had evidence of super-
2022 UK 266 older from possible older adults COVID-19 diagnosis.added infections. Patients
[ 1'2] patients Single centre, superadded in- ward, be- The secondary out- with superadded infec-
High quality with observational fections within tween 1st Oc- come was length of tions were more likely to
®) COVID-19 cohort study 2 weeks of tober and 1st stay in hospital. As- die (45.2 versus 30.7%, p:
hospitalization December sociations were de-  0.02) and had an in-
in older adults 2020 scribed using univar- creased length of stay (23
with COVID- iable and multivaria- versus 18 days, p: 0.026)
19 ble models, and time

to event data




Maki KR et al. 358 hospi-

To characterize
bacterial infec- Tertiary can- mary outcome was

Of 358 patients, 234 (65%)
had a solid tumor.
The proportion of pa-
tients with bacterial infec-
tion increased with
COVID-19 severity: mild
Patients were classi- (n: 47, 35%) versus mod-
fied with mild, mod- erate (n: 49, 51%) versus
severe (n: 104, 81%)
(p<0.0001).
274 patients (77%) re-
ceived antibiotics for a

erate or severe
COVID-19. The pri-

cer center, bacterial infection

2022, US  talized can- tions and anti-
[13] cer patients Retrospective biotic utiliza- between  rate within 30 days median of 4 days.
High quality 218 years cohortstudy tioninhospi- March1, of COVID-19 onset. The median antibiotic an-
8) with talized cancer 2020, and Secondary outcomes tibiotic length of therapy
COVID-19 patients with May 31, 2020 included the propor- were 7 days with 1 infec-
COVID-19 tion of patients re-  tion and 20 days with
ceiving antibiotics multiple infections
and antibiotic length (p<0.0001). Antibiotic du-
of therapy rations were 1 day for pa-
tients with mild COVID-
19, 4 days for patients
with moderate COVID-
19, and 8 days for pa-
tients with severe
COVID-19 (p<0.0001)
Intensive care
398 patients Main outcome was A total of 236 (59%) pa-
admitted the incidence of ven-  tients had at least one
Gragueb- To assess the . ) . .
; for a docu- . . . tilator associated ventilator associated
ChattiI et al. incidence, out- 3 intensive . . .
2022, France mented Observa- comes and risk care units,  Pr€umonia recur- - pneumonia episode and
’ COVID-19 tional, retro- ' rences. Secondary 109 (46%) of these pa-
[14] . . factors of ven- from March .
. and requir-  spective . . outcomes were the tients developed at least
Medium qual- tilator associ- 2020 to May ) . .
_ ing me- study duration of mechani- one recurrence. The inci-
ity (7) . ated pneumo- 2021 o ) )
chanical . cal ventilation, hospi- dence of ventilator asso-
oo nia recurrences _ .
ventilation tal length of stay and ciated pneumonia recur-

for >48 h

mortality rence was 29.6%.




Patients with a ventilator
associated pneumonia re-
currence had a longer in-
tensive care unit length
of stay (46 versus 22
days; p<0.001). The 90-
day mortality was higher
in the recurrence group
as compared with the no
ventilator associated
pneumonia group only
(31.2 versus 21.0% (p:
0.021)

To determine
the prevalence
of bacterial

A large proportion of
patients (68%) received
antibiotics before inten-

The diagnosis of pul- sive care unit admission.
monary co-infections The prevalence of co-in-

155 severe pulmonary co- and superinfections fections, healthcare asso-
. ) COVID-19 infections and was based on the ciated pneumonia and
Aissaoui Y et . . . cpe . .
al. 2022 Mo- patients ad- superinfec- Moroccan In-  identification of ventilator-associated
) rocéo mitted to tions in severe tensive care pathogens from pneumonia was respec-
[15] the inten- Retrospective COVID-19 unit, between lower respiratory tively 4%, 12% and 40%
. sive care study pneumonia,  April 2020 tract samples. Co-in- (64 ventilator associated
Medium qual- . . . . . . .
ity (6) unit. The the micro-or- and April fection was defined pneumonia/1000 ventila-
i
Y median age ganisms in- 2021 as the identification tion days). The propor-
was 68 volved, and of a respiratory path- tion of extra-drug re-
years the impact of ogen, diagnosed con- sistant bacteria was 78%
these infec- currently with SARS- for Acinetobacter spp. and
tions on sur- CoV-2 pneumonia 24% for Enterobacterales.
vival Overall intensive care
unit mortality in this co-
hort was 64.5%
Sysiak- 29 critically To assess the . . 15 patients whore- ~ No difference in the
] ) University . .
StaweckaJ et ill patients Observa- prevalence of hospital’s in quired venovenous number of superinfec-
al. 2023, Po-  requiring tional cohort superinfection, ten}s)ive care extracorporeal mem- tions and in mortality be-
land mechanical study mortality, unit brane support were  tween the two study
i
[16] ventilation length of stay, compared to a groups. The mortality




Medium qual-  due to antibiotics control group of 14 rate was 81% in patients

ity (6) COVID-19 used during individuals without with superinfection ver-
treatment, and extracorporeal sup- sus 25% in those without
the impact of port co-infection (p: 0.009)
immunomodu-
latory drugs

on secondary
infections

Patient data were Overall, 59 patients
collected from medi- (80.8%) died at 30 days.
cal charts and from 54 (74%) patients were
To evaluate computerized hospi- treated with a colistin-
73 COVID- . tal databases or clini- containing regimen and
risk factors as- .
cal charts using a 19 (26%) were treated

19 patients . .
sociated with . . .
pre-established ques- with a cefiderocol-con-

admitted in .
Russo A et al. survival or

intensive Italian hospi- tionnaire. The inclu- taining regimen.
2023, Italy . death in the P . . . & 1¢8 .
care unit _, . tal. From sion criteria were: (1) Chronic obstructive pul-
[17] Single-centre, COVID-19 in- )
. and devel- ) . March 2020  age 218 years; (2) monary disease and age
Medium qual- =, retrospective tensive care .
. oping car- . to August  blood culture and were independently asso-
ity (7) unit at 30 days . . .
bapenem- . 2022 respiratory tract cul- ciated with 30-day mor-
! from ventila- . .
resistant A. . ture positive for car-  tality. Conversely,
.. tory associated . ) e
baumannii . bapenem-resistant A. cefiderocol-containing
. , pneumonia . . .
infections onset baumannii; and (3) regimens and cefiderocol
clinical signs and  plus fosfomycin in com-
symptoms consistent  bination were inde-
with ventilatory as-  pendently associated
sociated pneumonia  with 30-day survival
Data were collected An increasing trend was
To evaluate . .
.. from the microbiol- reported compared to the
the incidence k .
. 4569 bacte- o ogy laboratory per pre-pandemic period in
Petrakis Vet . . of antimicro- . . } o )
rial strains . . 1 university semester regarding the incidence of resistant
al. 2023, Greece . bial resistance . . . . .
isolated . hospital.  the isolated strains of Gram-negative bacteria.
[18] Retrospective and the man- L. . . ]
Medium qual from stud ement of From January Gram-positive and Prior antimicrobial use
ium qual- a . .
o~ COVID-19 Y 8 2018 to De- Gram-negative bacte- and the rate of hospital-
ity (6) o bloodstream . o . )
hospitalized infections be cember 2022 ria in blood cultures acquired infections were
patients and respiratory sam- increased significantly

fore and dur- ples. Additionally, during the pandemic. De-

ing the .
& bloodstream tection of the source of




COVID-19 infections with re- infection and timely ad-

pandemic quested infectious ministration of appropri-
disease consultations ate antimicrobial agents
were reported were more frequently

recorded before the pan-
demic. 28-day mortality
was significantly reduced
in cases with bedside
consultations
CI: condidence interval; OR: odds ratio; MRSA: Methicillin-Resistant Staphylococcus Aureus; MALDI: matrix assisted laser desorption-ionisation
time of flight.

Table S5. Summary description of the studies on the efficacy of early antibiotic administration in COVID-19 patients.

Author, Year  Study Study De-

Study Ai Setti Method Study Result
and Country Population sign udy aim eHing erhods ucy Resutis
To test the hy- Patients were ran-
pothesis that domised 1:1 tore-  Among all 387 partici-
Dhar R et al. 387 COVID Randomized, doxycycline is ceive standard of  pants, 77 (19.9%) needed
2023, India . controlled, effective in care plus doxycycline admission at the inten-
19, hospital- o o . .
and UK X open-label, preventingin- 6 hospitalsin (n: 192) or standard sive care unit. Doxycy-
ized pa- . . . . . .
[19] ) non-blinded tensive care India of care only (n: 195). cline was associated with
., tients aged . . . o .
Low quality parallel  unit admission The primary out-  a relative risk reduction
40-90 years o . . . .
©)] group trial in hospitalized come was the need for intensive care unit ad-
COVID-19 pa- for intensive care mission (31.6%)
tients unit admission
3 physicians in- During the 30-day fol-
lved in th - low- i h -
To evaluate the volved in the treat- low up perloq, the pro
. ment of COVID-19  portion of patients who
1373 inpa- effect of early
. . . o performed a chart re- progressed to severe
Yin Xetal. tients with antibiotic use I . .
. . . 4 hospitals in view of the electronic COVID-19 in the early
2022, China non-severe . in patients . . .
Multi-centre China, from medical records of antibiotic use group was
[20] COVID-19, . with non-se- ) )
. . retrospective 31 December patients and deter- almost 1.4 times that of
Medium qual- admitted vere COVID- ) . .
. cohort study . 2019to 31  mined bacterial in- the comparison group. In
ity (6) wthout bac- 19 admitted . , .
. . March 2020 fection using the ma- the mixed-effect model,
teral infec- without bacte- .. . o
. . . jority rule. Patients the early use of antibiot-
tion rial infection

were divided into  ics was associated with
two groups accord- higher probability of de-
ing to their exposure veloping severe COVID-




to antibiotics within 19 and staying in hospital
48 h of admission.  for >15 days. However,
The outcomes were there was no significant
progression to severe association between early
COVID-19, length of  use of antibiotics and
stay >15 daysand = mortality. In subgroup
mortality rate analysis, azithromycin
did not improve disease
progression and length of

stay
To examine the Patients were sched-
Bergami M et benefits and uled to receive
7 medical Azithromycin thera
al. 2023, Croa- 4462 pa- risks associ- azithromycin 500 mg T Py
. . . . centers of 5 . was consistently associ-
tia, Italy, Mac- tients with ated with by mouth or intrave- . .
. . . European o ated with an increased
edonia, Roma- COVID-19, . azithromycin . nous injection once a . .
. . Retrospective s countries. risk of acute heart failure
nia, and Serbia non-vac- use within 24 h day for 10 days. The | . . .
cohort study From Decem- in patients with preexist-

[21] cinated for from hospital

primary outcome

ber 2021 t i di lar dis-
High quality SARS-CoV- admission e ©  measure wasall © Caroiovascuiarcis
) February . ease (risk ratio: 1.48 (95%
(8) 2 compared with 2022 cause mortality CI: 1.06-2.06)
standard of within 30 days of T
care hospital admission
T luat
348 adult o evattate In the 86 patients (32.9%)
. whether the in- . . . . . .
patients re- . Selective digestive who received selective di-
. troduction of o . .
quiring in- 3 COVID-19 decontamination gestive decontamination,

selective diges-

Biagioni E et vasive me- .
tive decontam-

al. 2023, Italy ~ chanical L units in an
oL Observa- ination is effec- . .
[22] ventilation . .. Italian hospi-
. tional, pre- tive in reduc-
Medium qual- for severe . tal from 22
. . post study ing the occur-
ity (6) respiratory rence of venti- February
failure re- lator-associ 2020 to 8
lated to ated pneumo March 2022
SARSZ‘COV' nia in COVID-

19 patients

intensive care consisted of a tobra- the occurrence of ventila-

mycin sulfate, col- tor-associated pneumonia
istin sulfate, and am-  decreased by 7.7%.
photericin B suspen- The use of selective di-

sion applied in the gestive decontamination
patient’s oropharynx reduced the occurrence of

ventilator-associated
pneumonia (HR: 0.536,
CI: 0.338-0.851; p: 0.017)

and the stomach via
a nasogastric tube

CI: condidence interval;, HR: hazard ratio.



Table S6. Summary description of the studies on the use of sepsis biomarkers to improve antibiotic use in COVID-19 hospitalized patients.

Author, Y Stud Study De- . .
trhot, Teat U y b .y € Study Aim Setting Methods Study Results
and Country Population sign
To describe the Of 793 patients, 224
natural course (28.2%) were initiated on
of procalci- antibiotics: 33 (14.7%)
tonin in had proven or probable
D
COVID-19 pa- ;‘?rrtvgs Ezzraii;eld bacterial pneumonia, 125
tients and the . P (55.8%) had possible bac-
. electronic record to . .
correlation be- ‘dentifv patients with terial pneumonia, and 66
Conlon ASC et tween procalci- 1 hospital bacterz;%) neumonia (29.5%) had no bacterial
al. 2022, US 793 COVID- tonin and anti- prtat phet pneumonia. Initial pro-
. Retrospec- . . between  and antibiotic use. o .
[23] 19 hospital- . microbial pre- . calcitonin level was high-
. . . tive, observa- . March 2020 Multivariable models .
High quality ized pa- . scribing to pro- est for those with
. tional study ., D . and October were used to assess .
8) tients vide insight L proven/probable bacterial
. 2021 associations of pro- .
into best prac- . pneumonia and was asso-
. calcitonin level and ", ) e e ..
tices for pro- . . ciated with antibiotic ini-
o bacterial pneumonia . . .\ .
calcitonin data . L . tiation. Initial procalci-
e e . with antimicrobial ) ) .
utilization in tonin, change in procalci-
. . use . .
antimicrobial tonin over time and bac-
stewardship in terial pneumonia were
the COVID-19 associated with antibiotic
population duration
At procalcitonin lev-  Antibiotic prescription
els <0.25, antibiotics  during the first 7 days
) were discouraged; was 26.8% in the procalci-
To determine . .
. between 0.25 and 0.5 tonin group, 43.9% in the
if the use of a o oo
Hessels LM et rocalcitonin antibiotics could be non- procalcitonin group
al. 2023, The P ided antibi A large teach- considered; >0.5, an- in the same hospital, and
Netherlands 1,335 _ guideca ing hospital. tibiotics were recom- 44.7% in the non- procal-
Multicenter otic protocol o .
[24] COVID-19 between Oc- mended. 3 groups of citonin group in other
. . . cohort study safely reduce ) . . . .
High quality  patients . tober 2020 patients with hospitals. Patients in the
the use of anti- o
(8) biotics in and July 2021 COVID-19 were com- procalcitonin group had
pared in terms of an- lower odds of receiving
COVID-19 pa- o . T .
Hents tibiotic consumption. antibiotics in the first 7
1 group treated days of admission (OR:
based on a procalci- 0.33; 95% CI: 0.16-0.66).
tonin -algorithm in 1 The proportion of




hospital (n: 216) and patients receiving antibi-
2 control groups  otic prescription during
without procalci-  the total admission was
tonin measurements 35.2%, 43.9%, and 54.5%,

respectively

Patients were as-
signed (1:1) to the
control strategy, in 191 patients were re-
which antibiotic  tained in the intention-to-
streamlining re- treat analysis. Respira-
mained at the discre- tory bacterial co-infection
To assess the tion of the physi-  was detected in 48.4%
efficacy and cians, or interven- (45/93) and 21.4% (21/98)
safety on an- tional strategy, con- in the interventional and

Fartoukh M et . . . o . .
Al 2023 Multicentre, 13 intensive tibiotic expo- sisting of using mul- control group, respec-
F.rance, 194 adult,  parallel- careunitsin  sureofa tiplex PCR and daily tively. The number of an-
[25] critically ill group, open- France. Be- strategy com- procalcitonin meas- tibiotic-free days was 12
. COVID-19 label, ran-  tween April bining a res- urements within the  (0.0; 25.0) and 14 (0.0;
Medium qual- : . . . .
ity (7) patients domized con-and November piratory mul- first 7 days of ran-  24.0) days, respectively
y trolled trial 2020 tiplex PCR domization to (difference, -2.0, (95% CIL:
panel and streamline initial an- -10.6 to 6.6), p: 0.89). Su-
daily procal- tibiotic therapy, with perinfection rates were
citonin antibiotic continua- 51.6% and 48.5%, respec-
tion encouraged tively. Mortality rates
when procalcitonin and intensive care units’
was>1 ng/mL and lengths of stay did not
discouraged if <1  differ between groups
ng/mL or decreased
by 80% from baseline
To evaluate  1-year pre-imple-  Compared to period 1,
Sathitakorn O the role of mentation period of the overall inappropriate
et al. 2023, . 2 tertiary care procalcitonin the protocol and a 1- antibiotic use was signifi-
. 406 hospi- . . . . .
Thailand talized Quasi-experi-  hospitals, and the year post-implemen- cantly reduced during
[26] COVID-19 mental multi- From March 1, “Clinical Pul-  tation period. period 2: 63.5% versus
Medium qual- . center study 2020 to Febru- monary for During period 1, no 31.3% of (p<0.01).
. patients D, s . . .
ity (7) ary 28,2022  Infection” antibiotic protocols Overall, inappropriate

scoreinre- for COVID-19 pa- use was significantly re-
ducing  tients were available  duced among severe




inappropriate at either hospital. COVID-19 patients
antibioticuse  During period 2, (80.8% versus 39.1%, p<
and incidence upon admission, the 0.01), but it was not re-
of multidrug- researchers calcu- duced among mild pa-
resistant or-  lated the “CPIS”  tients (8.7% versus 7.5%,
ganisms score and ordered p: 0.83).
among  admission procalci- In period 2, there was a
COVID-19 tonin for all COVID- significantly lower inci-
patients 19 patients. For those dence of MDR organisms
with ascore<6and a (p: 0.04). The protocol
procalcitonin <0.5 was associated with a sig-
pg/L, no antibiotics nificantly shorter total an-
were initiated. Pro- tibiotic duration (7 versus
calcitonin-CPIS score 0 days. p<0.01) and length
were reassessed on of stay (13 versus 10 days,
day 3 and if score  p<0.01). The 30-day mor-
was <6 and procalci- tality was not signifi-
tonin was <0.5 ug/L cantly different
or <80% from admis-
sion level antibiotics

were discontinued
CI: confidence interval; OR: odds ratio, MDR: multidrug-resistant; PCR: polymerase chain reaction.

Table S7. Summary description of the studies on the efficacy of antimicrobial stewardship programs in COVID-19 Hospitalized Patients.
Author, Year  Study Study De-

Ai i h Resul
and Country Population sign Study Aim Setting Methods Study Results
During the first  In the first wave, the over-
To evaluate wave, COVID-19  all normalized days-of-
4 units in a the impact of forced the complete therapy in units 2—4 signif-
Sibani M et al. a multiphase withdrawal of hos- icantly exceeded the 2019
1350-bed ter- . o .
2023, Italy Controlled. Harv care. uni and custom- pital antibiotic stew-level (p<0.05). After the in-
[27] 1743 pa- ’ y ’ ized antimi- ardship. In the sec- troduction of antimicrobial

before-after versity hospi-
y p crobial stew- ond wave, antibiotic stewardship activities,
study tal, from

March 2020 to ardshiP in'ter— guidance calibration cons.umption.decreésed in
May 2021 vention in f9r COVID.—19 pa- th.e 1th<.ervent10n units to a
COVID-19  tients was imple-  significantly lower level
wards mented in all units, when compared to 2019
with enhanced (p<0.05). Antimicrobial

Medium qual-  tients
ity (7)




stewardship activi- stewardship activities re-
ties in Units 1, 2, sulted in a decreased
and 3 (intervention amount of total antibiotic
units). Antimicro-  consumption over time
bial usage during and positively affected the
the 3 waves of the watch class and piperacil-
COVID-19 pan-
demic was com-
pared to the 12-
month prepandemic
unit (Unit 4 acted as
the control)

lin-tazobactam use in the
involved units

1268 pa-
tients hospi-
talized dur-

ing the

Spernovasilis COVID-19

Ret .
N et al. 2023, pandemic etrospec

tive-prospec-

The proportion of admit-
A multifaceted anti- ted patients who received
microbial steward- carbapenems decreased
ship intervention from 4.1% to 2.3%,
To measure was implemented: p<0.001.
the impact of The infectious dis- 30-day mortality following
a car- eases specialist was initiation of carbapenem
bapenem-fo- alerted by the phar- treatment and all-cause in-
cused antimi-

macy upon pre- hospital mortality re-
Greece who re- . . . . - .
[28] ceived car- tive, quasi- A tertiary hos- crobial stew- scription order for a mained unaltered.
. experimental, pital ardship pro- carbapenem and In the post-implementa-
Medium qual- bapenems . . . .
. before-after gramme on provided unsolic- tion period, acceptance of
ity (6) for at least T . .

24 h during study the antibiotic ited in-person con- the antimicrobial steward-
the 24 consumption sultation within 72 ship intervention was as-
month and patient h. Unsolicited fol- sociated with lower odds

studv e outcomes low-up bedside con- of 30-day mortality (OR:
Y p sultation was pro-  0.36; 95% CI: 0.18-0.70)
riod . . .
vided daily or every and higher rate of treat-
other day ment success (HR: 2.45;
95% CI: 1.59-3.77)
Giannella M et . Tobuilda Endpoint was mi- Empirical antibiotics were
1733 3 large Italian . . . .
al. 2022, Italy . ; predictive crobiologically doc- started in 64.2 and 59.5%
COVID-19 Multicenter hospital. From . . . .
[29] : ) model able to umented bacterial of patients with and with-
. . patients observational December, . ) . . ) .
High quality stratify the  co-infection diag- out co-infection (p: 0.35).

were ana- study 2020 through . 1 . .

(8) risk of bacte- nosed within 72h At multivariable analysis
lyzed. February 2022

rial co- from in the derivation cohort:




Median age infection at hospitalization. The white blood
69 years hospitaliza-  cohort wasran-  cells 27.7/mm?, Procalci-
tionin pa-  domly split into tonin 20.2 ng/mL and
tients with derivation and vali- Charlson index 25 were
COVID-19 dation cohort risk factors for bacterial
co-infection. The predic-
tive model showed posi-
tive predictive value 16.0%
and negative predictive
value 97.5%

CI: confidence interval; OR: odds ratio; HR: hazard ratio.
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