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ABSTRACT

Objectives: We aimed at assessing the efficacy and safety on antibiotic exposure of a strategy combining a
respiratory multiplex PCR (mPCR) with enlarged panel and daily procalcitonin (PCT) measurements, as
compared with a conventional strategy, in adult patients who were critically ill with laboratory-
confirmed SARS-CoV-2 pneumonia.

Methods: This multicentre, parallel-group, open-label, randomized controlled trial enrolled patients
admitted to 13 intensive care units (ICUs) in France. Patients were assigned (1:1) to the control strategy,
in which antibiotic streamlining remained at the discretion of the physicians, or interventional strategy,
consisting of using mPCR and daily PCT measurements within the first 7 days of randomization to
streamline initial antibiotic therapy, with antibiotic continuation encouraged when PCT was >1 ng/mL
and discouraged if < 1 ng/mL or decreased by 80% from baseline. All patients underwent conventional
microbiological tests and cultures. The primary end point was antibiotic-free days at day 28.

Results: Between April 20th and November 23rd 2020, 194 patients were randomized, of whom 191 were
retained in the intention-to-treat analysis. Respiratory bacterial co-infection was detected in 48.4% (45/
93) and 21.4% (21/98) in the interventional and control group, respectively. The number of antibiotic-free
days was 12.0 (0.0; 25.0) and 14.0 (0.0; 24.0) days, respectively (difference, —2.0, (95% CI, —10.6 to 6.6),
p=0.89). Superinfection rates were high (51.6% and 48.5%, respectively). Mortality rates and ICU lengths
of stay did not differ between groups.
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Discussion: In severe SARS-CoV-2 pneumonia, the mPCR/PCT algorithm strategy did not affect 28-day

antibiotics exposure nor the major clinical outcomes, as compared with routine practice.

Muriel Fartoukh, Clin Microbiol Infect 2023;29:734

© 2023 The Author(s). Published by Elsevier Ltd on behalf of European Society of Clinical Microbiology
and Infectious Diseases. This is an open access article under the CC BY-NC-ND license (http://

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

Introduction

Antibiotics have been largely prescribed in the early manage-
ment of patients with severe SARS-CoV-2 pneumonia [1-5], as the
clinical diagnosis of bacterial co-infection is challenging, as well as
because of the reported high rates of bacterial co-infection in
other acute viral pneumonias, mainly influenza [6]. However, data
on the prevalence of early bacterial co-infection in severe SARS-
CoV-2 pneumonia remain limited and controversial, ranging
from 8% to 30% [7—10], although most series suggest a low
prevalence averaging 10% [11]. Guidelines recommend using
empiric antimicrobial therapy in mechanically ventilated patients
and respiratory failure, with daily assessment for de-escalation
and re-evaluation of the duration of therapy based on the
microbiological results and the patients' clinical status [12,13].
However, even in the context of a confirmed viral pneumonia,
physicians may be reluctant to withdraw antibiotics in patients
who are critically ill, unless accurate microbiological diagnostic
tests are available. Biomarkers, such as procalcitonin (PCT), have
been suggested to better indicate the disease severity than bac-
terial co-infection during viral respiratory infection [14], although
follow-up measurements may help streamline therapy. To avoid
unnecessary and prolonged antimicrobial therapy, accurate and
rapid molecular diagnostic testing, such as respiratory multiplex
PCR (mPCR) with enlarged panels, together with daily PCT mea-
surements, could be combined in a personalized antibiotic strat-
egy for a more rational use of antibiotics [15—17]. We thus
planned the MULTICOV (use of a respiratory MULTIplex PCR and
procalcitonin to reduce antibiotic exposure in patients with severe
confirmed COVID-19 pneumonia) study to test the hypothesis that
an algorithm combining mPCR and daily PCT measurements might
reduce antibiotics exposure in patients with severe confirmed
SARS-CoV-2 pneumonia, with higher clinical efficacy and safety
than routine practice.

Methods
Study design

The MULTICOV trial was a multicentre, parallel-group, open-
label, randomized controlled trial, conducted in 13 French intensive
care units (ICUs) of university-teaching hospitals. Patients were
assigned to the intervention group (mPCR/PCT algorithm strategy)
or the control group (conventional strategy).

Participants

Eligible patients were critically ill adult patients (aged
>18 years) admitted to the ICU with a confirmed SARS-Cov2
pneumonia. Please see supplemental material for the eligibility
and non-eligibility criteria. The study protocol was approved by the
French ethical committee (Comité de Protection des Personnes
Sud-Méditerranée V; April 9, 2020) and health authorities (Agence
Nationale de Sécurité du Médicament et des Produits de Santé), and
written informed consent was obtained from patients or next of

kin. This trial is registered with ClinicalTrials.gov, NCT04334850
and EUDRACT, 2020-001324-33.

Randomization and masking

Patients were randomly assigned in a 1:1 ratio to the mPCR/PCT
algorithm strategy or to the conventional strategy as soon as
possible after the ICU admission, using a secure web-based
response system available in each study centre (CleanWEB, Tele-
medicine Technologies, S.A.S). Randomization was stratified on
centre. The block randomization list was established by an inde-
pendent statistician. Investigators had no access to the randomi-
zation list and were blinded to the size of blocks.

Interventions

At inclusion, routine laboratory tests (including PCT blood
concentration) as well as microbiological investigations (performed
within 24 hours before or after inclusion), including blood cultures,
Streptococcus pneumoniae and Legionella pneumophila urinary an-
tigen assays, and a respiratory tract secretions sample for Gram
stain examination and cultures, were recommended in all patients.
In the conventional strategy, antibiotics tailoring and discontinua-
tion remained at the discretion of the physicians, according to the
microbiological documentation obtained with conventional tests.

In the interventional strategy, an additional broad panel respi-
ratory PCR (Supplementary material) was performed on tracheal
aspirate, broncho-alveolar lavage or sputum, using the BioFire Fil-
mArray Pneumonia/Pneumonia plus (PNplus) Panels (BioFire Di-
agnostics, LLC) [18]. An algorithm of early antibiotics adaptation
and discontinuation, adapted from the study of Bouadma et al. [19],
was used, according to the PCT value and kinetics, for a recom-
mended maximum duration of 7 days. This algorithm was applied
as soon as possible after randomization, and repeated daily until
day 7 (D7) (Fig. S1).

In both arms, antimicrobial stewardship was encouraged, with a
recommended maximal duration of 7 days for antibiotic therapy,
unless otherwise microbiologically indicated (Table S1).

Given the expected recruitment, the study was initially planned
for a 6-month duration, including a 3-month follow-up period. Due
to the resolution of the first wave of the pandemic in France by the
end of May 2020, the study was extended for 3 additional months
to allow enrolling the planned number of patients.

Outcomes

The primary end point was the number of antibiotic-free days
for all reasons at D28 after randomization (DO). The secondary end
points included cumulative antibiotics duration and number of
days of antibiotics exposure for all reasons at D28 or death, inci-
dence rates of bacterial superinfections (defined as episodes of
infection occurring after at least 48 hours of hospitalization in the
ICU, separating clinically suspected and microbiologically docu-
mented episodes) at D28, incidence rates of colonization/infection
with multidrug resistant bacteria and Clostridioides difficile
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infections at D28, lengths of ICU and hospital stay, mortality rates at
D28 and D90, and quality of life at D90, using a quality-of-life
questionnaire (EQ5D5L) [20].

Statistical analysis

Based on the preliminary data from Italy available at the time of
study planning, we estimated the number of patients to include,
with 97 patients in each group, i.e. 194 patients in total
(Supplementary material).

The primary outcome was compared in the intent-to-treat
population (ITT), defined as all randomized patients with written
informed consent (Wilcoxon rank-sum test). For patients with
missing outcome data at D28 or who died before D28, simple
imputation was performed, considering the number of antibiotic-
free days as zero in both groups. Sensitivity analyses were per-
formed on the per-protocol population (PP), which comprised
randomized patients without major protocol violations/deviations:
missing eligibility criteria, non-adherence to the randomized
strategy or to the defined algorithm, or missing data for the primary

end point (Supplementary material for additional details on these
measurements). Outcome adjudicators were blinded to the treat-
ment arm.

Results

From 20 April 2020 to 23 November 2020, 194 patients with a
severe confirmed SARS-CoV-2 pneumonia were included and ran-
domized in the 13 participating centres. Three of them had no
written consent available (all in the intervention group). Among the
191 patients eligible for analyses, 93 patients were allocated to the
interventional strategy and 98 patients to the conventional strategy
(Fig. 1).

Characteristics of patients at enrolment

The patients were enrolled after a median interquartile range of
2.0 (0.5; 5.0) days from diagnosis of SARS-CoV2 infection, and 1.0
(0.0; 2.0) day of hospitalization in wards. Patients' characteristics at
baseline did not differ between groups (Table 1). Prior or ongoing

Randomized (n=194)

Excluded (n=3)

A 4

¢ Absence of consent (n=3)

v

—

Allocation ] v

J

Allocated to the control strategy (n=98)

Allocated to the intervention strategy (n=93)

Follow-Up ] v

D0-D28
4 Lost to follow-up (n=0)
4 Withdrew consent (n=1)?

D28-D90
4 Lost to follow-up (n=2)
4 Withdrew consent (n=0)

D0-D28
4 Lost to follow-up (n=0)
4 Withdrew consent (n=0)

D28-D90
4 Lost to follow-up (n=0)
4 Withdrew consent (n=0)

ITT Analysis ] v

Analysed (n=98)
Excluded from analysis (n=0

Analysed (n=93)
Excluded from analysis (n=0)

PP Analysis ] v

Analysed (n=91)

Excluded from analysis (n=7)

¢ Wrongly included (n=0)

4 Withdrew consent (n=1)

4 Major protocol deviation (n=6)¢

Analysed (n=74)

Excluded from analysis (n=19)

¢ Wrongly included (n=1)°

4 Withdrew consent (n=0)

4 Major protocol deviation (n=18)4

Fig. 1. Flow diagram of the study population in the MULTICOV trial. *Consent withdrawal at day 6 after randomization. "Non—confirmed SARS-CoV-2 pneumonia. ‘mPCR performed
within 24 hours after randomization (n = 1) or before randomization (n = 5). mPCR not performed (n = 3) or not valid (n = 1), or non-adherence to the mPCR/PCT algorithm

(n = 14). mPCR, multiplex PCR; PCT, procalcitonin.
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Table 1

Baseline characteristics of the patients enrolled in the MultiCov trial, according to the allocated strategy

737

Overall population,

Interventional strategy,

Conventional strategy,

(N=191) (n=93) (n=98)
Demographics and comorbid conditions
Age, (y) 64.4 (13.0) 65.0 (12.1) 63.8 (13.8)
Gender, male 135 (70.7) 64 (68.8) 71(72.4)
Body mass index, (kg/m?)* 30.3 (6.2) 31.0 (6.5) 29.6 (5.9)
At least one comorbid conditions 139 (72.8) 62 (66.7) 77 (78.6)
Arterial hypertension 96 (50.3) 45 (48.4) 51 (52.0)
Diabetes mellitus 62 (32.5) 29 (31.2) 33 (33.7)
Cardiovascular disease 108 (56.5) 51 (54.8) 57 (58.2)
Cerebro-vascular disease 7 (3.7) 2(2.2) 5(5.1)
Chronic respiratory disease 43 (22.5) 19 (20.4) 24 (24.5)
Chronic renal failure 20 (10.5) 10 (10.8) 10(10.2)
Immunocompromised status” 6(3.2) 2(2.2) 5(5.2)
Before ICU admission
Time from diagnosis of SARS-CoV-2 infection to ICU admission (d)“ 2.0 (0.0; 5.0) 2.0 (0.0; 5.0) 2.0 (0.0; 6.0)
Time from hospitalization to ICU admission (d) 1.0 (0.0; 2.0) 1.0 (0.0; 2.0) 1.0 (0.0; 2.0)
Hospitalization in the wards (>48h) 68 (35.6) 37 (39.8) 31 (31.6)
Antibiotics received 158 (82.7) 80 (86.0) 78 (79.6)
Third-generation cephalosporin 123 (64.4) 64 (68.8) 59 (60.2)
Macrolide 101 (52.9) 54 (58.1) 47 (48.0)
Others 51 (26.7) 22(23.7) 29 (29.6)
Specific medications? 119 (62.3) 62 (66.7) 57 (58.2)
NSAIDs 6(3.1) 4(4.3) 2 (2.0)
Steroids 117 (61.3) 62 (66.7) 55 (56.1)
Antiviral agents 5(2.6) 2(2.2) 3(3.1)
Immune-based agents 2(1.0) 1(1.1) 1(1.0)
On ICU admission
Reason(s) for ICU admission
Acute respiratory failure 190 (99.5) 93 (100) 97 (99.0)
Sepsis/shock 0 0 0
Acute renal failure 0 0 0
Acute neurological failure 0 0 0
Other® 1(0.5) 0 1(1.0)
Severity scores
Baseline SOFA score’ 4.0 (3.0; 7.0) 4.0 (3.0; 9.0) 4.0 (3.0; 7.0)
Baseline SAPS II 39.7 (16.3) 40.9 (16.7) 38.6 (15.9)
Vital organ support
Non-invasive mechanical ventilation” 17 (8.9) 9(9.8) 8(8.2)
High flow nasal oxygen” 87 (45.8) 38 (41.3) 49 (50.0)
Invasive mechanical ventilation” 52 (27.4) 29 (31.5) 23 (23.5)
Vasopressor support® 32(17.1) 19(21.1) 13 (134)

Initial laboratory examinations
Pa02/Fi02, (mmHg)"

121.7 (81.0; 178.0)

120.0 (80.0; 186.3)

124.5 (82.8; 178.0)

Lactates, mmol/L' 1.5(0.6) 1.5(0.5) 1.5 (0.6)
White blood cell count, (x109/L)’ 9.2 (4.6) 9.1 (44) 9.3 (4.9)
Absolute lymphocyte count, (x109/L) 0.7 (0.5; 1.0) 0.6 (0.5; 1.0) 0.7 (0.5; 1.0)
Platelets count, (x109/L) ' 246.4 (95.7) 244.4 (99.8) 248.3 (92.2)
C-reactive protein, (mg/L)™ 0.3 (0.1; 120.9) 0.4 (0.1; 114.0) 0.3 (0.1; 123.0)
Procalcitonin, (ug/L) " 0.3 (0.1; 0.8) 0.3(0.1; 1.1) 0.3 (0.1; 0.6)
Fibrinogen, (g/L)° 6.7 (1.5) 6.8 (1.4) 6.6 (1.6)

Data are n (%), mean (SD) or median (IQR, 25; 75%).

ICU, intensive care unit; NSAIDs, non-steroidal anti-inflammatory drugs; PaO2/Fi02, ratio of partial pressure of arterial oxygen (PaO2) to the fraction of inspired oxygen (Fi02);
SAPSII, Simplified Acute Physiology Score; SOFA, Sequential Organ Failure Assessment.

o

Missing value in intervention/control group: 2/5.
Missing value in intervention/control group: 0/1.
Missing value in intervention/control group: 1/0.
See Table 2 for details.

Malaise.

Missing value in intervention/control group: 3/6.
Missing value in intervention/control group: 3/1.
Missing value in intervention/control group: 8/6.
Missing value in intervention/control group: 11/8.
Missing value in intervention/control group: 4/3.
Missing value in intervention/control group: 21/18.
Missing value in intervention/control group: 6/6.
Missing value in intervention/control group: 15/26.

I S 2

3

El

First sample obtained within 24 hours of inclusion. Number of missing value in intervention/control group: 2/7. All but two patients had PCT measurement obtained within
24 hours of inclusion in the intervention group. These two patients had positive microbiological results, and the algorithm was applied at D2.
° Missing value in intervention/control group: 12/20.
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Table 2
Main co-interventions

Co-intervention Overall Interventional Conventional
population, strategy, strategy,
(N=191) (n=93) (n=098)

Before inclusion (within the wk

preceding ICU referral)

At least one antiviral agent 5(2.6) 2(2.2) 3(3.1)

Remdesivir 3(1.6) 1(1.1) 2(2.0)

Other antiviral agents 2(1.0) 1(1.1) 1(1.0)

Immune-based agent

Steroids 117 (61.3) 62 (66.7) 55 (56.1)

Interleukin 6 inhibitors 1(0.5) 1(1.1) 0(0)

Other immune-based agents 1(0.5) 0(0) 1(1.0)

During ICU stay (between D1 and

D14)

At least one antiviral agent® 19 (10.2) 11 (12.4) 8(8.2)

Chloroquine/hydrocholoroquine® 1 (0.5) 0(0) 1(1.0)

Remdesivir® 10 (5.4) 7 (7.9) 3(3.1)

Other antiviral agents® 8(4.3) 4 (4.5) 4(4.1)

Immune-based agent

Steroids® 178 (94.2) 87 (94.6) 91 (93.8)

Other immune-based agents® 3(1.6) 1(1.1) 2(2.1)

Therapeutic anticoagulation® 80(44.2) 34(39.5) 46 (48.4)

Data are n (%). No Covid-directed drug other than those listed were administered
before inclusion or during the ICU stay.
D1, day 1; D14, day 14.

2 Missing values in intervention/control group: 4/1.

b Missing values in intervention/control group: 1/1.

¢ Missing values in intervention/control group: 7/3.

antibiotics were administered to most patients (158/191; 83%),
combining mainly third-generation cephalosporins and macro-
lides. Steroids and/or antiviral agents had been administered dur-
ing the week preceding ICU referral in 117/191 (61%) patients and 5/
191 (2.6%) patients, respectively (Table 2).

Initial microbiological workup, early bacterial co-infection and
empirical antibiotics

Empirical antibiotics were administered in the ICU to 180/191
(94%) patients, including 89 and 91 patients in the intervention and
control groups, respectively. Details of initial microbiological
workup and documentation are reported Table 3. All isolates
identified (except Staphylococcus non aureus in blood culture) were
considered and treated with antibiotics. Overall, early bacterial co-
infection was detected in 45/93 (48.4%) patients (intervention
group) and 21/98 (21.4) patients (control group). At least one bac-
terial microorganism was identified using all conventional tests in
40/179 (22%) patients (22/89 [21.3] in the intervention group and
21/90 [23%] in the control group); most patients (33/40) had a
monomicrobial infection. Streptococcus spp., S. aureus, Enter-
obacterales. and Pseudomonas aeruginosa accounted for 75% (38/51)
of the bacterial species identified.

In the interventional strategy, an adequate mPCR was obtained
in 89/93 (96%) patients. Microorganisms were detected in 36/89
(40%) of these patients. Positive results were mainly monomicrobial
(22/36). Genetic markers of antibiotic resistance were detected in
7/89 (8%), either in association with bacterial detection (n = 6), or
isolated (n = 1). Altogether, S. aureus, Haemophilus influenzae,
Streptococcus species, and Enterobacterales were the main poten-
tially pathogenic bacteria detected (51/59; 86%). Respiratory vi-
ruses were detected twice in addition to SARS-Cov-2, with no
bacteria—virus co-infection.

Protocol observance and strategy adherence

The observance of the interventional strategy, including adher-
ence to the mPCR/PCT algorithm (n = 75/93; 81%) was fairly good

(Fig. 1). However, follow-up PCT measurements were often ob-
tained in the control group, although not recommended nor
required in this group. Please see supplementary material for
additional details and Fig. S2.

Primary outcome

At D28 after randomization, the median number of days free of
antibiotics (whether administered for initial bacterial co-infection,
other concomitant infection or bacterial superinfection) was 12.0
(0.0; 25.0) days in the interventional strategy (n = 93), and 14.0
(0.0; 24.0) days (n = 91) in the conventional strategy
(difference, —2.0 (95% CI, —10.6 to 6.6); p = 0.89) (Table 4) (Figs. 2
and 3). These results were consistent in the sensitivity analyses
restricted to the PP population (14.0 [0.0; 25.0] days (n = 74) vs.15.0
[2.0; 24.0] days (n = 91); difference, —1.0 (95% CI, —10.7 t0 8.7); p =
0.93), and using binomial-negative models with random effect on
the centre on the ITT population (p = 0.82) and on the PP popu-
lation (p = 0.93) (Table S2). However, the number of antibiotic-free
days was 2-day higher at D7 in the intervention group when the
algorithm was adhered to (per-protocol analysis) compared with
the control group (Supplementary material for all post-hoc ana-
lyses as well as Tables S3—S6 and Figs. S3 and S4).

Secondary outcomes

At D28 or D90, there was no difference between the two stra-
tegies in the secondary outcomes (Table 4 and Fig. S5). There was
no difference either in the incidence of administration of new an-
tibiotics for a first clinical suspicion of bacterial superinfection at
D28, considering the competing event of death (subdistribution
hazard ratio (sHR) 1.22 [95% CI, 0.83—1.79]; p = 0.31; n = 190)
(Fig. S6).

Exploratory analyses

No difference was found between the two groups regarding
episodes of bacterial superinfection (Table S7), use of broad- and
narrow-spectrum antibiotics (Table S8 and S9), and ventilator
support at D28 (Table S10).

Discussion

This randomized controlled trial, testing the efficacy and safety
of a strategy combining a respiratory mPCR with enlarged panel
performed on lower respiratory tract secretions specimens and PCT
blood measurements in patients who are critically ill with SARS-
CoV-2 pneumonia, failed to show a decrease of the overall anti-
biotic exposure or to improve clinical outcomes at D28, as
compared with routine management. However, when the algo-
rithm was adhered to (per-protocol analysis), the number of
antibiotic-free days after randomization was 2-day higher at D7 in
the intervention group than in the control group.

Previous reports have suggested low rates of bacterial co-
infection in hospitalized patients with SARS-CoV-2 pneumonia,
although somewhat higher in patients who were critically ill [1,2,5].
In a retrospective study [11], the prevalence of bacterial co-
infection identified within 48 hours after intubation, using stan-
dard culture-dependent methods, was three times lower in SARS-
CoV2 (9.7%) than in influenza (33.6%) pneumonia, suggesting that
most patients may not require antimicrobial treatment. In the
context of severe SARS-CoV-2 viral pneumonia, antibiotics may
thus have been used in excess, at least in the early stage [1,3,21].
However, small series using mPCR have reported much higher rates
of bacterial co-infection of up to 40% [8,10,16], involving similar
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Table 3
Initial microbiological workup and documentation

Overall population Interventional strategy Conventional strategy

Conventional tests
Patients level

Conventional tests positive/performed and analysed,” number positive / total samples analysed

(n/Ntot) (%)
Blood cultures
Legionella pneumophila urinary antigen test
Streptococcus pneumoniae urinary antigen test
At least one respiratory tract secretions sample
Sputum
Tracheal aspirate
Broncho-alveolar lavage
Tests level
Among all conventional tests
Total number of conventional tests performed
Total number of conventional tests positive/performed and analysed, n/Ntot (%)
Time between conventional tests and inclusion, d
mean (SD)
median (interquartile range)
Among all respiratory tests performed
Total number of respiratory tract samplings performed

Total number of respiratory tract samplings positive/performed and analysed, n/Ntot (%)*

Time between respiratory tract samplings and inclusion, (d)
mean (SD)
median (IQR)

Among all non-respiratory tests performed

Total number of non-respiratory tract samplings performed

Total number of non-respiratory tract samplings positive/performed and analysed, n/Ntot (%)

Time between non-respiratory tract samplings and inclusion, (d)
Mean (SD)
median (IQR)
Bacterial microorganisms identified (all conventional tests), n (%)
Streptococcus spp.
Staphylococcus aureus
Enterobacterales
Pseudomonas aeruginosa
Others”
mPCR
mPCR positive/performed, n/Ntot (%)
Sputum
Tracheal aspirate
Broncho-alveolar lavage
Bacterial microorganism detected, n (%)
Staphylococcus aureus
Haemophilus influenzae
Streptococcus spp.
Enterobacterales
Others?
Viruses, n (%)°
Human Rhinovirus—Enterovirus
Others

N =191 N=93 N =98
40/179 (22.3) 19/89 (21.3) 21/90 (23.3)
3/158 (1.9) 1/80 (1.3) 2/78 (2.6)
1/124 (0.8) 0/61 (0) 1/63 (1.6)
3/93 (3.2) 1/49 (2.0) 2/44 (4.5)
37/156 (23.7) 18/81 (22.2) 19/75 (25.3)
19/101 (18.8) 11/55 (20.0) 8/46 (17.4)
11/62 (17.7) 4/31 (12.9) 7/31 (22.6)
7/32 (21.9) 3/19 (15.8) 4/13 (30.8)
n = 580 n =300 n =280
44/576 (7.6) 20/299 (6.7) 24/277 (8.7)
-0.4 (1.0) —0.5(1.0) —0.3 (1.0)
0.0 (-1.0; 0.0) 0.0 (-1.0; 0.0) 0.0 (-1.0; 0.0)
n =199 n =106 n =293
37/195 (19.0) 18/105 (17.1) 19/90 (21.1)
n=199 n =106 n=293
—-0.1(1.0) —0.2 (0.9) 0.0 (1.0)

0.0 (-1.0; 0.0) 0.0 (—1.0; 0.0) 0.0 (0.0; 0.0)
n =381 n=194 n=187
7/381 (1.8) 2/194 (1.0) 5/187 (2.7)
-0.5(1.0) -0.7 (1.0) -0.4(0.9)
—-1.0 (-1.0; 0.0) —-1.0 (-1.0; 0.0) 0.0 (—1.0; 0.0)
n=>51 n=24 n=27

12 (23.5) 3(12.5) 9(33.3)

7 (13.7) 3(12.5) 4(14.8)

13 (25.5) 9(37.5) 4(14.8)
6(11.8) 3(12.5) 3(11.1)

13 (25.5) 6 (25.0) 7 (25.9)

36/89 (40.4)
26/54 (48.1)
7/21 (33.3)
3/13 (23.1)
n=>59

19 (32.2)

14 (23.7)
6(10.2)

12 (20.3)

8 (13.6)
n=2

2 (100)

0

2 The results of conventional tests performed were unavailable in the interventional strategy and in the conventional strategy in four and eight patients, respectively
(regarding all conventional tests), and in one and three patients (regarding sputa). Normal respiratory flora, identified in 44 (49%) patients in the interventional strategy and in

35 (39%) patients in the conventional strategy, was not considered as pathogenic.

b QOthers (n = 13) included coagulase-negative Staphylococci (n = 6), L. pneumophila (n = 1), H. influenzae (n = 1), Achromobacter xylodoxidans (n = 1), Acinetobacter sp. (n = 1),
Bacillus cereus (n = 1), Moraxella catarrhalis (n = 1), and Stenotrophomonas maltophilia (n = 1).

¢ Three mPCR were missing and one inadequate in the interventional group. The panel included bacteria (Streptococcus pneumoniae, S. aureus, Streptococcus agalactiae,
Streptococcus pyogenes, H. influenzae, Escherichia coli, Klebsiella oxytoca, K. pneumonia, Proteus spp, Enterobacter cloacae—aerogenes, Serratia marcescens, P. aeruginosa, Acine-
tobacter baumannii, Mycoplasma pneumoniae, Chlamydophyla pneumoniae, L. pneumophila, and Moraxella catarrhalis), respiratory viruses (Adenovirus, Coronavirus, Human
Rhinovirus—Enterovirus, Human Metapneumovirus, Influenza A, Influenza B, Parainfluenza Virus, and Respiratory Syncitial Virus), and seven antibiotic resistance markers.

d Others (n = 8) included P. aeruginosa (n = 4), Acinetobacter baumannii (n = 3), and L. pneumophila (n = 1).

€ No virus other than SARS-Cov2 was associated with bacteria detected.

microorganisms as those in community-acquired pneumonia
(CAP). Therefore, accurate diagnostic methods appear warranted to
help identify patients needing antibiotic therapy as well as avoid or
withdraw unnecessary therapy in those who do not need such
therapy [11,16,21].

In our study, most patients had been exposed to antibiotics
before ICU referral, and received new empirical antibiotics on ICU
admission, as per current guidelines [12,13]. Although a respiratory
tract secretions sample was obtained within 24 hours of ICU
admission in most patients, the rate of bacterial identification was

twice higher using molecular than conventional testing. Similarly
to previous studies [8,10,11], the main microorganisms identified in
our trial were Gram-positive cocci, Enterobacterales, P. aeruginosa,
and H. influenzae, with either testing.

Although mPCRs have been shown to increase the rate of
microbiological diagnosis in CAP [22,23], and have been suggested
to improve antibiotic stewardship [24], robust data on the thera-
peutic management and impact on outcomes of patients of a
pathogen-guided strategy are lacking. The usefulness of a PCT-
guided strategy to guide antibiotics discontinuation has also been
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Table 4
Primary and secondary outcomes of patients
End points Interventional Conventional Difference, P
strategy (n = 93) strategy (n = 98) % (95% CI)
Primary outcome at d 28
Antibiotic-free days in the ITT population, n = 191, median (IQR) 12.0 (0.0; 25.0), n = 93 14.0 (0.0; 24.0), n = 98 —2.0 (—10.6 to 6.6) 0.89
Antibiotic-free days in the PP population, n = 165, median (IQR) 14.0 (0.0; 25.0), n = 74 15.0 (2.0; 24.0), n = 91 —1.0 (-10.7 to 8.7) 0.93
Secondary outcomes at d 28
Number of days of antibiotics exposure, median (IQR) 9.0 (4.0; 21.0), n =93 8.0 (4.0; 17.0), n = 97 1.0 (—2.6 to 4.6)
Cumulative antibiotics duration, median (IQR) 11.0 (5.0; 27.0), n = 93 10.0 (5.0; 22.0), n = 97 1.0 (-4.3t06.3)
Patients treated with broad-spectrum antibiotics, n (%) 91/93 (97.8) 92/97 (94.8) 3.0(-3.2t09.7)
Patients treated with narrow-spectrum antibiotics, n (%) 59/93 (63.4) 52/97 (53.6) 9.8 (—4.4 to 24.0)
Patients with clinically suspected bacterial superinfection, n (%) 48/93 (51.6) 47/97 (48.5) 3.2(-11.2to 17.5)
Patients with microbiologically documented bacterial superinfection, n (%) 43/48 (89.6) 38/47 (80.9) 8.7 (—6.2 to 24.0)
Colonization/infection with multidrug resistant bacteria or Clostridioides 9/79 (11.4) 11/79 (13.9) —2.5(-13.6 to 8.6)
difficile, n (%)
Patients receiving ventilatory support, n (%) 22/71 (31.0) 13/72 (18.1) 129 (-1.5to0 27.1)
Serious adverse events, n (%)° 33/93 (35.5) 38/98 (38.8)
Mortality rate, % 20/93 (21.5) 25/97 (25.8) —4.3(-16.7 to 8.1) 0.49
Secondary outcomes at d 90°
Mortality rate, % 33/93 (35.5) 30/95 (31.6) 3.9(-9.7t0 17.6) 0.57

Quality of life (EQ5D5L score), median (IQR)
Health status (VAS 0-100)¢, median (IQR)

0.76 (0.66; 0.89), n = 24
85 (70; 90), n = 17

0.85 (0.50; 0.91), n = 24
85 (65; 100), n = 14

~0.08 (~0.23 to 0.06)
0.0 (—15.0 to 10.0)

Abbreviations: EQ5D5L, EuroQuol 5 dimensions questionnaire; IQR, interquartile range; ITT, intention-to-treat; PP, per-protocol population; VAS, visual analogic scale.

Data are n (%) or median (interquartile range, 25; 75%).

2 In the ITT population, the number of antibiotic-free days for all causes at D28 was 0 for the 45 patients who died and for one patient on premature discontinuation (see

Table S2 for sensitivity analyses).

b Serious adverse events occurred in 71 patients, 63 of whom died (33 and 30 in the interventional and the conventional strategy groups, respectively).
¢ In the conventional strategy, 2 patients were lost to follow-up between D28 and D90. Quality of life at day 90 was assessed using a quality-of-life questionnaire (EQ5D5L).

d Health status (VAS 0-100) is a component of EQ5D5L.

O Conventional strategy M Interventional strategy

30

254

20

15 +

10

Number of alive antibiotics-free days

D7

2.0 (1.0t0 3.0)

Median (95% Cl)

D14 D28
6.5 (5.0 t0 8.0) 14.0 (10.0 to 20.0)
6.0(3.0t0 8.0) 12.0 (6.0 to 20.0)

Fig. 2. Number of antibiotics-free days at D7, D14, and D28 according to the strategy. The length of the box represents the interquartile range (25th—75th percentiles); the hor-
izontal line inside the box represents the median; and the vertical lines issuing from the box extend to the minimum and maximum values.

suggested in severe CAP [19,25,26]. In a recent randomized
controlled trial conducted at two tertiary care centres in
Switzerland, mPCR examination of broncho-alveolar lavage
decreased the duration of inappropriate antibiotic therapy in pa-
tients admitted to the hospital with suspected Gram-negative
pneumonia, as compared with conventional culture [27]. In our
study, we observed a fairly good adherence to the interventional
algorithm. Although antibiotics were administered at a high rate for
the initial episode after randomization in the two strategies, they

were discontinued earlier in the interventional strategy, despite a
high rate of bacterial detection in the former.

High rates of health care and ventilator-associated pneumonia
have been reported in patients who were critically ill with COVID-
19 and are associated with longer duration of mechanical ventila-
tion and length of ICU stay, as well as increased 28-day mortality
[21]. In our study, episodes of bacterial superinfection were clini-
cally suspected (and most often [85%] microbiologically docu-
mented) resulting in the administration of new antibiotics in half of
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Fig. 3. Daily overall antibiotics exposure rate up to day 28 among the patients at risk, according to the strategy.

the patients in both groups, and a similar number of antibiotic-free
days for all reasons at D28, questioning the overall impact of a
pathogen-targeted and PCT-guided strategy on overall antibiotics
exposure, as compared with routine practice [27]. Antimicrobial
stewardship teams were not involved in the intervention delivery,
and their involvement might have improved the intervention
impact [28,29].

Limitations of this study

First, the primary end point at D28 may have been too ambi-
tious relative to the duration of the intervention (7 days), and
considering the high burden of health care-associated infections
and related antimicrobial treatments in patients who are critically
ill with COVID-19, which may have been underestimated at the
time of the study design. Future directions should assess the
therapeutic impact of rapid diagnostic testing and antimicrobial
stewardship bundle at shorter time point and in selected pop-
ulations of patients, such as those with severe viral pneumonia and
negative testing for bacterial co-infection. Second, most patients
had received antibiotics when respiratory tract samples were
collected, which may have decreased the diagnostic yield of con-
ventional tests, as compared with molecular tests, and possibly
induce physicians to limit antibiotic use in the control group as
compared with the intervention group where antibiotics were
encouraged if mPCR was positive for bacteria. It should be noted,
however, that although the molecular test includes a quantitative
assessment of the pathogens detected, identification of bacterial
species may not be synonymous of infection. This is particularly
the case when testing sputum samples in non-intubated patients
[18], which were the majority of samples obtained in our trial.
Third, an unexpected high proportion of patients had repeated PCT
measurements obtained in the conventional group, which may
have contributed to minimize differences between groups in terms
of antibiotics streamlining.

To summarize, the strategy using a mPCR- and PCT-guided
strategy in patients who are critically ill with SARS-CoV-2 pneu-
monia failed in decreasing antibiotics exposure and clinical

outcomes at D28, as compared with a conventional strategy.
Despite negative results on overall antibiotics exposure and out-
comes at D28, the intervention may be associated with early anti-
biotics savings. Further studies are needed to delineate the optimal
populations and acute respiratory infections, which may benefit of
such a combined strategy.

Author contributions

M.F, G.V,, AR, and T.S. conceived and designed the study. M.E,,
G.V,S.T,, AR, and T.S. analysed and interpreted the data. M.F, G.V.,
S.T., AR, and T.S. drafted the article. All authors participated in the
critical revision of the manuscript and provided final approval to
submit the current version of this manuscript.

Transparency declaration

Muriel Fartoukh reports grants from La Fondation du Souffle,
and personal fees from Pfizer, Fisher & Paykel, and BioMérieux,
outside the submitted work. Saad Nseir reports payment or hono-
raria for lectures, presentations, speakers bureaus, manuscript
writing or educational events from MSD; Pfizer; Gilead; Bio Rad;
BioMérieux; Fisher&Paykel, outside the submitted work. Arnaud
W. Thille reports payments for lectures and travel expense coverage
to attend scientific meetings from Fisher&Paykel; GE Healthcare;
Sedana, outside the submitted work. Louis-Marie Galerneau re-
ports support for attending meetings and/or travel from Pfizer,
outside the submitted work. Tabassome Simon reports grants or
contracts from AstraZeneca; Bayer; Boehringer; Daiichi-Sankyo;
Eli-Lilly; GSK; Novartis; Sanofi; and payment or honoraria for lec-
tures, presentations, speakers bureaus, manuscript writing or
educational events from Servier; Novartis; and participation on a
Data Safety Monitoring Board or Advisory Board (Ablative Solu-
tions; Air Liquide; AstraZeneca; Sanofi; Novartis; 4Living Biotech)
outside the submitted work. Guillaume Voiriot reports grants from
BioMérieux outside the submitted work and travel expense
coverage from SOS oxygene. The other authors declare that they
have no conflicts of interest.



742 M. Fartoukh et al. / Clinical Microbiology and Infection 29 (2023) 734—743

Funding

The study was sponsored by Assistance Publique-Hopitaux de
Paris (Délégation a la Recherche Clinique et a I'Innovation), and
funded by a grant from the Fondation de I'’AP-HP (Project Code:
APHP200392/EUDRACT no: 2020-001324-33). The study sponsor
had no role in the study design, analysis and interpretation of the
data, writing the report, and decision to submit for publication.

BioMérieux, BioMérieux France, 69290 Craponne supported the
research by providing tests (BioFire Diagnostics, LLC. 390 Wakara
Way, Salt Lake City, UT 84108, USA).

The MULTICOV collaborative trial group

a Alexandre Elabbadi, MD; Matthieu Turpin, MD. Sorbonne
Université, AP-HP, Hopital Tenon, Service de Médecine intensive
réanimation, Paris, France.

Charlotte Verdet, PharmD PhD. Sorbonne Université, AP-HP,
Département de Bactériologie HUEP, Hopital Saint-Antoine, 75571
Paris cedex 12, France.

b Sébastien Préau, MD, PhD. CHU de Lille, Médecine Intensive
Réanimation, Lille, France. Inserm, Institut Pasteur de Lille, U1167,
Lille 59000, France.

Frédéric Wallet, MD; Caroline Loiez, MD Laboratoire de
Bactériologie-Hygiéne, Centre de Biologie Pathologie, CHU de Lille,
Université de Lille, CNRS, Inserm, Institut Pasteur Lille, U1019—UMR
9017—CIIL, Lille, France.

¢ Sebastian Voicu, MD, PhD. Department of Medical and Toxi-
cological Critical Care, Lariboisiére Hospital, Paris Cité University,
INSERM UMRS-1144, Paris, France.

Hervé Jacquier, PharmD, PhD. Laboratory of Microbiology, Saint
Louis-Lariboisiere-Fernand Widal Hospital Group, Assistance Pub-
lique-Hopitaux de Paris (APHP), Paris, France. Université de Paris,
IAME UMR 1137 INSERM, Paris F-75018, France.

d Yacine Tandjaoui-Lambiotte, MD, PhD. Réanimation Médico-
Chirurgicale/USC, Avicenne/Jean Verdier, Hopitaux Universitaires
Paris-Seine-Saint-Denis, Assistance Publique-Hopitaux de Paris,
93009 Bobigny Cedex, France.

Francoise Jaureguy, PharmD, PhD. Service de Microbiologie
Clinique, Groupe Hospitalier Paris Seine Saint-Denis, AP-HP,
Bobigny, France. IAME, UMR 1137, Université Paris 13, Sorbonne
Paris Cité, Paris, France.

Chakib Alloui, MD. Service de Microbiologie Clinique, Groupe
Hospitalier Paris Seine Saint-Denis, AP-HP, Bobigny, France.

e Elie Azoulay, MD, PhD. Service de Médecine Intensive et
Réanimation, Hopital Saint Louis, APHP. Université de Paris, Paris,
France.

Béatrice Bercot, MD, PhD, Service de Bactériologie, Hopital Saint
Louis, Assistance Publique-Hopitaux de Paris (APHP), Paris, France;
Université Paris Cité, IAME UMR 1137 INSERM, Paris F-75018,
France.

f Gaétan Plantefeve, MD. Réanimation Polyvalente, Centre
Hospitalier Victor Dupouy, 95100 Argenteuil, France.

Aurore Claudinon-Courpon, MD; Amandine Henry, MD. Labo-
ratoire de biologie médicale, Centre Hospitalier Victor Dupouy,
95100 Argenteuil, France.

g Maxime Pichon, MD, PhD. CHU de Poitiers, Département des
Agents Infectieux, Poitiers, France.

h Carole Schwebel, MD, PhD. Service de Médecine Intensive
Réanimation, CHU Grenoble-Alpes, Laboratoire HP2 - Inserm
U1042 Hypoxie et Physiopathologies cardiovasculaires et respira-
toires, Grenoble, France.

i Jean-Marc Tadié, MD, PhD. Service des Maladies Infectieuses et
Réanimation Médicale, U1236-MICMAC, Equipe Infectiologie CIC-
Inserm-1414, Hopital Pontchaillou, CHU Rennes, 35033 Rennes
Cedex, France.

Gabriel Auger, MD. Service de Bactériologie-Hygiene hospital-
iere CHU de Rennes, 35033 Rennes Cedex, France.

j Laurent Argaud, MD, PhD; Malek Chabchoub, MD. Service de
Médecine Intensive Réanimation, Hospices Civils de Lyon, Hopital
Edouard Herriot, Lyon, France.

Camille Kolenda, MD; Frangois Vandenesch, MD, PhD. Centre
National de Référence des Staphylocoques, Institut des Agents
Infectieux, Hospices Civils de Lyon, Lyon, France. Centre Interna-
tional de Recherche en Infectiologie, INSERM U1111, Université
Lyon 1, Ecole Normale Supérieure de Lyon, Lyon, France.

k Sylvain Godreuil MD PhD. Laboratoire de Bactériologie, Centre
Hospitalier Universitaire de Montpellier, Université de Montpellier,
Montpellier, France. UMR MIVEGEC IRD-CNRS-Université de
Montpellier, IRD, Montpellier, France.

1 Gael Piton, MD, PhD. Service de réanimation médicale, CHU
Jean Minjoz, 25030 Besanc¢on cedex, Université de Bourgogne-
Franche Comté, Equipe d'Accueil EA 3920, Besangon, France.

Kay Jeannot, MD, PhD. UMR 6249 Chrono-Environnement, UFR
Sciences Médicales et Pharmaceutiques, University of Bourgogne-
Franche Comté, Besancon, France. Department of Bacteriology,
University Hospital of Besangon, Besancon, France.

m William Danjou, MD. Service de Médecine Intensive
Réanimation. Hopital de la Croix-Rousse. Hospices Civils de Lyon,
Lyon, France.

Access to data

Consultation by the editorial board or interested researchers
may be considered, subject to prior determination of the terms and
conditions of such consultation and in respect for compliance with
the applicable regulations.

Acknowledgements

The authors wish to thank the members of the MULTICOV
collaborative trial group who contributed to the conduct of the trial
in their respective centre. The authors wish to thank Prof. Christian
Brun-Buisson for his helpful suggestions during the preparation of
this manuscript.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.cmi.2023.01.009.

References

[1] Langford BJ, So M, Raybardhan S, Leung V, Westwood D, MacFadden DR, et al.
Bacterial co-infection and secondary infection in patients with COVID-19: a
living rapid review and meta-analysis. Clin Microbiol Infect 2020;26:1622—9.
https://doi.org/10.1016/j.cmi.2020.07.016.

Rawson TM, Moore LSP, Zhu N, Ranganathan N, Skolimowska K, Gilchrist M,
et al. Bacterial and fungal co-infection in individuals with coronavirus: a rapid
review to support COVID-19 antimicrobial prescribing. Clin Infect Dis
2020;71:2459—68. https://doi.org/10.1093/cid/ciaa530.

Langford BJ, So M, Raybardhan S, Leung V, Soucy J-PR, Westwood D, et al.
Antibiotic prescribing in patients with COVID-19: rapid review and meta-
analysis. Clin Microbiol Infect 2021;27:520—31. https://doi.org/10.1016/
j.cmi.2020.12.018.

[4] Beovi¢ B, Dousak M, Ferreira-Coimbra ], Nadrah K, Rubulotta F, Belliato M,
et al. Antibiotic use in patients with COVID-19: a “snapshot” infectious dis-
eases international research initiative (ID-IRI) survey. ] Antimicrob Chemother
2020;75:3386—90. https://doi.org/10.1093/jac/dkaa326.

Russell CD, Fairfield CJ, Drake TM, Turtle L, Seaton RA, Wootton DG, et al.
Co-infections, secondary infections, and antimicrobial use in patients
hospitalised with COVID-19 during the first pandemic wave from the
ISARIC WHO CCP-UK study: a multicentre, prospective cohort study.
Lancet Microbe 2021;2:e354—65. https://doi.org/10.1016/S2666-5247(21)
00090-2.

[2

i3

(5


https://doi.org/10.1016/j.cmi.2023.01.009
https://doi.org/10.1016/j.cmi.2020.07.016
https://doi.org/10.1093/cid/ciaa530
https://doi.org/10.1016/j.cmi.2020.12.018
https://doi.org/10.1016/j.cmi.2020.12.018
https://doi.org/10.1093/jac/dkaa326
https://doi.org/10.1016/S2666-5247(21)00090-2
https://doi.org/10.1016/S2666-5247(21)00090-2

(6]

(7

8

(9

(10]

(11]

(12]

(13]

(14]

(15]

[16]

(17]

(18]

M. Fartoukh et al. / Clinical Microbiology and Infection 29 (2023) 734—743

Klein EY, Monteforte B, Gupta A, Jiang W, May L, Hsieh Y-H, et al. The fre-
quency of influenza and bacterial coinfection: a systematic review and meta-
analysis. Influenza Other Respir Virus. 2016;10:394—403. https://doi.org/
10.1111/irv.12398.

Chen X, Liao B, Cheng L, Peng X, Xu X, Li Y, et al. The microbial coinfection in
COVID-19. Appl Microbiol Biotechnol 2020;104:7777—85. https://doi.org/
10.1007/s00253-020-10814-6.

Contou D, Claudinon A, Pajot O, Micaélo M, Longuet Flandre P, Dubert M, et al.
Bacterial and viral co-infections in patients with severe SARS-CoV-2 pneu-
monia admitted to a French ICU. Ann Intensive Care 2020;10:119. https://
doi.org/10.1186/s13613-020-00736-x.

Elabbadi A, Turpin M, Gerotziafas GT, Teulier M, Voiriot G, Fartoukh M. Bac-
terial coinfection in critically ill COVID-19 patients with severe pneumonia.
Infection 2021;49:559—62. https://doi.org/10.1007/s15010-020-01553-x.
Kreitmann L, Monard C, Dauwalder O, Simon M, Argaud L. Early bacterial co-
infection in ARDS related to COVID-19. Intensive Care Med 2020;46:1787—-9.
https://doi.org/10.1007/s00134-020-06165-5.

Rouzé A, Martin-Loeches I, Povoa P, Metzelard M, Du Cheyron D, Lambiotte F,
et al. Early bacterial identification among intubated patients with COVID-19
or influenza pneumonia: a european multicenter comparative cohort study.
Am ] Respir Crit Care Med 2021;204:546—56. https://doi.org/10.1164/
rccm.202101-00300C.

Alhazzani W, Megller MH, Arabi YM, Loeb M, Gong MN, Fan E, et al. Surviving
sepsis campaign: guidelines on the management of critically ill adults with
coronavirus disease 2019 (COVID-19). Crit Care Med 2020;48:e440—69.
https://doi.org/10.1097/CCM.0000000000004363.

World Health Organization. Clinical management of severe acute respiratory
infection when novel coronavirus (2019-nCoV) infection is suspected: interim
guidance, 28 January 2020. World Health Organization; 2020. https://apps.
who.int/iris/handle/10665/330893.

Gautam S, Cohen AJ, Stahl Y, Valda Toro P, Young GM, Datta R, et al. Severe
respiratory viral infection induces procalcitonin in the absence of bacterial
pneumonia. Thorax 2020;75:974—81. https://doi.org/10.1136/thoraxjnl-
2020-214896.

van Berkel M, Kox M, Frenzel T, Pickkers P, Schouten J, RCI-COVID-19 study
group. Biomarkers for antimicrobial stewardship: a reappraisal in COVID-19
times? Crit Care 2020;24:600. https://doi.org/10.1186/s13054-020-03291-w.
Verroken A, Scohy A, Gérard L, Wittebole X, Collienne C, Laterre PF. Co-in-
fections in COVID-19 critically ill and antibiotic management: a prospective
cohort analysis. Crit Care 2020;24:410. https://doi.org/10.1186/s13054-020-
03135-7.

Voiriot G, Fartoukh M, Durand-Zaleski I, Berard L, Rousseau A, Armand-
Lefevre L, et al. Combined use of a broad-panel respiratory multiplex PCR and
procalcitonin to reduce duration of antibiotics exposure in patients with se-
vere community-acquired pneumonia (MULTI-CAP): a multicentre, parallel-
group, open-label, individual randomised trial conducted in French inten-
sive care units. BM] Open 2021;11:e048187. https://doi.org/10.1136/
bmjopen-2020-048187.

Murphy CN, Fowler R, Balada-Llasat JM, Carroll A, Stone H, Akerele O, et al.
Multicenter evaluation of the BioFire FilmArray Pneumonia/Pneumonia Plus
Panel for detection and quantification of agents of lower respiratory tract

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

743

infection. ] Clin Microbiol
JCM.00128-20.

Bouadma L, Luyt CE, Tubach F, Cracco C, Alvarez A, Schwebel C, et al. Use of
procalcitonin to reduce patients’ exposure to antibiotics in intensive care
units (PRORATA trial): a multicentre randomised controlled trial. Lancet
2010;375:463—74. https://doi.org/10.1016/S0140-6736(09)61879-1.
Herdman M, Gudex C, Lloyd A, Janssen M, Kind P, Parkin D, et al. Development
and preliminary testing of the new five-level version of EQ-5D (EQ-5D-5L).
Qual Life Res 2011;20:1727—36. https://doi.org/10.1007/s11136-011-9903-x.
Musuuza JS, Watson L, Parmasad V, Putman-Buehler N, Christensen L,
Safdar N. Prevalence and outcomes of co-infection and superinfection with
SARS-CoV-2 and other pathogens: a systematic review and meta-analysis.
PloS One 2021;16:e0251170. https://doi.org/10.1371/journal.pone.0251170.
Zumla A, Al-Tawfiq JA, Enne VI, Kidd M, Drosten C, Breuer ], et al. Rapid point
of care diagnostic tests for viral and bacterial respiratory tract infec-
tions—needs, advances, and future prospects. Lancet Infect Dis 2014;14:
1123-35. https://doi.org/10.1016/S1473-3099(14)70827-8.

Jain S, Self WH, Wunderink RG, Fakhran S, Balk R, Bramley AM, et al. Com-
munity-acquired pneumonia requiring hospitalization among U.S. adults.
N Engl ] Med 2015;373:415—27. https://doi.org/10.1056/NE]JMoa1500245.
Gadsby NJ, Russell CD, McHugh MP, Mark H, Conway Morris A, Laurenson IF,
et al. Comprehensive molecular testing for respiratory pathogens in
community-acquired pneumonia. Clin Infect Dis 2016;62:817—23. https://
doi.org/10.1093/cid/civ1214.

Metlay JP, Waterer GW, Long AC, Anzueto A, Brozek ], Crothers K, et al.
Diagnosis and treatment of adults with community-acquired pneumonia. An
official clinical practice guideline of the American Thoracic Society and In-
fectious Diseases Society of America. Am ] Respir Crit Care Med 2019;200:
e45—67. https://doi.org/10.1164/rccm.201908-1581ST.

Schuetz P, Wirz Y, Sager R, Christ-Crain M, Stolz D, Tamm M, et al. Effect of
procalcitonin-guided antibiotic treatment on mortality in acute respiratory
infections: a patient level meta-analysis. Lancet Infect Dis 2018;18:95—107.
https://doi.org/10.1016/S1473-3099(17)30592-3.

Darie AM, Khanna N, Jahn K, Osthoff M, Bassetti S, Osthoff M, et al. Fast
multiplex bacterial PCR of bronchoalveolar lavage for antibiotic stewardship
in hospitalised patients with pneumonia at risk of Gram-negative bacterial
infection (Flagship 1I): a multicentre, randomised controlled trial. Lancet
Respir Med 2022;10:877—87. https://doi.org/10.1016/5S2213-2600(22)
00086-8.

Bookstaver PB, Nimmich EB, Smith TJ, Justo JA, Kohn J, Hammer KL, et al.
Cumulative effect of an antimicrobial stewardship and rapid diagnostic
testing bundle on early streamlining of antimicrobial therapy in Gram-
negative bloodstream infections. Antimicrob Agents Chemother 2017;61:
e00189—17. https://doi.org/10.1128/AAC.00189-17.

Beganovic M, Costello M, Wieczorkiewicz SM. Effect of Matrix-Assisted Laser
Desorption Ionization-Time of Flight Mass Spectrometry (MALDI-TOF MS)
alone versus MALDI-TOF MS combined with real-time antimicrobial stew-
ardship interventions on time to optimal antimicrobial therapy in patients
with positive blood cultures. ] Clin Microbiol 2017;55:1437—45. https://
doi.org/10.1128/JCM.02245-16.

2020;58:8—20. https://doi.org/10.1128/


https://doi.org/10.1111/irv.12398
https://doi.org/10.1111/irv.12398
https://doi.org/10.1007/s00253-020-10814-6
https://doi.org/10.1007/s00253-020-10814-6
https://doi.org/10.1186/s13613-020-00736-x
https://doi.org/10.1186/s13613-020-00736-x
https://doi.org/10.1007/s15010-020-01553-x
https://doi.org/10.1007/s00134-020-06165-5
https://doi.org/10.1164/rccm.202101-0030OC
https://doi.org/10.1164/rccm.202101-0030OC
https://doi.org/10.1097/CCM.0000000000004363
https://apps.who.int/iris/handle/10665/330893
https://apps.who.int/iris/handle/10665/330893
https://doi.org/10.1136/thoraxjnl-2020-214896
https://doi.org/10.1136/thoraxjnl-2020-214896
https://doi.org/10.1186/s13054-020-03291-w
https://doi.org/10.1186/s13054-020-03135-7
https://doi.org/10.1186/s13054-020-03135-7
https://doi.org/10.1136/bmjopen-2020-048187
https://doi.org/10.1136/bmjopen-2020-048187
https://doi.org/10.1128/JCM.00128-20
https://doi.org/10.1128/JCM.00128-20
https://doi.org/10.1016/S0140-6736(09)61879-1
https://doi.org/10.1007/s11136-011-9903-x
https://doi.org/10.1371/journal.pone.0251170
https://doi.org/10.1016/S1473-3099(14)70827-8
https://doi.org/10.1056/NEJMoa1500245
https://doi.org/10.1093/cid/civ1214
https://doi.org/10.1093/cid/civ1214
https://doi.org/10.1164/rccm.201908-1581ST
https://doi.org/10.1016/S1473-3099(17)30592-3
https://doi.org/10.1016/S2213-2600(22)00086-8
https://doi.org/10.1016/S2213-2600(22)00086-8
https://doi.org/10.1128/AAC.00189-17
https://doi.org/10.1128/JCM.02245-16
https://doi.org/10.1128/JCM.02245-16

	Respiratory multiplex PCR and procalcitonin to reduce antibiotic exposure in severe SARS-CoV-2 pneumonia: a multicentre ran ...
	Introduction
	Methods
	Study design
	Participants
	Randomization and masking
	Interventions
	Outcomes
	Statistical analysis

	Results
	Characteristics of patients at enrolment
	Initial microbiological workup, early bacterial co-infection and empirical antibiotics
	Protocol observance and strategy adherence
	Primary outcome
	Secondary outcomes
	Exploratory analyses

	Discussion
	Limitations of this study

	Author contributions
	Transparency declaration
	Funding
	Access to data
	Acknowledgements
	Appendix A. Supplementary data
	References


