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Abstract
Background: Early appropriate antibiotic therapy reduces morbidity and mortality of severe pneumonia. However, the
emergence of bacterial resistance requires the earliest use of antibiotics with the narrowest possible spectrum. The Unyvero
Hospitalized Pneumonia (HPN, Curetis) test is a multiplex PCR (M-PCR) system detecting 21 bacteria and 19 resistance genes
on respiratory samples within 5 hours. We assessed the performance and the potential impact of the M-PCR on the antibiotic
therapy of ICU patients.

Methods: In this prospective study we performed a M-PCR on bronchoalveolar lavage (BAL) or plugged telescoping catheters
(PTC) samples of patients with ventilated HAP or VAP with Gram-negative bacilli or clustered Gram-positive cocci. This study
was conducted in 3 ICUs in a French academic hospital; the medical and infectious diseases ICU, the surgical ICU and the
cardio-surgical ICU. A multidisciplinary expert panel simulated the antibiotics changes they would have made if the M-PCR
results had been available. Results We analyzed 95 clinical samples of ventilated HAP or VAP (72 BAL and 23 PTC) from 85
patients (62 males, median age 64 years). The median turnaround time of the M-PCR was 4.6 hours (IQR 4.4-5). A total of
90/112 bacteria were detected by the M-PCR system with a global sensitivity of 80% (95%CI, 73-88%) and speci�city of 99%
(95%CI 99-100). The sensitivity was better for Gram-negative bacteria (90%) than for Gram-positive cocci (62%) (p=0.005).
Moreover, 5/8 extended-spectrum beta-lactamases (CTX-M gene) and 4/4 carbapenemases genes (3 NDM, one oxa-48) were
detected. The M-PCR could have led to the earlier initiation of an effective antibiotic in 20/95 patients (21%) and to early de-
escalation in 37 patients (39%) but could also have led to one (1%) inadequate antimicrobial therapy. Among 17 empiric
antibiotic treatments with carbapenems, 10 could have been de-escalated in the following hours according to the M-PCR
results. The M-PCR also led to 2 unexpected diagnosis of severe legionellosis con�rmed by culture methods.

Conclusions: Our results suggest that the use of a M-PCR system for respiratory samples of patients with VAP and ventilated
HAP could improve empirical antimicrobial therapy and reduce the use of broad-spectrum antibiotics.

Introduction
Hospital-acquired pneumonia (HAP) and ventilator-associated pneumonia (VAP) are the most common healthcare associated
infections in adults and are leading causes of death in critical care.1,2 HAP and VAP are associated with a longer duration of
mechanical ventilation, ICU stay, hospitalization and increased healthcare cost.3 They are thus associated with an excess of
morbidity and mortality.4 HAP and VAP may be caused by a wide variety of pathogens and can be polymicrobial.7,8 Moreover,
multidrug-resistant (MDR) and extensively drug-resistant (XDR) bacteria, especially Gram-negative bacilli, are increasingly
frequently isolated in HAP and VAP and are associated with mortality rates over 50%.9 Early appropriate antibiotic therapy
undoubtedly reduces morbidity and mortality of HAP and VAP but these infections are responsible for up to half of the
consumption of antibiotics in ICU.5,6 Therefore, international guidelines advocate the empirical use of broad-spectrum
antibiotics including carbapenems in the treatment of VAP caused by Gram-negative bacilli in the case of prior antibiotic
therapy, in patients colonized by multidrug-resistant bacteria (MDR) or in any late-onset VAP (more than 5 days after the
beginning of mechanical ventilation).1,4 Usually, the time between respiratory sampling and the de�nitive microbiological
results including antibiotic susceptibility testing is at least 48 hours, during which time treatment is empirical. However, even
very short exposure (1 to 3 days) to carbapenem is associated with a 5-fold higher risk of emergence of imipenem-resistant
Gram-negative bacteria in the intestinal microbiota of ICU patients.10 Intensivists are thus confronted with a permanent
dilemma between the initiation of adequate antibiotic therapy and the risk of increasing MDR bacteria3,11 by the prescription
of broad-spectrum antibiotics.

The development and use of rapid, effective and inexpensive diagnostic tests to accelerate the classical process of
microbiological diagnosis are among the most important actions to �ght against antimicrobial resistance. Rapid
microbiological results of respiratory samples in suspected VAP and HAP could allow rapid use of narrow spectrum
antibiotics.12 New rapid diagnostic tests, based on molecular methods directly performed on clinical samples are emerging in
the diagnostic market.13 They allow the identi�cation of the micro-organisms present in the clinical sample and the detection
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of targeted resistance genes only a few hours after sampling. The Unyvero platform (Curetis AG, Holzgerlingen, Germany) is a
multiplex PCR (M-PCR) rapid diagnosis system that can be used for the microbiological diagnosis of severe infections within
5 hours.14 The Unyvero HPN (Hospitalized pneumonia) M-PCR panel detects 21 bacteria involved in community and
hospitalized acquired pneumonia, including most of the Enterobacterales, Pseudomonas aeruginosa, Stenotrophomonas
maltophilia or Staphylococcus aureus, as well as 21 antibiotic resistance genes such as the most common extended-
spectrum beta-lactamases (ESBL), carbapenemases genes and mecA gene (Supplementary material).

However, few data are available on the performance of M-PCR for microbiological diagnosis in real-life and even less on their
impact on antibiotic use and clinical outcomes. Moreover, the optimal place of M-PCR in the diagnostics process still has to
be determined. In this study we evaluated the diagnostic performance of the Unyvero HPN test compared to standard
microbiological tests and the potential impact of its results on early adaptation of antimicrobial therapy in ICU patients with
suspected ventilated HAP or VAP.

Material And Methods

Study design
This is a prospective study, performed between May 2017 and November 2018 in the 3 ICUs of Bichat-Claude Bernard
University Hospital (Paris, France): the 25-bed medical and infectious diseases ICU, the 17-bed surgical ICU and the 15-bed
cardio-surgical ICU.

Patient selection
We selected patients with a ventilated HAP or a suspicion of VAP who had a bronchoalveolar lavage (BAL) or plugged
telescoping catheter (PTC) sample with Gram-negative bacilli or clustered Gram-positive cocci on Gram staining. Pneumonia
were diagnosed according to the IDSA guidelines for VAP: new lung in�ltrate on a chest-x ray, and evidence that the in�ltrate
was of an infectious origin, i.e. new onset of fever (> 38.5 °C), and/or purulent sputum and/or leukocytosis and/or decline in
oxygenation.1

Microbiological performance
The respiratory samples were analyzed using conventional microbiological methods including quantitative culture, bacterial
identi�cations performed by MALDI-TOF mass spectrometry and antibiotic susceptibility testing performed by disk diffusion
method according to EUCAST recommendations. We performed a Unyvero HPN test on every sample and evaluated the
performance of the test compared to conventional microbiological methods (i) considering micro-organisms that reached
clinical thresholds (104 colony-forming unit (CFU)/ml for BAL and 103 CFU/ml for PTC) and (ii) considering all micro-
organisms identi�ed in culture. We de�ned discordance whenever the M-PCR detected an organism that was not detected by
culture (false positive) or the culture detected an organism that was not detected by multiplex PCR (false negative). Regarding
resistance genes, we reported the results for the following resistance genes: mecA, mecC (methicillin resistance), blaOXA−23,
blaOXA−24, blaOXA−48, blaOXA−58 blaVIM, blaIMP, blaKPC, blaNDM, (carbapenemases) and blaCTX−M (ESBL). The turnaround time of
the M-PCR was reported as the time from placing the sample in the M-PCR system to the �nal results.

Potential impact on antibiotic therapy
A multidisciplinary group including intensivists and clinical microbiologists simulated the antibiotics changes they would
have made to the empiric antibiotic therapy if the M-PCR results had been available on the day of the sampling. The group
successively reviewed all the data without and then with the results of the M-PCR. The data reviewed were the entire medical
�le of the patients including clinical, radiological and Gram staining results related to the episode of pneumonia and medical
history with comorbidities as well as previous bacteriological results including carriage, colonization and infections with
susceptibility pro�les and previous antimicrobial therapies. Antibiotic changes were split into appropriate and inappropriate
changes. Appropriate changes included adequacy, de-escalation and optimization of the antibiotic therapy and inappropriate
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changes included inadequacy, escalation and de-optimization. We de�ned adequacy as the introduction of an effective
antibiotic on causative bacteria that were not correctly treated before the results of the M-PCR. We de�ned de-escalation as
the appropriate use of a narrower-spectrum antibiotic as described by Weiss et al. for β-lactam antibiotics.15 De-escalation
was considered when (i) a carbapenem was replaced by another β-lactam antibiotic, when (ii) piperacillin/tazobactam or a
fourth-generation cephalosporin was replaced by amoxicillin, amoxicillin/clavulanic acid, piperacillin, ticarcillin or a third-
generation cephalosporin, (iii) when a third-generation cephalosporin was replaced by amoxicillin/clavulanic acid or
amoxicillin (Supplementary material). In the case of treatment with a combination of β-lactam plus aminoglycoside, only
susceptibility to the β-lactam was taken into account because monotherapy with aminoglycosides was considered
inadequate. We de�ned optimization as the use of a fourth-generation cephalosporin such as cefepime instead a third-
generation cephalosporin for the treatment of AMP-C producing Enterobacteriales (Enterobacter spp., S. marcescens, C.
freundii, or M. morganii).16 De-optimization was the opposite. The change was considered as inadequate (inadequacy) when
Unyvero results led to a switch from an effective antibiotic to an ineffective antibiotic on causative bacteria. An escalation
was the introduction after the results of the M-PCR of an antibiotic with a broader spectrum that was not needed in light of the
culture results.

Data analysis
Data were entered into a spreadsheet and imported into R software (version 3.2.4) for statistical analysis. Numerical data are
presented as absolute numbers, proportion or median ± interquartile range (IQR). We used Pearson's chi-squared test to
compare the sensitivity between Gram-negative bacteria and Gram-positive cocci.

Ethics
The M-PCR was performed on clinical specimens taken as part of routine care and tested in the clinical microbiology
laboratory. No additional samples were collected for this study. Data were collected prospectively, anonymously during the
study period, in compliance with the GDPR. The Institutional Review Board 00006477 of Paris University, Assistance Publique
– Hôpitaux de Paris authorized the study and waived the need for informed consent. The study complied with the Standards
for the Reporting of Diagnostic Accuracy studies recommendations.

Results

Demographical characteristics
We analyzed 95 clinical samples, 72 BAL and 23 PTC, from 85 patients, 73% men, median age 64 years (IQR 54–69). Among
the 95 episodes of pneumonia, 71 were ventilator-associated and 24 were ventilated hospital-acquired pneumonia. Thirty-one
patients were immunocompromised: ten were heart transplant recipients, ten lung transplant recipients, six had chemotherapy
for cancer and �ve had acquired immune de�ciency syndrome (AIDS). The median SAPS II score was 59 (IQR 36–72) and the
mortality rate was 32% during the stay in intensive care. Patients characteristics are reported in Table 1.
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Table 1
Demographics and baseline clinical characteristics of the patients and clinical

samples

Patients Number (%) (n = 85) Median (IQR)

Age (years)   64 [54–69]

Male 62 (73)  

Co-morbid conditions    

  Heart transplant 10 (12)  

  Lung transplant 10 (12)  

  COPD 14 (16)  

  Active chemotherapy for cancer* 6 (7)  

  AIDS 5 (6)  

  Chronic dialysis 3 (4)  

Clinical samples Number (%) (n = 95) Median (IQR)

Pneumonia    

  Ventilator-associated 71 (75)  

  Ventilated hospital-acquired 24 (25)  

Severity of disease    

  Days in intensive care   5.6 [3.5–14]

  SAPS II score   59 [36–72]

  Days of mechanical ventilation   5.5 [3.4–11]

  Relapse of pneumonia 24 (25)  

  Deaths 30 (32)  

Laboratory    

  ESBL carrier 23 (24)  

  MRSA carrier 1 (1)  

Sampling    

  Bronchoalveolar lavage 72 (76)  

  Plugged telescoping catheter 23 (24)  

Turnaround time of Unyvero HPN (hours)   4.6 [4.4-5]

  Lysis   0.5 [0.5–0.5

  Waiting time   0.1 [0.1–0.4]

  Analysis   3.8 [3.8–3.8]

*3 patients with lung cancer, 2 with oesophagus cancer and one with melanoma

Microbiological outcomes
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The median turnaround time of the M-PCR was 4.6 hours (IQR 4.4-5). Overall, 104 bacteria were identi�ed using the M-PCR
and 128 by conventional culture. The most frequently identi�ed bacteria were Pseudomonas aeruginosa (n = 32 and n = 33
respectively on culture and M-PCR), Escherichia coli (n = 15 on culture and M-PCR), Klebsiella pneumoniae (n = 14 and n = 9)
and Staphylococcus aureus (n = 12 and 8).

When considering the micro-organisms isolated at clinical thresholds (104 CFU/ml for BAL and 103 CFU/ml for PTC), 90/112
bacteria were detected by the M-PCR which yielded a sensitivity of 80% (95% CI, 71–88%), a speci�city of 99% (95% CI, 99–
100%), a positive predictive value of 87% (95% CI, 80–93%) and a negative predictive value of 99% (95% CI, 99–99%)
(Table 2). The sensitivity of the M-PCR was very heterogeneous among bacteria, ranging from 100% for Pseudomonas
aeruginosa (n = 32) or Proteus spp. (n = 7) to 0% for Streptococcus pneumoniae (n = 2), 33% for Morganella morganii (n = 3),
67% for Enterobacter cloacae (n = 6) or 73% for Staphylococcus aureus (n = 11). Overall, the sensitivity was better for Gram-
negative bacteria (90%) than for Gram-positive cocci (62%) (p = 0.005). The speci�city of the M-PCR was excellent, between
97% and 100% for all bacteria isolated at clinical thresholds.
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Table 2
Performance of multiplex PCR (M-PCR) for the identi�cation of micro-organisms isolated at clinical thresholds†

  Organism True
positive
(Culture 
= M-PCR)

False
positive
(M-PCR + /
Culture -)

False
negative
(Culture + /
M-PCR -)

Se (%)
[95% CI]

Sp
(%)
[95%
CI]

PPV
(%)
[95%
CI]

NPV
(%)
[95%
CI]

Gram-positive
bacteria

Staphylococcus
aureus

8 0 3 73 100 100 97

Streptococcus
pneumoniae

0 0 2 0 100 - 98

Enterobacteriaceae Citrobacter freundii 0 0 0 - 100 - 100

Escherichia coli 12 3 1 92 96 80 99

Enterobacter
cloacae complex

4 2 2 67 98 67 98

Enterobacter
aerogenes

1 0 0 100 100 100 100

Proteus spp. 7 0 0 100 100 100 100

Klebsiella
pneumoniae

9 0 3 75 100 100 97

Klebsiella oxytoca 2 2 0 100 98 50 100

Klebsiella variicola 0 1 0 - 99 0 100

Serratia
marcescens

5 0 0 100 100 100 100

Morganella
morganii

1 1 2 33 99 50 98

Hafnia alvei* 0 0 5 0 100 - 95

Citrobacter koseri* 0 0 2 0 100 - 98

Serratia rubidaea* 0 0 1 0 100 - 99

Non-fermenting
bacteria

Moraxella
catarrhalis

1 1 0 100 99 50 100

Pseudomonas
aeruginosa

31 2 0 100 97 94 100

Actinetobacter
baumanii complex

3 0 0 100 100 100 100

Strenotrophomonas
maltophilia

1 2 0 100 98 33 100

Legionella
pneumophila

2 0 0 100 100 100 100

Others Pneumocystis
jirovecii

0 0 0 - 100 - 100

†: For culture, only bacteria that were superior to diagnostic thresholds (104 CFU/ml for BAL and 103 CFU/ml for PTC)
were considered

*: organisms not screened on the multiplex PCR system
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  Organism True
positive
(Culture 
= M-PCR)

False
positive
(M-PCR + /
Culture -)

False
negative
(Culture + /
M-PCR -)

Se (%)
[95% CI]

Sp
(%)
[95%
CI]

PPV
(%)
[95%
CI]

NPV
(%)
[95%
CI]

Haemophilus
in�uenzae

3 0 1 75 100 100 99

Mycoplasma
pneumoniae

0 0 0 - 100 - 100

Chlamydophila
pneumoniae

0 0 0 - 100 - 100

Total   90 14 22 80
[73–88]

99
[99–
100]

87
[80–
93]

99
[99–
99]

†: For culture, only bacteria that were superior to diagnostic thresholds (104 CFU/ml for BAL and 103 CFU/ml for PTC)
were considered

*: organisms not screened on the multiplex PCR system

Table 3
Potential impact of multiplex PCR on antibiotic therapy†

Initial antibiotic
therapy (after
Gram stain
results)

n Appropriate changes No
change

Inappropriate changes

Adequacy De-
escalation

Optimization Inadequacy Escalation De-
optimization

Carbapenem + 
others

17 0 10 0 6 1 0 0

Piperacillin-
tazobactam +/-
aminoglycosides

27 2 15 3 7 0 0 0

Fourth-
generation
cephalosporin
+/-
aminoglycosides

16 1 7 0 6 0 0 2

Third-generation
cephalosporin
+/-
aminoglycosides

11 5 2 0 4 0 0 0

Amoxicillin-
clavulanate

5 1 1 0 3 0 0 0

Others* 5 1 2 0 2 0 0 0

No treatment 14 10 0 0 4 0 0 0

Total (%) 95 20 (21) 37 (39) 3 (3) 32 (34) 1 (1) 0 2 (2)

†: Only bacteria that were superior to diagnostic thresholds (104 CFU/ml for BAL and 103 CFU/ml for PTC) were
considered

*: Others included: cefazolin switched to piperacillin-tazobactam, colistin switched to cefotaxime, unchanged cefazolin,
ce�derocol and levo�oxacin + rifampicin
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The M-PCR yielded 14 false positive results: 3 Escherichia coli, 2 Enterobacter cloacae, 2 Klebsiella oxytoca, 2 Pseudomonas
aeruginosa, 2 Strenotrophomonas maltophilia, 1 Klebsiella variicola, 1 Morganella morganii, 1 Moraxella catarrhalis that were
not found in conventional cultures. In 8 pneumonia episodes, causative bacteria were not detected by the M-PCR because of 3
bacterial species that are not included in the M-PCR: Hafnia alvei (n = 5), Citrobacter koseri (n = 2) and Serratia rubidaea (n = 
1). Considering all micro-organisms identi�ed in culture irrespective of the clinical thresholds, 95/118 bacteria were identi�ed
which yielded a sensitivity of 81% (95% CI, 72–87%) and a speci�city of 99% (95% CI, 99–100%) (Supplementary material).

Regarding antibiotic resistance, the M-PCR detected 5 blaCTX−M among 8 (63%) ESBL-producing Enterobacteriaceae and 4
carbapenemase genes (blaNDM and one blaOXA−23) out of 4 carbapenemase-producing Enterobacteriaceae (100%)
(Supplementary material). The M-PCR detected the only methicillin resistant S. aureus isolated in conventional culture but had
a false positive for another mecA gene. We did not identify any other resistance gene in the study.

Clinical outcomes
According to the expert panel, having the results of the M-PCR in real-time (the day of sampling) could have led to antibiotic
changes in 63/95 (66%) episodes of pneumonia (Table 4). Among the changes, the M-PCR could have led to the earlier
initiation of an effective antibiotic in 20/95 patients (21%), to early de-escalation in 37 patients (39%) and to optimization in 3
patients (3%). Among 17 empiric antibiotic treatments with carbapenems, 10 could have been de-escalated in the following
hours according to the M-PCR results. However, the M-PCR could also have led to three inappropriate antibiotic switches: one
inadequacy and 2 de-optimizations. More precisely, in one case, the M-PCR identi�ed a Pseudomonas aeruginosa but missed
the presence of an ESBL-producing Enterobacter cloacae and could have led to a switch from meropenem to ceftazidime. In
two cases, the test missed either an Enterobacter cloacae or a Hafnia alvei and could have led to a switch from cefepime to
ceftazidime.

Figure 2 graphically represents the potential antibiotic changes following the results of the M-PCR. The number of empiric
treatments with piperacillin-tazobactam might have decreased from 27 to 10 and the number of treatments with third-
generation cephalosporins increased from 11 to 37. The M-PCR also led to 2 unexpected diagnosis of severe legionellosis
con�rmed by culture methods.

Discussion
This study, one of the �rst to analyze the potential impact of a M-PCR system on antimicrobial therapy in the ICU, suggests
that it might help improving empiric antibiotic therapy in 63% (60/95) of the patients with suspected VAP or ventilated HAP.
The M-PCR provided good overall performances for bacterial identi�cation (sensitivity 80%, 95% CI 71–88% and speci�city
99%, 95% CI 99–100%) and resistance gene detection.

Regarding microbiological performance, our results are very close to similar studies that used the same M-PCR system and
reported a sensitivity between 73.1% and 88.8% and a speci�city between 94.9% and 97.9% as compared to culture
methods.17−19 As in our study, Papan et al. reported a better performance of the system for Gram-negative bacteria than for
Gram-positive cocci on 79 respiratory samples from children and neonates.17 We did not encounter machine failure in our
study but machine failure rates over 10% have been reported in the literature.18,20 In our study, the M-PCR had a sensitivity of
100% for the detection of carbapenemase genes but only of 63% for the detection of CTX-M genes. This result is di�cult to
compare with previous studies due to the low number of samples with resistance genes in all studies.17,21

Obtaining antimicrobial susceptibility results usually takes 48–98 h using conventional methods, thus the use of molecular
diagnostic tools could be helpful to initiate the optimal empiric antibiotic. In this study, a multidisciplinary expert panel
reviewed each case and estimated that the M-PCR results would have led to antibiotic changes in 63/95 (66%) patients (60
appropriate changes and 3 inappropriate). Very few studies have assessed the potential impact of a M-PCR system for
pneumonia on patient management.22 In a study on 49 patients with severe HAP, the authors observed that initial empirical
treatment was modi�ed in 67.3% of the patients based on the availability of the M-PCR.14 However, in this study, the authors
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considered all the pathogens found by the Unyvero system as causative bacteria for the pneumonia and did not report the
sensitivity or speci�city of the M-PCR as compared to conventional culture. In a case-control study using the BioFire FilmArray
(BioMerieux);23 the authors described an early modi�cation of the antibiotic therapy in 37/56 (66%) patients with severe
pneumonia in the ICU.

We identi�ed in our cohort 3 species of bacteria that are not included in the M-PCR but were involved in 8 pneumonia: Hafnia
alvei (n = 5), Citrobacter koseri (n = 2) and Serratia rubidaea (n = 1). The lack of a common marker for Enterobacteriales which
could detect the presence of any of the species included in this family was considered as a limit by the expert panel. A recent
review also underlined the need to include a larger range of targets to improve the sensitivity.25 It is thus important to note that
these tools, because of their lack of exhaustivity, must be used in addition to conventional culture techniques but cannot
replace them. M-PCR equipment and cartridge are more costly than conventional methods and cost-effectiveness studies are
needed to decide which samples should be tested with a M-PCR.

The turn-around time of the Unyvero system is longer than the only other M-PCR system currently available for respiratory
samples, the BioFire FilmArray (BioMerieux), that allows a diagnosis in 65 minutes instead of 4–5 hours. Moreover, owing to
the development of new techniques, M-PCR might become outdated even before they are widely used. Indeed, clinical
metagenomics, the comprehensive sequencing of microbial and host genetic material in clinical samples,26 has the potential
to improve microbiological diagnostics. In a recent proof of concept study, Langelier et al. combined microbiological and host
transcriptome data in tracheal aspirates of 26 patients with a lower respiratory tract infection in the ICU and identi�ed the
causative pathogens with an AUC of 0.91 (95% CI, 0.83– 0.97) however this kind of techniques is expensive and not routinely
available.

The interpretation and integration of the results into clinical practice required microbiological and antimicrobial expertise, a
good knowledge of the M-PCR system and an in-depth discussion between microbiologists and clinicians. It is essential to
know the spectrum of the panel to avoid missing treatment for HAP or VAP caused by bacteria that are not included in the
panel. The results of this study have to be interpreted in light of the wider context of diagnostics in the ICU: accelerating the
microbiology diagnosis is only a part of what is needed to improve empiric antimicrobial therapy.27 Indeed, the time from
sampling to diagnosis is often shorter than the delay between the suspicion of infection and sampling or between
microbiological results and change of therapy.24,28 Full exploitation of the advantages offered by M-PCR requires an
organized implementation of the technique tailored to the laboratory work�ow.29

This study presents several limitations. We simulated the potential impact of the M-PCR results but clinical studies are
obviously needed to evaluate the impact of a M-PCR system in real-life settings. Clinical trials, preferably randomized and
multicentric, should be conducted to evaluate clinical outcomes, including adverse outcomes, process improvement and
ecological impact. The question of whether or not M-PCR reduces antibiotic use, antibiotic resistance, direct costs, and indirect
costs should be a priority area for future research. In our study, each episode of VAP or ventilated HAP was analyzed by a
multidisciplinary expert panel of senior intensivists and clinical microbiologists. In routine practice, this may not always be the
case and trials should aim to study the potential di�culties of the integration of M-PCR in the clinical practice such as the
management of the results in case of lack of experienced clinical staff to interpret the results. Our results are limited regarding
the detection of resistance because of a low number of patients with ESBL or carbapenemase-producing Enterobacteriaceae
(CPE). Finally, we only included samples with Gram-negative bacilli or clustered Gram-positive cocci on Gram staining in three
ICUs in the same hospital preventing the extrapolation of our results to other samples or other contexts.

Conclusions
Overall, our results suggest that the use of a M-PCR system for VAP and ventilated HAP with good microbiological
performances can lead to early adaptation of antimicrobial therapy and thereby limit the selection pressure. Interpretation of
the results of the test require microbiological expertise, an excellent knowledge of the test and an in-depth discussion between
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microbiologists and clinicians. These results could inform the development of evidence-based decision algorithms to guide
antibiotic prescription and adaptation following M-PCR results in future clinical trials.
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Figure 1

Visual summary of the study

Figure 2

Sankey diagram of potential antibiotic therapy switches following multiplex PCR result Left: antibiotic therapy following Gram
strain results, right: potential antibiotic therapy following multiplex PCR results. The green color is used for antibiotic de-
escalation and the red color for antibiotic escalation according to Weiss et al (Supplementary material). The grey color is for
switches that are neither escalation nor de-escalation.
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