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• PREMIER database

• 200 US hospitals

Zilberberg - Crit Care Med. 2021 Sep 16. doi: 10.1097/CCM.0000000000005298

50% 
cases



Ibn Saied W, Martin-Loeches I, Timsit JF - What is new in non-ventilated ICU-acquired pneumonia? 
Intensive Care Med. 2020 Mar;46(3):488-491.



New entities

Wicky PH et al – Semin Crit Care 2021; in press
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Microbiote pulmonaire

Pseudomonas 
fluoresces in green 

when bacilli were alive 
and in red, when dead 

One single pathogen

Sterile universe

The pathogen 
competes with 

endogeneous flora

A jungle in which the 
pathogen is not 

alone

Fernandez-Barat - EBioMedicine 60 (2020) 102995 



Infection progression  → DYSBIOSIS

lung dysbiosis 
or 

oropharynx and gut dysbiosis

Fernandez-Barat - EBioMedicine 60 (2020) 102995 

“Indeed, it strengthens the need to include molecular techniques in VAP diagnosis and follow-up, and 
accelerates the search for alternative VAP therapies like immunomodulatory drugs or probiotics “
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Risk factors of VAP

▪ Top 1 of ICU-AI 

• Duration of mechanical ventilation

• Preexisting pulmonary conditions (COPD, CAP, ARDS, other

respiratory diseases)

• Major surgery, polytrauma

• Coma

• Immunodepression

• Intra-hospital transports

• Sars-cov2
Barbier et al. Curr Opin Pulm Med 2013; 19: 216-28

Kollef et al. Crit Care Med 2014; 42: 2178-2187

Rosenthal et al. Am J Infect Control 2016; 44: 1495-1504

Bonell et al. Clin Infect Dis 2019; 68: 511-518

Wicky PH et al – Crit Care. 2021 Apr 21;25(1):153.



18-64 ans

65-75 ans

>75 ans

✓ VAP incidence is lower but did not decrease 

over time in very old patients compared with 

young patients.

✓ Male gender and trauma were independent 

predictors of VAP in the three age groups.

✓ Immunodeficiency and scheduled surgery

were independent predictors of VAP in the 

old group.



Sars-Cov2 is associated with a high risk of 
VAT/VAP 

Rouze A et al - Intensive Care Med https://doi.org/10.1007/s00134-020-06323-9



Pickens CO et al- Am J Respir Crit Care Med . 2021 Aug 19. doi: 10.1164/rccm.202106-
1354OC

179 MV patients (monocenter)

Late BAL: 
72 patients (44.4%) developed at least  one VAP episode. 
The incidence rate of VAP was 45.2/1000 ventilator days
Only 15/72 (20.8%)  of initial VAPs were attributable to  multidrug-resistant 
pathogens. 

30/72 VAP with persisting pathogens
.
.

BAL in sars-Cov2 MV patients





188 patients
Retrospective multicenter
Rare Co-infections (25/188)
VAP 48.9% (39/1000 MV days)
Multiple episodes 19.7%

Risk factors of VAP (subdistribution hazard ratio)
Vasopressor support 1.94 [1.22–3.09], p = 0.005
ECMO 3.09 [1.59, 6.03], p = 0.001

Blonz et al. Crit Care (2021) 25:72 https://doi.org/10.1186/s13054-021-03493-w

Unusual rate of purulent pleurisis and abscess
Frequent BSI 15%



Sars-cov2 increases the risk of VAP recurrence

More frequent VAP 
and recurrence after
covid infection vs 
influenzae in ARDS 
patients under ECMO



Sars-cov2 increases the risk of VAP recurence



Wicky et al. Crit Care (2021) 25:153 https://doi.org/10.1186/s13054-021-03571-z



20 years SENTRY
Respiratory specimens

102 995 bacterial isolates
258 medical centres
North America n=44999;
Europe n=30 988
APAC n=16503
Latin America n=10505



North America Europe

Sader H et al - J Antimicrob Chemother 2019; 74: 1595–1606

70 → 80% Gram negative

60% Gram negative stable

20 years SENTRY (hospitalized Pts with bacterial pneumonia) 
102 995 bacterial isolates



Sader H et al - J Antimicrob Chemother 2019; 74: 1595–1606

↓MRSA

↑Carb NS
Klebs.

↑C3GR Coli

↑Mero NS 
Acineto

↑→Mero NS P. 
aeruginosa.

Europe
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465 patients with VAP due to P. aeruginosa 
308 received early adequate
157 inadequate or delayed adequate treatment.

Sommer et al - Crit Care Med 2018; 46:1643–1648



Crit Care Med 2018; 46:1643–1648

Open issues

1. Inaccurate definition of VAP may lead to overtreatment with no effect or even harmful effects. 
2. Late diagnosis: lead to late treatment unable to reverse the harmful consequences of VAP
3. Definition of adequate therapy solely based on the antibiotic susceptibility profile is insufficient
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1. Who are the patients with a clinical
suspicion of VAP?



Main criteria for suspicion of HAP/VAP 
(Delphi process international expert panel)

Worsening of
gaz exchange

Hypotension /
vasopressors

Fever or
hypothermia

Purulent
tracheal

secretions
/suctioning

 Leukocytosis or
leukopenia

CPIS Encephalopathy Dyspnea Auscultation
abnormalities
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Weiss E et al - Clinical Infectious Diseases® 2019; Nov 13;69(11):1912-1918.



Population or populations?

• Intubated/tracheostomized/ NIV

• Preexisting pulmonary diseases (COPD, 
ARDS…)

• ECMO

• Immunocompromized hosts (neutropenia, 
others)



Biomakers?



VAP VAT
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Tests morphologiques nouveaux? TDM, echo…



“Therefore, both sampling and culture methods are left to 
the discretion of clinicians according to strategic choices 
at the unit, department or institutional levels. “

We should perform bacteriological exams



Variation of incidence with definitions

11 PN1
27 PN2
46 PN4!!!
53 clinical VAP

Conway Morris A – Thorax 2009; 516-22



Microbiologic diagnosis

• Sample all the patients suspected of VAP
• Sample patients before any CHANGE of antimicrobial

– Risk of over treatment because negative samples are uneasy to 
interpret

– Risk of masking another disease mimicking pneumonia

• Start treatment before culture results. 
• Sample quantitatively (proximal or distal) will decrease

antimicrobial exposure…



What is the place of molecular methods: 
mPCR? 

What do we know? 

Biologicaly accurate

Some microorganisms are not targeted by syndromic mPCR++

What is still open issues?

Role of viruses?

Role of the quantification???

Impact of previous antimicrobial therapy on mPCR results? 

Evolution of mPCR with therapy?  



Pneumonia panels

(Low Resp Tract samples)

FilmArray® 
Pneumonia+

Unyvero® 
HPN

Turn around time 1h30 5h

Qualitative  or quantitative
Quantitative 

(104 to ≥107)

Semi-quantitative

(+ to +++)

Viruses +
Atypical bacterias + +

Dont Legionellapneumophila + +
Enterobacterales + +

Dont C freundii, M morganii +
Non fermentative GNB * + +

P. aeruginosa + +
Acinetobacter baumannii + +
S.maltophila +

Staphylococcusaureus + +
Streptococcus pneumoniae + +
Resistance genes

mecA, mecC +
TEM, SHV +
CTX-M + +
IMP +

KPC, NDM, Oxa48, VIM + +

gyrA +Adapted from Kernéis S et al - Current Opinion Infect Dis 2021 

*somespecies

New paradigm for interpreting the results….



ADAPT : multicenter study

159 episodes of pneumonia

Simulated impact on antimicrobial therapy

26 C+/PCR-; 100 PCR+/C-

FlimarrayTM panel

Monocenter suspected vHAP/VAP (PTC or BAL)

95 episodes

104 mPCR+/128 C+ microorganisms

Simulated impact on antimicrobial therapy

(expert panel with and without the mPCR result)

Unyvero Panel

Median turn-around time 4.6h

A total of 90/112 bacteria at significant threshold
were detected by the M-PCR system
Se better for Gram-negative bacteria (90%) than 
for Gram-positive cocci (62%)
14 PCR+/ C- and    22 C+/ PCR-



Antibiotic changes in 63/95 (66%) episodes of pneumonia 

Earlier initiation of an effective antibiotic in 20/95 patients (21%)

Early de-escalation in 37 patients (39%). Carbapenem sparing 10/17 cases 

BUT

One shift to ineffective therapy (ESBL Enterobacter sp missed) .

We need RCTs (ongoing SHARP, 

MultiCAP…)



Role of new pathophysiological paradigms
on VAP diagnosis

• Role of NGS ? Turn-around time???

• Nanopore technologies (TAT 6-8 h)

• Interest if previous antimicrobials? 

• Remaining questions
– Relevance of microbiological diversities? 

– Impact of bacterial load? 

– Contamination with human DNA

Charalampous T  et al - Nat Biotechnol 2019;37:783–92
Yang L et al - Respir Res 2019;20(265) . 



Maes et al. Crit Care (2021) 25:25
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Therapy: Other unresolved issues…

• Treatment if under the bacteriological
threshold? Raman K et al - Crit Care Med 2013; 41:1656–1663

• Monotherapy active

• No Nebulized antimicrobials

• Short duration of therapy

When to break the laws? 



Lins Acta Radiol 2020

Altered tissue perfusion/ antimicrobial diffusion? 



Beware of therapeutic failure and PK in Sars-Cov2 
patients

• MDR and XDR bacteria

– Ask for MIC, resistance mechanisms
– Role of Combo? 

• « Not fully » predictable dosage using PK models
• Increase in the Vd (sepsis/morbid obesity)

– Low plasma concentration
– ECMO

• Glomerular hyperfiltration

– Low plasma concentrations
– Decrease of Time above the MIC
– Variability of clearance

• Decrease in lung diffusion

– Microthrombi
– pulmonary infarction

Individualized therapy
Loading dose
(Prolonged) Combo
Nebulization? 
Adapted duration of Tt

Initial and repeated
TDM++++
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F1000Research 2017, 6(F1000 Faculty Rev):2061



HYPEROXIE? 



2016



2016



Schjorring et al - N engl j med 384;14 nejm.org April 8, 2021



DV





Johnstone et al - JAMA. 2021;326(11):1024-1033. doi:10.1001/jama.2021.13355



VAP plus de questions que de reponses

1. Pathologie fréquente dont la définition clinique évolue

2. Des cadres nosologiques définissant plusieurs pathologies correspondant à 

plusieurs populations différentes

3. Les signes cliniques classiques ne sont plus les signes d’appels les plus utilisés

4. Les examens morphologiques sont trop imprécis

5. Les techniques moléculaires font évoluer la compréhension physiopathologique, 

le diagnostic et peut être la thérapeutique

6. La prévention reste basée sur les mêmes règles

7. Les échecs thérapeutiques (plus?) nombreux nécessitent une individualisation du 

traitement
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