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 Pseudomonas aeruginosa was the 
most common Gram-negative
organism isolated in all pneumonia
classes
• HCAP, 22/199 (11.1%)
• HAP, 28/379 (7.4%)
• VAP, 57/606 (9.4%);

Quartin et al, BMC infectious diseases 2013, 13:561



Koulenti et al, Eur J Clin Microbiol Infect Dis 2017; 36:1999–2006



Koulenti et al, Eur J Clin Microbiol Infect Dis 2017; 36:1999–2006



 Pseudomonas associated VAP incidence 
was reported in 162 studies from seven
worldwide regions published over 30 years. 

 Incidence varies by less than twofold with
some decline by year of publication

 Variation not significantly associated with
bronchoscopic sampling

Hurley, Journal of Critical Care 51 (2019) 88–93



 Patients with ICU-acquired Gram-negative bacteremia from 2004 to 2012 
reviewed retrospectively

 Seventy-eight cases of ICU-acquired Gram-negative bacteremia occurred in 
74 patients. 

Sligl et al, Int J Infect Dis 2015, 37:129-34



Sartelli et al, World Journal of Emergency Surgery 2014, 9:37

 Multicenter observational study

• 68 medical institutions worldwide

• six-month study period (October 2012-

March 2013).

 1898 patients 

• Mean age of 51.6 years (range 18-99)

• 777 patients (41%) women

• Community-acquired IAIs:  1,645 

(86.7%) 

• Healthcare-associated infections: 253 

(13.3%) 

 Intraperitoneal specimens were collected

from 1,190 (62.7%) of the enrolled patients
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Facteurs de virulence

Alginate

Type I: Protéase alcaline, HasAP, 
AprX

Type II: Protéses, Exotoxine A, 
Phospholipase, Lipase, Phosphatase 
alcaline, hémolysines

Type III: Exo U, S, T, Y

Pili

Flagelle
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TTSS: a needle

Kubori et al, Science 1998, 280, 602



Kipnis et al., Médecine et maladies infectieuses 36 (2006) 78–91



34 patients with VAP

25 TTSS+ 9 TTSS-

Adequate antimicrobial therapy

13/25
+ at day 8

0/9 
+ at day 8

El sohl et al, Am J Respir Crit Care Med 2008, 178:513-19



35 patients ventilés
Pneumonie à P. aeruginosa

Production de Protéines
Issues du système de sécrétion

de type III 

+
27/35

-
8/35

22 Sévère 5 Modérées 3 Sévères 5 Modérées
(81%) (19%) (38%) (62%)

ExoU : 10/35 (29%) associée à 90% de formes sévères

Hauser et al, Crit Care Med 2002, 30:521-28



Oliver et al, Drug Resistance Updates 21–22 (2015) 41



Gomez-Zorilla et al, International Journal of Antimicrobial Agents 2017, 49: 198

 Nine P. aeruginosa strains
o 2 reference strains (PAO1 and PA14) 
o 7 clinical strains: 3 clinical multisusceptible strains, 1 MDR strain, 3MDR high-risk

clones (ST111, ST235 and ST175).
 Mouse peritonitis model



Recio et al, International Journal of Antimicrobial Agents 52 (2018) 172

 Retrospective analysis
 64 patients  with bacteremia

– Non-XDR (40)
– XDR

• 10 VIM-2 CP (ST175)
• 11 GES-5 CP (ST235)
• 3 no CP

 ST235: 100 ExoU+
 Susceptibility XDR

– Cefta-avi 58.3%
– Cefto-tazo 12.5%

 30d mortality
– XDR: 62.5%
– Non-XDR: 30%

 30d mortality
– ST175 30%
– ST235 82%

No CP

VIM2

GES5
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ß-lactamines
- ticarcilline ± clavu

- pipéracilline ± tazo

- aztréonam

- cefsulodine

- céfopérazone

- ceftazidime

- cefpirome

- céfépime

- ceftolozane-tazobactam

- ceftazidime-avibactam

- imipénème

- méropénème

- cefiderocol

Aminosides
- gentamicine

- nétilmicine

- tobramycine

- amikacine

Fluoroquinolones
- ciprofloxacine

- lévofloxacine

- delafloxacine

Autres
- colistine

- polymyxine B

- rifampicine

- fosfomycine

Antibiotiques avec une activité contre 
Pseudomonas



Ceftazidime-avibactam Ceftolozane-tazobactam

Statut AMM juin 16
(IIA et IU) 

(2 g/500 mg x 3/j, en 2 h)

AMM  oct 2015
(IIA et IU) 

(1 g/500 mg x 3/j, en 1 h)

Forces Activité sur :

• BLSE

• AmpC

• Carbapénèmases (KPC, OXA 48)

Activité sur :

• BLSE (coli +++, Kp±)

• P. aeruginosa - R cefta et 
imipénème

Faiblesses Pas d’activité sur :

• Anaérobies

• Metallo-carbapénémases

• Oxacillinases d’Acinetobacter

Pas d’activité sur :

• Anaérobies 

• Carbapénémases

• AmpC hyperproduite

• Oxacillinases d’Acinetobacter

Pk ≠ molécule et l’inhibiteur



Walkty et al, J Antimicrob Chemother 2018; 73: 703

3229 P. aeruginosa isolates



J Clin Pharmacol 2015 Jun 2010

 Rapport concentration ceftolozane plasma/alvéole : 2/1
 P. aeruginosa dans plus de 30 % des PAVM
 P. aeruginosa R si CMI > 4 mg/l 



 Rapport concentration ceftolozane plasma/alvéole : 2/1
 P. aeruginosa dans plus de 30 % des PAVM
 P. aeruginosa R si CMI > 4 MG/L 

1/0,5 g x 3 2/1 g x 3

fT > CMI : ≥  50 %... objectif modeste…

J Clin Pharmacol 2016, 56:56



 Rapport concentration ceftolozane plasma/alvéole : 2/1
 P. aeruginosa dans plus de 30 % des PAVM
 P. aeruginosa R si CMI > 4 MG/L 

1/0,5 g x 3 2/1 g x 3

fT > CMI : ≥  50 %... objectif modeste…

J Clin Pharmacol 2016, 56:56

 Il faut sans doute x 2 la posologie dans les  PAVM

 Surtout que dans ce cas, la concentration du tazobactam
reste > MEC (concentration minimale efficace) pdt 100 % 
du temps entre 2 injections 

 Etude actuellement en cours



Miller et al, AAC 2016, 60:4387

 Ceftolozane-tazobactam + metronidazole vs meropenem



Miller et al, AAC 2016, 60:4387



Escola-Vergé  et al, Infection 2018, 46:461

 Retrospective study
 Consecutive patients treated with C/T

for XDR-PA infection at a tertiary
referral hospital

 Thirty-eight patients included
 At completion of treatment, 33 

(86.8%) patients showed clinical
response

 Clinical cure associated to : 
o Lower C/T MIC
o Adequate source control



Haidar et al, Clinical Infectious Diseases 2017;65(1):110–20

 21 patients treated with ceftolozane-tazobactam for MDR-P. aeruginosa
infections

 Eighteen (86%) patients were treated for respiratory tract infections

 Ceftolozane-tazobactam failure rate was 29% (6/21). 

 Ceftolozane-tazobactam resistance emerged in 3 (14%) patients. 

 Resistance was associated with de novo mutations, rather than acquisition 
of resistant nosocomial isolates. 

 ampC overexpression and mutations were identified as potential resistance
determinants.



 Case report
– Septic shock on fecal

peritonitis: mero/vanco

– Pneumonia P. aeruginosa: Pip-
taz and cefta (isolate 1)

– Isolate 2 following week : 
cefto-tazo (1,5g/8h)

– Relapse isolate 3

EXPERT REVIEW OF ANTI-INFECTIVE THERAPY, 2018 VOL. 16, NO. 5, 367



Torres et al, Lancet Infect Dis 2018; 18: 285–95

 Adults with nosocomial pneumonia
including ventilator-associated
pneumonia

 136 centres in 23 countries
 Treatment: 

o 2000 mg ceftazidime and 500 mg 
avibactam (by 2 h intravenous
infusion every 8 h) 

o 1000 mg meropenem (by 30-min 
intravenous infusion every 8 h) for 7–
14 days

 879 patients included
o Klebsiella pneumoniae (37%) 
o Pseudomonas aeruginosa (30%); 28% 

were ceftazidime-non-susceptible

Ceftazidime-avibactam was non-inferior to meropenem in the treatment of 
nosocomial pneumonia.



 Pathogen-directed, international, randomised, open-label, phase 3, 16 countries 

worldwide

 18–90 years with complicated urinary tract infection or complicated intra-abdominal 

infection caused by ceftazidime-resistant Enterobacteriaceae or Pseudomonas 

aeruginosa

 Treatment: 

• ceftazidime-avibactam (2000 mg/500 mg), 2-h intravenous infusion every 8 h

• best available therapy

 Primary endpoint: clinical response

• at the test-of-cure visit, 

• 7–10 days after last infusion of study therapy

Carmelli et al, Lancet inf Dis 2016, 16:661-73



 163 (97%) of 168 patients in the 
best available therapy group 
received a carbapenem, 161 
(96%) as monotherapy

 Conclusion: efficacy of 
ceftazidime-avibactam as a 
potential alternative to 
carbapenems in patients with
ceftazidime-resistant
Enterobacteriaceae and P 
aeruginosa

Carmelli et al, Lancet inf Dis 2016, 16:661-73



J Antimicrob Chemother 2018; 73: 2021–2029

 Systematic review and meta-analysis including RCTs evaluating
ceftazidime/avibactam versus comparator for the treatment of any infection

 Primary outcome was 30 day all-cause mortality
 Seven publications (eight trials, 4093 patients) were included



EUCAST May 2020

 Cefiderocol is a siderophore
cephalosporin

 Cefiderocol is administered
intravenously, 2 g x 3 daily over 3 
hours

Cefiderocol



Yamano et al, Clinical Infectious Diseases 2019;69(S7):S544–51

Cefiderocol

Distribution of MICs for MDR isolates according
to CLSI breakpoints

Two hundred and thirty-one isolates : 125 
Enterobacterales, 80 Acinetobacter baumannii, 6 
Pseudomonas aeruginosa and 20 Stenotrophomonas
maltophilia.

Delgado-Valverde et al, J Antimicrob Chemother 2020; 75: 1840–1849



Yamano et al, Clinical Infectious Diseases 2019;69(S7):S544–51



Katsube et al, J Antimicrob Chemother 2019; 74: 1971–1974

 A single intravenous dose of cefiderocol (2000mg infused over 60 min) in 
healthy adult males

 Cefiderocol penetrates into ELF, and ELF and plasma concentrations appear
to be parallel
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Aminosides

C max

CMI

Cmax/CMI

24 h
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Aminosides
Relation Cmax/CMI - Guérison clinique



Kashuba et al, AAC, 1999

Importance de la première dose 
d’aminoside sur l’évolution clinique



Résistance adaptative 
CMI; modèle statique in vitro
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Résistance adaptative
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Résistance adaptative 
Mucoviscidose

Barclay et al, JAC 1996
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International Journal of Antimicrobial Agents 51 (2018) 562

 Prospective randomised controlled
study

 Severe sepsis or septic shock
treated with 15 mg/kg versus 25 
mg/kg amikacin. 

 The primary outcome target
attainment defined as Cpeak/MIC ≥ 
8 

 104 patients included. The target
was attained in 76% vs. 40% of 
patients assigned to the 25 mg/kg 
vs. 15 mg/kg dose groups (P < 
0.0001).



Bêtalactamines:
paramètres pharmacodynamiques

CMI

temps

concentrations

temps de contact à C > CMI

T= t1 + t2 + t3 (%24h) > CMI

t1>CMI t2>CMI t3>CMI
24 h



Craig et al, CID 2001



MPC

MIC

Time post-administration
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Mutant
Selection
Window

 Idealized sketch of serum or tissue drug concentration after administration of a single dose of antibiotic to a
patient.
 MIC and mutant prevention concentration (MPC), determined in laboratory studies, are indicated.
 The area between MPC and MIC (shaded) represents the mutant selection window



 Single-center study compared cefepime for bacteremia and/or pneumonia

 admitted from 1 January 2008 through 30 June 2010 (a 30-min infusion of 2 g 

every 8 h) 

 admitted from 1 July 2010 through 31 May 2011 (a 4-h infusion of 2 g every 8 

h). 

 Extended infusion was associated to

 Decreased mortality (20% versus 3%; p=0.03). 

 Decreased mean length of stay of 3.5 days less

 Decreased mean length of stay was significantly less in the extended-infusion 

group (18.5 days versus 8 days; P0.04). 

 Decreased Hospital costs were $23,183 less per patient, 

 Extended-infusion treatment with cefepime provides increased clinical and 

economic benefits in the treatment of invasive P. aeruginosa infections.



 Étude sur cohorte de 194 patients

 Deux modalités d’administration
– 3.375g en 30 min toutes les 4 à 6 H

– 3.375g en 4 H toutes les 8 H

 Analyse de 2 paramètres en fonction du Score Apache II
– Mortalité

– Durée d’hospitalisation

Lodise et al , CID, 2007
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 Multicenter clinical trial, 11 
Spanish hospitals

 Treatment: 

– continuous infusion of 
piperacillin–tazobactam

– 30 % higher dose 
administered by intermittent 
infusion

 Primary efficacy endpoint: 

– percentage of patients having
a satisfactory clinical response
at completion of treatment, 
defined as clinical cure or 
clinical improvement.

Cotrina-Luque et al, Int J Clin Pharm 2016,38:70-79



 No difference between the 2 groups but…..

 No definition of sepsis



 Prospective single-center open-label randomized controlled trial
 79 elderly patients with an LRTI caused by Gram-negative bacilli
 Treatment

• Meropenem according to a regimen decided by the attending physician.
• Individualized meropenem therapy with a dosing strategy based on software 

developed from a meropenem population PK/PD model (prolonged 3h infusion)
 Primary endpoint: clinical response

Zhou et al, Drugs Aging 2017,34:115-21



 RCT comparing mortality or clinical efficacy of prolonged (continuous or ≥3 h) 
versus short-term (≤60 min) infusion of antipseudomonal β-lactams for the 
treatment of patients with sepsis was eligible

 2196 articles were identified and screened, and 22 studies (1876 patients) were
included in the meta-analysis

Vardakas et al, Lancet Infect Dis 2018, 18:108-20



 Prolonged infusion of antipseudomonal β-lactams for the treatment of 
patients with sepsis was associated with significantly lower mortality than
short-term infusion

Vardakas et al, Lancet Infect Dis 2018, 18:108-20



Fluoroquinolones

ASC 24h 
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Fluoroquinolones
Relation ASC 24h/CMI et efficacité
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Craig et al CID 2001



Craig et al CID 2001



EXPERT REVIEW OF ANTI-INFECTIVE THERAPY 2018, VOL. 16, NO. 7, 523



Wu et al, Infection 2018, 46:365

 Retrospective study between Nov 2013 and Nov 2014 at Taipei Veterans General 
Hospital. 

 105 patients enrolled, 78 patients received beta-lactams and 27 received
fluoroquinolones (20 with ciprofloxacin and 7 with levofloxacin)

 Primary bacteraemia (39.0%) and urinary tract infections (37.1%) were the most
common sources of bacteraemia

 The 28-day mortality rate between the two groups stratified by APACHE II and Pitt 
bacteraemia scores showed no significant differences in each category

 Fluoroquinolone might be an alternative to beta-lactam as a definitive monotherapy for 
P. aeruginosa bacteraemia provided they are active in vitro
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 The impact of the duration of antibiotics on clinical events in patients with

Pseudomonas aeruginosa ventilator-associated pneumonia (iDIAPASON) trial is a 

randomized, open-labeled non-inferiority controlled trial, conducted in 34 French 

intensive care units (ICUs), comparing two groups of patients with PA-VAP according

to the duration (8 days or 15 days) of effective antibiotic therapy against PA. 

 The primary outcome is a composite endpoint combining day 90 mortality and PA-

VAP recurrence rate during hospitalization in the ICU.

 …..????



Fabre et al, Clinical Infectious Diseases 2019;69(11):2011–14

 Multicenter, observational, propensity-score–weighted cohort
• 249 adults
• uncomplicated Pseudomonas aeruginosa bacteremia, 

 Treatment duration
• Short-course: median 9 days (interquartile range [IQR], 8–10)
• Long course: median 16 days (IQR, 14–17).

 Results:  similar odds of recurrent infection or death within 30 days
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Kumar et al, Critical Care Medicine 38(8): 1651 1664.



 Intensive care units of 28 academic 

and community hospitals in three 

countries between 1996 and 2007.

 A total of 4662 eligible cases of 

culture-positive, bacterial septic 

shock treated with combination or 

monotherapy from which 1223 

propensity-matched pairs were 

generated.

Kumar et al, Critical Care Medicine 38(9): 1773 1785.



 The use of aminoglycoside (AG), fluoroquinolone (FQ), or a macrolide/clindamycin (ML/CL) in 
addition to a -lactam was associated with a reduced hazard ratio for death compared to -lactam 
alone. 

 No other drug combinations demonstrated evidence of significant benefit.

Kumar et al, Critical Care Medicine 38(9): 1773 1785.



ETUDES CLINIQUES PAVM



Garnacho-Montero et al, Crit Care Med 2007

Optimal management therapy for Pseudomonas aeruginosa ventilator-
associated pneumonia: An observational, multicenter study comparing
monotherapy with combination antibiotic therapy

Tt final Survivants
n=106

Décédés
n=77

APACHE II 18.7 19.8

Choc septique 38 (35.8) 52 (67.5)

Monothérapie 22 (19.9) 12 (15.6)

Association 84 (81.1) 60 (84.4)

183 épisodes de VAP à P. 
aeruginosa



Garnacho-Montero et al, Crit Care Med 2007

Optimal management therapy for Pseudomonas aeruginosa ventilator-
associated pneumonia: An observational, multicenter study comparing
monotherapy with combination antibiotic therapy



Empiric antibiotic therapy for suspected ventilator-associated
pneumonia: A systematic review and meta-analysis of 
randomized trials

Aarts et al, Crit Care Med 2008



 Etude rétrospective de 
cohorte 1994-2014
– 100 patients: 85 

association/15 monothérapie, 
9 inadequates

– SAPS 2: 46, 45% choc, 
Colonisation 60%, Multi-R 
31%

– Mortalité associée (HR)
• SAPS>40: 3.08

• Choc: 4.71

 L’association augmente la probabilité d’antibiothérapie 
appropriée sans impact sur la mortalité

Deconinck et al, Infection 2017, 49:396



Pseudomonas aeruginosa Ventilator-associated Pneumonia
Predictive Factors of Treatment Failure

Planquette et al, Am J Respir Crit Care Med 2013

 314 patients avec 393 VAP à P. aeruginosa
 112 échec de traitement 
 Facteurs associés avec un échec de traitement

– Age (P . 0.02); 
– Présence d’au moins une pathologie chronique (P . 0.02); 
– Limitation de soins (P . 0.0004); 
– Score de défaillance d’organe élevé (P , 0.0001); 
– Bacteremie à P. aeruginosa (P .0.003); 
– previous use of FQ before the first PA-VAP (P . 0.0007). 

 Risque d’échec non influencé par le profil de résistance de la souche 
ou par la prescription d’une association

 Risque d’échec diminue si le Tt initial inclus une fluoroquinolone
 Nécessité d’évaluer le potentiel bénéfice des quinolones dans une 

étude randomisée



ETUDES CLINIQUES bactériémies



Safdar et al, Lancet Inf Dis 2004



Etudes prospectives uniquement

Safdar et al, Lancet Inf Dis 2004



Bactériémies à P. aeruginosa

MAIS
Dans 4 études sur 5 

aminosides en
monothérapie

Adéquation?

Safdar et al, Lancet Inf Dis 2004



Risk factors associated with unfavorable short-term
treatment outcome in patients with documented
Pseudomonas aeruginosa infection

 Etude rétrospective monocentrique
– Bactériémies et pneumonies

– 117 patients 

• 40 (34%) évolution favorable à J5

• 77 (66%) évolution défavorable à J5

DiMondi et al Int J Clin Pharm 2015

Monothérapies Associations

Pip-Tazobactam
Ceftazidime
Meropenem
Cefepime
Tobramycine
Ciprofloxacine

Pip-
Taz+Cipro
Mero+Cipro
Cefta+Cipro

OR p

Vasopresseur 6 0.0003

Admission direct 
USI

2.9 0.052

>2 Atb actifs 0.39 0.022



 Retrospective study analyzed data of 234 patients with P. aeruginosa  bacteremia at a 
1,200-bed tertiary teaching university hospital in South Korea between January 2010 and 
December 2012

Kim et al, BMC Infectious Diseases 2014,14:161



Drugs in context 2018



High risk clones

Journal of Global Antimicrobial Resistance 18 (2019) 37–44

Antimicrobial Agents and Chemotherapy, April 2020 Vol 64 Issue 4 e02542-19
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Membrane disruption and 

toxin injection into cell
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 Two cohorts of 12 subjects were planned: each randomized 2:1 to receive a 

single intravenous (IV) infusion of KB001 or placebo. 

 Subjects randomized to receive KB001 received 3 mg/kg in the first cohort and 

10 mg/kg in the second cohort.

Milla et al, Pediatric Pulmonology 2014,49:650-58



Milla et al, Pediatric Pulmonology 2014,49:650-58



Microbiome and Immune system



Flanagan et al, J Clin Microbiol 2007, 1954-62



 We hypothesize that reduced microbial diversity under antibiotic selection in the

airways may contribute directly to pathogen selection through the loss of microbial

competition. Flanagan et al, J Clin Microbiol 2007, 1954-62



 Relative abundance of viable 

P. aeruginosa and non-

pseudomonal species in 

sputa from 12 adult CF 

subjects

 Time points:  

• 21, 14, and 7 days prior

to antibiotics

• day 3 of treatment, the 

final day of treatment

• 10–14 days afterward
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 (B0) baseline pre-CFPE (n = 56)

 (E) CFPE, 30 days prior to 

treatment (n = 41)

 (T) CFPE treatment period (n = 

67)

 (R) recovery, 30 days post-CFPE 

treatment (n = 32) 

 (B1) baseline post-CFPE (n = 41)

Cuthbertson et al, ISME Journal 2016,10:1081-91
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CIBLER LA BACTERIE : 
NI SUFFISANT
NI POSSIBLE


