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HAP and VAP after Guidelines

• The New Spectrum of the Disease

• Microbial Diagnosis

• MDR/XDR Microorganisms

• New Antibiotics

• Antibiotic Treatment Duration 

• Treatment Failure

• Inhaled Antibiotics

• Non Antibiotic Treatments
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https://www.uptodate.com/contents/clinical-presentation-and-diagnostic-evaluation-of-ventilator-associated-pneumonia

• Hospital Acquired Pneumonia (HAP)

-A pneumonia that occurs 48 hours or more after admission; which was not

incubating at the time of admission; not associated with mechanical ventilation

• Ventilator-Associated Pneumonia (VAP)

-A pneumonia that arises more than 48 hours after mechanical ventilation

• Ventilated Hospital-Acquired Pneumonia (vHAP)

-Pneumonia that occurs 48 hours or more after admission; which was not

incubating at the time of admission; not associated with mechanical ventilation

-Patients with severe HAP who require mechanical ventilation

• Non-Ventilated ICU-Acquired Pneumonia (NV-ICUAP)

-A pneumonia that occurs 48 hours or more after ICU admission

https://www.uptodate.com/contents/clinical-presentation-and-diagnostic-evaluation-of-ventilator-associated-pneumonia
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• Transition from 

VAT to VAP

The New Spectrum of  Nosocomial 

Pneumonia

Highest Mortality:30-40%

Lowest Mortality: 

15-20%

Intermediate Mortality:20-30%Same

Microbiology



Nosocomial Pneumonia 28-day All-cause Mortality Rates 

ICU: intensive care unit; HAP: hospital-acquired pneumonia; VAP: ventilator associated pneumonia 

Talbot GH et al. J Infect Dis 2019; advanced access
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Ventilated HAP

  

VAP 

 

[nonventilated] HAP 

39.4%

27.0%

21.7%

30.2%

26.3%

18.8%

15.2%

12.6%

9.80%

23.2%

19.9%

13.5%

ICU Nosocomial Pneumonia 

(Barcelona)

ICU Nosocomial Pneumonia 

(Theravance)
ICU Nosocomial Pneumonia 

(Pfizer)

ICU Nosocomial Pneumonia 

(Shionogi)



1-Ventilated patients  with VAP suspicion: RDT vs usual care (22 vs 23 

%)

2-Sensitivity of RDT for MRSA in BAL: 95.7%

3-Lower days of linezolid or vancomycin  in the intervention arm

4-14 RDT vs 39% ususal care  mortality

RDT: Rapid Diagnostic Testing

Rapid Detection of Methicillin-Resistant Staphylococcus aureus in BAL: A Pilot

Randomized Controlled Trial   CHEST 2019: 155: 999-1007

Joseph R.Paonessa et al. 



Kollef M et al, SRCCM 2022,





AUC, area under the curve; HAP, hospital-acquired pneumonia; SENS, sensitivity; SPEC, specificity; SROC, summary receiver operating curve; VAP, ventilator-associated 

pneumonia

Ranzani O, et al. Clin Microbiol Infect 2020;1456–63.

Gram stain morphological evaluation 

optimizes the use of empiric 

anti-staphylococcal therapy in 

HAP/VAP: 

a systematic review and meta-analysis

Otavio T. Ranzani, Anna Motos, Chiara Chiurazzi, 

Adrian Ceccato, Mariano Rinaudo, Gianluigi Li 

Bassi, Miquel Ferrer, Antoni Torres



Surveillance ETA cultures

ETA, endotracheal aspirate; MSSA, methicillin-sensitive S. aureus; MV, mechanical ventilation; VAP, ventilator-associated pneumonia

Kabak E, et al. BMC Infect Dis 2019;19:756

Detection of S. aureus in the ETA preceded VAP by approximately 4 

days, while 

Gram-negative organisms were first detected 2.5 days prior to Gram-

negative VAP 



Classification of Microorganisms 

according to Resistances

Magiorakos et al. Clin Miicrobiol Infect 2012

Annals of Intensive Care 2017



Microbial Etiology of ICU-acquired HAP/VAP in Hospital Clinic 

(30% MDR/XDR)

Acinetobacter spp
8%

H. influenzae

8%

Gram negative bacilli

13%

Anaerobes
9%

Fungi
1%

Other microorganisms
7%

S. aureus
19%

S. pneumoniae
8%

Other Gram positive cocci

3%

P. aeruginosa
24%

*Polymicrobial : 25%

A.Torres Personal Communication



Main Therapeutic Principles in HAP/VAP

• MDR/XDR pathogens are associated to a higher rates 

of initial inadequate antibiotics

• Initial  non-adequate antibiotic treatment is 

associated with higher mortality

• Microbes and resistances present a very high 

variability 

• Mortality of MDR/XDR/PDR HAP/VAP is increased 



MDR, multi-drug resistant; WHO, World Health Organization.
Tacconelli E, et al. Lancet Infect Dis 2018;18(3):318–27.

Priority 1: critical Priority 2: high Priority 3: medium

• Acinetobacter baumannii, 

carbapenem resistant

• Pseudomonas aeruginosa, 

carbapenem resistant

• Enterobacterales, carbapenem 

resistant, 

third-generation cephalosporin 

resistant 

• Enterococcus faecium, vancomycin 

resistant

• Staphylococcus aureus, methicillin 

resistant, vancomycin resistant 

• Helicobacter pylori, clarithromycin 

resistant 

• Campylobacter spp., 

fluoroquinolone resistant

• Salmonella spp., fluoroquinolone 

resistant

• Neisseria gonorrhoeae, third-

generation cephalosporin resistant, 

fluoroquinolone resistant

• Streptococcus pneumoniae, 

penicillin 

non-susceptible

• Haemophilus influenzae, 

ampicillin resistant

• Shigella spp., fluoroquinolone 

resistant

MDR and extensively resistant Mycobacterium tuberculosis
Other priority bacteria



IMP imipenemase-type carbapenemase; KPC, Klebsiella pneumoniae carbapenemase; NDM, New Delhi metallo-β-lactamase; OXA, oxacillinase.

1. Munoz-Price LS, et al. Lancet Infect Dis 2013;13:9:785–96; 2. Johnson AP and Woodford N. J Med Microbiol 2013;62(Pt 4):499–513; 3. Glasner C, et al. Euro Surveill 2013;18:28:pii:20525;

4. Poirel L, et al. J Antimicrob Chemother 2012;67:7:1597–606; 5. Espedido BA, et al. Antimicrob Agents Chemother 2008;52:8:2984–7; 6. Grundmann H, et al. Lancet Infect Dis 2017;17:153–63; 7. Cui X, et al. Front Micro 2019;10:1823.

WORLDWIDE   ENTEROBACTERALES  MECHANISMS OF   

ANTIBIOTIC RESISTANCE



Considerations  in the selection of 

antibiotic treatment
• 1-Do HABP, VABP , and vHABP have the same 

microbial etiology?

• 2-How can we improve our microbiological 

prediction?

• 3- Can rapid microbial tests help?

• 4- Which algorithms and antibiotics do you have to 

use?

• 5-Specific considerations



The European Network for ICU-Related Respiratory Infections (ENIRRIs): A

Multinational, Prospective, Cohort Study of Nosocomial LRTI (2016-2019).

Martin-Loeches I, Reyes F, Torres A. Intensive Care Med 2023 . Acepted



The European Network for ICU-Related Respiratory Infections (ENIRRIs): A

Multinational, Prospective, Cohort Study of Nosocomial LRTI.

Martin-Loeches I, Reyes F, Torres A. Intensive Care Med 2023 . Acepted



According to patients with etiologic diagnosis only 

 HAP-noMV 

N=583 

HAP-IMV 

N=4667 

P value 

Enterobacteriaceae 218 (37%) 1774 (38%) 0.81 

Non-fermenting GNB 139 (24%) 1302 (28%) 0.045 

Staphylococcus aureus 157 (27%) 1222 (26%) 0.74 

Streptococcus sp 27 (5%) 102 (2%) <0.001 

 

Aetiology of VAP and NV-ICUAP



Algorithm for the empiric antibiotic treatment in HAP/VAP

▪ High rates of MDR
▪ Previous ATBs 
▪ Recent hospitalisation
▪ Previous colonisation by MDR Expected mortality <15%



POTENTIAL PATIENTS AT RISK FOR POOR HAP/VAP OUTCOMESSUMMARY OF 
EUROPEAN AND AMERICAN GUIDELINES

MDR: multidrug resistant; HAP: hospital-acquired pneumonia; VAP: ventilator-associated pneumonia; 

MRSA: methicillin-resistant S. aureus; Pa: P. aeruginosa; IV: intravenous;  ARDS: acute respiratory 

distress syndrome

Bassetti M, et al. Curr Opin Crit Care 2018; 24: 385-93; Torres A, et al. Eur Respir J 2017; 50: 1700582; 

Kalil, et al. 2016; CID: 1-51

EUROPEAN GUIDELINES (HIGH-RISK PATIENTS)

International ERS/ESICM/ESCMID/ALAT Guidelines

AMERICAN GUIDELINES (RISK FOR MDR)

ATS/IDSA Guidelines

• Septic shock

• Previous antibiotic use

• Recent prolonged hospital stay (>5 days of hospitalization)

• Previous colonization with MDR pathogen

• Prevalence of resistant pathogens in local microbiological  data 

>25%

For all types: HAP, VAP, MRSA and Pa:

• Prior IV antibiotic use within 90 days

Additional risks for VAP:

• Septic shock at time of VAP

• ARDS preceding VAP

• >5 days hospitalization prior to occurrence of VAP

• Acute renal replacement therapy prior to VAP onset



LOCAL STEWARDSHIP PROGRAM

Kormaz P et al . Am J Respir Crit Care Med 2018



Criteria Presence at 

diagnosis

Sensitivity

(95% CI)

Specificity

(95% CI)

PPV

(95% CI)

NPV

(95% CI)

LR+

(95% CI)

LR-

(95% CI)

AUC

(95% CI)

Previous antibiotic 

use

401/507 (79%) 85%

(77% to 92%)

22%

(18% to 27%)

35%

(31% to 40%)

85%

(78% to 92%)

1.09

(0.99 to 1.20)

0.68

(0.42 to 1.11)

0.54

(0.48 to 0.60)

>5 days of 

hospitalization

355/507 (70%) 78%

(70% to 86%)

32%

(27% to 37%)

23%

(19% to 28%)

85%

(79% to 91%)

1.15

(1.02 to 1.30)

0.68

(0.46 to 1.01)

0.55

(0.49 to 0.61)

Hospital settings 

with high rates of 

MDR pathogens

423/507 (83%) 92%

(87% to 98%)

19%

(15% to 23%)

23%

(19% to 27%)

90%

(84% to 97%)

1.14

(1.06 to 1.22)

0.40

(0.20 to 0.81)

0.56

(0.50 to 0.62)

Previous 

respiratory MDR 

pathogen isolation

17/507 (3%) 16%

(9% to 24%)

100%

(100% to 100%)

100%

(97% to 100%)

82%

(79% to 86%)

- 0.84

(0.77 to 0.91)

0.58

(0.52 to 0.65)

•Dominedo & Ceccato, Torres A. Annals of ATS 2020 

Performance  of   MDR/XDR  Risk Factors of European

Guidelines



Suggested empiric treatment options where empiric MRSA coverage and 
double anti-pseudomonal/gram-negative coverage are appropriate



New Antibiotics for GNB HAP/VAP 

Basetti M , et al Seminars RCCM 2022 





Treatment Failure

• Treatment failure can be divided in early (4-5 days) and 

late (10 to 14 days)

• To detect early failure is important in order to modify 

antibiotic treatment or to search for complications

• Late failure (clinical and microbiological)  is  used to 

investigate the eficacy of antibiotics



Esperatti M, et al. Crit Care Med 2013,. Ceccato A.Eur Respir J 2023

Early Treatment Failure

• There is not a clear-cut definition

• Early clinical failure includes day 3 to 5 period

• Microbiological early failure includes peristence of 

bacterial burden comparing two microbiological 

samples (day 1-day 4-5)

• Early treatment failure is  associated to higher 28 day 

mortality



Follow-up  Cultures



Follow-up  Cultures



Early Predictors of  28 day Mortality

Esperatti M, et al Crit Care Med 2013



Ceftazidime–avibactam: spectrum of in vitro activity 

versus other BL / BLIs1–16

AmpC, ampicillin class C  β-lactamase; BL, β lactam; BLI, β-lactamase inhibitor; CRE, carbapenem-resistant Enterobacterales; CTX-M, cefotaximase; ESBL, extended-spectrum β-lactamase; KPC, Klebsiella 

pneumoniae carbapenemase; MBL, metallo-β-lactamase; MDR, multidrug-resistant; OXA, oxacillinase; SHV, sulfhydryl variable β-lactamase; TEM, Temoneira β-lactamase.

Adapted from: 1. Lagacé-Wiens P, et al. Core Evid 2014;9:13–25; 2. ZAVICEFTA® (ceftazidime–avibactam) Summary of Product Characteristics. Pfizer, 2021; 3. Liscio JL, et al. Int J Antimicrob Agents 2015;46:266–71; 

4. Bush K. Int J Antimicrob Agents 2015;46:483–93; 5. Zhanel GG, et al. Drugs 2013;73:159–77; 6. Wright H, et al. Clin Microbiol Infect 2017;23:704–12; 7. Munita JH, et al. Clin Infect Dis 2017;65:158–61; 8. ZERBAXA® 

(ceftolozane–tazobactam) Summary of Product Characteristics. Merck, 2019; 9. Sader HS, et al. Diagn Microbiol Infect Dis 2015;83:389–94; 10. Walkty A, et al. Antimicrob Agents Chemother 2011;55:2992–4; 11. 

Lomovskaya O, et al. Antimicrob Agents Chemother 2017;61:e01443-17; 12. RECARBRIO® (imipenem+cilastatin/relebactam) Summary of Product Characteristics. Merck, 2019; 13. Bush K, et al. Antimicrob Agents 

Chemother 2010;54:969–76; 14. VABOREM® (meropenem–vaborbactam) Summary of Product Characteristics. Menarini, 2021; 15. Noval M, et al. Curr Infect Dis Rep 2020;22:1; 16. FETROJA® (cefiderocol) US 

Prescribing Information. Shionogi, 2021.

MDR pathogen (mechanism)
Ceftazidime–

avibactam

Ceftolozane–

tazobactam

Meropenem– 

vaborbactam

Imipenem– 

relebactam
Cefiderocol

ESBL

SHV / TEM ✓ ✓ ✓ ✓ ✓

CTX-M ✓ ✓ ✓ ✓ ✓

Enterobacterales AmpC ✓  ✓ ✓ ✓

P. aeruginosa AmpC ✓ ✓ ✓ ✓ ✓

CRE

KPC ✓  ✓ ✓ ✓

MBL     ✓

OXA-48 ✓    ✓

P. aeruginosa

Carbapenem-

resistant ✓ ✓  ✓ ✓

MDR ✓ ✓  ✓ ✓

Acinetobacter spp.
Carbapenem-

resistant     ✓

 = Resistant;   Susceptible

 



Short vs Prolonged Course of Antibiotics

•

Owen R. Albin, et al CID 2023

The fourth and final study included by the 
panel in the meta-analysis was a prospective, 
open-label trial by Capellier et al of 225 
patients with early-onset VAP randomized to 8 
versus 15 days of antibiotic treatment [9]. This 
study contributed significantly to the panel’s 
meta-analysis (59 patients, 22%); however, no 
patients in this trial had VAP due to non-
fermenting gram-negative bacilli at the time of 
enrollment. Of the 143 baseline gram-negative 
pathogens identified, 30% were 
Enterobacterales and 66% were Haemophilus 
spp. For this reason, the findings of this study 
are immaterial to an analysis of NF-GNB VAP 
treatment durations, and they should not have 
been included in the panel’s meta-analysis. 



Comparison of 8 versus 15 days of antibiotic therapy for 
Pseudomonas aeruginosa ventilator-associated pneumonia in 

adults: arandomized, controlled, open-label trial

Despite randomization, there were notable differences in some clinically 
relevant markers of illness at baseline between the two arms. Therefore, 
post hoc adjusted analyses were performed on these 2 populations and the 
differences between arms became slightly more pronounced (ITT 12.5%, 
90% CI: 1.3–23.6; PP 16.3% 90% CI: 3.9–28.8%). When assessed individually 
90-day survival was 81.4% in the 15-day group and 75.6% in the 8-day 
group (HR=1.37, 90% CI: 0.81–2.33) and recurrence rates were 9.2% and 
17% in the two arms (difference 7.9%, 90% CI: −0.5 to 16.8%).

Results: The study was stopped after 24 months due to slow 
inclusion rate. In intention-to-treat population (n = 186),
the percentage of patients who reached the composite endpoint 
was 25.5% (N = 25/98) in the 15-day group versus
35.2% (N = 31/88) in the 8-day group (difference 9.7%, 90% 
confidence interval (CI) −1.9%–21.2%). The percentage
of recurrence of PA-VAP during the ICU stay was 9.2% in the 15-day 
group versus 17% in the 8-day group. The two
groups had similar median days of mechanical ventilation, of ICU 
stay, number of extra pulmonary infections and
acquisition of multidrug-resistant (MDR) pathogens during ICU stay

Bougle A et al ICM 2023



Nebulized Antibiotics

• Nebulized adjuntive antibiotics were promising in 

animal and human (SC) studies to treat or prevent

VAP

• However, the two most important RCT´s resulted

negative (Cardeas and Bayer)  in part due to a  bad

selection of the target population

• In animal models NB antibiotics act mainly in upper

airways but not in lower airways

• The role of NB antibiotics needs to be reconsidered

both in treatment and in the prevention of VAP



Piglet Animal Model of VAP





Previous RCTs for corticosteroids in severe 

CAP , and in ARDS

• Hydrocortisone and glucocorticosteroids  have  been tested 

in patients with severe CAP .Some of these studies used CRP 

base line levels to enrich populations

• Steroid efficacy has also been widely tested for the treatment 

of ARDS. 

• No studies reported adverse events defined as leading to 

discontinuation of study medication in RCTs realized in ARDS 

patients

• It did not appear as any signal for increase in superinfection 

in COVID-19 patients treated with steroids 
.

1. Torres, A. et al.. Jama 313, 677–686 (2015).

2. Dequin, P.-F. et al. Hydrocortisone in Severe Community-Acquired Pneumonia. New Engl J Med 388, 1931–1941 (2023).

3. Villar, J. et al. Dexamethasone treatment for the acute respiratory distress syndrome: a multicentre, randomised controlled trial. Lancet Respir Medicine 8, 267–276 (2020).

4. Lewis, S. R., Pritchard, M. W., Thomas, C. M. & Smith, A. F. Pharmacological agents for adults with acute respiratory distress syndrome. Cochrane Database Syst. Rev. 7, 

CD004477 (2019

5. Chaudhuri, D. et al. Corticosteroids in COVID-19 and non-COVID-19 ARDS: a systematic review and meta-analysis. Intens Care Med 1–17 (2021) doi:10.1007/s00134-021-

06394-2.



Executive Summary: Guidelines on Use of

Corticosteroids in Critically Ill Patients With
Sepsis, Acute Respiratory Distress Syndrome,

and Community-Acquired Pneumonia Focused
Update 2024. Chaudhuri et al Crit Care Med 2024

• . . 



• Phase III double blind placebo-controlled multicenter study in Europe

• Adult patients (18yr to 85yr) 

• Hospital-acquired pneumonia (HAP) according to European guidelines (Torres et al. Eur Respir J 
2017):

• HAP severity defined as a PaO2/FiO2 ratio < 200.

• Biological systemic inflammatory response defined as CRP ≥  150 mg/L (15 mg/dL)

• Receiving curative antimicrobial therapy for the current episode of HAP pneumonia for less 
than 48 hours.

• Severe Septic shock patients excluded

• Dexamethasone 0.2 mg.kg-1.day-1 iv. for 5-7 days  vs Placebo. Six hour window  to start 
dexamethasone or placebo.

• Primary end points: Clinical cure at test of cure   and 28 day all cause mortality

THE  HAP-DEX STUDY



A

What are bacteriophages?

• Phages are viruses that

infect/kill bacteria

• Host-dependent replication

• Lytic or temperate

• Population is vast, dynamic, 

old and highly diverse

• Source: nature, engineered

and synthetic

The phage population is vast

• 106-107 phage particles/ml

• 1031 phage particles in biosphere

• 5:1-10:1 phage:bacteria

• 1023 phage infections per second

NON-ANTIBIOTIC TREATMENTS: PHAGES



Josef Prazak, Am J Respir Crit Care Med 2019

Bacteriophages Improve Outcomes in 

Experimental MRSA VAP

• Similar survival rates between Phage (58%), 
Teicoplanin (50%) or Phage+Teico (45%)

• Phage cocktail (n=4 phages), intravenous



Guillon A, Br J Pharmacol. 2021

Phage cocktail (n=5 phages) 2 and 11 h 

after bacterial challenge, by inhalation

After 21 hours of MV phage treated 

animals: 1.5 log CFU/mL in lung tissue and 

BAL

Large amounts of phages into the lungs and in 

areas of pneumonia with loss of aeration

Inhaled bacteriophage therapy in a porcine model of

pneumonia caused by Pseudomonas aeruginosa

during mechanical ventilation



Conclusions
• HABP, VABP, and VHABP  are different categories of HAP  

with similar microbial  etiology

• Rapid molecular tests  are a major step forward in diagnosis 

and adequate treatment of HAP

• Treatment failure is not well defined and it is crucial for new 

studies

• New algorithms including the new antibiotics are developed 

and need to be validated

• Longer antibiotic duration is probably needed in NFGNB

• Nebulized antibiotics need to be reconsidered

• There is  need  to investigate non-antibiotic 

treatments
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