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\\ DEFINITIONS

.

\ | 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
U Patients with severe HAP who require mechanical ventilation

N\
N
N

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

N

* A pneumonia that occurs 48 hours or more after ICU admission
3 Kalil AC et al. Clin Infect Dis 2016; 63: eol-111: 4 Kollef et al. Up-to-Date 2020, available at

s 1 Saied et al. Crit Care Med 2018. 2 Torres A et al. Eur Respir J 2017; 50: 1700582;


https://www.uptodate.com/contents/clinical-presentation-and-diagnostic-evaluation-of-ventilator-associated-pneumonia
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Nosocomial Pneumonia 28-day All-cause Mortality Rates
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ICU: intensive care unit; HAP: hospital-acquired pneumonia; VAP: ventilator associated pneumonia
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Rapid Detection of Methicillin-Resistant Staphylococcus aureus in BAL: A Pilot

Randomized Controlled Trial CHEST 2019: 155: 999-1007
Joseph R.Paonessa et al.

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



Table 2 Molecular rapid diagnostics for pathogen identification in hospital-acquired and ventilatorassociated pneumonia

Molecular method

ID/AST

Examples

Pathogen/Resistance detection

Turnaround time

Clinical considerations

Antigen test

=+

Alere BinaxNOW

S. pneumoniae

<30 min

SEMS 86%; SPEC 94%a
SPEC lower in children due to
nasopharyngeal colonization

Alere BinaxNOW

L. pneumophila (serogroup 1)

44% false negatives in a recent study

Sofia SARS Antigen FIA

SARS-CoV-2

Symptomatic:

SENS 80%; SPEC 99%
Asymptomatic:
SENS 41%; SPEC 98%

Real-time PCR

GeneXpert MRSA/[SA

MRSA, MSSA, mec AJC

Prompt differentiation between MRSA
and MSSA

BD MAX MRSA XT

MRSA, MSSA, mec AJC

GeneXpert Carba-R

KPC, NDM, VIM, OXA-48, IMP

Prompt identification of carbapenem
resistance genes

Multiplex PCR

BioFire Film Array

Viruses:

Adenovirus

Coronavirus

Human metapneumovirus
Human rhinovirus
Huma enterovirus
Influenza Af/B
Parainfluenza virus
Respiratory syncytial virus
Antimicrobial Resistance
Genes:

Methicillin resistance-
mec A/C and MRE]
Carbapenemases-

KPC

NDM

OXA-48-like

VIM

IMP

ESBL-

CTX-M

Bacteria:
A. calcoaceticus—
baumannii complex
cloacae complex
Coli

. influenzae

. aerogenes

. oxytoca

. pneumoniae group
M. catarrhalis
Proteus spp.
P. aeruginosa

. marcescens

. aureus

. agalactiae

. pneumoniae

. pyogenes
Atypical bacteria:
C. pneumoniae
L. pneumophila
M. pneumoniae

= Comprehensive number of targets.

* Rapid turnaround.

+ Identify presence of bacterial
resistance genes.

= Semi-quantitative bacterial analysis.

= BAL (SENS 96%; SPEC98%).a

= Sputum (SENS 96%; SPEC 97%).a

Curetis Unyvero LRT Panel

Fungi:

P. jirovecii

Antimicrobial Resistance
Genes:
Carbapenemases-
OXA-48

OXA-58

VIM

IMP

Bacteria:
Acinetobacter spp.
. pneumoniae
. freundii
cloacae complex
coli
. influenzae
. aerogenes

Comprehensive number of targets.
Rapid turnaround.

Identify presence of bacterial
resistance genes.

Semi-quantitative bacterial analysis.

KPC

NDM

OXA-23

OXA-24[40

ESBL-

CTX-M

Methicillin resistance-
mec AfC

Penicillin:

. pneumoniae

. variicola

. pneumophila

. catarrhalis

M. morganii
M. pneumoniae
Proteus spp.

. aeruginosa

. marcescens

. aureus

. maltophilia

. pPneumoniae

C

E.

E.

H

K

K. oxytoca
K

K

L

M




Original research

Multicentre evaluation of two multiplex PCR platforms
for the rapid microbiological investigation of nosocomial
pneumonia in UK ICUs: the INHALE WP1 study

Virve | Enne,’ Alp Aydin,’ Rossella Baldan,?? Dewi R Owen,' Hollian Richardson,?
Federico Ricciardi,* Charlotte Russell,? Brenda O Nomamiukor-lkeji,' Ann-Marie Swart,”
Juliet High,® Antony Colles,” Julie Barber,* Vanya Gant,®’ David M Livermore,?
Justin O'Grady,>® INHALE WP1 Study Group

Enne VI, et ol Thorar 2022:0:1-9. dor:10.1136/horanl-2021-216990

Table 2 Concordance-based performance of PCR tests compared with routine microbiology

All detections

Detections reported at higher

concentrations*

Unyvero FilmArray Unyvero FilmArray

Category Definition (%, 95% CI) (%, 95%CI) (%, 95% CI) (%, 95% CI)
Full positive concordance Organisms detected were an exact 19.3 18.2 22.4 21.1

match (16.2 to 22.4) (15.2 t0 21.3) (19.1 t0 25.8) (17.9 to 24.3)
Full negative concordance ~ No organisms detected by either  37.3 32.1 42.1 44.5

method (33.4t0 41.1) (28.4 t0 35.8) (38.1 to 46.0) (40.6 to 48.4)
Partial concordance PCR detected the same organism 18.2 21.0 11.6 11.8

as RM plus additional organism(s) (15.1 to 21.2) (17.8 10 24.2) (9.0 to 14.1) (9.2 to 14.3)
Minor discordance RM was negative but machine 20.6 26.9 15.8 14.5

found >1 organism (17.4 t0 23.8) (23.4 t0 30.4) (12910 18.7) (11.7 10 17.3)
Maijor discordance RM found >1 organism, at least 4.6 1.8 8.1 8.1

one of which was on the PCR (2.9t06.3) (0.7 to 2.8) (5.9t0 10.3) (5.91t0 10.2)

panel, but not detected

*Calculated based on semi-quantitative detections Reported as ++or +++ by Unyvero or 10° or =107 copies/ml by FilmArray.

RM, routine microbiology.




Gram stain morphological evaluation
optimizes the use of empiric
anti-staphylococcal therapysin
HAP/VAP:

a systematic.review and meta-analysis

Otavio T. Ranzani, Anna Motos, Chiara Chiurazzi,
Adrian Ceccato, Mariane’Rinaudo, Gianluigi Li
Bassi, Miquel Ferrer, Antoni Torres
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AUC, area under the curve; HAP, hospital-acquired pneumonia; SENS, sensitivity; SPEC, specificity; SROC, summary receiver operating curve; VAP, ventitator-associated

pneumonia
Ranzani O, et al. Clin Microbiol Infect 2020;1456—63.
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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
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MV day

First detection of S. aureus lower airway colonization and progression to
S. aureus VAP. Cumulative curves of first S. aureus ETA colonization
detection and first day of S. aureus monomicrobial VAP diagnosis shown
against MV days. One of 10 S. aureus VAP subjects was excluded: no
ETA was collected during the first 5 days of MV

Role of Gram-negative organisms in VAP and colonization. "Does not
exclude VAP-positive subjects with no pathogens isolated in VAP-
relevant period

BMC Infectious Diseases

The Utility of Endotracheal Aspirate Bacteriology in Identifying Mechanically Ventilated
ETA, endotracheal aspirate; MSSA, methicillin-sensitive S. aureus; MY, mechanieal ventilation; VAP, ventilator-associated pneumonia Patients at Risk for Ventilator Associated Pneumonia: a Single-Center Prospective

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



Classification of Microorganisms
according to Resistances

REVIEW Open Access

@ (ragshlark

What's new in multidrug-resistant

pathogens in the ICU?

(sabor Ziahi' Antonio Artigas™ and Ignacio Martin- paches =+

Fig. 1 Multidrug-resistant organisms (MDR) have been divided into
three categories depending on their resistance profile: 1. MDR—
non=susceptible to at least 1 agent in 3 antimicrobial categories; 2.
extensively drug-resistant (XDR)—non-susceptible to at least 1 agent
in all but 2 or fewer antimicrobial categories and 3. pan-drug-resistant
(PDR)—non-susceptible to all agents in all antimicrobial categories




Microbial Etiology of ICU-acquired HAP/VAP in Hospital Clinic
(30% MDR/XDR)

*Polymicrobial 1 25%

Other microorganisms
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Fungi
1%

S. aureus

Anaerobes
19%
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Gram negative bacilli

S. pneumoniae

13% 8%

Other Gram positive coccl
H. influenzae

8% 3%
P. aeruginosa
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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
associlated with higher mortality

 Microbes and resistances present a very high
variability
* Mortality of MDR/XDR/PDR HAP/VAP Is increased



N
«, Discovery, research, and development of new antibiotics:

_ the WHO priority list of antibiotic-resistant bacteria and
" tuberculosis

Evelina Tacconelli, Elena Carara™®, Alessia Savaldi*, Stephan Harbart b, Marc Menddson, Dominigue L Monnet, Céline Pulcing
U nnar Kahimeter, fan Kuyemans, Yefwdo Carmeli, Marc Quellette, Kevin Outterson, Jean Patel, Marco Cavaleri, Edward M Cooe, Cheis R Houchens,
M Lindsay Grayson, PoulHansern, Nalini 5ingh, Ursula Theuretzbacher, Nicala Magrin, and theWHO Pathogens Pricrity List Wiorking GroupT

MDR and extensively resistant Mycobacterium tuberculosis
Otherprioritybacteria

Priority 1. critical

Acinetobacter baurmannii, Enterococcus faecium, vancomycin
carbapenem resistant resistant

Pseudomonas aeruginosa, Staphylococcus aureus, methicillin
carbapenem resistant resistant, vancomycin resistant
Enterobacterales, carbapenem Helicobacter pylori, clarithromycin
resistant, resistant

third-generation cephalosporin Campylobacter spp.,

resistant 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

\ \ N Tacconelli E, et al. Lancet Infect Dis 2'018;18(3):318—/Q7.




WORLDWIDE ENTEROBACTERALES MECHANISMS OF
ANTIBIOTIC RESISTANCE

| KPC
Bl OXxA-48
B Mixed
|| IMP

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

1. Munoz-Price LS; et al. Lancet Infect Dis 2013;13:9:785-96; 2. Johnson AP and Wogdford 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.



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).

ICU-HAP
r=82

Martin-Loeches |, 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.
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Anke Kohlenberg Pneumonia associated with invasive
Frank Schwab

Michael Behnke and noninvasive ventilation: an analysis

Christine Geffers

Petra Gastmeier of the German nosocomial infection
Intensive Care Med (2010) 36:071-978 surveillance system database

DOT 10.1007/=00134-010-1863-z

Aetiology of VAP and NV-ICUAP

Miquel Ferrer
Antoni Torres

Intensive Care Med (2011) 37:1041-1042
DOTL 10.1007/s00134-011-21819

Comment on “Pneumonia
associated with invasive

and noninvasive ventilation:
an analysis of the German
nosocomial infection
surveillance system database”

According to patients with etiologic diagnosis only

HAP-noMV | HAP-IMV

N=583 N=4667

Enterobacteriaceae 218 (37%) | 1774 (38%) -

A. Kohlenberg
F. Schwab
P. Gastmeier

Non-fermenting GNB 139 (24%) | 1302 (28%) | 0.045
Staphylococcus aureus | 157 (27%) | 1222 (26%)
TE | e | o
.

Intensive Care Med (2011) 37:1043-1044
DOI 10.1007/s00134-011-2185-5

A close look at proportions
of pathogens associated
with pneumonia
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hospital-acquired pneumonia and ¢ ;- Reepir J 2017- 50- 17005872
ventilator-associated pneumonia

Algorithm for the empiric antibiotic treatment in HAP/VAP

HAP/VAP: assess risk for MDR pathogens and mortality

Low MDR pathogen risk and High MDR pathogen risk and/or
low mortality risk# >15% mortality risk

No septic shock Septic shock

Single Gram-negative
agent [if active for >90% Dual Gram-pseudomaonal
Gram-negative bacteria in coverage
the ICU) +MRSA therapy
+MRSA therapy

Antibiotic monotherapy:

ertapenem, ceftriaxone,

cefotaxime, moxifloxacin
or levofloxacin

High rates of MDR
Previous ATBs
Recent hospitalisation
#* Expected mortality <15% Previous colonisation by MDR



POTENTIAL PATIENTS AT RISK FOR POOR HAP/NVAP OUTCOMESSUMMARY OF

EUROPEAN AND AMERICAN GUIDELINES

EUROPEAN GUIDELINES (HIGH-RISK PATIENTS) AMERICAN GUIDELINES (RISK FOR MDR)
International ERS/ESICM/ESCMID/ALAT Guidelines ATS/IDSA Guidelines

For all types: HAP, VAP, MRSA and Pa:
* Prior IV antibiotic use within 90 days

Septic shock

Previous antibiotic use Additional risks for VAP:

: e * Septic shock at time of VAP
Recent prolonged hospital stay (>5 days of hospitalization)

. L : * ARDS preceding VAP
Previous colonization with MDR pathogen

_ _ _ _ _ « >5 days hospitalization prior to occurrence of VAP
Prevalence of resistant pathogens in local microbiological data

o)
LB * Acute renal replacement therapy prior to VAP onset

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
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Criteria

Previous antibiotic

use

>5 days of

hospitalization

Hospital settings
with high rates of

MDR pathogens

Previous
respiratory MDR

pathogen isolation

Presence at
diagnosis

401/507 (79%)

355/507 (70%)

423/507 (83%)

17/507 (3%)

Sensitivity
(95% Cl)
85%

(77% to 92%)

78%

(70% to 86%)

92%

(87% to 98%)

16%

(9% to 24%)

Do

Specificity
(95% ClI)
22% 35%

(18% to 27%)

32% 23%

(27% to 37%)

19% 23%

(15% to 23%)

(100% to 100%) | (97% to 100%) | (79% to 86%)

(31% to 40%) | (78% to 92%) | (0.99 to 1.20) | (0.42 to 1.11)

(19% to 28%) | (79% to 91%) | (1.02 to 1.30) | (0.46 to 1.01)

(19% to 27%) | (84% to 97%) | (1.06to 1.22) | (0.20 to 0.81)

0.84

(0.77 t0 0.91)

PPV NPV LR+ LR- AUC
(95% Cl) (95% Cl) (95% Cl) (95% Cl) (95% Cl)

0.54

(0.48 t0 0.60)

0.55

(0.49 to 0.61)

0.56

(0.50t0 0.62)

0.58

(0.52 to 0.65)




Clinical Infectious Diseases

IDSAGUIDELINE

f America  hiv medicine association &

Clinical Infectious Diseases® 2016:63(5):575-82
Management of Adults With Hospital-acquired and

Ventilator-associated Pneumonia: 2016 Clinical Practice
Guidelines by the Infectious Diseases Society of America

and the American Thoracic Society

Andre C. Kalil,"* Mark L. Meterskgr,;"a Michael KIompas,"“John Muscedere,® Daniel A. Sweene\r,ﬁ LucyB. Palmer,” Lena M. Napulitz-mu,a Naomi P. O'Grady,s
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Grant W. Waterer,” Peggy Cruse® Shandra L. Knight® and Jan L. Brozek?'

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

A. Gram-Positive Antibiotics With B. Gram-Negative Antibiotics With
MRSA Activity Antipseudomonal Activity: f-Lactam—-Based Agents

Glycopeptides® Antipseudomonal penicillinst’
Vancomycin 15 mg/kg IV g8-12h Piperacillin-tazobactam 4.5 g IV g6h®
(consider a loading dose of 25-30
mg/kg x 1 for severe iliness)

OR OR

Oxazolidinones Cephalosporins®
Linezolid 600 mg IV g12h Cefepime 2 g IV g8h
Ceftazidime 2 g IV g8h

OR

Carbapenems®
Imipenem 500 mg IV g6h®
Meropenem 1 g IV g8h

OR

Monobactams'
Aztreonam 2 g IV g8h

C. Gram-Negative Antibiotics With Antipseudomonal
Activity: Non-p-Lactam—Based Agents

Fluoroguinolones
Ciprofloxacin 400 mg IV g8h
Levofloxacin 750 mg IV g24h

OR

Aminoglycosides®*
Amikacin 15-20 mg/kg IV g24h
Gentamicin 5-7 mg/kg IV g24h
Tobramycin 5-7 mg/kg IV g24h

OR

Polymyxins®*®
Colistin 5 mg/kg IV x 1 (loading dose) followed by 2.5
mg x (1.5 x CrCl + 30) IV g12h (maintenance dose) [135]
Polymyxin B 2.5-3.0 mg/kg/d divided in 2 daily IV doses




New Antibiotics for GNB HAP/VAP

New Antibiotics for HAP and vAP

Bassetti et al.

Table 1 MNew molecules FDA and EMA approved for the treatment of hospital-acquired pneumonia and wventilator-associated

pneurmonia

Drug

Spectrum

Labeled indications

Approved dosage for
the treatment of
HAP[VAP

Ceftobiprole

Nonextended spectrum
B-lactamase. non-AmpC
and non-carbapene-
mases-producing Entero-
bacterales, P. aeruginosa,
MIRSA

EMA: HAP excluding VAP,
CAP, ABSSSI

500 mg every 8 h by IV
infusion over 2 h

Cefrtazidime-avibactam

ESBL, KPC, AmpC, and
some OXA (e.g., OXA 48)
producing Enterobacter
ales, MDR P aeruginosa,
MDR A. baurmannii

FDA: HAP/WAP, cUTIs,
clAlds

EmMA: all those infections
due to aerobic gram-
negative organisms with
limited treatment
options

of ceftazidime and
g of avibactam ewvery
by IV infusion over 2 h

g
.5
h

Ceftolozane-tazobactam

ESBL-producing Entero-
bacterales, MDR P. geru-
ginosa, some anaerobes,
Streptococcus spp.. NMSSA

FDA: HAP/WAP, cUTIs,
clAls
EMA: HAP/WAP, cUTIs,
clAls

2 g of ceftolozane and 1 g
of tazobactam ewvery 8 h
by IV infusion owver 1 h

Meropenem-vaborbactam

ESBL, KPC, AmpGpro-
ducing Enterobacterales,
non-MDR P. aeruginosa.
non-MDR A. baumannii,
Streptococcus spp.

M SSA

FDA: cUTI, including py-
elonephritis.

ErnA: cUTI (including py-
elonephritis)., HAP, VAP,

clAl, and infections due

to aerobic GMNB with lim-
ited treatment options

of meropenem and
of vaborbactam every
by IV infusion over 3 h

Imipenem-relebactam cilastatin

ESBL. KPCGproducing
Enterobacterales, MDR P
aeruginosa, Streptococcus
spp.. MSSA

FDA: HAPWAP. clAl, cUTI;
ErnA: infections due to
aerobic GMNB with limited
or no other therapeutic
options

500 mg of imipeneim;
500 mg of cilastatin, and
250 mg of relebactam
administered by IV infu-
sion every 6 h over 30
min

Cefiderocol

ESBL, CRE (class A, B, and
D enzymes), CR P. aeru-
ginosa. 5. maltophilia, A.
baumanmnii, Streptococcus

spp.

FDA: cUTI, HAP/WVAP
EmMA: infections due to
aerobic GMNB with limited
therapeutic options

2 g every 8 h by I'V infu-
sion over 3 h

Abbreviations: ABSSSI, acute bacterial skin and skin structure infections:; clAl, complicated intra-abdominal infection: CRE, carbapenem-resistant
Enterobacterales; cUTI, complicated urinary tract infection; EMA, European Medicines Agency: ESBLs, extended-spectrum B-lactamases: FDA, Food
And Drug Administration: GNB. gram-negative bacteria: HAP, hospital-acquired pneumonia: IV, intravenous; MBL., metallo-B lactamase: MRSA,
methicillin-resistant Staphylococcus aureus; MSSA, methicillin-susceptible Staphylococcus aureus; OXA, oxacillinase:; VAP, ventilator-associated

pPneumonia.




Suggested treatments for carbapenem-resistant
Enterobacterales, multidrug-resistant Pseudomonas
aeruginosa, and multidrug-resistant Acinetobacter baumannii
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Bassett M, Garau X. . J Antimicrob Chemother 2021; 76 - w2337



Treatment Faillure

* 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



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

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



Follow-up Cultures

507 patients with ICU-AP

204 patients with HAP excluded

303 patients with VAP

146 patients excluded:
47 no pathogen isolation in TBAS at day 1
6 isolation of different pathogens in different
samples collected at the same time-point
93 patients without TBAS at day 3 (24 weaning

before day 3, 4 death, 45 lack of secretions,
157 patients included

20 other causes)

Group 1 Group 2 Group 3
(persistence) (superinfection) (eradication)
(n=6T7) (n=25) (n=65)
TBAS1=TBAS2 TBAS1%TBAS2 TBAS2 negative

FIGURE 1 Participant flowchart. ICU-AP: intensive care unit-acquired pneumonia; HAP: hospital-acquired
pneumonia; VAP: ventilator-associated pneumonia; TBAS: tracheobronchial aspirate (TBASl=at admission,
TBAS2=at 3-5 days).

Shareable abstract (QERSpublicatons

Folloneup cultures on day 3 after a VAP diagnosis can help the clnician stratfy patients. Those
natients who present early with superinfection have worse ICU mortality, worse S0-day mortalty
and require more days of mechanicalventilaton, hios, ity ZWSwFLK

Cite this artice as: Ceccato A Dominedo C, Ferer M, ef o, Predicion of ventlatorassocited
pneumonia outcomes according to the earl m|cr0h|olog|cal fesponse:  fetrospective obsenvational
sfudy. Eur RespirJ 2022; 59: 2100620 D00 10.L183/13993003 00620- 201,
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Early Predictors of 28 day Mortality

Mortality at day 28

—— Alive
—2— Dead 10
p<0.001 p<0.001 p<0.001

& & "%

Figure 1. Evolution from day 1 to day 5 of the Clinical Pulmonary Infection Score (CPIS), Sequential Organ
Failure Assessment (SOFA) score, and the ratio of arterial oxygen tension to Pao_/Fio, accordingly to mortality
at day 28 in patients with ICU- acqmred pneumonia. The results are expressed as mean + sem. Closed circle

alive; open circle = dead.
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Short vs Prolonged Course of Antibiotics

Preumonia Recurrence: NF-G\R Only'VAP and Randomized Studies: Short vs. Prolonged Course

Studyname Statistics for each study Recurrence/ Total Qxds ratio and 95% Cl

Qdds Lower Upper Short Fixed Prolonged
rdio limt limt Pvalue Course Course

The fourth and final study included by the

Totd

CresteX(B(Frace) 201 94 48 7 B/ed B/ L/ | —m— panel in the meta-analysis was a prospective,
Medina 2007 (Uruguay) 22 7B 9® A2 12/ 5/2 17/49 L . .
qur:-mmqmga) 17 ¥ 9% o 2/ 14 2016 4/ = Open-|abe| trial by Capelller et al of 225
Capellier 2012 (France) 2 16 160 5 13/42 8/17 21/ H : _ H
o % s o st s + pet 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.

Odds Lower Upper Fixed Prolonged
Study ratio  limit limit p-Value Course Course Total

Chastre 2003 201 094 423 0.07 26/64 16553 «n

Medina 2007 &7 078 .52 012 1221 5722 17/49

Fekih-Hassen 2009 147 014 9538 0.83 214 216 4730

Summary 207 111 383 0.02 40M05 23N 611206

Owen R. Albin, et al CID 2023



Comparison of 8 versus 15 days of antibiotic therapy for

Pseudomonas aeruginosa ventilator-associated pneumonia in
adults arandomized, controlled, open-label trial

196p atients wilh" d
entilo ated pneumonia were included

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

[

190 patients were randomized l

4 Excluded

> 2 under guardianship
2 declined to participate

[ l 35.2% (N = 31/88) in the 8-day group (difference 9.7%, 90%
e B confidence interval (Cl) -1.9%-21.2%). The percentage
of recurrence of PA-VAP during the ICU stay was 9.2% in the 15-day
5 Discontinued intervention 2 Discontinued intervention ‘ group Ve rsus 17% in the 8-day group' The tWO
12 Prolongation of intervention Nl > 16 Prolongation of intervention . . . . . .
i i groups had similar median days of mechanical ventilation, of ICU
J J stay, number of extra pulmonary infections and
B e e e e el acquisition of multidrug-resistant (MDR) pathogens during ICU stay
14 Excluded from analysis
18 Excluded from analysis > {wrongly Inckided) . . . . . . .
(wrongly incuea) <] 71 Teeemmenest | Despite randomization, there were notable differences in some clinically
tibiotic duration)
v v relevant markers of illness at baseline between the two arms. Therefore,

80 were included
in the per protocol analysis

72 were included
in the per protocol analysis

post hoc adjusted analyses were performed on these 2 populations and the
differences between arms became slightly more pronounced (ITT 12.5%,
90% Cl: 1.3-23.6; PP 16.3% 90% Cl: 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
Bougle A et al ICM 2023 group (HR 1 37, 90% CI 0 81-2. 33) and recurrence rates were 9.2% and




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
alrways but not in lower airways

he role of NB antibiotics needs to be reconsidered
ooth in treatment and in the prevention of VAP




Piglet Animal Model of VAP




Inhaled Amikacin to Prevent Ventilator-Associated Pneumonia
Ehrmann Setal. DO 10.1056/NEjMoa2310307

CLINICAL PRO@LEM

¥ bal ‘ Iev > b0 Ventiator-Associated
Ventilator-associated pocumonia is the most frequent SRl SERSICut Pnewmonia (VAR]

presencation of hospital-acguired infec n of the
.(I'A'El' l'l!\rllmf()l’y trace. Mu:r(la\pl ons .ll'l)lll'lli l’h(?
trachcal-cube cuft and the formation of biofilm can
lead 10 progressive bacterial spread in the racheo-
branchial tres, ultimarely leading to pneumonia.
Inhaled antibioric therapy cnables delivery of very
high antibiotic concentrations @a the rracheabronchial
tree, lung parenchyma, and tracheal-tube biofilm.
Whether preventive inhaled antibictics may reduce
the incidence of ventilator-associated pncumonia
is unclear.

CLINICAL TRiaw

Design: A multicenter, double-2lind, randomized,
placebo-cancrolled trial in France sxamined the
efficacy and safery of inhaled am n in crivically
i1l adults who had undergone invasive moechanical
ventilation for 272 hours.

Intervention: 347 paticents were randomly assigned 1o
receive inhaled amikacin at a dose of 20 mg per kilo-
gram of ideal body weight or placebo ance daily for
3 days. The primary ourcome was & first cpisodc of
ir-associated ppeurnonia thraough day 28
Dixpx simvoe Intubation

RESULYTS
Trialk Related Serious Adverse Effocts

Efficacy: Ar 28 days,. ventilator-associated pneumonia
had developed in fewer patients in the amikacin
group than in the placebo group.

Safewy: Trial-related serious adverse effects were seen
in 7 patients in the amikacin graoup and £ patsents in

the placebo group.

LIMITATIONS AND RFMAINING QUESTIONS

= The trial was not powered to investigate other
patientcentered outcomes., such as death or length
of stay in the ICU and hospical.

w The trial was also not powered to detect whether
reventive inhaled antibiogics could reduce the use CONC"USIONS
< vstemic antibiotics to limic antibiotic-resis e mgcﬂhl&m mwholudmﬂagnnemeduni
sclcction prossure. cal ventilation for more than 3 days, a subsequent S-day
‘course of inhaled amikucin reduced the burden of

associated mﬂm 28 chy: of follow-up.
Links: Full Article | NEIM Quick Take E




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
n COVID 19 patients treated with steroids

. Torres, A. et al.. 63
. Dequin, P.-F. et al. Hydrocortlsone in Severe Community-Acquired Pneumonia. New Engl J Med 388, 1931-1941 (2023).
. Villar, J. et al. Dexamethasone treatment for the acute respiratory distress syndrome: a multicentre, randomised controlled trial. Lancet Respir Medicine 8, 267—276 (2020).

. 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
. 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-




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

Chaudhuri et al

TABLE 1.
Summary of Recommendations

Recommendation Strength,
Recommendations Quality of Evidence

Septic shock
1A. We “suggest” administering corticosteroids to adult patients with septic shock Conditional recommendation, low
certainty evidence

1B. We “recommend against” administration of high dose/short duration cortico- Strong recommendation, moderate
steroids (> 400 mg/d hydrocortisone equivalent for less than 3 d) for adult certainty evidence
patients with septic shock (strong recommendation, low certainty)
Acute respiratory distress syndrome
2A. We “suggest” administering corticosteroids to adult hospitalized patients with  Conditional recommendation,
acute respiratory distress syndrome moderate certainty evidence
Community-acquired bacterial pneumonia

3A. We “recommend” administering corticosteroids to adult patients hospitalized Strong recommendation, moderate
with severe bacterial community acquired pneumonia certainty evidence




THE HAP-DEX STUDY

Phase Il double blind placebo-controlled multicenter study in Europe
Adult patients (18yr to 85yr)

Iélé)ls%i_tal-acquired pneumonia (HAP) according to European guidelines (Torres et al. Eur Respir J

HAP severity defined as a PaO2/FiO2 ratio < 200.
Biological systemic inflammatory response defined as CRP 2 150 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*.day? 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
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NON-ANTIBIOTIC TREATMENTS: PHAGES

What ‘ar'e,’bacteriop,_hages?

The phage population is vast

_Phages are VIruses that 3

i « 10%-107 phage particles/ml
; 'jj.?_f'*;';'nfecuk'” baCte”a . « 103! phage particles in biosphere
~ »"Host- de endent re I|cat|on N :
. A p p N « 5:1-10:1 phage:bacteria
o “Lytlc Or temperate _ _
S « 1023 phage infections per second

By 'Populatron |s vast dynamlc,3f e
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Bacteriophages Improve Outcomes in
Experimental MRSA VAP

—4 Surgery + ventilation

0 MRSA inoculation
2 12 24

Therapy..----«s-- dremenenens R —— Fecesnrsensnsnannennas R —
Blood -90C: somrummaanpuns I sserasmmRRe IR R SR AR e SRS X

* Phage cocktail (n=4 phages), intravenous

-e- Control
-#- Phage
-+ Teicoplanin

¥ Rhage + Islca * Similar survival rates between Phage (58%),
Teicoplanin (50%) or Phage+Teico (45%)
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Time (hours Josef Prazak, Am J Respir Crit Care Med 2019




Inhaled bacteriophage therapy in a porcine model of
pneumonia caused by Pseudomonas aeruginosa
during mechanical ventilation

E

g 1.0x10% Phage cocktail (n=5 phages) 2 and 11 h

E 1.0x10% ! W Control after bacterial challenge, by inhalation

G 1.0x10%: [_1]: Inhaled phages

0 1.0x100 : After 21 hours of MV phage treated

© ' X animals: 1.5 log CFU/mL in lung tissue and
g 1.0x1003; g BAL

o

> 1.0x10%2

b; 1 0%1001 : i:Tissue = Right caudal lobe Large amounts of phages into the lungs and in
g “BAL areas of pneumonia with loss of aeration

2 1.0x10% - —

& Tissue BAL Serum Urine

Guillon A, Br J Pharmacol. 2021



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 faillure 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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