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What for ?




Optimized antimicrobial therapy to solve the problem ?

Empiric antimicrobial therapy for

ventilator-associated pneumonia after ATS/IDSA criteria® Simplified score
brain injury
Learning cohort
. . Sensitivity % 100 84
Roquilly et al Eur ResjJ 2016 b] 100 Specificity % 18 74
ES Positive predictive value % 19 38
g 80 Negative predictive value % 100 96
Enrolled: brain-injured patients with VAP Enrolled: burn patients with VAP E POSItIYe m_(ellhOOd ratl? 1.2 32
n=631 n=221 2 40 Negative likelihood ratio 0.0 0.2
‘ = AUC 0.735 0.822
I ] E lsf?gg/][a”;gg] Validation cohort
Learning cohort Validation cohort Extrapolation cohort 2 40 C° - SenSitiVity % 100 83
n=379 n=252 n=221 £ Specificity % 19 71
Z 2 Positive predictive value % 20 37
< n=10 n=7 Negative predictive value % 100 96
Susceptible Resistant Susceptible Resistant Susceptible Resistant (4.1%) [4.5%] Positive likelihood ratio 1.2 2.9
n=317 (83.6%| n=62 (16.4%] n=210 (83.3%) n=42 [16.7%) n=166 (75.1%) n=55 (24.9%] 0 _— Negative likelihood ratio 0.0 0.2
No factor VAP >day 10 AUC 0.762 0.805
and/or
Ab 248 h
Clinical evaluation of the BioFire Respiratory Pathogen Panel for the
guidance of empirical antimicrobial therapy in critically ill patients
with hospital-acquired pneumonia: A multicenter, quality
improvement project
Poulain et al. ACCPM 2024
Baseline period Intervention period p-values
No. of patients (n=) 220
Jl.l\.\.l.l wiiiL wi LllllJlll\.Cll QLiILViIlllIVIVIIAL Lilv) CllJ_y, J’L.‘l, 1Y, km}
Efficient™ 163 (84.9%) 152 (85.9%) 0.72 7
Unnecessary broad spectrum *** 55 (27.8%) 58 (32.6%) 0.31
Optimal **** 111 (57.8%) 95 (54.0%) 0.46 }
Antimicrobial treatment modification after rapid multiplex PCR bacterial identification *, yes, N, (%) 3 (1.3%)" 22 (10.1%) 0.0001
HAP Recurrence on day 28, yes, N (%) 14 (6.3%) 22 (10.3%) 0.1354



Optimized antimicrobial therapy to solve the problem ?

A multifaceted strategy to optimize pharmacokinetics of antimicrobial Pre-intervention  Intervention

therapy in patients with _hos-pital-acquired infections—a monocentre group group p
quality improvement project N=58 N=140 values
Continuous intravenous Not recorded 30 (21.4%) /
Lagarde et al. JAC 2023 fusion, N (%)
Therapeutic drug 12 (20.3%) 83 (58.6%) <0.0001

monitoring, N (%)
Target achievement, N (%)

Meet the targets 6 (50%) 40 (48.2%) 0.51
Under-dosage® 3 (25%) 14 (16.9%) 0.49
Overdose® 2 (16.7%) 28 (33.7%) 0.23
Dose adaptation of 3 (5.2%) 17 (12.2%) 0.13
antimicrobial therapy,
N (%)
Increase of the daily 1 (1.7%) 5 (3.6%) 0.49
dose
Decrease of the daily 2 (3.5%) 12 (8.6%) 0.20
dose
De-escalation of the 3 (25%) 20 (24.1%) 0.94
spectrum after bacterial
identification, N (%)
Pre-intervention group Intervention group Adjusted hazard
N=58 N=140 ratio (95%CI)
Secondary outcomes P values
Treatment failure, N (%) 22 (37.9) 36 (25.7) 0.07
Relapse 11 (18.9) 18 (12.8) 0.28
Recurrence 11 (18.9) 18 (12.8) 0.21
Duration of invasive mechanical ventilation, days, mean (SD) 21 (29) 1§ (16) 0.15

ICU length of stay, days, mean (SD) 32 (35) 25 (22) 0.39°




Treatment failure : a worldwide matter

VARIABLE SELECTION PATHOPHYSIOLOGICAL MODEL VALIDATION
MECHANISMS on independent
cohort

PNEUMOCARE MARS ENIRRI ATLANREA IBIS VITAL

France Netherlands International France France International
n=1856 n=1351 n=1062 n=823 n=533 n=726

ICU HAP patients ICU HAP patients ICU HAP patients ICU HAP patients
n=511 n=1351 n=900 n=401

Missing data management (removal and imputation)

ICU HAP/VAT patients
n=280

ATLANREA-matched‘\
cluster phenotypes
n=187

N

. . ) . .
For microbiome and For microbiome and

For cluster and For cluster and For cluster and For cluster and For cluster and

cytokine analyses cytokine analyses
model-based model-based model-based model-based on cluster phenotypes|| on model-based model-based
phenotypes phenotypes phenotypes phenotypes phenotypes phenotypes
n=490 n=1341 n=768 n=348 n=105 ) h=60 n=490

Martin FP et al Intensive Care Med 2025



Treatment failure

: a worldwide matter

PNEUMOCARE
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An incomplete understanding of the pathophysiology ?

Ceftazidime-avibactam versus meropenem in nosocomial
pneumonia, including ventilator-associated pneumonia

(REPROVE): a randomised, double-blind, phase 3
non-inferiority trial

Torres et al. Lancet Infect Dis

Patients wit‘ clinical cure kclinically evaluable population)

Patients withl favourable microbiological response*
(extended m

Ceftazidime- Meropenem % difference (95% Cl) Ceftazidime- Meropenem % difference (95% Cl)
avibactam (n=257) (n=270) avibactam (n=125) (n=131)
Enterobacteriaceae
Klebsiella pneumoniae 31/37 (83-8%) 39/49 (79-6%)  42(-13-49t020:50)  29/37 (78-4%) 39/49 (79-6%)  -12 (<19-60to 15-96)
Enterobacter cloacae 20/21 (95-2%) 7/11(63-6%) 31-6 (479 to 61-30) 18/21 (85-7%) 7/11(63-6%) 221 (-8-07 to 53-69)
Escherichia coli 8/11 (72:7% 14/18 (77-8%)  -51(-39-26t025:79)  10/11(90-9% 16/18 (88:9%)  2-0(-29-11t0 26-44)

Proteus mirabilis
Serratia marcescens

Enterobacter aerogenes

11/13(100-0%)

10/12 (o

167 (-45581019-48)

2/5(40-0%

4/6 (66:7%) 26:7 (-31-92t070-73) 5/6 (83-3%)

Gram-negative pathogens other than Enterobacteriaceae

Pseudomonas aeruginosa
Haemophilus influenzae
Gram-positive aerobes

Staphylococcus aureus

27142 (64-3%)
10/11(90-9%

27/35 (77-1%) 442-8-(-32-2-5@-2-01)—»18/41 (42:9%)
)

11/13 (84-6%)  6-3(-26-19t036-09)  11/11 (100-0%

11/14 (78-6%)

5/14(35-7%)

14/35|(40-0%)

12/13 (92:3%)

17122 (77-3%)

6-8 (-30-73 t0 46:51)
125 (-27-47 t0 51-82)
23-3(-31:30t0 68-33)

2.9 (-19-13t0 24-32)
7.7 (-20-08 to 34-00)

~41-6 (-67-04 to -8-36)




Dysbiosis, a refined concept of mucosal infection physiopathology

B Functional microbiota Altered microbiota

Stimulatory‘\‘
cytokines Critical illness-related
: immunosuppression
Host factors
(Immunity, diet, metabolism)

Symbiosis Dysbiosis

Roquilly et al. Lancet respir Med 2019




Respiratory microbiome and pneumonia




Respiratory microbiome alterations in ICU patients

Robust airway microbiome signatures
inacuterespiratory failureand
hospital-acquired pneumonia

https://doi.org/10.1038/541591-023-02617-9
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Respiratory microbiome alterations associated with HAP

T O Critically ill pattients with HAP

O Critically ill patients wihtout HAP

Differentially abundant features
showing top 50 features Significance Fold change Feature AUCs
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Human readable sighature
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Effects of a single commensal bacterial taxa as a proof of concept
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How does it work ?

Streptococcus mitis (ATCC 49456) supernatant affects E. coli K-12

E. coli K12 culture
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How does it work ?
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Metabolic activity of S. mitis is key
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Proposed innovative therapeutical solution

Commensal-derived
molecules

Probiotic cocktail (dead ?) @f
Streptococcus mitis Respiratory microbiota
+ other (??) . transplant

Associated with metabolites
Lactate acid
+ other (??)

Roquilly et al. Lancet respir Med 2019



Microbiome enrichment to boost immunity

Proof of concept in humans
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Microbiome failure
Proof of concept in humans

Current evidence on hospital antimicrobial stewardship

Stusdy o subgrovp Experimental Cantrol Weight Odels ratio (95% C1)
objectives: a systematic review and meta-analysis Everts Tod  Evenbs Toad
Emelie C Schuts, Marlies E ) L Hulscher, Jahan W Mouton, Cees M Verduin, James W T Cohen Stuart, Hans W P M Overdiek, Paul D van der Linden, Arncid et a (2005) &r 975 1 &G0 55% G40 (0 30-0:55)
Stephanie Natsch, Cees M P M Hertogh, Tom FW Wolfs, Jeroen A Schouten, Bart Jan Kullberg, Jan M Prins Asack ot al (2013) 31 1506 ] 6oy 57% —— 068 (0-53-0-89)
Banscdel ot [ 200) 4 73 4 5 11% 007 (001-0-38)
Biladi et al (20O0E) lerg 1092 FET ) 1755 58w —— 071 | 055-0-90)
Damibrava ot al (3009) 20 531 13 111 34% —— 030 (0-14-061)
Dean et al (2006) ] a 1] a Mot sstimable
Diazet al (2003} | 196 1 145 1% e 1-33(112-4-85)
Ewiget al (2000} 10 170 5 62 21% L 071{023-217)
Feerrer ot al (2010) Lt ] 160 45 116 4-0% —— 080 (0-49-1.30)
Fred ot al {7006) fa 53 b 5 1-8% — -4 040 (0-12-141)
Fred et.al (20100 11 357 1% e 3% —_— 043 (0-20-091)
Galacuiyk et al | 2008) n 38 ¥ 50 3% ——— D7 (0-13-057)
Garcia of al (2007} F1 96 40 (2] 3B% e 076 (0-41-141)
Grenier et o (2011) 86 1557 104 1057 Gb% . 53 [0:35-0-T1)
Homn et al (2007) 5 262 1% a9 7%  E— 1-84 (0-96-3-53)
Huijts et al (2013) ] a7 a B4 Mot estimable
Huven t-Grelle et al (2004) 17 64 1 48 2-8% R 1-22 {0-51-2-90)
Eett etal (2011) 84 129 137 174 4% e 050 (0-30-0-84)
Malons et al (2001) o mg a 1 Mot estimable
Mangs et o (1998) 4 ot ] 7 5l 17% b S 085 (D-35-2-11)
. — i SR
Total (95% Cl) 13228 8717  100-0% < 0-65 (0-54-0-80)
Total events 1163 1075
| 1 | |
0-005 01 1 10 200
H ity: T =8 df =6 i
eterogeneity: U'=0-15; y'=83-52, df=29 (p<0-00001); I'=65% Favours experimental Favours control
Test for overall effect: Z=4-27 (p<0-0001)
Wilke et al [2011) n 44 7 ] 1% R 1-30{0-44-3-84)
Total [95% ) i3r28 8y 100 r.r 065 (054 -0-80)
Total seenis 1163 WS
1 L 1 1
0005 o1 1 10 00
—_—

Heterogensity: t'=0-15; 7' =E3.52, df=29 {po000001 ); F=65%
Test for everall effect: 7=4-27 (po0-0001)

Fawours experimental

Favouars control




Immune therapy and pneumonia




Immune pathophysiology and sepsis

Current gaps in sepsis immunology: new opportunities for @ ®
translational research B

Ignacio Rubio, Marcin F Osuchowski, Manu Shankar-Hari, Tomasz Skirecki, Martin Sebastian Winkler, Gunnar Lachmann,

Paul La Rosée, Guillaume Monneret, Fabienne Venet, Michael Bauer, Frank M Brunkhorst, Matthijs Kox, Jean-Marc Cavaillon, Florian Uhle,
Markus A Weigand, Stefanie B Flohé, W Joost Wiersinga, Marta Martin-Fernandez, Raquel Almansa, Ignacio Martin-Loeches, Antoni Torres,
Evangelos | Giamarellos-Bourboulis, Massimo Girardis, Andrea Cossarizza, Mihai G Netea, Tom van der Poll, André Scherag, Christian Meisel,

Joerg C Schefold, Jesus F Bermejo-Martin
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Interferons — off the shelf drugs for sepsis

(165 © 1997 Nature Publishing Group http://www.nature.com/naturemedicine

ARTICLES
Box 3 | Clinical uses of interferons
| Monocyte deactivation in septic patients:
Interferons (IFNs) have been used in various clinical settings®'**'*, The diseases or Restoration by [FN-y treatment
syndromes in which different IFNs have shown clinical activity are summarized here. e
IFN-o D Amrt, Pean Rom’, 1ok Diran Vit woLkamme Kone
Haematological malignancies. Chronic myeloid leukaemia | cutaneous T-cell
lymphoma | hairy-cell leukaemia | multiple myeloma 90 1
Solid tumours. Malignant melanoma | renal-cell carcinoma | AIDS-related Kaposi’s + 6
sarcoma
Viral syndromes. Hepatitis C | hepatitis B | severe acute respiratory syndrome [
60 - .
Multiple sclerosis ot g
=) §
IFN-y 3 z
. . . . T 30 ¢ L 2 —
Chronic granulomatous disease | severe malignant osteopetrosis
. —_—— M & . 3 _— e & - u JL
Platanias, Nature Rev Immunol 2005 0 A A A A A A A A 0
= PERSISSSRIRS
I =T ™M~
- v = N NNN

Nature Med 1997




Anti-interferon signalling drugs — off the shelf drugs for sepsis

Table 1| Progress with Janus kinase inhibitors for autoimmine, allergic and inflammatory diseases

Indication Approved In phase lll or IV trials® In phase Il trials®

Rheumatoid arthritis Tofacitinib; baricitinib; NA Ritlecitinib (NCT02969044)
peficitinib; upadacitinib;
filgotinib

Polyarticular juvenile idiopathic ~ Tofacitinib Baricitinib (NCT03773978) NA

arthritis

Systemic juvenile idiopathic NA Tofacitinib (NCT03000439); NA

arthritis baricitinib (NCT04088396)

Atopic dermatitis Baricitinib; abrocitinib; Upadacitinib (NCT03569293); Tofacitinib (NCT02001181); gusacitinib
topical delgocitinib topical ruxolitinib (NCT03745638)  (NCT03531957); brepocitinib (NCT03903822)

Tanaka, Nature Rev Rheumatology 2022

Potential teratogenicity
Avoid during pregnancy and breastfeeding

Compound  Selectivity Status Increase of serum creatinine levels Increase of LDL and HDL levels
Crohn’s disease Ulcerative colitis Obtain serum creatinine level at baseline and Obtain lipid profile 4-8 weeks after initiation
Tofacitinib JAKL, JAK3 Development halted Approved every 12 months thereafter ‘ i and every 6 months thereafter
Filgotinib JAK1 Phase lll recruiting Phase Ib recruiting J
:.JAFE;E_lr(iI:tg:Lt)inib JAK1 Phase lll recruiting Phase lll recruiting Herpes zoster and other ) hJﬁK o Cytopenia}
opportunist infections inhibitors * Avoid with haemoglobin level <90g/l,
Peficitinib JAK1,JAK2(?),JAK3, NA Phase Il completed * Higher risk if multiple lymphocyte count <500 cell/mm?

(NJ-54781532, TYK2 . S ’ "™ __ orneutrophil count <1,000 cells/mm?
ASP015K) immunosuppressants are used % p

p}
* Screening of active and latent

./ 1 e Complete blood count at baseline,
TD-1473 JAK1, JAK2, JAK3, Phase Il recruiting Phase IIb/lll recruiting infections and vaccination 4-8 weeks after initiation and
intestinally restricted when applicable / \ I every 3 months thereafter

PF-06651600  JAK3 Phase llarecruiting ~ Phase Il recruiting

PF-06700841  JAK1,TYK2 Phase llarecruiting  Phase Il recruiting Increase of creatine kinase levels Increase of transaminases

IBD, inflammatory bowel disease; JAK, Janus kinase; NA, not applicable; TYK, tyrosine kinase. Obtain serum creatine kinase level at Obtain AST and ALT levels at baseline, 4-8 weeks after
baseline and every 3 months thereafter g initiation and every 3 months thereafter

Salas, Nature Rev Gastroenterol 2020

Thomboembolic events
* Avoid if cardiovascular risk factors are present
* Reduce dose if possible




Boosting tolerance or immunity ?

Disease Tolerance as a Defense Strategy
Ruslan Medzhitov, et al.

Science 335, 936 (2012);

DOI: 10.1126/science.1214935

Host fithess

Pathogen burden




Epigenetic reprogramming of myeloid cells in ICU, immunosuppression
or hyper-reactive trained immunity ?
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Type | Interferon for severe infections

Efficacy of interferon beta-1a plus remdesivir compared with
remdesivir alone in hospitalised adults with COVID-19:
a double-blind, randomised, placebo-controlled, phase 3 trial

Andre C Kalil, Aneesh K Mehta, Thomas F Patterson, Nathaniel Erdmann, Carlos A Gomez, Mamta K Jain, Cameron R Wolfe,
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E
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.g 0-25 —— Placebo plus remdesivir
S — Interferon beta-1a plus remdesivir
2 Rate ratio 0-99 (95% Cl 0-87-1-13); p=0-88

0 T | T | T T |
0 4 8 12 16 20 24 28
Number at risk
(number censored)

Interferon beta-1a 487 337 143 69 54 44 41 39

plus remdesivir  (12) (14) (14) (14) (14) (14) (14) (53)
Placebo plus remdesivir 482 334 139 84 47 38 29 24
8) 8) (8) (8) 8) (8) @ (32

Sex
Male

Female

Baseline clinical status ordinal score

4
5
6

Overall

266
216

68
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34
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297
190

84
368
35
487
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T T TTT1T]
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Recovery rate ratio
+— —>
Favours placebo Favours

interferon
beta-1a

0-93 (0-78-1-10)
1.05 (0-86-1-29)

0-98 (0:70-1-36)
1.05 (0-90-1-22)
0-40 (0-22-0-75)
0-99 (0-87-1-13)

0-71
0-73

0-89
0-54
0-0031
0-88




Type |l Interferon for the prevention of hospital-acquired infections
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Interferon-gamma group Placebo group Adj. OR (95% CI)*

Adj. HR (95% CI)®
or Adj. Difference
(95% ClI)
Primary outcome: HAP or all-cause mortality on day 28, n/N (%) 26/55 (47.3) 16/53 (30.2) 1.76 (0.94-3.29)
Components of the primary outcome, n/N (%)
All-cause mortality at day 28, yes 7/55(12.7) 9/53 (17) 0.68 (0.25-1.85)
19/55 (34.5) 8/53 (15.1) 2.06 (0.92-4.57)

HAP, yes

This project has received funding from the European Union’s Horizon 2020 research @

and innovation programme under grant agreement No 847782. H A ,P 2




Anti JAK kinase inhibitor and COVID-19 pneumonia

100 — Usual care
7 —— Baricitinib
20
Baricitinib in patients admitted to hospital with COVID-19 Age-adjusted rate ratio 0-87 (0-77-0-99)
. =0.028
(RECOVERY): a randomised, controlled, open-label, platform P
trial and updated meta-analysis
l —
RECOVERY Collaborative Group* >
5
f
£
£ 10
=
5 —
0 T T T |
0 7 14 21 28
Number at risk Time since randomisation (days)
Baricitinib 4148 3940 3774 3667 3604
Usual care 4008 3787 3610 3497 3438
Use of corticosteroids (x?=0-7; p=0-42)
Yes 488/3962 (12%) 523/3809 (14%) - 0-86 (0-76-0-98)
No 25/183 (14%) 22/197 (11%) 1-09 (0-62-1.92)
All participants 514/4148 (12%) 546/4008 (14%) — 0-87 (0-77-0-99)
p=0-028
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Anti JAK kinase inhibitor and COVID-19 pneumonia

Baricitinib in patients admitted to hospital with COVID-19
(RECOVERY): a randomised, controlled, open-label, platform

trial and updated meta-analysis

RECOVERY Collaborative Group*

Deaths/patients

Observed minus expected deaths

Rate ratio of

0-25

05 1.0 2:0

——

Favuors JAK inhibitor

—>

40

Favours control

randomly assigned (%) death rates (95% Cl)

JAK inhibitor group Control group (0-E)*  Var(O-E)
Murugesant 0/50 (0%) 0/50 (0%) 0-0 0-0
Cao and colleaguest 0/20 (0%) 3/21 (14%) -1.5 07 < 0-13(0-01-1-31)
RUXCOVID?T 9/287 (3%) (3/145) x2% (2%) 1.0 26 > 1-48 (0-44-4-99)
Guimardes and colleaguest 41144 (3%) 8/145 (6%) 2.0 2-9 < 0-50 (0-16-1-60)
COV-BARRIER (critically ill) 20/51 (39%) 29/50 (58%) 4.7 6-4 -— 0-47 (0-22-1-03)
RUXCOVID-DEVENT 90/164 (55%) (36/47) x4% (77%) -7-9 8-8 e 0-41(0-21-0-79)
ACTT2 24/515 (5%) 37/518 (7%) -6-4 14-4 — s 0-64 (0-38-1-07)
COV-BARRIER 62/764 (8%) 100/761 (13%) -19-2 36-2 — - 0-59 (0-43-0-82)
Subtotal: 8 trials 209/1995 (10%) 327/2023 (16%) -40.7 72.0 <> 0-57 (0-45-0-72)
RECOVERY 514/4148 (12%) 546/4008 (14%) -35.7 2643 = 0-87 (0-77-0-99)
All trials 723/6143 (12%) 873/6031 (14%) -76-3 3363 S 0-80 (0-72-0-89)
Heterogeneity between RECOVERY and previous trials: ¥2=10-5 (p=0-0012) p<0-0001

[ | I 1




One fits all ?
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Hospital-acquired pneumonia heterogeneity
And response to antimicrobial therapy
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Hospital-acquired pneumonia heterogeneity
Temporo-spatial modelisation of host-microbiome interactions
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Hospital-acquired pneumonia heterogeneity
Metabolomic for HAP prediction

HAP rate per cluster ARDS rate per cluster
Sex —_— ——
L LU LT -I_II HAP s .
i = 1 ‘ nn -HAP time . | .
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Hospital-acquired pneumonia heterogeneity
External validation
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Prabability of ICU hospitalization
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Conclusion

o Hospital-acquired pneumonia : dysbiosis (microbiome failure + hyperinflammatory)

o Antibimicrobial therapy failure = is not an indication to pursue/broaden antimicrobial therapy

Pathophysiological role of respiratory dysbiosis in
hospital-acquired pneumonia

Roquilly et al. Lancet Respir Med 2019
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