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A propos de trois patients d’hématologie (Sept. 2020)

❸ Patient de 34a, 
LALT inaugurale
37,000 GB

❶ Patient de 57a, 

Myélome autogreffe

HypoGamma

❷ Patiente de 47a
LAM5b inaugurale
Caryo nl, NPM1 et IDH2 mutés
Infiltration pulm. leucémique

Méro

TMP-SMX

Ambisome

Amikacine

Amoxyciline



Un tiers des patients de réanimation sont immunodéprimés

❸⓿% 

❸❺-❼⓿ %❼⓿ % 



International study of patients with CAP from 222 hospitals in 54 countries. 

18% Immunocompromised



GLIMP database



Acute Respiratory failure

  



Spécificités des atteintes pulmonaires 
chez les patients immunodéprimés

1. Incidence et sévérité et critères d’admission en réanimation

2. Stratégie diagnostique 

3. Examens diagnostiques 



• 7449 patients with CAP = annual age-adjusted incidence was 

649/100 000 adults 

• 1,591825 annual adult CAP hospitalizations in the US

• Mortality during hospitalization was 6.5%, 

Population-based cohort study of adult from Louisville, Kentucky (June 2014-31 May 2016). 



Age and comorbid conditions





ARF Incidence according the type of ID
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Cumulative incidence of 

respiratory events

Need for ICU

admission

Hospital 

mortality

Haematological malignancies

Acute myeloid leukaemia

Acute lymphoblastic leukaemia

Lymphoproliferative diseases 

Myelodysplasticsyndrome 

AutologousHSCT 

Allogeneic HSCT 

Prolonged neutropenia

22%-84%

7%-18.5%

8%

29.4%
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66%

12%-15%
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50%
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Solid tumours
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Other solid tumours 

Patients on immunotherapy
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All
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Early ICU Admission for Hematology patients

Hourmant & Darmon, Submitted. Journal of Critical Care 2020
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Causes of pulmonary infiltrates in 

immunocompromised patients with ARF

Azoulay et al. Lancet Respiratory Medicine 2018

Azoulay et al. Lancet Respiratory Medicine 2018





The GPS = clinical stratification for the pre-test probability (to 
identify the most probable ARF etiologies)

❶

Use the GPS to provide 
early  and adequate TTT, 

select the appropriate 
diagnostic strategy and 
sometimes avoid risky 

procedures

❷

Perform the 
appropriate diagnostic 
strategy to document 
and confirm the initial 
approach. Give priority 

to NIT

❸

Use innovative tests, 
oMICs technology and 
integrative biology to 

distinguish colonization 
from infection
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Bacterial infection, fluid overload, Pulmonary oedema, alveolar haemorrhage

PRE-TREATMENT PHASE TREATMENT INDUCTION CONSOLIDATION

1 year

EARLY PHASE
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Hairy cell leukaemia receiving
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Azoulay et al. Lancet Respir Med. 2018Dx
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ÅGram negative bacteria

ÅGram positive bacteria

ÅCandida

ÅAspergillus

ÅHerpes Virus

ÅNocardia

ÅSalmonella

NEUTROPHILS

ÅMycobacteria

ÅSalmonella, Listeria, 
Legionella, Histoplasma, 
Brucella 

ÅHSV, VZV, PIV, RSV, 

ÅCandida

ÅS. pneumoniae, S. aureus, 
E. faecalis, P aeruginosa

ÅPneumocystis jirovecii 

MACROPHAGES

ÅEncapsulated bacteria (S. 
pneumoniae, S. pyogenes, 
H influenzae, and S 
aureus)

ÅGiardia lamblia  

ÅMycoplasma

ÅEnterovirus

ÅRecurrent infections

B 
LYMPHOCYTES

ÅPneumocystis jiroveci, 
Aspergillus, CMV, 

ÅMycobacterial infection, 

ÅCandida

ÅDiarrhoea (rotaviruses, 
adenoviruses….).

T LYMPHOCYTES

ÅEncapsulated bacteria (S. 
pneumoniae, S. pyogenes, 
H influenzae, and S 
aureus)

ÅMycoplasma, 

ÅMycobacteria

HUMORAL 
(antibody) 
IMMUNITY

DISEASES: 
Acute leukaemia; 

Myelodysplastic syndrome; 

Aplastic anaemia; 

Chemotherapy and drug-

related neutropenia; 

DISEASES: 
Multiple myeloma

Chronic lymphoid leukemia

TREATMENTS: 
Ibrutinib; Rituximab

DISEASES: 
T-cell leukaemia; 

Hodgkin disease; 

TREATMENTS: 
Steroids; Fludarabin; 

Cyclophosphamide; 

Methotrexate; Azathioprine;

Mycophenolate mofetil; 

Ciclosporin; Tacrolimus.

DISEASES: 
Multiple myeloma; 

B-cell lymphoma; 

Chronic lymphocytic 

leukaemia; 

TREATMENTS: 
Chemotherapy; 

Steroids; 

Asplenia; 

Rituximab

DISEASES: 
Hairy cell leukemia; Aplastic 

anemia; Allogeneic BMT; 

Malignant histiocytosis; AML; 

CML; Solid tumours; HLH

TREATMENTS: 
Steroids; Basiliximab; ATG; 

Alemtuzumab; Tacrolimus; 

Cyclosporine; MMF; Betalacept; 

mTORinhibitors (sirolimus)

Infectious risk and immunologic dysfunctions

Azoulay et al. Lancet Respir Med. 2018



Pulmonary Infections according to immunosuppression

Azoulay et al. In Press 2020



http://www.bioscience.org/1997/v2/d/longwort/2.htm

Portion of the lung between epithelial 

and endothelial membranes



Secondary 

pulmonary 

lobular 

anatomy



Ground Glass

Consolidation

Ill defined Nodules

Linear Opacities

Cavitation

Effusion

Heussel et al. JCO 1999





34yo man, T-cell leukemia. Acute respiratory failure



214 PCP cases 



A 49a yo man with fever, pancytopenia, spleen 
enlargement: diagnosis of HCL

Are we

at day 0?

Are we

at day 15?
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483 patients dans 16 ICUs, la moitié immunodéprimés

LBA chez patients non intubés dans 20% des cas

14% d’effets secondaires sévères

- Surtout si la fibroscopie est faite par un médecin moins expérimenté

(<10a d’experience, quelle que soit la spécialité)



Diagnostic Criteria

Biomarkers Rapid Pathogen DetectionHyperleukocytosisFever



Etiologies MAXI 

N=113

MINI

N=106

Bacteria 47 (41%) 39 (37%)

Viruses 7 (6%) 19 (18%)

Fongi 14 (12%) 9 (8.5%)

Pneumocystis 9 (8%) 10 (9.4%)

Malignant infiltration 10 (9%) 6 (6%)

Cardiac Pulm. Edem 7 (6%) 3 (3%)

More than one diagnosis 9 (8%) 9 (8.4%)

Etiologies MAXI 

N=113

MINI

N=106

Bacteria 47 (41%) 39 (37%)

Viruses 7 (6%) 19 (18%)

Fongi 14 (12%) 9 (8.5%)

Pneumocystis 9 (8%) 10 (9.4%)

Malignant infiltration 10 (9%) 6 (6%)

Cardiac Pulm. Edem 7 (6%) 3 (3%)

More than one diagnosis 9 (8%) 9 (8.4%)

Diagnoses

ÁCPO: 10

ÁFungi: 23

ÁAspergilus: 18

ÁVirus: 26

ÁMalignancy: 16

ÁPneumocystis: 19 

ÁBacteria: 86

Diagnosis made by NIT

Á10 (100%)

Á22 (95.6%) 

Á17 (94%)

Á24 (92.3%)

Á13 (81%)

Á15 (79%) 

Á57 (66.3%) 



DAY-28 SURVIVAL
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BAUER

Substudy of Efraim



The Price of Undertermined ARF etiology

Authors Reference Population Prevalence Impact on outcomes

Masur Medicine1991 AIDS / (autopsystudy)

Ewig ERJ 1998 Hematology 31% Not evaluated

Gruson ERJ 1999 BMT 58% Increased mortality

Rano Thorax 2001 All IC patients 19% Not evaluated

Rano Chest2002 All IC patients 22% Increasd mortality if

time to diagnosis > 5d

Danès JCM 2002 All IC patients 16% Not evaluated

Azoulay Medicine2004 Cancer 21% Increased mortality

Contejean AIC 2016 Hematology 12.9% Increased mortality

Azoulay ICM 2017 All IC patients 13.2% Increased mortality



INTUBATION



MORTALITY

Age

Direct ICU admission                    

SOFA score at Day 1

P/F ratio

Intubation

Undetermined ARF etiology



Microbiota Microbiome

Meta -Omics

Bacteria/Archea/

Protists/Fungi/Viruses

Composition

Genes/enzymes

Diversity

Culture/ uncultured

Microbiota area

Ecological niches

Host

Crosstalk/Network

Metabolites

Metagenome Metatranscriptome Metabolome

DNA/RNA mRNA Metabolites



Vir -OH study : the pre -oMICs era

PCR testing in 747 hematology patientys

Le Goff J, Zucman N, et al. GRRR -OH AJRCCM 2018



Vir -OH study

(Multiplex)

Le Goff J,  et al. GRRR-OH AJRCCM 2018



A streamlined protocol offering 
1/ an integrated genomic portrait of 

pathogen (metagenomic next-

generation sequencing (mNGS), 

2/ airway microbiome, 

3/ host transcriptome 

Negative pred. value of 100%

Charles Langelier et al. PNAS 

2018;115:52:E12353-E12362



Microbial relative abundance

RNAxDNA in Representative cases

Threshold to identify high-scoring taxa

Performance for detecting

pathogens versus commensal 

microbiota in both the derivation 

and validation cohorts (1000 

rounds of training/testing on 

randomized sets)

Microbes predicted to 

represent putative pathogens

optimized probability 

threshold for 

pathogen assignment

Algorithmic approach for distinguishing LRTI 

pathogens from respiratory commensals

Langelier et al. PNAS 2018;115:52



Clustering of gene expression profiles 

based on the microarray result

Principle component analysis 

(PCA) of the microarray data

Transcriptome = complete set of 

RNA transcripts produced by the 

genome (microarray analysis). 

Comparison of transcriptomes 

allows the identification of genes 

that are differentially expressed in 

distinct cell populations, or in 

response to different treatments.



Azoulay et al. GRRR -OH. AJRCCM 2018



Clinical score for PjP
Variables Category N points

Age <50 0

50-70 -1.5

>70 -2.5

Lymphoproliferation +2

No prophylaxis +1

Time from symptoms 3-5 days +3

>5 days +3

Shock -1.5

Interstitial pattern +2.5

Pleural involvement -2

Azoulay et al. GRRR -OH. AJRCCM 2018



The Pneumocystis Score
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PjP Score + NGS + transcriptomic biomarkers

Pneumocystis Score 

PCR

Pneumocystis

P pneumocystosis

X

XXX

Pjp score

BD glucan

NGS + Transcriptomic

Azoulay et al. Submitted 2019



Standard 
Oxygen

High Flow 
Oxygen
Therapy

Noninvasive 
Ventilation

Intubation 
and 

Mechanical
Ventilation



Oxygénation et ventilation 
Flow (l/min) FiO2 Device

Nasal Canula 1- 6 L/min 25 - 40%

Face Mask 5- 10 L/min 40 - 60%

Face tent 10 - 15 L/min 40%

Venturi Mask 2- 15 L/min 24 - 60%

Non - Rebreather 10 - 15 L/min 80 - 95%

HFNC 60 L/min 21 - 100%

• Regardez le patient

• Stratégie Diagnostique

• Temporalité
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