
HAL Id: dumas-03217924
https://dumas.ccsd.cnrs.fr/dumas-03217924

Submitted on 5 May 2021

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Risk factors of infections associated with antibiotic
resistant microorganisms in patients with high risk

neutropenia in a French hematology center
Baptiste Moisdon-Delapierre

To cite this version:
Baptiste Moisdon-Delapierre. Risk factors of infections associated with antibiotic resistant microor-
ganisms in patients with high risk neutropenia in a French hematology center. Human health and
pathology. 2020. �dumas-03217924�

https://dumas.ccsd.cnrs.fr/dumas-03217924
https://hal.archives-ouvertes.fr


 

 

UNIVERSITÉ de CAEN NORMANDIE 

------- 

UFR SANTÉ 

FACULTÉ de MÉDECINE 

Année 2019/2020 

THÈSE  POUR  L’OBTENTION 

DU  GRADE  DE  DOCTEUR  EN  MÉDECINE 

Présentée et soutenue publiquement le : 04 décembre 2020 

par 

Mr MOISDON (DELAPIERRE) Baptiste 

Né le 11 juillet 1991 à Le Mans (72) 

TITRE  DE  LA  THÈSE : 

Neutropénie fébrile de haut risque en onco-

hématologie : facteurs liés à la résistance 

bactérienne aux antibiotiques à l’Institut 

d’Hématologie de Basse Normandie entre 2015 et 

2019 

Président : Monsieur le Professeur Gandhi-Laurent DAMAJ 

Membres : Monsieur le Professeur Renaud Verdon 

 Monsieur le Professeur Olivier JOIN-LAMBERT 

 Monsieur le Docteur Mathieu BELLAL 

 Monsieur le Docteur Christophe ISNARD 

Directeur de thèse : Monsieur le Docteur Christophe ISNARD 



 

 

 

Année Universitaire 2019/2020 

Doyen 

Professeur Emmanuel TOUZÉ 

 

Assesseurs 

Professeur Paul MILLIEZ (pédagogie) 

Professeur Guy LAUNOY (recherche) 

Professeur Sonia DOLLFUS & Professeur Evelyne EMERY (3ème cycle) 

 

Directrice administrative 

Madame Sarah CHEMTOB 

 

PROFESSEURS DES UNIVERSITÉS - PRATICIENS HOSPITALIERS 

M. AGOSTINI Denis Biophysique et médecine 

nucléaire 

M. AIDE Nicolas Biophysique et médecine 

nucléaire 

M. ALLOUCHE Stéphane Biochimie et biologie 

moléculaire 

M. ALVES Arnaud Chirurgie digestive  

M. AOUBA Achille Médecine interne 

M. BABIN Emmanuel Oto-Rhino-Laryngologie 

M. BÉNATEAU Hervé Chirurgie maxillo-faciale et 

stomatologie 

M. BENOIST Guillaume Gynécologie - Obstétrique 

 

UNIVERSITÉ DE CAEN · NORMANDIE 

 

 

UFR SANTÉ - FACULTE DE MEDECINE 

 

   



 

 

M. BERGER Ludovic Chirurgie vasculaire 

M. BERGOT Emmanuel Pneumologie 

M. BIBEAU Frédéric Anatomie et cytologie 

pathologique 

Mme BRAZO Perrine Psychiatrie d’adultes  

M. BROUARD Jacques Pédiatrie  

M. BUSTANY Pierre Pharmacologie 

Mme CHAPON Françoise Histologie, Embryologie 

Mme  CLIN-GODARD Bénédicte Médecine et santé au travail 

M. DAMAJ Ghandi Laurent Hématologie 

M. DAO ManhThông Hépatologie-Gastro-

Entérologie 

M. DEFER Gilles Neurologie 

M. DELAMILLIEURE Pascal Psychiatrie d’adultes  

M. DENISE Pierre Physiologie 

Mme DOLLFUS Sonia Psychiatrie d'adultes  

M. DREYFUS Michel Gynécologie - Obstétrique 

M. DU CHEYRON Damien Réanimation médicale 

Mme ÉMERY Evelyne Neurochirurgie 

M. ESMAIL-BEYGUI Farzin Cardiologie 

Mme FAUVET Raffaèle Gynécologie – Obstétrique 

M. FISCHER Marc-Olivier Anesthésiologie et réanimation  

M. GÉRARD Jean-Louis Anesthésiologie et réanimation  

M. GUILLOIS Bernard Pédiatrie 

Mme GUITTET-BAUD Lydia Epidémiologie, économie de la 

santé et prévention 

M. HABRAND Jean-Louis Cancérologie option 

Radiothérapie 

M. HAMON Martial Cardiologie 



 

 

Mme HAMON Michèle Radiologie et imagerie 

médicale 

M. HANOUZ Jean-Luc Anesthésie et réa.  médecine 

péri-opératoire 

M. HULET Christophe Chirurgie orthopédique et 

traumatologique 

M. ICARD Philippe Chirurgie thoracique et cardio-

vasculaire 

M. JOIN-LAMBERT Olivier Bactériologie - Virologie 

Mme JOLY-LOBBEDEZ Florence Cancérologie  

M. JOUBERT Michael Endocrinologie 

M. LAUNOY Guy Epidémiologie, économie de la 

santé et prévention 

M. LE HELLO Simon  Bactériologie-Virologie    

Mme LE MAUFF Brigitte Immunologie 

M.  LOBBEDEZ Thierry Néphrologie 

M. LUBRANO Jean Chirurgie viscérale et digestive 

  

M. MAHE Marc-André  Cancérologie  

M. MANRIQUE Alain Biophysique et médecine 

nucléaire 

M. MARCELLI Christian Rhumatologie 

M. MARTINAUD Olivier Neurologie 

M. MAUREL Jean Chirurgie générale 

M. MILLIEZ Paul Cardiologie 

M. MOREAU Sylvain Anatomie/Oto-Rhino-

Laryngologie 

M. MOUTEL Grégoire Médecine légale et droit de la 

santé 

M. NORMAND Hervé Physiologie 



 

 

M. PARIENTI Jean-Jacques Biostats., info. médicale et tech. 

de communication 

M. PELAGE Jean-Pierre Radiologie et imagerie 

médicale 

Mme PIQUET Marie-Astrid Nutrition 

M. QUINTYN Jean-Claude Ophtalmologie  

Mme RAT Anne-Christine Rhumatologie 

M. RAVASSE Philippe Chirurgie infantile  

M. REPESSE Yohann Hématologie    

M. REZNIK Yves Endocrinologie  

M.  ROD Julien Chirurgie infantile 

M. ROUPIE Éric Médecine d’urgence  

Mme THARIAT Juliette Radiothérapie 

M. TILLOU Xavier Urologie 

M. TOUZÉ Emmanuel Neurologie 

M. TROUSSARD Xavier  Hématologie  

Mme VABRETAstrid Bactériologie - Virologie 

M. VERDON Renaud Maladies infectieuses  

Mme VERNEUIL Laurence  Dermatologie 

M. VIVIEN Denis Biologie cellulaire 

 

PROFESSEURS ASSOCIÉS DES UNIVERSITÉS A MI-TEMPS 

M. DE LA SAYETTE Vincent Neurologie 

Mme DOMPMARTIN-BLANCHÈRE Anne Dermatologie 

M.  GUILLAUME Cyril  Médecine palliative  

M. LE BAS François  Médecine Générale  

M. SABATIER Rémi Cardiologie 



 

 

 

PRCE 

Mme LELEU Solveig Anglais 

 

PROFESSEURS EMERITES 

M. HURAULT de LIGNY Bruno Néphrologie  

Mme KOTTLER Marie-Laure Biochimie et biologie 

moléculaire 

M. LE COUTOUR Xavier Epidémiologie, économie de la 

santé et prévention 

M.  LEPORRIER Michel Hématologie 

M. VIADER Fausto Neurologie 

 

  



 

 

 

 

UNIVERSITÉ DE CAEN ·  NORMANDIE 

 

 

UFR SANTÉ - FACULTE DE MEDECINE 

 

   

Année Universitaire 2019/2020 

Doyen 

Professeur Emmanuel TOUZÉ 

 

Assesseurs 

Professeur Paul MILLIEZ (pédagogie) 

 Professeur Guy LAUNOY (recherche) 

Professeur Sonia DOLLFUS & Professeur Evelyne EMERY (3ème cycle) 

 

Directrice administrative 

Madame Sarah CHEMTOB 

 

 

MAITRES DE CONFERENCES DES UNIVERSITÉS - PRATICIENS 

HOSPITALIERS 

M. ALEXANDRE Joachim Pharmacologie clinique 

Mme BENHAÏM Annie Biologie cellulaire 

M. BESNARD Stéphane Physiologie 

Mme  BONHOMME Julie Parasitologie et mycologie 

M. BOUVIER Nicolas Néphrologie 

M. COULBAULT Laurent Biochimie et Biologie 

moléculaire 

M. CREVEUIL Christian Biostats, info. médicale et tech. 

de communication 

M.  DE BOYSSON Hubert Médecine interne 



 

 

Mme DINA Julia Bactériologie- Virologie 

Mme DUPONT Claire Pédiatrie 

M. ÉTARD Olivier Physiologie 

M.GABEREL Thomas Neurochirurgie 

M. GRUCHY Nicolas Génétique 

M. GUÉNOLÉ Fabian Pédopsychiatrie 

M. HITIER Martin Anatomie - ORL Chirurgie 

Cervico-faciale 

M. ISNARD Christophe Bactériologie Virologie 

M. JUSTET Aurélien Pneumologie  

Mme  KRIEGER Sophie  Pharmacie   

M. LEGALLOIS Damien Cardiologie  

Mme LELONG-BOULOUARD Véronique Pharmacologie fondamentale 

Mme LEVALLET Guénaëlle Cytologie et Histologie 

M. MITTRE Hervé Biologie cellulaire 

M. SESBOÜÉ Bruno Physiologie 

M. TOUTIRAIS Olivier Immunologie 

M. VEYSSIERE Alexis Chirurgie maxillo-faciale et 

stomatologie 

 

MAITRES DE CONFERENCES ASSOCIÉS DES UNIVERSITÉS A MI-TEMPS 

Mme ABBATE-LERAY Pascale  Médecine générale 

M.  COUETTE Pierre-André  Médecine générale 

Mme  NOEL DE JAEGHER Sophie Médecine générale 

M.  PITHON  Anni Médecine générale   

M.  SAINMONT Nicolas Médecine générale 

Mme SCHONBRODT Laure  Médecine générale  



 

 

 

MAITRES DE CONFERENCES EMERITES  

Mme DEBRUYNE Danièle Pharmacologie fondamentale  

Mme DERLON-BOREL Annie Hématologie  

Mme LEPORRIER Nathalie  Génétique



 

 

Remerciements 

Au Président du jury de thèse, Monsieur le Professeur Gandhi DAMAJ  

Vous me faites l’honneur de présider mon jury de thèse. Vous m’avez donné 

votre confiance et votre soutien depuis maintenant 7 ans, alors que j’étais jeune 

externe. Vous avez un rôle central dans ma formation à la discipline 

hématologique, qui sera désormais mon métier, et je vous en remercie. Veuillez 

recevoir l’expression de ma profonde gratitude. 

A Monsieur le Professeur Renaud VERDON  

J’admire votre savoir, votre prisme de lecture où le patient est central, votre 

implication pour le service publique, votre engagement pour les étudiants ; que 

vous appliquez avec bienveillance, empathie et abnégation. Merci pour l’aide que 

vous m’avez apporté lors de ce travail et de l’honneur que vous me faites en 

siégeant dans mon jury de thèse.  

A Monsieur le Professeur Olivier JOIN-LAMBERT 

Vous m’avez accueilli avec bonté lors du stage effectué dans votre service et 

m’avez apporté votre aide précieuse dans le cadre de ce travail. Veuillez recevoir 

l’expression de ma sincère reconnaissance. 

A Monsieur le Docteur Mathieu BELLAL 

Tu as été pour moi un phare durant cet internat. Je m’efforce de suivre ton 

modèle de calme, de finesse, de travail et d’humanité. Merci pour tes conseils, ton 

amitié et l’excellence de ton travail. Tu me fais l’honneur de juger ma thèse et je 

t’en remercie. 

A mon Directeur de thèse, Monsieur le Docteur Christophe ISNARD 

Tu m’as fait l’honneur de m’encadrer dans la réalisation de ce travail, et je suis 

heureux de t’avoir donné ma confiance. Merci pour ta simplicité, ta modernité et 

ton savoir. Sois assuré de mon amitié et de mon profond respect.  

 

 



 

 

Je remercie Pascal Thibon pour la gentillesse, la réactivité et le professionnalisme dont 

vous avez fait preuve dans l’indispensable aide apportée à ce travail.   

Je remercie l’ensemble des praticiens hospitaliers des services m’ayant accueilli. Je 

tiens à citer Mr Geffray, Nicolas, Gwénola, Sylvain, Anne-Claire, Jean-Pierre,  Sylvie, 

Arnaud, Axel, Suzanne, Julien, Xavier, Véronique et Claire. De la bienveillance, du 

soutien et un apprentissage de qualité m’ont toujours été apportés. 

Je remercie également les équipes paramédicales et administratives de ces services, 

particulièrement les équipes de l’IHBN. Sans leur travail précieux et leur amitié, mon 

travail serait impossible. Je remercie en particulier Cécile, pour la relation privilégiée que 

nous entretenons. 

Je remercie mes co-internes, nombreux devenus amis, pour m’avoir accompagné 

durant ces années. Je cite notamment pour leur soutien, leur aide et leur amitié  Aurélie, 

Sam, Luca, Charles M, Yann, Jolan et Agathe. 

Je remercie mes co-internes d’hématologie, des plus jeunes aux moins jeunes. Vous 

rencontrer et partager cette formation avec vous a été un plaisir. Charles, Thomas, Sarah, 

Alexandra, Thomas, Hippolyte, Simon, merci. 

Je remercie les Loubards, toujours soudés malgré la distance et la vie d’adulte. Les 

embuscades répétées subies par le duc de Montecristo sont parmi les plus beaux 

souvenirs de ma vie. 

Je remercie Margot, pour son amitié indéfectible et son soutien. Tu as toute ma 

confiance. 

Je remercie le groupe; Alice m’a permis de vous rencontrer, je me considère 

extrêmement chanceux de vous avoir à mes côtés. La famille s’agrandit, pour mon plus 

grand plaisir. 

Je remercie Flo et Hub, mes compagnons carabins. Vous brillez par votre intelligence 

et votre prestance en toute circonstance.  

Je remercie Iliès, collègue de P1, passionné de basket, ami fidèle et témoin, tu as 

toujours été présent pour moi. 

Je remercie Fred et Toutoune, pour ces deux années folles Avenue de Tourville. 

Malgré votre rigidité sur les tâches ménagères, nous avons su trouver notre équilibre. 

NBA 2k a sans doute joué un rôle. 

Je remercie PE, Marianne et Poupoune, amis fidèles depuis le lycée. Les années 

passent, mais la relation reste ancrée en nous  

Je remercie l’ensemble de ma belle-famille, notamment Isabelle, Christian, Léa, Didier, 

Claudine, Le Petit, Ben et Nico, qui m’ont accueilli parmi eux.  

Je remercie ma famille, pour l’éducation dont j’ai bénéficié, pour votre amour et votre 

soutien depuis toujours. Je suis fier de vous. 

Je remercie Quichou, j’admire ton courage, ta discrétion et je te soutiens dans ta lutte 

contre le coryza et ta chasse à l’élastique. 

Enfin, et surtout, je remercie ma femme, Alice. Pilier de ma vie, je serais perdu sans toi. 

Je ne laisserai pas passer ma chance et j’espère passer le restant de ma vie avec toi. 

 



 

 

Abbreviations 

AMR: antimicrobial resistance 

Anti-GPC: antibiotic with specific activity against Gram positive microorganisms 

with resistance to β-lactams 

BPAROH: bacteria with problematic antibiotic resistance in onco-hematology 

BSAROH: bacteria with significant antibiotic resistance in onco-hematology 

BSI: bloodstream infection 

CoNS: coagulase negative Staphylococcus 

CPE: carbapenemase producing Enterobacterales 

ECIL: European Conference of Infections in Leukemia 

ESBL-E: extended spectrum β-lactamase Enterobacterales 

FUO: fever of unknown origin  

GNB: Gram negative bacilli 

HR: hazard ratio 

ICU: intensive care unit 

IDSA: Infectious Disease Society of America 

MRSA: methicillin resistant Staphylococcus aureus 

SCT: stem cell transplantation 

VRE: vancomycin resistant Enterococci 

  



 

 

Tables and figures  

Table 1.  Patient’s characteristics 

Table 2.  Patient’s outcome 

Table 3.  Primary outcome univariate analysis for all hospitalizations 

Table 4.  Primary outcome multivariate analysis for all hospitalizations 

Table 5.  Antibiotic treatment 

Figure 1. Study flow chart 

Figure 2. Microbiology of documented infections 

Figure 3.  Resistance type and resistance mechanism in Gram negative 

microorganisms 

Figure 4.  Resistance type and resistance mechanism in Gram positive 

microorganisms 

Figure 5.  Sankey chart: link between resistance type and resistance level in 

documented infections 

 

Supplementary data 

Table S1. Description of patient’s comorbidities  

Table S2.  Microbiology data of documented infections 

Table S3. Link between resistance type and resistance level in documented 

infections 

Table S4. Microbiology data concerning enteric colonization 

Table S5. Detailed causes of death 

Table S6. Kaplan Meier curves: Survival without BSAROH by age and history of 

travel in foreign country within 3 months 

Table S7. Primary outcome univariate analysis for first hospitalization 

Table S8. Primary outcome multivariate analysis for first hospitalization 

 

  



 

 

Index 

 

Introduction.................................................................................................................. 1 

Material and methods .................................................................................................. 4 

Study population ...................................................................................................... 4 

Primary outcome ...................................................................................................... 4 

Data collection ......................................................................................................... 5 

Samples collected and microbiological techniques .................................................. 6 

Statistics .................................................................................................................. 7 

Ethic issues .............................................................................................................. 8 

Results ........................................................................................................................ 9 

Patient’s characteristics ........................................................................................... 9 

Microbiology ............................................................................................................. 9 

Outcomes .............................................................................................................. 10 

Primary objective: risk factor of infection with BSAROH ........................................ 11 

Antibiotic treatment ................................................................................................ 12 

Discussion ................................................................................................................. 12 

Conclusion................................................................................................................. 16 

References ................................................................................................................ 17 

Tables and figures ..................................................................................................... 23 

Supplementary data .................................................................................................. 35 

 



1 
 

 

 

Introduction 

Hematologic malignancies are frequent diseases, representing 10% of cancer 

(1), for which chemotherapy remains the main treatment. Drug induced 

neutropenia is a well-known complication in hematologic malignancies clinical 

treatment, with a particular concern towards life threatening infection (2) and fever 

is often the only sign of infection. Neutropenia threshold for febrile neutropenia 

definition is < 0,5 G/L (3,4). Patients in low risk group have an expected 

granulocyte count > 0, 2 G/L and an expected duration of neutropenia < 5 days, 

they can be treated with oral antibiotic treatment at home when fever occurs (5–7). 

Patients in high risk neutropenia group have an expected neutropenia < 0, 1 G/L 

and an expected duration of neutropenia > 7 days. In these cases, hospitalization 

for intravenous antibiotic treatment is await, and fungal exposition risk increase 

(3,8,9). Incidence of febrile neutropenia is > 85% in high risk group. Infections are 

rapidly severe (10,11), with a septic shock incidence between 5 and 10% (12) and 

an early mortality incidence of 6% (3,13). Majority of episodes of febrile 

neutropenia are highlighted by fever of unknown origin (FUO) (3). Microbiological 

documentation is only obtained in 10 to 30% of episode, and mainly in blood 

cultures (3,14–16). Concerning microbiological epidemiology, Escherichia coli 

ranks first and coagulase negative Staphylococci (CoNS) second in a recent 

European report (15). Frequent microorganisms are Enterobacterales, non-

fermenting Gram-negative bacilli (GNB) Staphylococci, Streptococci and 

Enterococci. Pseudomonas aeruginosa is a non-rare pathogen in this class of 

patients, associated with high early mortality rates, justifying a systematic 

coverage of Pseudomonas aeruginosa if an antibiotic treatment is needed (17). 
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Antibiotic treatment needs to be quickly prescribed (18) because a delay in 

antibiotic treatment or an inappropriate empirical treatment are associated with a 

longer duration of hospitalization, a higher intensive care unit (ICU) admission rate 

and a higher mortality (19). European Conference for Infection in Leukemia (ECIL) 

and Infectious Disease Society of America (IDSA) designed international 

recommendations for antibiotic treatment guidance. The first line antibiotic 

treatment recommended is a monotherapy using a β-lactam with activity against 

Pseudomonas aeruginosa such as ceftazidime, cefepime, piperacillin-tazobactam, 

meropenem or imipenem-cilastatin (3,4,20,21). Carbapenems prescription is not 

recommended in case of an alternative exists with another β-lactam in particular 

(20,21). Aminoglycosides and antibiotics with specific activity against resistant 

Gram positive bacteria (e.g. anti-GPC) should not be systematically associated 

(28). The choice of an empirical antibiotic treatment must take into account the 

factors associated with high probability of infection with resistant strains, in others 

words, an excellent knowledge of local epidemiology (3,4).  

As in general population, antimicrobial resistance (AMR) in pathogen 

microorganisms in neutropenic patients is a huge medical concern, with an 

important increasement rate in Europe (15) although some centers in Northern 

Europe reported low AMR level and low mortality associated with bloodstream 

infection (BSI) (24). Extended Spectrum β-Lactamase producing Enterobacterales 

(ESBL-E) are a frequent problem in neutropenic  patients, and are associated with 

high mortality (14,15,17,25–29). Infections associated with carbapenemase 

producing GNB or vancomycin resistant Enterococci (VRE) are still rare in France 

but emerge in Southern Europe and North America, and are also associated with 

very high mortality in the neutropenia setting (30–32,18,33). Infections with GNB 
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are more frequently treated with an inappropriate first line antibiotic treatment, this 

situation is associated with a higher mortality (26,27,34,35). Resistance associated 

with Gram positive microorganisms are of less concern because of antimicrobials 

alternatives available (23,33,36,37). 

It is well known that certain factors are statistically associated with a higher risk 

of infection by a resistant microorganism such as enteric colonization with resistant 

strain, previous antibiotic exposure, relapsing or refractory underlying 

hematological malignancy, nosocomial infection, prolonged or repeated 

hospitalizations, older age, urinary tracts catheter and ICU admission. 

Interestingly, the large majority of the studies establishing these associations were 

made in Southern Europe and North America centers, where AMR levels are high 

and where the usage of antibiotic prophylaxis with fluoroquinolones is frequent 

(4,26,27,31,32,34,38–45). The validity of these factors is still unclear in centers 

with low antibiotic resistance level, and where no fluoroquinolone prophylaxis is 

used (24),  such as Northern Europe centers. 

The primary objective of this study was to identify risk factors associated with 

infection by a Bacteria with Significant Antibiotic Resistance in Onco-Hematology 

(BSAROH) (see also in Material and Methods part), in patients with high risk 

febrile neutropenia. Secondary objectives were to measure the frequency of 

infections by a Bacteria with Problematic Antibiotic Resistance in Onco-

Hematology (BPAROH) (see also in Material and Methods part), to describe of 

microorganisms involved in microbiologically documented infections with a focus 

on their resistance phenotype and the evaluation of antibiotic treatment 

prescription.   
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Material and methods 

We conducted a retrospective descriptive cohort study in the onco-hematology 

center of the Caen university hospital, located in Normandy. The study period ran 

from December 2015 to June 2019. 

 

Study population 

We included all adult patients (> 18 years old) with a hematological malignancy 

treated by chemotherapy in our center, with a first hospitalization for the 

management of high risk neutropenia during the study period and with at least one 

episode of febrile neutropenia during the whole therapeutic sequence. High risk 

neutropenia was defined by predicted granulocyte count < 0.1 G/L and duration > 

7 days. Febrile neutropenia was defined by granulocyte counts < 0.5 G/L or 

expected to within 48h and a unique temperature > 38.3°C or > 38°C during at 

least one hour or chills or unexplained acute organ dysfunction. For each patient, 

all hospitalizations for a unique therapeutic sequence were recorded. 

Hospitalizations for transfusion or treatment lasting < 48h were not recorded. 

We excluded patients in palliative state, with chronic neutropenia not induced by 

antineoplastic agent, with relapse or refractory hematological malignancy, and with 

previous infection with BSAROH. Patients with previous enteric colonization with 

BSAROH were not excluded. 

 

Primary outcome 

Our primary outcome was infection by BSAROH, defined as a microorganism 

with a non-natural resistance to one of the β-lactams recommended in first line in 
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international guidelines (ceftazidime, cefepime, piperacillin-tazobactam, imipenem-

cilastatin, meropenem) (3,4). 

 

Data collection 

Demographic and clinical data were recorded on computerized medical file. We 

recorded information on: 

a) Socio-demographic characteristics of patients, type of hematological 

malignancy, type of treatment and comorbidities (defined as a medical 

condition with significant and chronic organ damage or requiring an 

immunosuppressive treatment or a recurrent antibiotic treatment); 

b) 3 months before each hospitalization: history of previous hospitalization and 

ICU stay, antibiotic treatments, colonization with BSAROH, travel in foreign 

country. Short hospitalization < 48h for transfusion or treatment were not 

recorded as previous hospitalization. 

c) For the current hospitalization: ICU stay, suspected origin of infection, 

microbiological documentation (considered as the association of a BSI or a 

positive distal pulmonary sample associated with a clinical presentation of 

pneumonia), type of germ, antibiogram, mechanism of resistance (including: 

ESLB-E, BSAROH, and BPAROH, defined as non-natural resistance to 

imipenem-cilastatin, or meropenem or glycopeptides), and stool colonization 

(with germ and antibiogram); 

d) Information on all emergency antibiotic treatments prescribed in case of 

febrile neutropenia, including class and molecule, duration, type of 

prescription (probabilistic or based on antibiogram). Antimicrobial treatment 

was prescribed according to ECIL and IDSA guidelines (3,4). Monotherapy 
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with an intravenous β-lactam with activity against Pseudomonas aeruginosa 

is the standard, with ceftazidime, piperacillin-tazobactam, cefepime or 

imipenem-cilastatin. A carbapenem was used in absence of β-lactam 

alternative. Neither aminoglycosides nor anti-GPC were prescribed 

systematically. In the absence of microbiological documentation, antibiotic 

treatment was pursued until granulocyte count reached 0, 5 G/L. No 

antibiotic prophylaxis by fluoroquinolones was given.  

The number of febrile episodes in each hospitalization was not recorded 

because of the difficulty to define persistent fever, recurrent fever or novel episode 

of febrile neutropenia in patients with prolonged hospitalization and antibiotic 

treatment. 

For each patient, we recorded the status at the end of each hospitalization. Early 

death represented death before hospital discharge. Cause of death was 

considered infectious when death occurred before hospitalization discharge and 

when the cause of death was certainly or possibly related to infection. In case of 

fatal infection and concomitant progression of the hematological malignancy, we 

considered that progression of hematological malignancy was the cause of death. 

Treatment failure was defined as fatal infectious early death, ICU admission for 

severe infection or microbiological documentation with BSAROH. 

 

Samples collected and microbiological techniques 

In case of fever, blood samples were systematically collected before the 

administration of antibiotic treatment. Distal pulmonary sample were not collected 

systematically unless in case of ICU admission for pneumonia. In case of positive 

sample with a frequent contaminant (CoNS for example), two positive samples 
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were needed to determine a microbiological documentation. When only one blood 

culture bottle grew, it was defined as a contamination unless physician considered 

it as significant and specified it in medical file. Stool specimens were 

systematically collected twice weekly for detection of resistant microorganisms. 

Bacterial identification was accessed using a Matrix-Assisted-Laser-Desorption-

Ionization Time-Of-Flight (MALDI-ToF) system (Microflex®, Bruker, Bremen, 

Germany). Antimicrobial susceptibility testing was performed using the disk 

diffusion method and when required, minimum inhibitory concentrations were 

determined using the broth microdilution method, as recommended by the French 

committee of antibiogram (CA-SFM/EUCAST) (46). Resistant microorganisms 

detected in stools were Enterobacterales with resistance to third generation 

cephalosporin, Pseudomonas aeruginosa, methicillin resistant Staphylococcus 

aureus (MRSA) and VRE. No nasal swab for methicillin sensitive Staphylococcus 

aureus or MRSA detection was performed. The origin of infection was recorded as 

notified in the patient’s medical file. When no origin was specified, infection origin 

was considered as FUO.  

 

Statistics 

Baseline characteristics were presented using medians and range (minimum – 

maximum) for continuous variables, and number and frequencies for categorical 

variables. The time to events (infections with BSAROH) was compared using 

univariate and multivariate Cox regression analysis, and Kaplan-Meier curves 

were generated. Variables with p < 0.20 in univariate analysis were introduced in 

multivariate Cox models to compute adjusted hazard ratios. The unit of analysis 

was each hospitalization, and data were considered censored if the patients died 
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before the end of the therapeutic sequence. Because of the multilevel structure of 

the data (with a same patient for multiple hospitalizations), we modeled patient as 

a random effect. 

As infections with BSAROH occurred frequently during first hospitalization and 

patients with multiple hospitalizations and no BSAROH infection were frequently 

exposed to antibiotics, we conducted a sensitivity analysis focused on the first 

hospitalization of each patient. 

A value of p < 0.05 was considered statistically significant. All statistical 

analyses were performed using R software [version 3.5.2: R Core Team (2018). R: 

A language and environment for statistical computing. R Foundation for Statistical 

Computing, Vienna, Austria. URL https://www.R-project.org/]. 

Ethic issues 

Authorization of local ethic committee was obtained, according to French 

legislation. 
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Results 

Patient’s characteristics 

Three hundred and forty-eight consecutive patients (corresponding to 713 

hospitalizations) were hospitalized during the inclusion period. Thirty-three patients 

(54 hospitalizations) were excluded and 315 patients (659 hospitalizations) were 

enrolled (Figure 1). Patient’s characteristics are summarized in Table 1. Four 

hundred and fifty-four of 659 hospitalizations (68.9%) were accessed for 

management of neutropenia following chemotherapy, 128 (19.4%) for allogenic 

stem cell transplantation (SCT) and 77 (11.7%) for autogenic SCT. The majority of 

patients, (n=168; 53.2%), suffered from acute myeloid leukemia. One hundred and 

ninety-five patients (63.1%) had at least one comorbidity (see also Table S1). 

 

Microbiology 

Febrile neutropenia were microbiologically documented in 191 (31.2%) of 612 

hospitalizations with fever, with 87 (14.2%) BSAROH and 58 (9.5%) BPAROH. 

Repartition of documented infections based on bacterial species or genera is 

presented in Figure 2 and the complete list of microorganisms responsible of 

documented infection is presented in Table S2. Enterobacterales were the most 

frequent isolated microorganisms (118/239: 49.3%) since Escherichia coli was 

largely found (87/239: 36.4%). Pseudomonas aeruginosa represented 9.2% of 

documented infections (22/239). Enterococcus faecium (10/239, 4.2%), CoNS 

(26/239, 9.6%) and Streptococcus mitis (9/239, 3.8%) were the most frequent 

microorganisms found in Enterococci, Staphylococci and Streptococci group, 

respectively. The AMR level and the type of AMR for the most frequent 

microorganisms in onco-hematology are presented in Figure 3 and Figure 4. 
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Interestingly, only one Streptococcus was classified as a BSAROH (e.g. a 

Streptococcus mitis strain harboring penicillin and cephalosporin resistance). The 

complexity of the connection between species, type of resistance and the 

resistance to some class of antibiotics is presented in Figure 5 (complete data 

frame available in Table S3). A positive fecal sample with resistant strain was 

documented in 203 of 659 hospitalizations (30.8%) (see also Table S4 for 

specifications concerning enteric colonization). Only 18 of 203 patients (8.9%) with 

enteric colonization had a documented infection with the a priori same 

microorganism (same resistance phenotype in stool and blood culture). No 

colonization with MRSA was notified. Only 5 (0.8%) VRE were detected, none of 

these patients had infection with VRE. The main type of resistance in 

Enterobacterales was ESBL-E (75/129, 58.1%). No carbapenemase producing 

Enterobacterales (CPE) was noted. Mechanisms of resistance in Pseudomonas 

aeruginosa were balanced, including interestingly, three patients colonized with a 

Pseudomonas aeruginosa harboring blaVIM-2 gene, conferring resistance to all 

carbapenems. None of these patients had infection with this highly resistant 

microorganism. 

 

Outcomes 

Patient outcomes are presented in Table 2. The median clinical follow-up was 

571 days with a median duration for each episode of hospitalization of 23 days. 

One hundred and sixty four (52.1%) of 315 patients were only hospitalized once. 

At least one febrile episode was noted in 612 (92.9%) of 659 hospitalizations. 

More than a half of febrile episodes (53.5%) were FUO. A microbiological 

documentation was obtained in 191 of 612 (31.2%) hospitalizations with fever. A 
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total of 239 positive samples were collected, 19 were pulmonary samples and 220 

were blood cultures. Note that patients could have multiple positive samples. 

Infections with BSAROH and BPAROH were documented in 87 (14.2%) and 58 

(9.5%) of 612 hospitalizations with fever, respectively. An ICU admission was 

necessary in 62 of 659 hospitalizations (9.4%), including 49 (7.4%) for infection. 

An early death was noted in 31/659 (9.8 %) patients including 21/31 (67.4%) for an 

infectious cause. One hundred and thirty-five (42.9%) of 315 patients had died 

during the study period. The main cause of death was the hematological 

malignancy progression (60/135, 44.4%). Infection was the second cause of death 

(39/135, 28.9%) (See also Table S5). A treatment failure was noted in 126 of 659 

hospitalizations (19.1%).  

 

Primary objective: risk factor of infection with BSAROH 

Univariate and multivariate analysis of the risk factors of microbiologically 

documented infection by BSAROH for all episodes of hospitalization are presented 

in Table 3 and Table 4. In univariate analysis, age (hazard ratio (HR) for 5 

years=1.10 [1.05-1.15], p=0.03), prior hospitalization within 3 months (HR=1.72 

[1.04-2.84], p=0.03) and a travel in foreign country within the last 3 months 

(HR=3.69 [1.67-8.16], p=0.01) were factors significantly associated with a 

documented infection with a BSAROH (Table 3). In multivariate analysis, only age 

(adjusted HR for 5 years=1.02 [1.00-1.04], p=0.02) and travel in foreign country 

(adjusted HR=3.58 [1.59-8.04], p=0.002) remained statistically associated with a 

BSAROH infection. Gender, the presence of comorbidity, autogenic SCT, 

allogenic SCT, ICU admission history, previous infection or colonization with a 

BSAROH, were not associated with the onset of a BSAROH infection (Table 4). 
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Kaplan Meier curves are presented in Table S6. Neither exposure to all antibiotics 

nor exposure to one particular class of antibiotic was at risk factor of infection with 

a BSAROH.  Similar results were obtained concerning the sensibility analysis 

restricted to the first episode of hospitalization of each patient (Table S7 and Table 

S8). 

 

Antibiotic treatment 

An antibiotic treatment was prescribed in 612 (100%) hospitalizations with fever, 

unfortunately, antibiotic class was unknown in 2 patients. The main antibiotic 

treatment strategy used in first line was monotherapy with piperacillin-tazobactam 

in 427 (69.8%) hospitalizations. A combination therapy was prescribed in 116 

(19.0%) hospitalizations (see Table 5). Carbapenem prescription was associated 

in one hundred and eighty-eight (30.7%) hospitalizations with fever. The median 

time of carbapenem exposure was 10 days. The most prescribed class of 

antibiotic treatment was penicillin associated with β-lactam inhibitors (501/610, 

81.6%), with a median duration of treatment of 8 days 

.  

Discussion 

This study is a recent overview of the epidemiology of bacterial infections in the 

setting of high risk neutropenia. This type of update is essential for regular 

reevaluation of antibiotic stewardship in each center. The extrapolation of these 

results must be limited to centers in France and Northern Europe, where 

resistance levels are low and where patients do not receive antibiotic prophylaxis 

with fluoroquinolones.  
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This study had some limitations. Firstly, the retrospective nature exposed to 

bias, mainly for clinical presentation and origin of infection. In particular, 

interrogation data concerning travels in foreign country could be incomplete. 

Biases were prevented for the majority of the criteria by objective data such as 

microbiological results, age, death or ICU admission. The second main limitation 

was the microbiological approach since only 31.4% of all episode of febrile 

neutropenia had a microbiological documentation. This data probably minimized 

the incidence of microorganisms with less virulent presentation and less 

bloodstream potential dissemination such as anaerobic bacteria or non-fermenting 

Gram-negative bacilli others than Pseudomonas aeruginosa. Recent reports 

focused on the increasement of AMR level and the medical need of very broad-

spectrum antibiotic treatment. Our study exposes another view in a low AMR level 

center, as already described by Kjellander et al. (24). 

The validity of known factors associated with resistant microorganisms is 

unclear because these factors have been established from studies in centers with 

significant antibiotic resistance level (4,26,27,31,32,34,38–45), mainly in North 

America or Southern Europe. In our study, despite a population > 300 patients, the 

number of factors associated with BSAROH infection was limited. No association 

was found between the use of antibiotic treatment, the history of infection with a 

BSAROH and the history of colonization with BSAROH. In particular, only 18 of 

203 patients (8.9%) with enteric colonization had a documented infection with the 

same microorganism. This surprising absence of association is probably linked 

with the low prevalence of AMR; infection with a sensitive microorganism remains 

the most probable situation, even in case of previous use of antibiotic treatment or 

history of BSAROH. Of course, spectrum of empirical antibiotic treatment should 
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not be diminished because infection with BSAROH are still frequent (14%) and 

hardly predictable, but very large spectrum empirical antibiotic treatment such as 

carbapenems or anti-GPC adjunction should not be used too early.  

The risk factor with the highest HR in our study was the travel in foreign country, 

mainly because of CPE and ESBL-E, which is in consistent with previous studies 

(47–49). This clinical data must be systematically evaluated before hospitalization 

for profound neutropenia and a broader spectrum empirical antibiotic treatment 

could be a reasonable option.  

No association was found between allogenic SCT, autogenic SCT recurrent 

hospitalizations and infection with a BSAROH. In our center, usage of a unique 

antibiotic guideline for neutropenia following chemotherapy in first hospitalization, 

recurrent hospitalization, autogenic SCT and allogenic SCT seems reasonable.  

During a first hospitalization, if fever occurs in the first week, patients are 

frequently treated by cefotaxime or ceftriaxone because of the supposed 

community-acquired origin and the supposed lower probability of infection with 

Pseudomonas aeruginosa and ESBL-E or CPE. This frequent usage has not been 

evaluated in a prospective trial, neither in adults nor in children. The majority of 

infections with BSAROH in our study were observed during the first hospitalization, 

despite an absence of previous antibiotic treatment. Cefotaxime and ceftriaxone 

must be used with caution in first hospitalization because it could be associated 

with a risk of treatment failure. 

Despite the high frequency of infection with sensitive microorganism, infection 

with BSAROH remains a frequent problem (14.2%) and identification of patients at 

risk remains challenging. Furthermore, the association between species, type of 

resistance and phenotypic resistance is complex (Figure 5), and highlights the risk 
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of treatment failure and the importance of a systematic antibiotic reevaluation at 

48-72h. Note that interestingly, sensitivity to aminoglycosides remained very high 

(> 90%) in GNB. This class of antibiotics could be the best option in situations 

where obtaining a very broad spectrum antibiotic spectrum is essential such as 

severe presentation or concomitant β-lactam treatment.  

Resistance levels in our study were low in comparison with rates observed in US 

and Southern Europe reports (18), but 2 mechanisms of antibiotic resistance 

remain problematic, particularly in Enterobacterales. At first, nearly 10% of 

patients with a community status and 40% with nosocomial status are colonized 

with ESBL-E (54,55). Secondly, the incidence of Escherichia coli and Klebsiella 

pneumonia with high level of class A β-lactamase secretion, was high and 

exhibiting resistance to piperacillin-tazobactam, > 20% and > 50% respectively. 

This data should lead to a reevaluation of local recommendations since 

monotherapy with piperacillin-tazobactam was the first line antibiotic choice in 

almost 70% of febrile episode.  
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Conclusion 

In centers with low AMR level and no fluoroquinolones prophylaxis, classical risk 

factors do not discriminate patients with high probability of documented infection 

with a BSAROH. Despite a majority of infection by sensitive microorganisms, 

infection with BSAROH remains frequent and hardly predictable. A broad 

spectrum antibiotic treatment is essential for high risk febrile neutropenia but 

antibiotic escalation should be limited.  
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Tables and figures 

Table 1. Patients Characteristics 

Patients, (hospitalizations) n (n)  315 (659) 

Number of hospitalizations, median 
(range) 

 1 (1-7) 

Age, years, median (range)  60 (18-77) 

Gender, n (%) Male 169/315 (53.7) 

Female 146/315 (46.3) 

Treatment, n (%) Chemotherapy 454/659 (68.9) 

Allogenic SCT 128/659 (19.4) 

Autogenic SCT 77/659 (11.7) 

Disease, n (%)* Acute myeloid leukemia 

 

168/315 (53.2) 

Acute lymphoblastic 
leukemia 

 

31/315 (9.8) 

Lymphoma 

 

47/315 (14.9) 

Myeloma 

 

43/315 (13.6) 

Other myeloid 
hematological malignancy 

 

18/315 (5.7) 

Other lymphoid 
hematological malignancy 

1/315 (0.3) 

Aplastic anemia 5/315 (1.6) 

 
Comorbidity, n (%)£ Yes 195/315 (63.1) 

No 114/315 (36.9) 

SCT: stem cell transplantation 
*: missing data: 3/315 (0.9%) 
£: list in Table S1 
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Table 1. Patients Characteristics (continued) 

Patients, (hospitalizations) n (n) 
 315 (659) 

Antibiotic treatment in last 3 months, n (%) 
 435/659 (66) 

Hospitalization in last 3 months, n (%)  
 437/659 (66.3) 

Hospitalization in ICU in last 3 months, n (%) 
 42/659 (6.4) 

Colonization with BSAROH in last 3 months, n (%) 
 123/659 (18.7) 

Link with foreign country; n (%) 
 42/659 (6.4) 

ICU: Intensive care unit 

BSAROH: Bacteria with significant resistant to antibiotics in onco-hematology  
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Table 2. Patients’ outcome 

Follow up, days, median (range)  
577 (3-1751) 

Duration of one episode of 
hospitalizations, days, median 
(range) 

 

23 (4-148) 

Total duration of hospitalization, 
days, median (range) 

 

43 (4-172) 

Hospitalization with febrile 
episode, n (%)* 

 
612/659 (92.9) 

Origin of infection, n (%)  FUO 327/612 (53.4) 

 Digestive 61/612 (10.0) 

 ENT / Grade 3-4 Mucitis 55/612 (9.0) 

 Pulmonary 60/612 (9.8) 

 Skin and soft tissue 37/612 (6.0) 

 Catheter 50/612 (8.2) 

 Urinary 22/612 (3.6) 

Microbiological documentation, 
n, (%) 

 
191/612 (31.2) 

 Pulmonary distal sample 19/239£ (7.9) 

 Bloodstream infection$ 220/239£ (92.1) 

Concomitant antibiotic treatment 
at documentation, n (%) 

 

51/191 (26.7) 

Microbiological documentation 
with BSAROH, n (%) 

 
87/612 (14.2) 

Microbiological documentation 
with BPAROH, n (%) 

 
58/612 (9.5) 

FUO: fever of unknown origin; ENT: Ear nose and throat; BSAROH: bacteria with 
significant antibiotic resistance in onco-hematology; BPAROH: bacteria with problematic 
antibiotic resistance in onco-hematology  

*: 47 patients remained afebrile during at least one hospitalization.  
£: 239 positive samples, one patient with documentation could have multiple positive 
samples 
$: monomicrobial: 202/220 (91.8%), polymicrobial: 18/220 (8.2%)  



26 
 

 

 

Table 2. Patients’ outcome (continued) 

Treatment failure, n (%)  
126/659 (19.1) 

 

ICU admission, n (%)  62/659 (9.4) 

ICU admission for infection, n (%) 
 49/62 (79) 

Early death, n (%)  31/315 (9.8) 

Early death for infection, n (%)  21/31 (61.8) 

Death, n (%) 
 

135/315(42.9) 

Cause of death, n (%) 

 

Hematological 
malignancy 

60/135 (44.4) 

 Infection 39/135 (28.9) 

 
Treatment toxicity 31/135 (23.0) 

 Other* 3/135 (2.2) 

ICU: intensive care unit 

*: 2 (1.5%) missing data see Table S5 
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Table 3. Primary outcome univariate analysis for all hospitalizations 

Risk factors of documented infection with bacteria with significant 
antibiotic resistance in onco-hematology (BSAROH) 

 

 
Documented 
infection with 

BSAROH 

n=87 

Infection without 
documentation 
or other germ 

n=572 

Hazard ratio 
[95%CI] 

p 

Male sex, n (%) 54 (62.1) 309  (54.0) 1.33 [0.85-2.06] 0.21 

Age, years, median (IQR) 
63 (53-69) 59 (49-66) 1.10 [1.05-1.15]* 0.03 

Presence of at least one 
comorbidity, n (%) 55 (63.2) 345 (60.3) 1.10 [0.71-1.73] 0.65 

Allogenic SCT, n (%) 17 (19.5) 11 (19.4) 0.89 [0.52-1.52] 0.67 

Autogenic SCT, n (%) 5 (5.7) 72 (12.6) 0.43 [0.17-1.07] 0.07 

Prior hospitalization within 
3 months, n (%) 

67 (77.0) 370 (64.7) 1.72 [1.04-2.84] 0.03 

ICU during prior 
hospitalization for 
treatment, n (%) 

5 (5.7) 37 (6.5) 0.86  [0.35-2.15] 0.75 

Foreign travel within 3 
months, n (%) 7 (8.0) 11 (1.9) 3.69 [1.67-8.16] 0.01 

History of infection with 
BSAROH, n (%) 12 (13.8) 64 (11.2) 1.26 [0.69-2.32] 0.45 

History of colonization with 
BSAROH, n (%) 17 (19.5) 106 (18.5) 1.06 [0.62-1.81] 0.84 

Previous antibiotics 

All antibiotics 

β-lactam + inhibitor 

Cephalosporin 

Ceftazidime 

Cefotaxime / ceftriaxone 

Cefepime 

Aminoglycosides 

Quinolones 

Carbapenems 

Anti-GPC 

Other 

 

64 (73.6) 

46 (52.9) 

32 (36.8) 

14 (16.1) 

18 (20.7) 

2 (2.3) 

13 (14.9) 

7 (8.0) 

18 (20.7) 

24 (27.6) 

26 (28.9) 

 

371 (64.9) 

306 (53.5) 

154 (26.9) 

65 (11.4) 

107 (18.7) 

4 (0.7) 

96 (16.8) 

52 (9.1) 

126 (22.0) 

191 (33.4) 

162 (28.3) 

 

1.45 [0.89-2.34] 

0.96 [0.63-1.47] 

1.56 [1.01-2.41] 

1.47 [0.83-2.6] 

1.13 [0.67-1.91] 

3.15 [0.73-13.5] 

0.85 [0.47-1.54] 

0.89 [0.41-1.96] 

0.90 [0.53-1.52] 

0.75 [0.47-1.21] 

1.08 [0.68-1.72] 

 

0.13 

0.85 

0.05 

0.18 

0.65 

0.12 

0.59 

0.78 

0.68 

0.24 

0.76 

SCT: stem cell transplantation; ICU: Intensive care unit; IQR: interquartile range; Anti-
GPC: antibiotic against Gram positive cocci (e.g. vancomycin, linezolid, daptomycin). 
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Table 4. Primary outcome multivariate analysis for all hospitalizations 

Risk factors (p<0.20 in univariate analysis) of documented infection 
with bacteria with significant antibiotic resistance in onco-hematology 
(BSAROH)  

 

 

Documented 
infection with 

BSAROH 

n=87 

Infection without 
documentation 
or other germ 

n=572 

Adjusted Hazard 
ratio [95%CI] 

p 

Male sex, n (%) 
54 (62.1) 309  (54.0) 1.26 [0.79-1.96] 0.34 

Age, years, 
median (IQR) 63 (53-69) 59 (49-66) 1.02 [1.00-1.04] 0.02 

Autogenic SCT, n 
(%) 5 (5.7) 37 (6.5) 0.58 [0.22-1.49] 0.25 

Prior 
hospitalization 
within 3 months, n 
(%) 

67 (77.0) 370 (64.7) 1.54 [0.92-2.59] 0.1 

Foreign travel 
within 3 months, n 
(%) 

7 (8.0) 11 (1.9) 3.58 [1.59-8.04] 0.002 

Previous 
antibiotics 

All antibiotics 

Cephalosporin 

Ceftazidime 

Cefepime 

 

64 (73.6) 

32 (36.8) 

14 (16.1) 

2 (2.3) 

 

371 (64.9) 

154 (26.9) 

65 (11.4) 

4 (0.7) 

 

1.08 [0.58-1.98] 

1.51 [0.94-2.42] 

1.36 [0.75-2.46] 

1.09 [0.63-1.89] 

 

 

0.81 

0.09 

0.32 

0.75 

 

SCT: stem cell transplantation; IQR: interquartile range. 
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Table 5. Antibiotic treatment 

 

First line treatment, n 
(%)* 

monotherapy 492/612 (80.4) 

combination therapy 116/612 (10.7) 

piperacillin- tazobactam 427/612 (69.8) 

ceftazidime 63/612 (10.3) 

cefepime 1/612 (0.2) 

ceftriaxone / cefotaxime 57/612 (9.3) 

 carbapenem 36/612 (5.9) 

 other# 26/612 (4.2) 

Total administration   

Molecule Administration, n (%)$ Duration of treatment, 
days, median (range) 

Penicillin + β-lactamase 
inhibitors£ 501 /612 (81.6) 8 (1-49) 

Ceftazidime 121/612 (19.8) 
9 (1-42)µ 

Cefepime 9/612 (1.5) 

Carbapenem 188/612 (30.7) 10 (1-46) 

Aminoglycoside§ 163/612 (26.7) 1 (1-7) 

Fluoroquinolone 44/612 (7.2) 6 (1-30) 

Vancomycin 237/612 (38.7)  

13 (1-34)+ 

 

Linezolid 121/612 (19.7) 

Daptomycin 19/612 (3.1) 

*: 610 class of first line antibiotic treatment recorded, for 612 febrile episodes with 
antibiotic treatment. Two missing data. Total < 100% 
#: aztreonam, amoxicillin-clavulanic acid, amoxicillin, fluoroquinolone, pristinamycin, 
linezolid, rovamycin 
$: total > 100%, patients could receive more than one antibiotic treatment 
£: piperacillin-tazobactam: 454, amoxicillin-clavulanic acid: 42, ticarcillin-clavulanic acid: 5 
µ: duration for all cephalosporins 
§: amikacin: 146, gentamicin: 17 
+: duration for all specific anti resistant Gram positive cocci 
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Figure 1. Study flow chart 

 

Patients hospitalized for treatment during the 

study period 

n=348 (713 hospitalizations) 

  

 

 Patients hospitalized for relapse 

n=20 (36 hospitalizations) 

   
 

 Patient with history of infection 

with BSAROH before 1st 

hospitalization 

n=1 (5 hospitalizations) 

   
 

 Patients remaining afebrile 

during all hospitalizations (no 

antibiotic treatment) 

n=12 (13 hospitalizations) 

   

Patients hospitalized for initial treatment with 

at least 1 hospitalization with febrile 

neutropenia 

n=315 (659 hospitalizations) 

  

 

BSAROH: bacteria with significant antibiotic resistance in onco-hematology  
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Figure 2. Microbiology of documented infections: 220 blood cultures 
and 19 distal pulmonary samples. A) Main microorganisms repartition 
B) Microorganisms subgroups repartition. Complete list in Table S2. 

 

Figure 2A. GNB: Gram negative bacilli 

 

 

Figure 2B. GNB: Gram negative bacilli, CoNS: coagulase negative Staphylococci  
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Figure 3. Antimicrobial resistance types and rates in Gram-negative 
microorganisms. A) Escherichia coli, Klebsiella pneumoniae, other 
Enterobacterales. B) Pseudomonas aeruginosa. 

 

Figure 3A.  

 

 

Figure 3B.   
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Figure 4. Antimicrobial resistance types and rates in Gram-positive 
microorganisms. A) Staphylococcus aureus and coagulase negative 
Staphylococci (CoNS). B) Enterococcus faecalis and Enterococcus 
faecium. C) Streptococcus sp. group. 

 

Figure 4A.  

 

Figure 4B.  

 

Figure 4C.   
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Figure 5. Sankey chart: link between resistance type and resistance 
level in documented infection. 

 
 

 
ESBL: extended spectrum β-lactamase 
Complete data frame in Table S3. 
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Supplementary data 

Table S1. Patients’ comorbidities 

Comorbidity  n  Comorbidity  n Comorbidity n 

Hypertension 68 
Chronic obstructive 
pulmonary disease 

14 Pulmonary embolism 6 

Stroke  3 Fungal infection 1 
Asbestosis and/or 
pulmonary fibrosis 

10 

Breast abscess 1 Atrial fibrillation  9 Heart failure 4 

Aortitis 1 Asthma 5 Renal insufficiency 2 

Inflammatory 
rheumatism 

1 Pulmonary cancer 2 Uterus cervix cancer 1 

Colon or rectum  
cancer 

2 Prostate cancer 4 Pancreas cancer 1 

Breast cancer 10 Thyroid cancer 6 Uterus cancer 2 

Skin carcinoma 6 Urothelial cancer 1 
Ischemic heart 
disease 

9 

Valvular heart 
disease 

4 Cholecystitis 1 Cirrhosis 2 

Colitis 1 diabetes 13 Pulmonary embolism 5 

Barrett’s esophagus 2 Hepatitis 9 
Horton’s disease or 
polymyalgia 
rheumatica 

5 

Prostate 
hypertrophy  

1 Melanoma 3 
Chronic lymphocytic 
leukemia 

1 

Lymphoma  
3 

 
Myeloma 1 

Pericarditis or 
Myocarditis 

2 

Acoustic neuroma 2 Neurofibromatosis 1 Obesity 10 

Digestive 
obstruction 

1 Chronic alcoholism 4 
Orchitis or 
Epididymitis 

1 

Osteoporosis with 
bone fracture 

1 Pancreatitis 3 Parkinson’s disease 1 

Deep vein 
thrombosis 

11 
Recurrent 
pyelonephritis  

4 
Ulcerative colitis or 
Crohn’s disease 

2 

Sarcoidosis 2 Ewing sarcoma 1 Schizophrenia 2 

Splenectomy 1 Chronic tabagism 16 
Cardiac conduction 
disorder 

1 

Uveitis 1 Cornea abscess 1 
Congenital 
cardiopathy 

1 

Arteriopathy 5 
Indeterminate 
digestive cancer 

1   
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Table S1. Patients’ comorbidities (continued) 

Comorbidity  n  Comorbidity  n Comorbidity n 

Cryoglobulin 2 Dyslipidemia 1 Face skin 
infection  

1 

Gastritis (acute or 
chronic) 

3 Cerebral 
hemorrhage 

3 
Ocular herpes 

1 

Pulmonary arterial 
hypertension 

1 Peritonitis 1 Pneumothorax  
1 

Arthropatic psoriasis 1 Thalassemia 1 
Intravenous 
drug addiction 

1 

Endocarditis 1 Hemochromatosis 1 
Recurrent 
pneumoniae 

1 

Vertebralitis 1 
Prostate 
hypertrophy 

1 
Recurrent yeast 
infection 

1 

Septic shock after 
pneumococcus 
bacteremia 

1 Tuberculosis 1 Typhoid fever 
1 
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Table S2. Microbiology of documented infection 

Total  n (%) 

 Blood culture 220/239 (92.1) 

Distal pulmonary sample 19/239 (7.9) 

Enterobacterales Escherichia coli 87/239 (36.4) 

Klebsiella pneumoniae 10/239 (4.2) 

Campylobacter fetus 1/239 (0.4) 

Campylobacter freundii 1/239 (0.4) 

Citrobacter koseri 1/239 (0.4) 

Enterobacter cloacae 9/239 (3.8) 

Hafnia alvei 2/239 (0.8) 

Klebsiella aerogenes 3/239 (1.3) 

Klebsiella oxytoca 2/239 (0.8) 

Klebsiella variicola 1/239 (0.4) 

Morganella morganii 1/239 (0.4) 

Proteus mirabilis 1/239 (0.4) 

Other GNB Pseudomonas aeruginosa 22/239 (9.2) 

Capnocytophaga sputigena 3/239 (1.3) 

Moraxella spp. 1/239 (0.4) 

Stenotrophomonas maltophilia 6/239 (2.6) 

Anaerobic bacteria Leptotrichia spp. 2/239 (0.8) 

Bacteroides fragilis 1/239 (0.4) 

Bacteroides vulgatus 1/239 (0.4) 

Clostridium tertium 1/239 (0.4) 

GNB: Gram negative bacilli 
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Table S2. Microbiology of documented infection (continued) 

Staphylococci CoNS* 26/239 (10.9) 

Staphylococcus aureus  10/239 (4.2) 

Streptococci Streptococcus mitis 9/239 (3.8) 

Streptococcus pneumoniae 2/239 (0.8) 

Streptococcus salivarius 4/239 (1.8) 

Streptococcus agalactiae 1/239 (0.4) 

Streptococcus dysgalactiae 1/239 (0.4) 

Streptococcus oralis 1/239 (0.4) 

Streptococcus pyogenes 3/239 (1.3) 

Streptococcus vestibularis 2/239 (0.8) 

Abiotrophia defectiva 1/239 (0.4) 

Granulicatella adjacens 2/239 (0.8) 

Enterococci Enterococcus faecalis 5/239 (2.2) 

Enterococcus faecium 10/239 (4.2) 

Enterococcus gallinarum 1/239 (0.4) 

Other Actinomyces odontolyticus 2/239 (0.8) 

Corynebacterium jeikeium 1/239 (0.4) 

Lactobacillus rhamnosus 1/239 (0.4) 

Micrococcus luteus 1/239 (0.4) 

*: 26 coagulase negative Staphylococci, including 1 Staphylococcus lugdunensis  
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Table S3. Data frame of Figure 5. Link between resistance type and 
resistance level in documented infection 

 

Microorganism   Resistance type n, (%) Antibiotic 
resistance n 

Escherichia coli 

N=86 

 

 

 

 

 

 

 

 

 

 

 

ESBL 7 (8.1) Cefotaxime 5 

Ceftazidime 4 

Cefepime 5 

Piperacillin- 
tazobactam 

3 

Carbapenem 0 

Cephalosporinase 2 (2.3) Cefotaxime 2 

Ceftazidime 2 

Cefepime 0 

Piperacillin- 
tazobactam 1 

Carbapenem 0 

Penicillinase 36 (41.9) Cefotaxime 0 

Ceftazidime 0 

Cefepime 1 

Piperacillin- 
tazobactam 

18 

Carbapenem 0 

Other * 0 Cefotaxime 0 

Ceftazidime 0 

Cefepime 0 

Piperacillin- 
tazobactam 

0 

Carbapenem 0 

ESBL: Extended spectrum β-lactamase, *: Carbapenemase = 0  
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Table S3. Data frame Figure 5. Link between resistance type and 

resistance level in documented infection (continued) 

 

Microorganism   Resistance type n, (%) Antibiotic 
resistance n 

Klebsiella  
Pneumoniae 
N=10 

 

 

 

 

 

 

 

 

 

 

 

ESBL 2 (20.0) Cefotaxime 2 

Ceftazidime 2 

Cefepime 2 

Piperacillin- 
tazobactam 

1 

Carbapenem 0 

Cephalosporinase 2 (20.0) Cefotaxime 0 

Ceftazidime 2 

Cefepime 1 

Piperacillin- 
tazobactam 2 

Carbapenem 0 

Penicillinase 3 (30.0) Cefotaxime 0 

Ceftazidime 1 

Cefepime 0 

Piperacillin- 
tazobactam 

3 

Carbapenem 0 

Other * 0 Cefotaxime 0 

Ceftazidime 0 

Cefepime 0 

Piperacillin- 
tazobactam 

0 

Carbapenem 0 

ESBL: Extended spectrum β-lactamase, *: Carbapenemase = 0  
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Table S3. Data frame Figure 5. Link between resistance type and 
resistance level in documented infection (continued) 

 

Microorganism   Resistance type n, (%) Antibiotic 
resistance n 

Other  

Enterobacterales 

N=22 

 

 

 

 

 

 

 

 

 

 

 

ESBL 4 (18.2) Cefotaxime 4 

Ceftazidime 4 

Cefepime 4 

Piperacillin- 
tazobactam 

4 

Carbapenem 0 

Cephalosporinase 4 (18.2) Cefotaxime 4 

Ceftazidime 4 

Cefepime 2 

Piperacillin- 
tazobactam 3 

Carbapenem 0 

Penicillinase 1 (4.5) Cefotaxime 0 

Ceftazidime 0 

Cefepime 0 

Piperacillin- 
tazobactam 

0 

Carbapenem 0 

Other* 0 Cefotaxime 0 

Ceftazidime 0 

Cefepime 0 

Piperacillin- 
tazobactam 

0 

Carbapenem 0 

ESBL: Extended spectrum β-lactamase, * Carbapenemase = 0 
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Table S3. Data frame Figure 5. Link between resistance type and 
resistance level in documented infection (continued) 

 

Microorganism   Resistance type n, (%) Antibiotic 
resistance n 

Pseudomonas  
Aeruginosa 
N=22 

 

 

 

 

 

 

 

 

 

 

 

Porin-D2 mutation  4 (18.2) Carbapenem 4 

Cephalosporinase 3 (13.6) Cefotaxime£ 3 

Ceftazidime 3 

Cefepime 0 

Piperacillin- 
tazobactam 3 

Carbapenem 1 

Penicillinase 3 (13.6) Cefotaxime£ 3 

Ceftazidime 0 

Cefepime 0 

Piperacillin- 
tazobactam 

3 

Carbapenem 0 

Other* 6 (27.3) Cefotaxime£ 5 

Ceftazidime 5 

Cefepime 4 

Piperacillin- 
tazobactam 

6 

Carbapenem 6 

*: Association of known mechanisms of resistance; Carbapenemase = 2;  
£: natural resistance, chromosomic cephalosporinase 
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Table S4. Microbiology of enteric colonization  

 

Enterobacterales, n (%) $ ESBL 75/129 (58.1) 

Cephalosporinase 46/129 (35.7) 

Penicillinase 1/129 (0.8) 

Carbapenemase 0 

Other 7/129 (5.4) 

Pseudomonas aeruginosa, n (%) * Cephalosporinase 5/30 (16.7) 

Penicillinase 7/30(23.3) 

Porin-D2 mutation 7/30 (23.3) 

Carbapenemase 6/30 (20) 

Association of known 
mechanisms 5/30 (16.7) 

Enterococcus faecium, n (%) PBP mutation£ 
5/5 (100) 

VRE£ 
4/5 (80) 

$: Escherichia coli + Klebsiella pneumoniae + Enterobacterales = 129 
ESBL: extended spectrum β-lactamase 
*only bacteria with significant antibiotic resistance in onco-hematology (BSAROH), 45/75 
of Pseudomonas aeruginosa were wild type 
PBP: penicillin binding protein; VRE: vancomycin resistant Enterococci 
£: association of the two mechanisms in 4/5, total > 100%  
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Table S5. Causes of death 

 

Cause of death n 

Progressive or 
relapsing hematological 
malignancy 

 
60 

Infection  39 

Toxicity of treatment Sinusoidal obstruction syndrome 3 

Anthracycline-induced cardiopathy 2 

Graft versus host disease (acute and 
chronic) 14 

Cerebral hemorrhage 1 

Interstitial pneumonitis 1 

Polynevritis 1 

Multiple organ failures with 
multifactorial cause 2 

Other 7 

Other Unexplained sudden death 1 

Cardiac arrest during chemotherapy 1 

Cardiac arrest during endoscopy 1 

Missing data  2 
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Table S5. Causes of death, infection (continued) 

Cause n (total: 39) 

Staphylococcus aureus WT BSI 1 

Septic shock, FUO 12 

Escherichia coli WT BSI 2 

Pseudomonas aeruginosa WT BSI 2 

COVID 1 

Endocarditis with Enterococci * 2 

Epiglottitis with Streptococcus pyogenes 1 

PMLE 1 

CMV disease 1 

Klebsiella pneumoniae WT meningitis 1 

WT: wild type = no non-natural resistance; BSI: bloodstream infection; FUO: fever of 
unknown origin; COVID: infection with SARS Coronavirus 19; PMLE: progressive 
multifocal leukoencephalopathy; CMV: Cytomegalovirus 
*: 1 Enterococcus faecalis, 1 Enterococcus faecium  
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Table S5. Cause of death, infection (continued) 

Cause n (total: 39) 

Peritonitis* 3 

Pneumocystosis 1 

Pneumoniaµ 

 

9 

Viral pneumonia 1 

Cerebral toxoplasmosis 1 

*: including 1 with Pseudomonas aeruginosa WT 
µ: including 1 with Pseudomonas aeruginosa MDR, 2 with Pseudomonas aeruginosa WT, 
1 with Escherichia coli WT, 1 with Stenotrophomonas maltophilia MDR 
WT: wild type = no non-natural resistance; MDR: multi drug resistant 
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Table S6. Kaplan Meier curves of survival without bacteria with 
significant antibiotic resistance in onco-hematology (BSAROH) 
infection by A) age and B) history of travel in foreign country during the 
last 3 months 

 

Table S6A.  

 

Table S6B.  
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Table S7. Primary outcome univariate analysis for first hospitalization. 

Risk factors of documented infection with bacteria with significant 
antibiotic resistance in onco-hematology (BSAROH)  
 

 Documented 
infection with 

BSAROH 

n=46 

Infection without 
documentation 
or other germ 

n=269 

Hazard ratio 
[95%CI] 

p 

Male sex, n (%) 32 (69.6) 137 (50.9) 2.02 [1.08-3.79] 0.03 

Age, years, median (IQR) 
62 (53-70) 60 (50-67) 1.10 [1.05-1.15]* 0.05 

Presence of at least one 
comorbidity, n (%) 31 (67.4) 164 (61.0) 1.33 [0.72-2.46] 0.37 

Prior hospitalization within 
3 months, n (%) 27 (58.7) 73 (27.1) 3.19 [1.77-5.74] <10-3 

ICU during prior 
hospitalization for 
treatment, n (%) 

0 (0) 1 (0.4) - - 

Foreign travel within 3 
months, n (%) 7 (15.2) 11 (4.1) 3.56 [1.59-7.97] 0.002 

History of colonization with 
BSAROH during 
treatment, n (%) 

0 (0) 2 (0.7) - - 

Previous antibiotics 

All antibiotics 

β-lactam + inhibitor 

Cephalosporin 

Ceftazidime 

Cefotaxime / ceftriaxone 

Cefepime 

Aminoglycosides 

Quinolones 

Carbapenems 

Anti-GPC 

Other 

 

26 (56.5) 

13 (28.3) 

9 (19.6) 

2 (4.3) 

7 (15.2) 

0 (0) 

2 (4.3) 

2 (4.3) 

1 (2.2) 

1 (2.2) 

11 (23.9) 

 

84 (31.2) 

34 (12.6) 

18 (6.7) 

3 (1.1) 

15 (5.6) 

0 (0) 

2 (0.7) 

12 (4.5) 

0 (0) 

2 (0.7) 

39 (14.5) 

 

2.54 [1.42-4.55] 

2.27 [1.19-4.30] 

2.83 [1.37-5.87] 

3.54 [0.86-14.6] 

2.52 [1.13-5.64] 

- 

3.39 [0.82-14.00] 

1.02 [0.25-4.23] 

- 

2.13 [0.29-15.48] 

1.78 [0.90-3.5] 

 

0.002 

0.01 

0.005 

0.08 

0.02 

- 

0.09 

0.97 

- 

0.45 

0.10 

IQR: interquartile range; ICU: Intensive care unit; Anti-GPC: antibiotic against Gram 
positive cocci (e.g vancomycin, linezolid, daptomycin). 
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Table S8. Primary outcome multivariate analysis for first 
hospitalization. Risk factors (p < 0.20 in univariate analysis) of 
documented infection with bacteria with significant antibiotic resistance 
in onco-hematology (BSAROH) 

 

 Documented 
infection with 

BSAROH 

n=46 

Infection without 
documentation 
or other germ 

n=269 

Adjusted Hazard 
ratio [95%CI] 

p 

Male sex, n (%) 32 (69.6) 137 (50.9) 1.80 [0.94-3.41] 0.08 

Age, years, 
median (IQR) 62 (53-70) 60 (50-67) 1.02 [1.00-1.05] 0.05 

Prior 
hospitalization 
within 3 months, n 
(%) 

27 (58.7) 73 (27.1) 2.61 [1.43-4.76] 0.02 

Foreign travel 
within 3 months, n 
(%) 

7 (15.2) 11 (4.1) 2.43 [1.05-5.64] 0.038 

Previous 

antibiotics 

All antibiotics 

BLI 

Cephalosporin 

Ceftazidime 

Cefotaxime / 

ceftriaxone 

Aminoglycosides 

Other 

 

 

26 (56.5) 

13 (28.3) 

9 (19.6) 

2 (4.3) 

7 (15.2) 

 

2 (4.3) 

11 (23.9) 

 

 

84 (31.2) 

34 (12.6) 

18 (6.7) 

3 (1.1) 

15 (5.6) 

 

2 (0.7) 

39 (14.5) 

 

 

1.64 [0.85-3.18] 

1.40 [0.70-2.81] 

1.74 [0.80-3.80] 

2.12 [0.49-9.08] 

1.54 [0.66-3.59] 

 

2.45 [0.55-10.7] 

1.28 [0.63-2.61] 

 

 

0.14 

0.34 

0.17 

0.31 

0.32 

 

0.24 

0.50 

IQR: interquartile range; BLI: β-lactam + inhibitor. 
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