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Key issues in the management of bacterial
infections in neutropenic patients

• Changing epidemiology of MDR pathogens

• Prevention of Gram negative infections
– Infection control
– Antibacterial prophylaxis

• Antibacterial strategies



Bacterial infections in stem cell transplant: lesson from 
GITMO studies….

The SIGNB-GITMO/AMCLI study was a
prospective epidemiological survey performed in 54
transplant centers between 1 January and 31
December 2014.

A PROSPECTIVE, MULTICENTER SURVEY OF HUMAN 
CYTOMEGALOVIRUS (CMV) AND OTHER HERPESVIRUSES 
INFECTIONS AND DISEASES IN  ALLOGENEIC HEMATOPOIETIC 
STEM CELL TRANSPLANT (ALLO-HSCT) RECIPIENTS. 
CLINICALTRIALS.GOV IDENTIFIER: NCT04412811

The CYTOALLO-GITMO/AMCLI study was a
prospective epidemiological survey involving 40
transplant centers between 1 January 2021 and 31
March 2022 transplant





The incidence of early pre-
engraftment GNB in allo-HSCT
was 13.7% (179/1310).

Girmenia et al. CYTOALLO-
GITMO-AMCLI study, Jan
2021-Mar 22.

A PROSPECTIVE, MULTICENTER SURVEY OF 
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Jan 2014 – Dec 2014



2014: 13.2%

2021-22:13.7%

Gram–neg bacteremia during the engraftment period in allo-HSCT: 
comparison of two GITMO-AMCLI prospecive studyes

Cumulative incidence of GNB



Gram-negative isolates and resistance patterns: 157 isolates in 2014, 179 isolates in 2021-22
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KP-KPC in 2014: 17 isolates from 15 of 44 centers        KP-KPC in 2021-22: 14 isolates form 8 of 42 centers 

Is CR-GN diffusion
decreasing in allo-HSCT?



Four KPC-KP bloodstream infections
(BSIs) were experienced by 123 patients
(3%) in March–August 2020, and seven
BSIs (one fatal) by 80 patients (8%) in
November 2019–February 2020 (P=0.02).
Consumption and expense of
ceftazidime/avibactam administered to
KPC-KP-positive patients significantly
decreased in March–August 2020.

We analysed KPC-KP spread among 123 patients with haematological
malignancies, hospitalized between March and August 2020, who were
managed using measures against COVID-19. Their outcomes were
compared with those of 80 patients hospitalized during the preceding
4months (November 2019–February 2020).
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Pre-COVID-19 period
8 March 2019 - 7 March 2020

COVID-19 period
8 March 2020 - 7 march 2021

Hematologic Emergency Unit, AOU Policlinico Umberto I, Rome

Differences in the two periods: 
• one more nurse
• access and spaces dedicated

to patients only
• family visits not allowed
• increase in the use of alcoholic

gel, masks and gloves (for 
both health care professionals
and patients).

• COVID-19-related greater 
attention to patients 
management: the role of 
personal safety!!

P=0.01

Reduced Klebsiella pneumoniae carbapenemase–producing K.pneumoniae (KPC-KP) colonization in a 
hematological-emergency setting during the coronavirus disease 2019 (COVID-19) pandemic
Alessandro Laganà MD, et al   Infection Control & Hospital Epidemiology (2022), 1–2
UOSD Pronto Soccorso e Accettazione Ematologica, AOU Policlinico Umberto I, Sapienza University of Rome, Italy



Type of intervention CDC 2006 Guidelines
on management of 

MDRO in healthcare
settings, 2017 update

CDC Guidance for Public 
Health Strategies to 

Address High Levels of
Community Transmission of 

SARS-CoV-2, December 
2020

Universal use of face masks X XXXX

Providing the necessary number and appropriate placement of hand 
washing sinks and alcohol-containing hand rub dispensers in the facility

XXXX XXXX

Physical distancing X XXXX

Limiting contacts XXXX XXXX

Avoid nonessential indoor spaces and crowded outdoor settings X XXXX

Increased testing, diagnosis, and isolation XXXX XXXX

Implementing system changes to ensure prompt and effective 
communications

XXXX XXXX

Maintaining staffing levels appropriate to the intensity of care required XXXX XXXX

Educational campaigns to enhance adherence to contact precautions 
practices in conjunction with other control measures

XXXX XXXX

Infection control intervention against MDRO and SARS CoV-2 CDC 
guidelines



Probability of mortality at 4 months from transplant: Multivariate analysis

Allo-HSCT Auto-HSCT

Variable HR (95% CI), 
p

Variable HR (95% CI), p

Age (+10y) 1.10 (1.01-1.20)
0.03

Lymphoma vs other
diseases

6.17 (2.78-1.6)
<0.001

Other diseases vs 
acute leukemia

0.42 (0.29-0.63) 
<0.001

Phase of the und disease
at transplant: noCR vs CR

4.8 (2.19-10.34), 
<0.001

Phase of the und disease
at transplant: noCR vs CR

2.16 (1.47-3.15)
<0.001

Pre transplant
neutropenia

3.82 (1.80-8.12)
0.001

Pre auto-HSCT 1.76 (1.19-2.63) 
0.006

Days of pre engraftment
neutropenia 
(PMN<100/cmm)

1.07 (1.04-1.18)
<0.001

Days of pre engraftment
neutropenia 
(PMN<100/cmm)

1.03(1.01-1.04) 
<0.001

Gram neg bacterial
infection

2.43 (1.22-4.84)
0.01

Acute II-IV GVHD 2.15 (1.21-3.82)
0.009

Gram neg bacterial
infection

2.13 (1.45-3.13)
<0.001



Patients in whom allogeneic or autologous HSCT was performed
during February 2014-May 2015 in the participating centers were
prospectively followed.

The GNRB cumulative incidence among 2818 allo-HSCT was: pre-engraftment
(pre-eng-allo- HSCT), 8.4 (95% CI 7–9%), post-engraftment (post-eng-allo-
HSCT), 5.8% (95%CI: 5–7%); among 3152 auto- HSCT, pre-eng-auto-HSCT,
6.6% (95%CI: 6–7%), post-eng-auto-HSCT, 0.7% (95%CI: 0.4–1.1%). GNRB,
especially MDR, was associated with increased mortality.
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Probability of mortality at 12 months from transplant

Variables Univariate Multivariate
HR (95% CI) p HR (95% CI) p

Sex Male vs female 1.07 (0.83-1.39) 0.58
Age (increased by 10 years) 1.02 (1.01-1.02) <0.001 1.01 (1.01-1.02) <0.001

Underlying 
hematologic 
disease 

Diseases other than 
acute leukemia

1.00

Acute leukemia 1.43 (1.09-1.86) 0.009 1.77 (1.28-2.45) <0.001

Phase of the 
underlying disease 
at transplant

Complete remission 1.00
Chronic phase 0.92 (0.62-1.36) 0.68 1.41 (0.91-2.19) 0.13
No complete 

remission 
1.42 (1.05-1.91) 0.022 1.86 (1.32- 2.62) <0.001

Previous HSCT
No 1.00

Previous auto-HSCT 1.18 (0.74-1.86) 0.49
Previous allo-HSCT 1.50 (0.87-2.57) 0.14

Recipient/donor 
HCMV serology

Negative/negative 1.00
Negative/positive 1.10 (0.54-2.25) 0.80
Positive/Negative 1.38 (0.79-2.41) 0.26
Positive/Positive 1.42 (0.84-2.42) 0.19

ECOG performance 
status at transplant

0-1 1.00
>1 2.18 (1.39-3.41) <0.001 2.22 (1.40-3.51) <0.001

HCT comorbidity 
index at transplant

Score 0 1.00
Score 1-2 1.34 (0.99-1.83) 0.062 1.10 (0.80-1.50) 0.6
Score >=3 2.0 (1.48-2.70) <0.001 1.52 (1.11-2.10) 0.010

Stem Cell Source
Peripheral blood 1.00

Bone marrow 0.59 (0.39-0.90) 0.014
Cord blood 1.56 (0.64-3.77) 0.33

Donor type

Matched related 1.00
Mismatched related 1.10 (0.56-2.17) 0.77

Haploidentical 1.17 (0.82-1.68) 0.38
Matched unrelated 0.76 (0.52-1.11) 0.16

Mismatched 
unrelated

1.37 (0.94-1.99) 0.10

Variables Univariate Multivariate
HR (95% CI) p HR (95% CI) p

Conditioning regimen

Myeloablative 1.00
Non 

myeloablative/ 
reduced intensity

1.04 (0.80-1.34) 0.79

T cell depletion
No 1.00
Yes 0.72 (0.55-0.93) 0.012

Use of post transplant 
cyclophosphamide as 
GVHD prophylaxis

No 1.00

Yes
0.82 (0.64-1.06) 0.12

Letermovir 
prophylaxis

No 1.00
Yes 1.01 (0.77-1.32) 0.93

Days to engraftment 
<=20 days 1.00
>20 days 1.55 (1.20-1.99) <0.001 1.40 (1.08-1.82) 0.011

Acute GVHD Grade 0-1 1.00
Grade 2-4 1.57 (1.17-2.09) 0.002

CS-HCMV DNAemia Yes 1.00
No 0.70 (0.49-1.00) 0.049

EBV DNAemia Neg- < 1000 
copies/ml

1.00

>=1000 copies 
/ml

1.08 (0.80-1.47) 0.60

Gram negative 
bacteremia

No 1.00
Yes 2.27 (1.72-2.99) <0.001 2.23 (1.68-2.97) <0.001

Invasive fungal disease 
No 1.00
Yes 2.33 (1.55- 3.49) <0.001 2.01 (1.33-3.04) <0.001



Gram–neg bacteremia during the engraftment period in allo-HSCT: 
comparison of two GITMO-AMCLI prospective studies

Probability of survival at 4 months from transplant

2014: 86.4%

2021-22: 91.8%

P<0.001



Gram–neg bacteremia during the engraftment period in allo-HSCT: 
comparison of two GITMO-AMCLI prospective studies

Probability of survival at 4 months from transplant according to GNB

2014: 88.5%

2021-22: 92.6%

P=0.001

No GNB GNB

2014: 73%

2021-22: 87.2%

P=0.001



The mortality rate 30 days after the diagnosis of GNB
was 17.9% (25 of 140 patients), and in 96% of
patients (24 of 25) the infection was considered the
primary cause of death. Of 46 patients who died
before engraftment, the cause of death was a GNB
in 18 (39.1%).

Jan- Dec 2014

The mortality rate 30 days after the diagnosis of
GNB was 6.1% (11 of 179 patients). Of 27 patients
who died before engraftment, the cause of death
was a GNB in 5 (19%).

Jan 2021-Mar 2022

A PROSPECTIVE, MULTICENTER SURVEY OF HUMAN 
CYTOMEGALOVIRUS (CMV) AND OTHER HERPESVIRUSES 

INFECTIONS AND DISEASES IN  ALLOGENEIC HEMATOPOIETIC 
STEM CELL TRANSPLANT (ALLO-HSCT) RECIPIENTS.

CLINICALTRIALS.GOV IDENTIFIER: NCT04412811



Gram–neg bacteremia during the engraftment period in allo-HSCT: 
comparison of two GITMO-AMCLI prospective studies

Probability of survival at 4 months from transplant according to GNB

KP-KPC PA MDR

P=0.049 P=0.031

2014

2021-22

2014

2021-22



Gram–neg bacteremia during the engraftment period in allo-HSCT: 
comparison of two GITMO-AMCLI prospective studies

• Incidence of GNB during the engraftment period

• Incidence of MDR GNB

• Overall mortality at 1 year from allo-HSCT

• Mortality in patients with pre-engraftment GNB

• Mortality in patients with pre-engraftment MDR GNB

2014 vs 2021-22



Prevention of GNB in neutropenic patients

•Infection control: the lesson from COVID-19 

•Antibacterial prophylaxis (fluoroquinolones)





Risk factors for pre-engraftment Gram 
negative infections: multivariate analysis

Allo-HSCT Auto-HSCT

Variable HR (95% CI), p Variable HR (95% CI), p

Age (+10y) 1.16 (1.06-1.27), 0.001 Age (+10y) 1.20 (1.06-1.36), 0.004

Other diseases
vs 
acute leukemia

0.65 (0.46-0.92), 0.01 Lymphoma vs 
other diseases

1.86 (1.30-2.66), <0.001

Donor
MMR
MMU
CB

4.14 (2.31-7.42), <0.001
2.92 (1.47-5.81), 0.002
3.50 (1.32-9.29), 0.01

Antibacterial
prophylaxis vs 
no prophylaxis

0.50(0.34-0.75), <0.001

Ex vivo T-cell
depletion

0.13 (0.03-0.53). 0.004

Days of pre-
engraftment
neutropenia

1.02 (1.01-1.03), <0.001







multicenter, randomized, open-label 
phase 3 trial conducted by the 
Children’s Oncology Group.





We evaluated the effectiveness of primary fluoroquinolone prophylaxis in an area with
high fluoroquinolone resistance. We performed a retrospective chart review of newly
diagnosed adult AML patients who received frontline therapy at Mount Sinai Hospital in
New York, NY, between 2012 and 2019. Primary outcome was development of
neutropenic fever. Secondary outcomes were development of systemic bacterial
infections and infections with multidrug-resistant organisms and Clostridioides difficile

In an area with high fluoroquinolone resistance,
primary fluoroquinolone prophylaxis in newly
diagnosed AML patients reduced the risk of
neutropenic fever and systemic bacterial infections
without increased antimicrobial resistance.
Prospective, randomized studies are needed to
confirm these observations.





No effect of the background rate of FQ resistance
on the efficacy of FQ prophylaxis was observed. In few 
studies, FQ prophylaxis resulted in an increased colonisation
or infection with FQ- or multi-drug resistant strains.

Fluoroquinolone (FQ) prophylaxis was recommended in 2005 by 
European Conference on Infections in Leukemia (ECIL) for 
patients with prolonged neutropenia. In consideration of a 
worldwide increase in antibiotic resistance, the issue of FQ 
prophylaxis during neutropenia was re-evaluated.





Prophylaxis of bacterial infections

the ECIL-8 group does not recommend routine antibacterial
prophylaxis for paediatric patients with lymphoma, acute
leukaemia, relapsed acute leukaemia, or patients with neutropenia
during the pre-engraftment stage of HCT (grade D
recommendation, level of evidence III). This recommendation is
based on data from randomised trials and meta-analyses,
information from long-term observational studies on resistance, and
European Medicines Agency recommendations.



Study 2014

P=0.22

Study 2021-22

P<0.001

Gram–neg bacteremia during the engraftment period in allo-HSCT: 
comparison of two GITMO-AMCLI prospective studies

Cumulative incidence of GNB according to antibacterial prophylaxis

No prophylaxis No prophylaxis

Prophylaxis
Prophylaxis

Study 2014: no prophylaxis 141/1118 pts (12.6%) Study 2021-22: no prophylaxis 707/1310 pts (54%)



Gram–neg bacteremia during the engraftment period in allo-HSCT: 
comparison of two GITMO-AMCLI prospective studies

GNB susceptibility pattern, n No ATB prophylaxis, n (%) ATB Prophylaxis, n (%) p
Enterobacteria no ESBL, 146 75/848 (8.8) 71/1580 (4.5) <0.0001
Enterobacteria ESBL ,83 33/848 (3.9) 50/1580 (3.2) 0.35
Enterobacteria KPC, 30 10/848 (1.2) 20/1580 (1.3) 1
P.aeruginosa no MDR, 23 11/848 (1.3) 12/1580 (0.8) 0.2
P.aeruginosa MDR, 18 8/848 (0.8) 12/1580 (0.8) 1
Other, 25 10/848 (1.2) 15/1580 (0.9) 0.7
Total, 327 147/848 (17.3) 180/1580 (11.4) 0.0001

Efficacy of ATB prophylaxis according to GNB susceptibility pattern

ATB prophylaxis during the engraftment after allo-HSCT:
• Significantly prevents GNB by not MDR strains
• Does not increase the risk GNB by MDR strains



Appropriate management of MDR-GNB 
infections in neutropenic patients

The antibiotic therapy in febrile high-risk 
neutropenic patients should be:

•Early

•Targeted



We analyzed risk factors for mortality in febrile neutropenic patients with bloodstream infections (BSI) presenting with septic
shock and assessed the impact of empirical antibiotic regimens. A multicenter retrospective study (2010 to 2019) of two
prospective cohorts compared BSI episodes in patients with or without septic shock

Age of .70 years (odds ratio [OR], 2.3; 95% confidence interval [CI], 1.2 to 4.7), IEAT for Gram-negative
bacilli (OR, 3.8; 95% CI, 1.3 to 11.1), acute kidney injury (OR, 2.6; 95% CI, 1.4 to 4.9), and amikacin as
the only active antibiotic (OR, 15.2; 95% CI, 1.7 to 134.5) were independent risk factors for mortality,
while the combination of b-lactam and amikacin was protective (OR, 0.32; 95% CI, 0.18 to 0.57).



Antibiotic armamentarium against Gram negative bacteria

Piperacillin-tazobactam
Ceftazidime
Cefepime
Meropenem
Colistin
Fosfomycin
Tygecicline
Aminoglycosides

Targeted
in documented infections

vs 
empiric



The choice of empiric antibiotic therapy in 
febrile neutropenia in the era of MDR

• Inappropriate empiric beta-lactam therapy is predictive of 
higher mortality in severe G-neg BSI

• In conditions at high risk of MDR infection an advanced
beta-lactam should be considered in the first line empiric
therapy 



MDR/XDR GNB colonization and 
risk of pre-engraftment bacteremia



MDR/XDR GNB colonization and 
risk of pre-engraftment bacteremia



Susceptibility
pattern of the 

colonizing isolate

At least two active
agents

Standard empiric
antibiotic therapy

discouraged in 
patients with 

colonization by 
MDR bacteria

Consider active empiric therapy
also in noncolonized patients during

an ongoing outbreak



We compared the outcomes of KPC-KpBSIs occurring in high-risk hematological patients 
known to be colonized with KPC-KP, during two time periods:
Mar2012-Dec2013 (Period 1, initial approach to KPC-K.pneumoniae spread) and Jan2017-
Oct2018 (Period 2, full application of the preemptive strategy).
• Period 1: standard empiric antibiotics (pip/tazo)
• Period 2: empiric antibiotics active against KPC-KP (coli+tige+genta; HD MEM, MEM+ERTA; 

CAZ-AVI+tige+genta)

• KPC-KpBSI-related mortality in hematological patients identified 
as KPC-K.pneumoniae carriers dropped from 50% in Period 1 to 
6% in Period 2 (p < 0.01).

• Overall, KPC-KpBSI-related mortality was 88% with no initial 
active treatment, 11.5% with at least one initial active antibiotic 
(p < 0.01), 9% with initial active combination. Only the initial 
active treatment resulted independently associated with 
survival.



A 7-year (2013–2019) retrospective observational cohort study
was conducted at the Haematology, Sapienza Rome University
(Italy) on 94 febrile neutropenia episodes (FNE) in AL patients
KPC-K. pneumoniae carriers treated with active EAT

• All deaths occurred in patients
treated with colistin-based EAT
(4/38 vs 0/56, p = 0.02).

• CAZAVI-containing EAT was the
only independent factor for an
overall successful response (HR
0.058, CI 0.013–1.072, p =
0.058)



The choice of antibacterial therapy in febrile
neutropenic patients in the era of MDR infections
• Right first time still represent a challenge in the choice of 

antibiotic therapy in febrile neutropenia 
• New molecules active against MDR-GNB should be included in the 

empiric therapy of febrile neutropenia in patients at high-risk
• Biologic markers (i.e.PCR, PCT) are not able to predict the cause of 

febrile neutropenia in the early phase when first empiric therapy 
should be decided
• Colonization and local diffusion of MDR pathogens are criteria for 

the choice of active early empiric antibiotic therapy.
• HOWEVER, de-escalation strategy is still a debated issue of the 

antimicrobial stewardship in high-risk febrile neutropenia patients.


