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Infectious complications of induction treatment for acute myeloid leukaemia 
using the “7 + 3” protocol without antibiotic prophylaxis – 15 years of 

experience of one clinical site
Martin Cernan1, Tomas Szotkowski1, Jaromir Hubacek1, Milan Kolar2, Edgar Faber1, Karel Indrak1, Tomas Papajik1

Background. Infectious complications during induction chemotherapy of acute myeloid leukaemia are very common. 
Prophylactic use of antibiotics however is an ongoing challenge in this situation due to bacterial multi-drug resistance. 
The aim of this study was to provide a comprehensive overview of the incidence of infectious complications in patients 
with AML undergoing induction therapy using the “7+3” protocol without routine antibiotic prophylaxis at one clinical 
site providing specialised haematological care in the Czech Republic, over a period of 15 years. The study also evalu-
ates the aetiological spectrum of causative agents and the development of antibiotic resistance in the context of the 
use of the various classes of antibiotics. The analysis includes evaluation of the importance of risk factors for infectious 
complications and their impact on treatment of the underlying disease. The data are compared with published figures 
for similar cohorts of patients.
Patients and Methods. This study presents a retrospective analysis of infectious complications in 242 patients with 
acute myeloid leukaemia undergoing the first cycle of induction therapy without routine antibiotic prophylaxis in one 
clinical site in Czech Republic during years 2006–2020. 
Results. A total of 363 febrile episodes (FE) were recorded. At least 1 FE during the induction was detected in 229 
(94.6%) patients. Clinically defined infection was the cause in 96 (26.4%) FEs and blood stream infection in 69 (19.0%) 
FEs. Both complications occurred simultaneously in 29 (8.0%) FEs. 169 (46.6%) FEs were evaluated as fever of unknown 
origin (FUO). The achievement of complete remission had a significant effect on the duration of the FE (6 vs. 9 days, 
P=0.0005) and on the overall survival duration (79.3 vs. 6.5 months, P<0.0001). Patients diagnosed with infection or 
FUO at diagnosis were significantly more likely to suffer from colonisation by multi-drug resistant bacterial strains at 
discharge (29.2% vs. 16.3%, P=0.022). This group of patients used antibiotic therapy for a significantly longer time (35 
vs. 23 days, P<0.0001). Infection was a contributing cause of death in 18 (7.4%) patients. Mortality was significantly 
related to the failure to achieve complete remission (P<0.0001). 
Conclusion. Infectious mortality during induction treatment without routine antibiotic prophylaxis was comparable 
to the published cohorts with prophylaxis. Regular microbiology surveillance with adequate initial antibiotic treatment 
can compensate routine antibiotic prophylaxis with slower development of antibiotic resistance. 

Key words: acute myeloid leukaemia, induction therapy, infectious complications, antibiotic prophylaxis, antibiotic 
resistance, mortality

Received: November 13, 2021; Revised: February 14, 2022; Accepted: February 15, 2022; Available online: March 1, 2022
https://doi.org/10.5507/bp.2022.010
© 2023 The Authors; https://creativecommons.org/licenses/by/4.0/

1Department of Haemato-Oncology, Faculty of Medicine and Dentistry, Palacky University Olomouc and University Hospital Olomouc, 
I. P. Pavlova 6, 779 00 Olomouc, Czech Republic
2Department of Microbiology, Faculty of Medicine and Dentistry, Palacky University Olomouc and University Hospital Olomouc, 
I. P. Pavlova 6, 779 00 Olomouc, Czech Republic
Corresponding author: Martin Cernan, e-mail: martin.cernan@fnol.cz

INTRODUCTION

Acute myeloid leukaemias (AML) constitute a hetero-
geneous group of haematopoietic malignant disorders. 
The curative treatment of AML is based on induction 
chemotherapy, with the aim of inducing complete remis-
sion (CR) of the disease. Infectious complications are a 
major cause of mortality during induction chemotherapy1. 
Lack of mature granulocytes caused by the underlying 
disease or chemotherapy is the most significant risk fac-
tor for infectious complications. The association between 
the decreasing number of circulating mature leukocytes 

and the rising incidence of infectious complications in 
patients with acute leukaemia was reported by Bodey et al. 
as early as 1966 (ref.2). The risk of infection significantly 
increases with the extent of the decrease and the duration 
of neutropenia. Other risk factors for infectious compli-
cations include comorbidities, mucocutaneous barrier 
disruption due to invasive entry points or chemotherapy, 
and colonisation by virulent pathogens3. Febrile neutro-
penia is one of the most common emergencies in AML 
patients undergoing intensive cancer therapy. While em-
pirical antibiotic treatment led to a significant reduction 
in mortality from the initial infection, infections caused by 
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multi-drug resistant bacterial strains have soon become a 
new therapeutic challenge4. Despite the advances in sup-
portive care, induction chemotherapy remains one of the 
most high-risk phases of AML therapy, with mortality at 
the level of 5% in developed countries, but up to 15–25% 
in developing countries. This is caused by the high inci-
dence of infections by multi-drug resistant bacteria due 
to the unregulated use of antibiotics5-9. 

The aim of this study was to provide a comprehensive 
overview of the incidence of infectious complications in 
patients with AML undergoing induction therapy using 
the “7 + 3” protocol without routine antibiotic prophylax-
is, at one clinal site providing specialised haematological 
care in the Czech Republic, over a period of 15 years. The 
study also evaluates the aetiological spectrum of causative 
agents and the development of antibiotic resistance in 
the context of the use of the various classes of antibiot-
ics. Furthermore, the analysis includes evaluation of the 
importance of the risk factors of infectious complications, 
their influence on the results of the therapy of the un-
derlying disease. The acquired data are compared with 
published data for similar cohorts of patients.

PATIENTS AND METHODS

Patients and induction chemotherapy
The study is a retrospective descriptive analysis of a 

group of patients with AML treated at the Department 
of Haemato-Oncology, Faculty of Medicine, Palacky 
University and the University Hospital Olomouc during 
the period from 1/1/2006 to 31/12/2020. The group in-
cluded all adult patients (≥ 18 years) with non-M3 AML 
according to ELN (European Leukemia Net) 2017 diag-
nostic criteria, who went through the first cycle of in-
duction chemotherapy according to the “7 + 3” protocol 
(cytosine arabinoside 100–200 mg/m2/day in a continuous 
24-hour infusion for 7 days, in combination with mito-
xantrone 7.5–12 mg/m2 or daunorubicin 45–90 mg/m2 or 
idarubicin 12 mg/m2 in an hour-long infusion for a total of 
3 days), or in combination with gemtuzumab ozogamicin 
and/or a FLT3 inhibitor10. During the period of interest, a 
total of 258 patients underwent the first cycle of induction 
chemotherapy. Out of this cohort, 242 patients received 
induction according to the “7 + 3” protocol. 16 patients 
were treated based on other protocols and were not includ-
ed in the analysis. Midostaurin was administered at a dose 
of 100 mg/day in selected patients with a proven FLT3-
ITD or FLT3-TKD mutation on induction days 8–21. In 
one case, the therapy followed the AC 220-A-U302 study 
protocol (a randomised, double-blind, placebo-controlled 
phase III study with quizartinib in combination with in-
duction chemotherapy) (ref.11). Gemtuzumab ozogamicin 
was administered at a dose of 3 mg/m2 (maximum 5 mg 
per application) on induction days 1, 4 and 7. 

Supportive therapy and management of infectious  
complications 

The patients lay in 2-bed rooms with their own bath-
rooms, equipped with air conditioning without HEPA 

filtration. All patients had a central venous access intro-
duced at the start of the therapy: 234 (96.7%) patients had 
a central venous catheter (predominantly cannulation of 
the internal jugular vein or subclavian vein) and 8 (3.3%) 
patients had a PICC (peripherally inserted central cath-
eter). A complete culture examination was performed in 
all patients upon admission (throat swab, urine, stool, 
possibly perianal swab, or swab from an infectious fo-
cus), with serological testing (chlamydia, mycoplasma, 
CMV, Toxoplasma gondii, infectious hepatitis, syphilis 
and HIV), including the PCR test for SARS_CoV_2, 
starting March 2020. Further culture examinations were 
performed at least once a week or in case of signs of in-
fection requiring the initiation or changes to anti-infective 
therapy. Antibiotic prophylaxis was not routinely used 
in this cohort, with the exception of 2 patients (artifi-
cial heart valve, bleeding into the gastrointestinal tract). 
Antifungal prophylaxis was utilised in accordance with 
current guidelines and indication criteria for the indi-
vidual antifungals. Antifungal prophylaxis was based on 
posaconazole (suspension or tablets) in 105 (43.4%) pa-
tients, fluconazole in 97 (40.1%) and itraconazole in 10 
(4.1%) patients. Other antifungals for primary antifungal 
prophylaxis – anidulafungin, micafungin and voriconazole 
– were used in less than 10 patients each. 20 (8.3%) pa-
tients underwent the induction therapy without antifungal 
prophylaxis. Antiviral prophylaxis with aciclovir or pneu-
mocystis pneumonia prophylaxis with co-trimoxazole was 
not routinely used. 

Culture examinations were performed in case of fever 
or clinical signs of infection, including 2 pairs of blood 
cultures. Empirical first-line antibiotic therapy, usually 
amoxicillin/clavulanate and gentamicin or piperacillin/
tazobactam, was initiated, followed by adjustments based 
on the culture test results. If the fever states persisted or 
the clinical signs of infection progressed with no infec-
tious agents detected in the culture, the treatment was 
escalated to the 2nd line of empirical antibiotic therapy 
with ceftazidime/meropenem, vancomycin and amikacin/
gentamicin, followed by the 3rd line based on cefepime/
tigecycline and teikoplanin. No strict indications for an-
tibiotic therapy discontinuation have been established; 
clinical signs of infection, dynamics of infection labora-
tory markers and expected duration of neutropenia were 
always considered. Antifungal prophylaxis/therapy was 
adjusted in case of clinical, imaging, or laboratory evi-
dence of invasive fungal infection or persistence of fever 
unresponsive to broad-spectrum antibiotic therapy for 3–5 
days. The granulocyte growth factors (G-CSF) were not 
used routinely to shorten the duration of neutropenia. 
These agents were indicated only in life-threatening infec-
tious complications in monotherapy or in combination 
with granulocyte deposits, or in case of slow granulo-
poiesis regeneration after the induction treatment (>30 
days after the initiation of therapy). Invasive fungal infec-
tions (IFIs) were classified according to the European 
Organization for Research and Treatment of Cancer 
and the Mycosis Study Group (EORTC/MSG) (ref.12). 
Antibiotic resistance was evaluated based on international 
recommendations published by Magiorakos et al.13.
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Infectious complications evaluation methods
A febrile episode (FE) was defined as an event where 

a patient with a fever ≥ 38.0 °C required the systemic 
initiation/change of antimicrobial therapy in the event of 
suspected infection based on clinical, laboratory, or imag-
ing studies. FE end was defined as the day the body tem-
perature was below 37.5 °C for at least 3 consecutive days 
without antipyretic agents or corticosteroids. The FE ae-
tiology was subsequently classified as a clinically defined 
infection according to the site affected – oral infections 
(odontogenic infections, stomatitis, gingivitis), ENT in-
fections (sinusitis, pharyngitis, rhinitis), respiratory tract 
infections (pneumonia, bronchitis), soft tissue infections 
(phlegmon, folliculitis), gastrointestinal tract infections 
(clostridial enteritis, perianal abscess, colitis), urogenital 
infections (urosepsis, gynaecological infections) and oth-
ers. The occurrence of herpes infections was evaluated 
regardless of the concurrent presence of FE. Bloodstream 
infection (BSI) was defined as a positive culture detection 
of a bacterial or fungal agent in blood during a febrile 
episode. The detection of common skin commensals was 
considered a bloodstream infection when detected in 2 
specimens collected at different timepoints or specimens 
from different vessels, in combination with the presence of 
systemic signs of infection (fever, chills or hypotension). 
Catheter infection was defined via culture confirmation of 
blood culture agents and an extracted central venous can-
nula. Septic shock was considered to be a blood stream 
infection requiring vasopressors to maintain mean arterial 
pressure ≥ 65 mmHg. FEs without confirmed aetiology 
of infection based on clinical, microbiological or imaging 
examinations were classified as “fever of unknown origin” 
(FUO). If an infectious aetiology of fever was detected 
during FE initially classified as FUO, this episode was 
subsequently classified as a clinically or microbiologically 
defined infection.

Other parameters evaluated
Demographic data and characteristics of the underly-

ing disease according to ELN 2017 criteria were further 
analysed in the patients in the cohort10. Furthermore, se-
lected laboratory parameters were analysed when diagnos-
ing AML – leukocyte count, the proportion of blasts in 
the peripheral blood and bone marrow, the absolute num-
ber of neutrophils, lymphocytes and the level of C-reactive 
protein. The duration of the anti-infective therapy and 
the use of the various groups of antibiotics, antifungals 
and antivirals were assessed as well. The effect on the 
occurrence of infectious complications during the induc-
tion chemotherapy was evaluated for selected parameters. 
The data of all patients acquired from available medical 
records were processed anonymously, in accordance 
with the internal regulations of the University Hospital 
Olomouc and the Declaration of Helsinki. 

Statistical analysis 
IBM SPSS Statistics version 23 (Armonk, NY: IBM 

Corp.) was used for data analysis. The Chi-square test or 
Fisher’s exact test was used to compares the qualitative 
variables. The Kruskal-Wallis test with the Mann-Whitney 

post-hoc tests were used to compare the quantitative data. 
The Bonferroni significance correction was used for the 
multiple comparison (comparison of three observation 
periods). Data normality was verified using the Shapiro-
Wilk test. The Kaplan-Meier analysis was used to compare 
OS (Overall survival). All tests were performed at a sig-
nificance level of 0.05.

RESULTS

Demographic data and induction therapy 
The group consisted of a total of 242 patients – 124 

men and 118 women with a median age of 57.0 years 
(20.9–72.3) and 55.4 years (24.4–69.8), respectively. 
191 (78.9%) cases of the disease were classified as de 
novo AML. A total of 51 (21.1%) cases were classified 
as secondary AML: 30 (58.8%) patients had a history of 
myelodysplastic syndrome (MDS) and 21 (41.2%) had 
undergone anticancer therapy for other haematological 
malignancies or solid tumours. Normal karyotype was 
found in 114 (47.1%) patients and karyotype abnormalities 
were detected in 128 (52.9%) patients. Based on the ELN 
2017 risk stratification, AML prognosis was considered 
favorable in 55 (22.7%) patients, intermediate-risk in 106 
(43.8%) and high-risk in 81 (33.5%) patients. 

141 (58.3%) patients underwent induction chemo-
therapy in the “7 + 3” protocol with daunorubicin and 
90 (37.2%) patients, with mitoxantrone. 11 (4,5%) patients 
received induction therapy “7 + 3” in a different com-
position based on other anthracyclines, FLT3 inhibitors 
and/or gemtuzumab ozogamicin. Induction therapy was 
completed in 226 (93.4%) patients who initiated it. The 
median timepoint of premature discontinuation of induc-
tion due to complications was day 5 of therapy. Fever or 
sepsis was the cause of premature discontinuation in 9 
(3.7%) patients; pneumonia, in 6 (2.5%) patients. There 
was 1 (0.4%) case of haemorrhagic diathesis. Complete 
remission after the induction therapy was achieved in 139 
(57.4%) patients.

Infectious complications before the initiation of  
the induction therapy 

Infection or FUO was detected in 144 (59.5%) patients 
before the initiation of the induction therapy. FUO was 
present in 60 (41.7%) patients, infections in 84 (58.3%) 
of these patients. 26 (31.0%) patients had a respiratory 
infection; the second most numerous group consisted of 
ENT infections – in 25 (29.8%) patients. Infections in the 
oral cavity, including odontogenic foci, were reported in 
18 (21.4%) patients and soft tissue infections in 14 (16.7%) 
patients. Gastrointestinal infection, gynaecological or uro-
logical infection were present in 2 (2.4%) patients each. 
Sepsis caused by S. Enteritidis was reported in one case. 
6 (7.1%) patients had initially 2 infectious foci. There were 
98 (40.5%) patients without infectious complications be-
fore the initiation of induction. 146 (60.3%) patients re-
ceived systemic antibiotic therapy before the induction, 
including 2 patients in the prophylactic indication.
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Infectious complications of the induction therapy 
363 febrile episodes were recorded in a group of 242 

patients (median 1 FE / induction therapy) during the 
first cycle of induction therapy. One FE was recorded in 
119 (49.2%) patients and 2 FEs in 88 (36.4%) patients. 20 
(8.3%) patients had 3 FEs and only 2 (0.8%) patients had 
4 FEs. Induction therapy without FE was recorded in 13 
patients (5.4%). Clinically defined infection as the cause 
of FE was found in 96 (26.4%) FE cases and BSI was the 
cause of 69 (19.0%) FEs. A total of 29 (8.0%) FEs were 
associated with a concomitant clinically defined infection 
and BSI. 169 (46.6%) FEs were considered FUO. 

Clinically defined infections (regardless of concomi-
tant BSI) were documented in 125 (34.4%) FEs. 136 clini-
cally defined infections during induction were recorded in 
the study group. 11 patients had concomitant affection in 
2 anatomical sites. The most common type was respira-
tory tract infections, especially pneumonia, accounting 
for 79 (58.1%) of documented infections. The second 
most common group included infections in the oral cav-
ity, representing 15 (11.0%) cases, followed by gastroin-
testinal tract infections – 14 (10.3%) cases of clinically 
defined infections. Clostridioides difficile infection (CDI) 
was detected in 7 patients. In this subgroup, it was the 
cause of FE in 3 cases and 4 other cases were not accom-
panied by fever. ENT infections were as common as soft 
tissue infections – 11 (8.1%) cases. Urogenital infections 
were recorded in 3 (2.2%) cases. Acute perimyocarditis, 
infectious endocarditis and splenic abscess were observed 
as additional infectious complications in one case each. 
Herpetic infections were recorded in 23 (9.5%) patients 
in the cohort: orofacial involvement (herpes labialis) in 
17 and perianal involvement in 3 patients. Shingles was 
recorded in 3 patients. 

BSI was detected, regardless of the concurrent clini-
cally defined infection, in a total of 98 (27.0%) FEs. A 
Gram-positive (G+) agent was the cause of 53 (54.1%) 
BSIs and a Gram-negative (G-) agent in 35 (35.7%) BSIs. 
In 8 (8.2%) cases, both G+ and G- agents were detected. 
There were also 2 (2.0%) cases of candidiasis. Concurrent 
2 pathogens in blood culture were detected in 11 BSI cas-
es and even 3 pathogens in 1 case, so a total of 109 bacte-
rial strains and 2 candida species were detected during 
the period monitored. 

Pseudomonas aeruginosa and Klebsiella pneumoniae, 
as the most common G- agents, were recorded in blood 
culture in 10 BSI cases each. 8 of the 10 strains of K. 
pneumoniae in blood culture were ESBL (extended spec-
trum beta-lactamases) positive. E. coli was detected in 
blood culture in 8 cases; only one strain was an ESBL 
producer. Enterobacter cloacae, Acinetobacter sp. and 
Stenotrophomonas maltophilia were recorded in 3 cases 
each. Both cases with Klebsiella variicola were ESBL-
positive. Additional G- pathogens were recorded in iso-
lated cases – 6 isolates in total. 

A representative of the genus Staphylococcus was de-
tected in the blood culture in 47 BSI cases: most com-
monly S. epidermidis 23/47 (48.9%), followed by S. 
haemolyticus 12/47 (25.5%) and S. hominis 3/47 (6.4%). 
There were two cases of S. capitis and S. aureus each (nei-

ther strain was methicillin-resistant or MRSA). Other 
staphylococci were detected only in isolated cases. The 
second most numerous group was the genus Enterococcus 
– 4 cases of Enterococcus faecium and E. faecalis each. 
None of the strains was vancomycin-resistant. Strains of 
Corynebacterium sp. and Streptococcus sp. were detected 
in blood culture in 4 and 3 cases, respectively. There 
was one case of Micrococcus sp. and Bacillus sp. each. 
Furthermore, 2 cases of candidiasis were diagnosed with 
C. krusei and C. lusitaniae as the causal pathogens. 

18 vascular infections in the cohort were complicated 
by septic shock; 9 (50.0%) cases were caused by G- agents, 
7 (38.9%) cases, by G+ agents. Both G + and G- pathogens 
were detected in 2 (11.1%) cases. K. pneumoniae (3 of the 
4 strains were ESBL+) and E. coli (none of the 4 strains 
was ESBL-positive) were most frequently detected in the 
blood cultures of the G- agents, followed by P. aeruginosa 
(3 strains) and 1 case of K. oxytoca. Representatives of 
the genus Staphylococcus were identified 7 times; there 
were 2 cases of Streptococcus sp. and one case of Bacillus 
cereus and Corynebacterium jeikeium each. There were 3 
cases of septic shock with 2 agents detected in the blood 
culture and one case with 3 agents in the blood culture 
at the same time. Hence, a total of 23 bacterial strains 
were detected.

Invasive fungal infections were found in a total of 
80/363 (22.0%) FEs. 70 cases of IFI were considered 
possible, 6 cases probable and 4 cases proven IFIs accord-
ing to EORTC/MSG criteria (2 cases of candidiasis, 1 
case of pneumocystis pneumonia and 1 case of aspergillus 
pneumonia with systemic dissemination). 

Anti-infective therapy 
The median duration of antibiotic therapy in the co-

hort was 30 days (0–96 days). A total of 227 (93.8%) 
patients received a penicillin-line antibiotic or a second 
generation of cephalosporins during hospitalisation. 198 
(81.8%) patients were administered a glycopeptide type 
antibiotic (vancomycin or teicoplanin) while 182 (75.2%) 
patients received an antibiotic in the aminoglycoside 
group (gentamicin or amikacin). Due to the epidemiologi-
cal situation and the occurrence of ESBL+ bacteria, the 
previously widely used third and fourth generation cepha-
losporins (77/242; 31.8%) were gradually replaced with 
carbapenem type antibiotics (mainly meropenem), which 
were used in a total of 170 (70.2%) patients. Tigecycline, 
effective against most vancomycin-resistant enterococci, 
was used in 50 (20.7%) patients in the cohort. In con-
trast, fluoroquinolones (mainly ciprofloxacin) were used 
only in 38 (15.7%) patients. 17 (7.0%) patients received 
clarithromycin in the treatment of atypical bacterial pneu-
monia. Each of other antibiotics – clindamycin, metroni-
dazole, linezolid and colistin – was used in less than 10 
patients in the cohort.

The median duration of antifungal therapy/prophy-
laxis in the cohort was 32 (0–114) days. Initial antifungal 
prophylaxis was changed or antifungal therapy was started 
in patients without primary prophylaxis in 131 (54.1%) 
patients during the induction. The most common substitu-
tion was voriconazole, in 69 (52.7%) patients, followed by 
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the amphotericin-B lipid complex in 30 (22.9%) patients. 
Itraconazole was used in further lines of therapy in 21 
(16.0%) patients, micafungin in 14 (10.7%) and posacon-
azole in 12 (9.2%) patients. Each of other antifungal drugs 
– fluconazole, anidulafungin or caspofungin – were used 
in less than 10 patients within modification of the initial 
antifungal prophylaxis/therapy. Up to 2 drugs were gradu-
ally changed in 24 patients and 3 antifungal drugs were 
used in 6 patients. 6/20 (30.0%) patients who started in-
duction therapy without antifungal prophylaxis required 
no antifungal therapy until the end of hospitalisation. 105 
(43.4%) patients completed induction therapy without 
initial antifungal prophylaxis changes. 

Aciclovir antiviral therapy/prophylaxis was used in a 
total of 86 (35.5%) patients in the cohort. The median 
duration of use was 19 (2–51) days. 8 patients with H1N1 
pneumonia or a history of high-risk contact received osel-
tamivir as prophylaxis.

Granulopoiesis regeneration after chemotherapy was 
supported using granulocyte growth factor (G-CSF) in 
50 (20.7%) patients in the cohort and 7 (2.9%) patients 
received granulocyte transfusions. Both treatment modali-
ties were simultaneously used in 5 patients. The median 
duration of neutropenia (absolute neutrophil count ≤0.5 x 
10^9/L) in 190 patients who received no G-CSF or granu-
locyte transfusion was 24 days. The median duration of 
neutropenia was 27 days in patients who required G-CSF 
or granulocyte transfusion.

Colonisation by multi-drug resistant bacterial strains 
12 (5.0%) patients were colonised with multi-drug re-

sistant bacterial strains on admission to the hospital, i.e. 
prior to the induction therapy. ESBL+ enterobacteria were 
detected in 8 patients, vancomycin-resistant enterococci 
(VRE) in 2 patients, and ESBL-positive bacteria and VRE 
simultaneously in 2 patients. 7 of 12 patients had a his-
tory of previous hospitalisation in their medical records; 
2 of 5 patients, without a history of previous hospitali-

sation, received antibiotic therapy. 58 (24.0%) patients 
were colonised with multi-drug resistant bacterial strains 
at the discharge. The most commonly detected G- agent 
was K. pneumoniae in 26 patients (25 ESBL+ strains and 
one XDR strain), followed by P. aeruginosa in 7 patients 
(all XDR strains) and Enterobacter sp. (ESBL+) in 6 pa-
tients. K. variicola (ESBL+ strains) and Stenotrophomonas 
maltophilia (PDR and XDR strains) were detected in 4 pa-
tients; 2 ESBL+ E. coli strains and 1 case of Morganella 
morganii (ESBL+) and Burkholderia cepacia complex 
(XDR strain). 2 concurrent multi-drug resistant strains 
of G- bacteria were found in 2 patients. Vancomycin-
resistant strains of Enterococcus faecium were detected in 
14 patients: 5 patients were co-colonized with VRE and 
multi-drug resistant G- bacteria. No patient was found to 
have methicillin-resistant S. aureus at the discharge. The 
colonisation of patients with multi-drug resistant bacteria 
varied during the study period. Patients were significantly 
more often colonised with ESBL+ strains and VRE dur-
ing the last 5 years of the period of interest (P=0.002 and 
P<0.0001, respectively). Despite no changes in the FE 
count during the induction (P=0.308), the duration of 
antibiotic therapy was significantly prolonged (P=0.019). 
Tigecycline (P<0.0001) and carbapenems (P=0.001) were 
used significantly more frequently, while the use of genera-
tion 3 and higher cephalosporins was significantly less 
frequent (P<0.0001) during the last 5 years of the study 
period due to the rising resistance to this group of anti-
biotics. Table 1 shows the development of colonisation 
of patients with multi-drug resistant strains of bacteria, 
selected parameters of hospitalisation and use of antibiot-
ics in the observed period.

Infection at the diagnosis as a prognostic factor 
Significantly longer duration of hospitalisation (36 vs. 

33 days, P<0.0001), duration of antibiotic and antifungal 
therapy/prophylaxis (35 vs. 23 days, P<0.0001 and 35 vs. 
28.5 days, P<0.0001), and more common colonisation 

Table 1. Colonisation by multi-drug resistant strains of bacteria at the discharge and antibiotic use according to time periods: 
2006–2010 / 2011–2015 / 2016–2020.

2006–2010 2011–2015 2016–2020 P
Number of patients 83 85 74 ---
Colonisation by ESBL strains 6 (7.2%)a 11 (12.9%) 20 (27.0%)b 0.002
Colonisation by XDR or PDR G– strains 6 (7.2%)a 4 (4.7%) 3 (4.1%) 1.000
Colonisation by VRE strains 1 (1.2%) 0 (0%) 13 (17.6%)c < 0.0001
Duration of ATB therapy (days) – median (min–max) 27 (0–73) 31 (12–63) 31.5 (9–96) 0.019
Number of FEs / patient (average) 116/83 (1.40) 135/85 (1.59) 112/74 (1.51) 0.308
FE duration (days) – median (min–max); average 7 (0–34); 8.7 7 (0–37); 9.4 8 (0–23); 8.6 0.970
Use of carbapenems (number of patients) 46 (55.4%) 67 (78.8%) 57 (77.0%) 0.001
Use of glycopeptides (number of patients) 69 (83.1%) 72 (84.7%) 57 (77.0%) 0.424
Use of tigecycline (number of patients) 2 (2.4%) 22 (25.9%) 26 (35.1%) < 0.0001
Use of aminoglycosides (number of patients) 57 (68.7%) 69 (81.2%) 56 (75.7%) 0.171
Use of fluoroquinolones (number of patients) 16 (19.3%) 12 (14.1%) 10 (13.5%) 0.541
Use of third-generation and higher cephalosporins (number 
of patients)

46 (55.4%) 23 (27.1%) 8 (10.8%) < 0.0001

ESBL, extended-spectrum beta-lactamases; XDR, extensively drug resistant; PDR, pandrug resistant; G–, gram negative; VRE, vancomycin-resistant 
enterococci; ATB, antibiotics; FE, febrile episode; a one patient with both ESBL+ and XDR strain; b one patient with 2 ESBL+ strains in the group; 
c five patients with ESBL+ and VRE in the group. 
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with multi-drug resistant strains of bacteria at the dis-
charge (29.2% vs. 16.3%, P=0.002) were present in the 
group of 144 (59.5%) patients diagnosed with infectious 
complications or FUO at the diagnosis. In this group, a 
non-significantly higher number of complete remissions 
(58.3 vs. 56.1%, P=0.733) and a lower number of FEs 
during the induction (1.46 vs. 1.56, P=0.437) were found. 
There were no significant differences in overall survival 
(OS) (14.4 vs. 19.1 months, P=0.650) or mortality during 
induction (9.7% vs. 6.1%, P=0.381). This group of patients 
had also significantly higher leukocytosis, the proportion 
of blasts in the peripheral blood and bone marrow, and 
CRP (P<0.0001) when diagnosed with AML compared 
to the group of patients without initial infectious compli-
cations or FUO. Table 2 shows a comparison of selected 
hospitalisation parameters and laboratory findings in 
the group of patients initially diagnosed with infection 
or FUO and in patients without infectious complications. 

Prognostic significance of achieving complete remission 
Patients who achieved complete remission of the un-

derlying disease had non-significantly fewer FEs during 
the induction (1.42 vs. 1.62, P=0.153), but these were sig-
nificantly shorter (6 vs. 9 days, P=0.0005). The duration of 
neutropenia (≤0.5 x 10^9/L) was significantly shorter (24 
vs. 27 days, P=0.006) compared to the group of patients 
who did not reach CR. Patients who achieved complete 
remission were significantly more commonly colonised 
with resistant bacterial strains at the discharge (28.8% vs, 
17.6%, P=0.046). The overall survival in this group was 
significantly longer (79.3 vs. 6.5 months, P<0.0001). Table 
3 provides an overview of the effect of achieving complete 
remission on selected parameters of hospitalisation and 
antibiotic agent use in the patient cohort.

Mortality 
A total of 20 patients in the study group died dur-

ing the first cycle of the induction treatment. The cause 
of death was pneumonia in 14 (70.0%) patients: of this, 
2 cases had COVID-19 pneumonia with respiratory fail-
ure. Pneumonia was complicated by CNS bleeding in 
one case. Death was caused by multiorgan failure in 4 
(20.0%) patients and fatal CNS bleeding was recorded in 
2 (10.0%) patients. These were complications of therapy-
induced cytopenia and/or persistence of the underlying 
disease after the treatment in all the cases. Mortality dur-
ing induction was significantly related to the failure to 
achieve complete AML remission (P<0.0001). 

DISCUSSION

The study provides a comprehensive analysis of in-
fectious complications in AML patients who underwent 
induction chemotherapy according to the “7 + 3” protocol 
in one clinical site providing specialised haematological 
care in the Czech Republic, without routine antibiotic 
prophylaxis. Numerous papers have been published on the 
occurrence of infectious complications during the induc-
tion therapy of AML, but most of these studies are at least 
10 years old. This study presents one of the most exten-
sive cohorts of patients treated at one site ever published. 
However, comparison of the results is problematic due to 
the large heterogeneity of the study population (age, de 
novo vs. secondary AML, performance status), induction 
therapy type or the strategy of antibiotic, antifungal and 
antiviral prophylaxis matching the time the study was per-
formed. Significant differences can be seen between the 
results from developed and developing countries7. 

Table 2. Infection and FUO at the diagnosis as a prognostic factor.

Infection or FUO No infection P

Number of patients 144 98c  –
Age (years) – median (min-max) 55.4 (20.9–72.3) 57.6 (22.0–69.8) 0.077
Number of FEs / patient (average) 1.46 1.56 0.437
Duration of FE (days) – median (min–max) 7 (0–37) 7 (0–33) 0.249
Duration of hospitalisation (days) – median (min–max) 36 (13–73) 33 (19–117) < 0.0001
Duration of ATB therapy (days) – median (min–max) 35 (12–73) 23 (0–96) < 0.0001
Duration of AF therapy (days) – median (min–max) 35 (12–73) 28.5 (0–114) < 0.0001
Time from admission to induction (days) – median (min–max) 6 (0–37) 2.5 (0–9) < 0.0001
Colonisation by multidrug-resistant strains at dischargea 42 (29.2%) 16 (16.3%) 0.022
Achieving of complete disease remission 84 (58.3%) 55 (56.1) 0.733
Death during induction 14d (9.7%) 6 (6.1%) 0.318
Overall survivalb (months) – median (min–max) 14.4 (4.9–23.8) 19.1 (12.4–25.8) 0.650
Leukocytes (x10^9/L) – median (min–max) 32.26 (0.6–381.25) 6.7 (0.8–221.38) < 0.0001
Blasts in MD (%) – median (min–max) 44 (0–98) 23 (0–86) < 0.0001
Blasts in BM (%) – median (min–max) 66.5 (20–97) 43 (20–96) < 0.0001
ANC below 0.5 x 10^9/L (number of patients) 31 (21.5%) 35 (35.7%) 0.015
Lymphocytes (x10^9/L) – median (min–max) 3.13 (0.3–89.9) 2.3 (0.48–48) 0.067
CRP (mg/l) – median (min–max) 53.05 (1–329.1) 8 (0.6–197.3) < 0.0001

FUO, fever of unknown origin; a ESBL, XDR, PDR or VRE; b 95% CI (confidence interval); MD, manual differential; BM, bone marrow; ANC, 
absolute neutrophil count; CRP, C-reactive protein; FE, febrile episode; ATB, antibiotic agent; AF, antifungal agent; c 2 patients had prophylactic 
ATB (artificial valve, GI tract bleeding); d 2x bleeding into the CNS.
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The demographic characteristics of our cohort were 
not affected by the selection of patients based on age or 
by strict inclusion of only de novo AML; all patients who 
were able to undergo induction therapy according to the 
“7 + 3” protocol were included in the study. Compared to 
published preselected groups of patients, the median age 
in our group was higher, patients with secondary AML ac-
counted for a total of 21.1% of the cohort and up to 33.5% 
of patients had a high-risk disease according to the ELN 
2017 stratification. For example, Cannas et al. reported 
89% of CRs in a cohort of 459 patients aged 17–50 years 
(median age 46 years) with de novo AML undergoing in-
duction therapy14. 231 (95.5%) patients in our group un-
derwent induction therapy based on the “7 + 3” protocol 
consisting of cytosine-arabinoside + anthracycline due to 
the retrospective nature of this analysis, which included 
patients treated since 2006. Modern drugs (gemtuzumab 
ozogamicin, FLT-3 inhibitors) were only registered in the 
Czech Republic in the last years of the study period. The 
number of complete remissions achieved (57.4%) is there-
fore lower in comparison with recent works reporting on 
preselected groups of patients with a CR rate exceeding 
70% (ref.15,16). Failure to achieve complete remission was 
significantly associated negatively with higher mortality 
in our cohort (predominantly due to infectious compli-
cations) during the induction and with overall survival 
(P<0.0001). The characteristics of the cohort and the 
therapy used, affecting the probability of achieving CR, 
are thus important variables in the assessment of the 
incidence of infectious complications and mortality in 
patients undergoing AML induction treatment.

A total of 84 (34.7%) patients had a clinically de-
fined infection and 60 (24.8%) patients had FUO before 
initiating the induction therapy. Respiratory tract infec-
tions, mainly pneumonia, were recorded most frequently. 

Pandian et al. reported initial clinically defined infection 
in 31.0% and FUO in 10.4% of patients. Induction mortal-
ity was significantly higher in patients with an infection 
at diagnosis (28% vs. 7%, P=0.01) and a higher total leu-
kocyte count (P=0.02) (ref.7). The effect of infection or 
FUO at AML diagnosis on mortality was not statistically 
significant in our cohort (9.7% vs. 6.1%, P=0.318); this 
group of patients had also significantly higher leukocyte 
counts, higher proportion of blasts in peripheral blood 
and bone marrow and significantly more common neu-
tropenia (≤0.5 x 10^9/L), which is a risk factor for infec-
tion. Buckley et al. reported that neutropenia below 0.5 
x 109/L at the diagnosis was significantly associated with 
the development of fever, infection, and bacteremia during 
the induction therapy17. Paraneoplastic aetiology of fever 
in some patients initially presenting with FUO cannot be 
ruled out. It is often indistinguishable from emergent fe-
brile neutropenia in neutropenic patients, which requires 
initiation of antibiotic therapy18. 

Infectious complications were very common during 
the induction therapy. Only 13 (5.4%) patients had no in-
fectious complication requiring systemic use of antibiotic 
therapy. Lech-Maranda et al. published their findings on a 
cohort where 72% patients received antibiotic prophylaxis 
during the AML induction therapy. Infectious complica-
tions were reported in 282 (91.3%) patients. A total of 
443 febrile episodes were observed in a cohort of 309 
patients (1.43 FE / induction) (ref.19). In our cohort, the 
average number of FEs during induction was 1.5 (363 
FEs / 242 patients). A non-significantly lower number of 
FEs was recorded in patients with an infection or FUO 
at the diagnosis and who underwent antibiotic therapy 
with possibly the same effect as primary antibiotic pro-
phylaxis at the start of the induction treatment (1.46 vs. 
1.56, P=0.437). In the group of clinically defined infec-

Table 3. Effect of achieving complete remission on selected parameters of hospitalisation and use of antibiotics  
in the patient cohort.

CR achieved CR not achieved P 

Number of patients 139 102 –
Age (years) – median (min–max) 55.3 (20.9–69.9) 57.7 (22.0–72.3) 0.078
Number of FEs / patient (average) 197/139 (1.42) 165/102 (1.62) 0.153
ANC duration below 0.5 x 10^9/l (days) – median (min–max) 24 (1–46) 27 (1–53) 0.006
Duration of ATB therapy (days) – median (min–max) 29 (0–73) 30.5 (10–96) 0.143
Duration of AF therapy (days) – median (min–max) 32 (0–73) 33 (10–114) 0.345
Duration of FE (days) – median (min–max) 6 (0–37) 9 (0–37) 0.0005
Death during induction 0 (0%) 20 (19.6%) < 0.0001
Infection/FUO before induction – number of patients 84 (60.4%) 60 (58.8%) 0.801
Colonisation by multidrug resistant strains at dischargea – number of patients 40 (28.8%) 18 (17.6%) 0.046
Carbapenems during induction – number of patients 94 (67.6%) 76 (74.5%) 0.247
Aminoglycosides during induction – number of patients 107 (77.0%) 75 (73.5%) 0.538
Glycopeptides during induction – number of patients 107 (77.0%) 91 (89.2%) 0.014
Tigecycline during induction – number of patients 29 (20.9%) 21 (20.6%) 0.959
Fluoroquinolones during induction – number of patients 17 (12.2%) 21 (20.6%) 0.079
Overall survival (months) – median (min–max) (95% CI) 79.3 (26.7–131.8) 6.5 (3.5–9.5) < 0.0001

The outcome of induction is not available in one patient. FE, febrile episode; ANC, absolute neutrophil count; ATB, antibiotic agents; AF, anti-
fungal agents; FUO, fever of unknown origin; a ESBL, XDR, PDR or VRE; CI, confidence interval.
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tions, the most common cases were lower respiratory 
tract infections, predominantly pneumonia, representing 
31.0% of all clinically defined infections at diagnosis and 
58.1% of infections during induction. The high incidence 
of pneumonia in patients undergoing induction therapy 
for AML has also been reported by Barreda Garcia et al. 
The cumulative 28-day incidence of pneumonia in the 
cohort was 21.6% and was significantly related to mortal-
ity (P<0.001) (ref.20). 14/20 (70%) patients who died in 
our cohort had pneumonia. However, none of them were 
in complete remission of the disease. 

74 episodes of bacteremia in AML patients under-
going induction therapy were reported in a cohort of 
PALG (Polish Adult Leukemia Group). G+ cocci were 
the aetiological agent in 47% and G- rods in 23% of bac-
teremia cases. Multiple agents were detected in the same 
number of episodes. Fungaemia was found in 7% of epi-
sodes, always caused by Candida species. Septic shock 
was reported in 14/74 (18.9%) bacteremia cases19. 18 of 
98 (18.4%) BSIs were complicated by septic shock in our 
cohort. Coagulase-negative Staphyloccoci and G- rods 
from Enterobacteriacea family (especially E. coli and K. 
pneumoniae) and P. aeruginosa strains were the most com-
mon causative G+ and G- agents, as in other published 
study groups. However, antibiotic prophylaxis of fluoro-
quinolones with a dominant effect against G- agents of 
BSI may also contribute to the ratio of G+ and G- agents 
in the results19,21-23. 

Primary antifungal prophylaxis was used in 91.7% of 
patients. The choice of the antifungal agent was affected 
by product availability during the period followed. The 
second-generation azoles, mainly posaconazole, have 
been used predominantly since 2014. The role of IFI 
in infectious complications cannot be ruled out in 80 
FEs, although the number of probable and proven IFIs 
was low, only 10/242 (4.1%) of all patients. This result 
may be affected by the immediate availability of HRCT 
(High Resolution CT) of the lungs, which was always 
performed in case of suspected lung involvement or per-
sistent fever even in broad-spectrum antibiotic therapy 
covering available culture outcomes. The availability of 
bronchoalveolar lavage, as well as the patients’ willing-
ness to undergo this examination, which would enable 
sampling for culture examination, was very low, similarly 
to the benefit of galactomannan testing. A change in pri-

mary antifungal prophylaxis, or the initiation of antifungal 
therapy, was indicated in 54.1% of patients treated early 
preemptively with antifungals effective against filamen-
tous fungi. Probable and proven IFIs were reported in a 
total of 6.2–15.9% AML patients undergoing induction 
therapy. However, there were differences in primary anti-
fungal prophylaxis in the cohorts14,19,22. A decrease in the 
incidence of IFI caused by the genus Aspergillus sp. has 
been reported in connection with the implementation of 
posaconazole in primary prophylaxis (ref.24). 

An important observation in our group was a signifi-
cant increase in the number of patients colonised with 
ESBL+ strains and VRE during the last 5 years of the 
period followed, requiring a substantially more frequent 
use of effective antibiotics – tigecycline and carbapenems, 
and conversely a decrease in the use of third-generation 
cephalosporins. An increase in VRE colonization in pa-
tients undergoing induction therapy for AML and MDS 
has also been described by Heisel et al. In the group of 
235 patients, colonization was found in 2.5% of patients 
at admission, but in up to 59.0% of patients at the dis-
charge. The use of intravenous vancomycin was a signifi-
cant risk factor for colonization (P=0.024) (ref.25). Using 
pulsed-field gel electrophoresis, Hricová et al. demon-
strated clonality in 67% and a unique restriction profile 
in 33% of detected VRE strains in haemato-oncological 
patients treated at our site. All the strains detected were 
sensitive to linezolid and 96% strains were sensitive to 
tigecycline26. Ballo et al. were unable to demonstrate an 
effect of MDRO (multi-drug resistant microorganisms) 
colonisation on overall survival in patients undergoing 
induction therapy of AML, with the exception of with 
carbapenem-resistant enterobacteria colonisation, which 
resulted in significantly higher mortality. The most com-
mon cause of death was sepsis, followed by progression of 
the underlying disease27. Regular microbiological screen-
ing is essential for the initiation of adequate initial anti-
biotic therapy in cases of febrile neutropenia in high-risk 
patients with hematologic malignancies. Our experience 
shows that routine primary antibiotic prophylaxis cannot 
replace information on the local epidemiological situation 
and detailed knowledge of the bacterial microflora in a 
particular patient. Infection caused by MDRO may be the 
cause of fever unresponsive to antibiotic therapy27. 

Mortality in the PALG cohort with antibiotic prophy-

Table 4. An overview of infectious mortality in selected published cohorts.

Cohort
Number  

of patients
Age – median 

(min-max) years
Antibiotic  

prophylaxis
Infectious  
mortality

n (%)

P Ref.

Čerňan et al. 242 56 (21–72) No 18 (7.4) --
Syrjälä et al. 327 48 (16–66) No 12 (3.7) 0.234 21
Malagola et al. 224 46 (18–64) Yes 8 (3.6) 0.346 23
Lech-Maranda et al. 309 45 (16–60) Yes 31 (10.0) 1.000 19
De Rosa et al. 81 50 (23–69) Yes NS -- 22
Cannas et al. 459 46 (17–50) Yes 7 (1.5) 0.0003 14
Kato et al. 980 47 (34–55) Yes 12 (1.2) <0.0001 28

NS, not stated; -- not applicable.
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laxis was 36/309 (11.7%) patients, while 31 (10.0%) pa-
tients died of infectious complications19. Malagola et al. 
reported death in 10/224 (4.5%) patients during induction 
therapy of AML. Patients received antibiotic prophylaxis 
with levofloxacin. 8/10 patients died of an infection23. A 
total of 20 patients died in our group, of whom 18/242 
(7.4%) died of infectious complications. So, mortality was 
comparable to these cohorts where the patients received 
primary antibiotic prophylaxis (P=1.000 and P=0.346, re-
spectively). However, other investigators using antibiotic 
prophylaxis reported significantly lower infectious mortal-
ity during AML induction (ref.14,28). A meta-analysis of 
862 patients with acute leukemia undergoing intensive 
therapy, 356 of whom received antibiotic prophylaxis 
with levofloxacin, showed a significantly lower incidence 
of febrile neutropenia episodes, microbiologically docu-
mented infections and bacteremia (P<0.00001). However, 
the use of antibiotic prophylaxis did not reduce mortality 
(P=0.26) (ref.29). Table 4 shows an overview of infectious 
mortality in selected published cohorts.

Limitations of the present study include its retrospec-
tive nature and the long period of monitoring, associated 
with changes in the diagnostic and therapeutic guidelines, 
availability of anti-infective drugs and the examination 
methods, as well as the experience of the staff over the 
years. On the other hand, this study could capture the 
trends in the development of antibiotic resistance and the 
subsequent use of individual groups of antibiotics over a 
15-year period. The aim of the study was to show the expe-
rience of one centre providing specialised haematological 
care with the administration of induction therapy in AML 
patients without antibiotic prophylaxis. 

CONCLUSION

Infectious complications are the second most com-
mon cause of death after refractory disease in patients 
with hematologic malignancies. Here we describe the 
largest non-selected cohort of acute myeloid leukaemia 
patients undergoing induction treatment at a single insti-
tution without routine use of antibiotic prophylaxis. We 
can finally conclude that induction chemotherapy without 
routine antibiotic prophylaxis is not associated with any 
increased infectious mortality which was comparable to 
the cohorts with antibiotic prophylaxis reported in the lit-
erature. Mortality was significantly associated with failure 
to achieve complete remission of the underlying disease 
which is known to be strongly dependent on cytogenetic 
abnormalities and treatment course. These variables must 
be considered, when comparing mortality in various study 
groups. The occurrence of multi-drug resistant strains of 
bacteria tends to grow, despite regulated use of antibiot-
ics. Our experience shows that precise information on the 
local epidemiological situation and detailed knowledge of 
the bacterial microflora in a particular patient are essen-
tial preconditions for the effective initial antibiotic therapy 
and cannot be replaced by routine antibiotic prophylaxis.
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