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Abstract

Introduction: The role of fluoroquinolone (FQ) prophylaxis in preventing gram-negative bacilli (GNB) bactere-
mia, graft-versus-host disease (GVHD), and overall survival (OS) after allogeneic hematopoietic cell transplanta-
tion (allo-HCT) is debatable and may differ in settings with low and high prevalences of FQ resistance. In this
study, we aimed to answer this question in regions with high FQ resistance.
Methods: This single-center retrospective study included all consecutive allo-HCT recipients aged ≥12 years from
2012 to 2021. Allo-HCT recipients until 2016 were administered FQ prophylaxis (levofloxacin). After 2016, the in-
stitutional protocol was modified to no antibiotic prophylaxis. Data were retrieved from patient records for dis-
ease and transplant characteristics, the incidence of GNB bacteremia, duration of parenteral antibiotics, hospi-
talization duration, acute GVHD, and OS.
Results: A total of 135 allo-HCT recipients (43 in the FQ-prophylaxis cohort and 92 in the no-antibiotic prophy-
laxis cohort) were analyzed in this study. The two cohorts were matched for age (median, 26 vs. 24.5 years; p =
0.8). The no-antibiotic prophylaxis cohort had a higher proportion of malignant diagnoses (80% vs. 58%, p =
0.01), haploidentical transplants (46% vs. 14%, p = 0.004), and posttransplant cyclophosphamide exposure (46%
vs. 14%, p = 0.003) than did the FQ cohort. Despite this, the incidence of GNB bacteremia was not significantly
different between the two cohorts (37% vs. 34%, p = 0.6). There were no differences in parenteral antibiotic
use or hospitalization duration, as well as the incidence of acute GVHD (53% vs. 53%, p = 0.3). The 1-year OS
was similar between the two cohorts (66% vs. 67%, p = 0.6).
Conclusion: This study shows that FQ prophylaxis did not affect the incidence of GNB bacteremia, parenteral an-
tibiotic use, hospitalization duration, acute GVHD, and OS post-allo-HCT.
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Introduction

Current global guidelines for preventing bacterial in-

fections among adult hematopoietic cell transplantation

(HCT) recipients recommend the use of fluoroqui-

nolone (FQ) (i.e., levofloxacin) prophylaxis1, 2. It also

mentions that the local epidemiological data should be

carefully considered before applying FQ prophylaxis. It

also recommends monitoring for FQ resistance in gram-

negative bacilli (GNB) if used as prophylaxis1. A sys-

tematic review3 and meta-analysis4, which included

studies up to a decade ago, showed that FQ prophylaxis

decreased bacteremia in allogeneic HCT (allo-HCT) re-

cipients. Subsequently, several recent studies from de-

veloped regions with a lower prevalence of FQ resis-

tance have confirmed this5-7. However, there is a weak
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recommendation against routine FQ prophylaxis in pe-

diatric HCT recipients8, 9. Despite this, an intercontinen-

tal study involving 65 centers from 25 countries showed

that 75% of the centers used FQ prophylaxis. This

global study also showed that approximately 55% of

GNB isolates were FQ-resistant and that using FQ pro-

phylaxis was associated with a higher incidence of

multidrug-resistant isolates10. Recent data also suggest

that antibiotic prophylaxis increases the risk of acute

graft-versus-host disease (GVHD) by modifying the gut

microbiome, leading to questioning the role of FQ pro-

phylaxis11. There are little data on the incidence of

GNB bacteremia in regions with a high prevalence of

FQ resistance. One study showed that FQ prophylaxis

was ineffective in patients with pre-existing colonization

by FQ-resistant Enterobacterales12. In this study, we

aimed to investigate the impact of levofloxacin prophy-

laxis on GNB bacteremia and acute GVHD in allo-HCT

recipients in India, where the susceptibility of GNB iso-

lates to FQ is <30% in hospital settings (institutional

antimicrobial susceptibility data).

Methods

This single-center retrospective study included all

consecutive allo-HCT recipients aged ≥12 years who

underwent HCT between 2012 and 2021. The study

was approved by the Institutional Ethics Committee and

adhered to the principles of the Declaration of Helsinki.

Allo-HCT recipients until 2016 were administered FQ

prophylaxis (levofloxacin 750 mg orally once daily)

starting with conditioning chemotherapy. This treatment

was continued until parenteral antibiotics were initiated

for febrile neutropenia. After 2016, the protocol was

modified to avoid the use of antibiotic prophylaxis. For

febrile neutropenia, the first-line antibiotic at our center

was cefoperazone-sulbactam. The escalation of next-line

antibiotics (carbapenems and colistin) was at the discre-

tion of the transplant physician in the absence of posi-

tive cultures. Antibiotics were modified according to

susceptibility in the event of isolation of any organism.

Antibiotics were continued until engraftment or defer-

vescence, whichever occurred later. An automated BAC-

TEC 9240 (BD Becton Dickinson, USA) system was

used for blood culture. Gram-stained smears were pre-

pared from beep-positive bottles and subcultured. All

differentiated colonies were identified by matrix-

assisted laser desorption ionization-time-of-flight mass

spectrometry using Biotyper 3.0. Isolation of GNB ba-

cilli was documented as evidence of GNB bacteremia.

Myeloablative conditioning (MAC) regimens included

busulfan 12.8 mg/kg or treosulfan or total body irradia-

tion of 12 Gy. Reduced-intensity conditioning regimens

included fludarabine-melphalan 140 mg/m2. Non-

myeloablative regimens include fludarabine-

cyclophosphamide-based regimens. GVHD prophylaxis

included cyclosporine/methotrexate (CSA/MTX) for

matched donor HCT and posttransplant cyclophos-

phamide / cyclosporine / mycophenolate ( PTCy / CSA /

MMF) for haplo-HCT. We analyzed patient records for

the incidence of GNB bacteremia, duration of par-

enteral antibiotics during the peri-transplant period, hos-

pitalization duration, acute GVHD, and overall survival

(OS). Acute GVHD was diagnosed and graded accord-

ing to the Mount Sinai Acute GVHD International Con-

sortium (MAGIC) criteria13. OS was defined as the time

from HCT to death from any cause. Statistical analyses

were performed using GraphPad Prism, version 5.0.

Categorical variables were compared using the chi-

square or Fisher exact test. Continuous variables were

compared using the independent t-test for normally dis-

tributed variables and the Mann-Whitney test for

skewed variables. Statistical significance was set at p
< 0.05.

Results

A total of 135 allo-HCT recipients (43 in the FQ

prophylaxis cohort and 92 in the no-antibiotic prophy-

laxis cohort) were analyzed in this study. The two co-

horts were matched for age (median, 26 years [IQR,

18-36] vs. 24.5 years [IQR, 17-38]; p = 0.8) and sex

(Table 1). The FQ cohort had a lower proportion of

malignant diagnoses (58% vs. 80%, p = 0.01). In both

cohorts, the most common diagnoses included acute

leukemia (51% vs. 66%), followed by aplastic anemia

(37% vs. 17%). The conditioning intensity was also

matched between cohorts (MAC, 49% vs. 59%; p =

0.3). The details of the disease diagnoses and condition-

ing regimens are listed in Supplementary Table 1. The

FQ cohort also had a lower proportion of haploidentical

transplants (14% vs. 46%, p = 0.004) than the“no-

antibiotic prophylaxis”cohort. The no-antibiotic pro-

phylaxis cohort also had a higher proportion of recipi-

ents receiving PTCy (14% vs. 46%, p = 0.003). The

neutrophil engraftment was significantly delayed by 1

day in the“no-antibiotic prophylaxis”cohort (13 vs. 14

days, p = 0.03), probably due to a higher proportion of

haploidentical HCT and PTCy. The incidence of GNB

bacteremia was comparable between the two cohorts

(37% vs. 34%, p = 0.6). The median durations of par-

enteral antibiotics (16 vs. 12.5, p = 0.05) and hospital

stay (20 vs. 22.5, p = 0.2) were also similar between

the two cohorts. The incidence of acute GVHD was

comparable between the two cohorts (53% vs. 53%, p
= 0.3). The infection (19% vs. 14%, p = 0.7) or GVHD

(16% vs. 12%, p = 0.7) attributable deaths were compa-

rable between the two cohorts. The median follow-up
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Figure　1.　Comparison of overall survival between pa-
tients receiving FQ and no-antibiotic prophylaxis

Table　1.　Comparison of the patient, disease, HCT characteristics, and HCT outcomes between 
patients receiving FQ and no-antibiotic prophylaxis

FQ prophylaxis
(n=43)
N (%)/median (IQR) 

No-antibiotic prophylaxis
(n=92)
N (%) /median (IQR) 

p-value

Age (years) 26 (18-36) 24.5 (17-38) 0.8
Males 29 (68%) 66 (72%) 0.6
Females 14 (32%) 26 (28%) 
Diagnoses
Malignant 25 (58%) 74 (80%) 0.01
Non-malignant 18 (42%) 18 (20%) 
HCT Donor type
Matched Donor Transplant 37 (86%) 50 (54%) 0.004
Haplo-Transplant 6 (14%) 42 (46%)
Conditioning
Myeloablative conditioning 21 (49%) 54 (59%) 0.3
Reduced-intensity conditioning 5 (12%) 13 (14%)
Non-myeloablative conditioning 17 (39%) 25 (27%) 
GVHD Prophylaxis
Cyclosporine/Methotrexate 37 (86%) 50 (54%) 0.003
PTCy based 6 (14%) 42 (46%) 
Neutrophil engraftment (days) 13 (12-15) 14 (12.5-17) 0.03
Incidence of gram-negative bacteremia 16 (37%) 31 (34%) 0.7
Median Duration of IV Antibiotics (days) 16 (10-25) 12.5 (9-18) 0.05
Median Days of hospitalization (days) 20 (18-28) 22.5 (18-30) 0.3
Incidence of acute GVHD (all grades) 23/43 (53%) 49/92 (53%) 0.3
Cause of death
GVHD 7 (16%) 11 (12%) 0.6
Infection 8 (19%) 13 (14%) 0.6
1 yr. Overall survival 66% 67% 0.6
HCT, hematopoietic cell transplantation; FQ, fluoroquinolone; IQR, interquartile range; GVHD, graft versus 
host disease; PTCy, posttransplant cyclophosphamide; IV, intravenous

period for the entire cohort was 354 (107-1,319) days.

The median OS was not reached in either cohort. The

1-year OS was comparable between the two cohorts

(66% vs. 67%, p = 0.6) (Figure 1). Subgroup analysis

of haploidentical transplants also did not reveal any sig-

nificant difference in either of the outcomes of the inci-

dence of gram-negative infections, acute GVHD, or du-

ration of antibiotics/hospitalization (Supplementary Ta-
ble 2).

Discussion

Most studies from high-income countries with a low

prevalence of FQ resistance have found a beneficial ef-

fect of FQ prophylaxis on reducing the incidence of

GNB bacteremia in the adult allo-HCT setting5-7. There

is always weak evidence of FQ prophylaxis in the pedi-

atric allo-HCT settings8. However, recently, there has

been interest in antibiotic-mediated modification of the

gut microbiome and its adverse impact on GVHD and

survival outcomes14, 15. Additionally, the role of FQ in

bacterial prophylaxis in HCT, specifically in regions

with a wide prevalence of FQ and multidrug resistance,

is debatable10, 12, 16 (Table 2). At our center, the suscepti-

bility of common GNB isolates (Escherichia coli and

Klebsiella pneumoniae) to FQ is <30% (institutional

antimicrobial susceptibility data). Our study shows that

FQ prophylaxis did not cause a difference in the inci-
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Table　2.　Comparison of studies reporting both FQ and no-antibiotic prophylaxis in allogeneic HCT

Author, Country, Year Study Population FQ prophylaxis 
(N) 

No-antibiotic 
prophylaxis (N) Conclusion

Alexander et al, Canada, 
2018 (9)

Pediatric 
Retrospective 131 130 No difference in bacteremia (15.3% vs. 20.8%)

Stoma et al., USA, 
2020 (5)

Adults
Prospective 542 166

Those on FQ prophylaxis had a lower incidence of bac-
teremia (6% vs. 11%) but a higher incidence of 
drug-resistant bacteremia (88% vs. 17%)

Gardner et al., USA, 
2022 (6)

Pediatric + adults
Retrospective 227 216 Those on FQ prophylaxis had a lower incidence of bac-

teremia  (17% vs. 27%), acute GVHD (4% vs. 12%)
Daoud-Asfour et al, Israel, 
2022 (16)

Adults
Retrospective 75 54 No difference in bacteremia (35% vs. 41%), GVHD 

(51% vs. 41%)

Our study Adults + Pediatric
Retrospective 43 92 No difference in bacteremia (37% vs. 34%), GVHD 

(53% vs. 53%) and one-year OS (66% vs. 67%)
FQ, fluoroquinolone; HCT, hematopoietic cell transplantation; GVHD, graft versus host disease

dence of GNB bacteremia, subsequent parenteral antibi-

otic duration, hospitalization duration, acute GVHD,

infection-attributable mortality, and OS outcomes after

HCT. This was despite the fact that more recipients in

the no-antibiotic prophylaxis cohort underwent trans-

plantation for malignant conditions with alternative do-

nors and PTCy exposure. The major limitation of this

study is its retrospective nature, and the two cohorts

were transplanted at different periods. Although we in-

cluded pediatric and adult patients in our study, most of

them were adults. We also did not have data for pre-

HCT colonization by FQ-resistant GNB or post-HCT

drug susceptibility data for both cohorts. Gut micro-

biome data were also unavailable in this study. In con-

clusion, the advantages and disadvantages of FQ pro-

phylaxis should be evaluated based on the prevalence of

FQ resistance in the allo-HCT settings.
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