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Background. We evaluated the differential impact of levofloxacin administered for the prophylaxis of bloodstream infections
compared with broad-spectrum beta-lactam (BSBL) antibiotics used for the treatment of neutropenic fever on the gut microbiome
in patients with hematologic malignancy.

Methods. Stool specimens were collected from patients admitted for chemotherapy or stem cell transplant in the setting of the
evaluation of diarrhea from February 2017 until November 2017. Microbiome characteristics were compared among those exposed
to levofloxacin prophylaxis vs those who received BSBL antibiotics.

Results. Sixty patients were included, most with acute myeloid leukemia (42%) or multiple myeloma (37%). The gut
microbiome of patients with BSBL exposure had significantly reduced Shannon’s alpha diversity compared with those without (me-
dian [interquartile range {IQR}], 3.28 [1.73 to 3.71] vs 3.73 [3.14 to 4.31]; P = .01). However, those with levofloxacin exposure had
increased alpha diversity compared with those without (median [IQR], 3.83 [3.32 to 4.36] vs 3.32 [2.35 t0 4.02]; P=.03). Levofloxacin
exposure was also associated with a trend toward lower risk of dominance of non-Bacteroidetes genera compared with those without

levofloxacin exposure (3 [14%)] vs 15 [38%]; P = .051).
Conclusions.
less than BSBLs in this patient population.
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The impact of antibiotics on the gut microbiome varies by class, and levofloxacin may disrupt the gut microbiome
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Patients receiving treatment for hematologic malignancy are at
increased risk of infection due to their underlying malignancy,
frequent hospitalizations, chemotherapy-induced immune sup-
pression, and neutropenia [1]. In addition, patients often ex-
perience neutropenia of days to weeks, which, in combination
with chemotherapy, may result in mucosal barrier injury of the
gastrointestinal (GI) tract [2, 3]. This mucosal barrier injury
may subsequently result in neutropenic fever or bloodstream
infection (BSI) [2, 3]. Antibiotic prophylaxis with levofloxacin
has been shown to reduce the incidence of neutropenic fever,
BSI, and mortality [4-6].
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Study of the gut microbiome, or the indigenous microbial
communities within the GI tract [7], has revealed several im-
portant associations with clinical outcomes, including BSIs,
in patients treated for hematologic malignancies [8]. The gut
microbiome has also been linked to risk of graft-vs-host disease
(GVHD), treatment failure, and mortality in allogeneic stem
cell transplant (SCT) [9-11]. These findings suggest an impor-
tant interaction between the gut microbiota and the greater im-
mune system on risk for infection.

There has been limited study, however, of how antibiotics
modulate the microbiome in patients with hematologic malig-
nancy. In healthy populations, the impact of antibiotics varies
by spectrum and class [12-16]. Although antibiotics have a pro-
found impact on the gut microbiome and may play an important
role in the mediation of both infectious and noninfectious clin-
ical outcomes [15], there is a limited understanding of how pro-
phylactic antibiotics modulate the gut microbiome in patients
with hematologic malignancy. Thus, we aimed to compare the
impact of levofloxacin used for the prophylaxis of BSI with that of
broad-spectrum beta-lactam (BSBL) antibiotics commonly used
for the treatment of neutropenic fever on the gut microbiome in
patients admitted for the treatment of hematologic malignancy.
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METHODS

Study Design and Setting

We performed a retrospective cohort study of patients admitted
to the Hospital of the University of Pennsylvania (HUP) from
February 13, 2017, to November 17, 2017. HUP is a 791-bed
tertiary care medical center and a National Cancer Institute
Comprehensive Cancer Care-designated center.

Study Population

Patients included those admitted for the treatment of hemato-
logic malignancy. During the study period, residual stool was
collected from routine specimens that were processed in the
setting of the evaluation of diarrhea. All patients underwent
testing for Clostridioides difficile using a commercial enzyme im-
munoassay (EIA) for toxin A, toxin B, and glutamate dehydro-
genase (GDH; C Diff Quik Check Complete, Alere, Waltham,
MA). Those negative for toxins A and B but positive for GDH
were subsequently tested by polymerase chain reaction for toxin
genes (BD MAX Cdiff Assay, Becton Dickinson, Franklin Lanes,
NJ). Samples positive for C. difficile were excluded from anal-
ysis due to evidence that C. difficile infection has a strong inde-
pendent impact on the gut microbiome [17]. Additionally, our
analysis was limited to the first sample collected per patient due
to significant correlation of microbiome measurements in serial
stool samples [18, 19]. Patients who were receiving levofloxacin
for indications other than prophylaxis (eg, treatment of infec-
tion) were excluded, although this was uncommon.

During this time frame, antibiotic prophylaxis regimens
varied among the patient populations included. Levofloxacin
prophylaxis was administered in patients undergoing autolo-
gous SCT for the duration of the study period, as previously
described [20]. Beginning May 1, 2017, patients receiving in-
duction chemotherapy for the treatment of acute myeloid leu-
kemia (AML) received levofloxacin prophylaxis (500 mg oral
daily) from day 8 after the beginning of chemotherapy until
engraftment or neutropenic fever. Cefepime, piperacillin-
tazobactam, or meropenem was administered for treatment
of neutropenic fever, as per institutional neutropenic fever
guidelines. Patients receiving allogeneic SCT received oral
vancomycin prophylaxis, as previously described [21]. We
compared patients exposed to levofloxacin for the prevention
of BSI with those who received BSBL antibiotics (ie, cefepime,
piperacillin-tazobactam, or meropenem) in the 7 days before
sample collection. Therefore, there were 2 exposures of interest
for this cohort study: levofloxacin exposure in the prior 7 days
vs those who did not receive levofloxacin and BSBL antibiotic
exposure vs those who did not receive BSBL antibiotics. Due
to concurrent use of oral vancomycin for prophylaxis in some
patients and prior evidence of its profound impact on the gut
microbiome, oral vancomycin use was ascertained for adjust-
ment in our analyses [18]. The study was reviewed and approved
by the University of Pennsylvania Institutional Review Board.

Data Collection

Clinical data were collected via electronic medical record re-
view, including demographics and comorbidities, type of ma-
lignancy, and the chemotherapy regimen received. Exposures
to levofloxacin, oral vancomycin, and BSBL antibiotics in the
14 days before sample collection were measured in days of
therapy. Microbiology data were also collected, including pos-
itive C. difficile test results at the time of sample collection and
positive blood cultures within the 30 days after stool sample
collection.

Sample Processing and Analysis

Sample processing including DNA extraction and 16S rRNA
sequencing is described in the Supplementary Data. Formation
of operational taxonomic units (OTUs) was performed using
QIIME 1.9.1, and taxonomic assignment was performed via
the GreenGenes database (13.8). Bacterial community diver-
sity was described by calculation of Shannon’s alpha [7, 22]. The
proportion of reads assigned to Bacteroidetes was evaluated in
light of prior studies showing potential clinical significance of
Bacteroidetes taxa for resistance to colonization with pathogens
[9, 23, 24]. Domination of non-Bacteroidetes taxa was de-
fined as representation of >30% of total bacterial diversity by
a single non-Bacteroidetes genus [8]. To evaluate the difference
in beta diversity, a Bray-Curtis dissimilarity matrix was created
among OTU assignments. To compare beta diversity between
categories of antibiotic exposure, principal coordinate analysis
(PCoA) was performed and depicted graphically. Permutational
analysis of variance (PERMANOVA) was performed to describe
the ability of antibiotic category to account for sample variance
within the Bray-Curtis dissimilarity matrix.

Statistical Analysis

Descriptive statistics were used to compare microbiome char-
acteristics among those exposed to the antibiotics of interest in
the prior 7 days. A multivariable linear regression model was
created to assess the impact of malignancy, treatment regimen,
sex, and dichotomous antibiotic exposures on Shannon’s alpha
diversity. A manual stepwise selection procedure was performed
including variables with P < .25 on bivariable analysis. Variables
were maintained in the final model if inclusion was statistically
significant on likelihood ratio testing.

To assess the impact of quantitative antibiotic exposures in
the prior 7 days, multivariable regression models were created.
Linear regression was used to model the impact of antibiotic ex-
posure on Shannons alpha diversity and the logit-transformed
proportion of Bacteroidetes, with calculation of a  coefficient
and 95% confidence interval (CI). Logit-transformation of pro-
portion of Bacteroidetes was performed due to a predicted and
observed non-normal distribution of this variable. Logistic re-
gression was used to model the impact of antibiotic exposure on
dominance, with calculation of an odds ratio (OR) and 95% CI.
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Bivariable models were created to assess the impact of each an-
tibiotic of interest on these microbiome measures. Additionally,
multivariable models were created to assess the adjusted impact
of antibiotic exposures, accounting for multiple classes of anti-
biotic exposure.

To explore the relative proportions of taxa that have been
previously linked to clinical outcomes, we performed an anal-
ysis investigating the impact of antibiotic exposures in the
prior 7 days on the abundance of these taxa. For these analyses,
we compared patients with levofloxacin exposure with those
without, and those with BSBL antibiotic exposure with those
without. Taxa of interest were selected according to prior
studies suggesting associations with clinical outcomes [8, 10,
23,25, 26]. A subanalysis was also performed extending the an-
tibiotic window of interest to 14 days before sample collection.

Calculation of microbiome measures was performed with
R, version 3.4.2 (R Development Core Team, Vienna, Austria).
Statistical analyses were performed using STATA, version 14.2
(StataCorp, College Station, TX).

RESULTS

Study Population

A total of 60 patients were included over the 9-month study
period. The median age was 63 years, 47% were female, and
18% identified as nonwhite. Diagnoses included AML (42%),

multiple myeloma (37%), or non-Hodgkin’s lymphoma (11%)
(Table 1). Treatments received included autologous SCT (40%),
allogeneic SCT (23%), induction chemotherapy for treatment of
AML (17%), and other chemotherapy regimens (20%). The me-
dian time from initiation of cancer treatment to sample collec-
tion (interquartile range [IQR]) was 4.5 (2 to 7.5) days, and the
median time from admission to sample collection (IQR) was 7.5
(5 to 11.5) days. Thirty-two (53%) patients received a proton
pump inhibitor or histamine-2 antagonist in the 7 days before
sample collection. All patients received a neutropenic diet, and
no patients received enteral or parenteral nutritional support in
the 7 days before sample collection.

Of the 60 patients included, 17 (28%) received levofloxacin,
17 (28%) received a BSBL antibiotic, 4 (7%) received both
levofloxacin and a BSBL antibiotic, and 22 (36%) received neither
levofloxacin nor a BSBL antibiotic in the prior 7 days (Figure 1).
Of the 21 patients who received a BSBL antibiotic, 18 (86%) re-
ceived a BSBL antibiotic for treatment of neutropenic fever and 15
(71%) received only cefepime. Eight (38%) patients who received
BSBL antibiotics were admitted for induction chemotherapy for
AML, 5 (24%) for allogeneic SCT, and 5 (24%) for autologous
SCT. Among the 21 patients receiving levofloxacin, 19 (90%) were
admitted for autologous SCT and 2 (10%) for induction chemo-
therapy for AML. Thirteen (22%) patients received oral vanco-
mycin, of whom 12 (92%) were admitted for allogeneic SCT.

Table 1. Characteristics of Patients, Comparing Those who Received Levofloxacin Prophylaxis With Those With BSBL Exposure
Levofloxacin® BSBL Both Neither

Characteristics n=17 n=17 n=4 n=22 P Value
Age, median (IQR), y 65 (59 to 66) 58 (49 to 67) 56 (43 to 69) 62 (52 to 67) .69
Male sex 12.(71) 5 (29) 3(75) 12 (55) .08
Nonwhite race 4(24) 2(12) 0(0) 5 (23) .68
Malignancy <.001

Multiple myeloma 14 (82) 2 (12) 3 (75) 3(14)

Non-Hodgkin's lymphoma 2(12) 0(0) 0(0) 5 (23)

Acute myeloid leukemia 2(12) 13 (76) 1(25) 10 (45)

Other 0(0 2(12) 0(0) 4(18)
Treatment <.001

Autologous SCT 16 (94) 2012 3(75) 3(14)

Allogeneic SCT 0 (0) 5 (29) 0(0) 9 (41)

Induction chemotherapy® 1(6) 7 (41) 1(25) 1(5)

Other chemotherapy® 0(0) 3(18) 0(0) 9 (41)
Oral vancomycin® 0(0) 6 (35) 0(0) 7(32) .03
Days from treatment, median (IQR) 2(2t02) 4(2t07) 2(1to2) 35(0to7) .03
Proton pump inhibitor use® 10 (69) 8 (47) 1(25) 8 (36) 47
Histamine-2 antagonist use® 1(6) 4 (24) 2 (50) 5 (23) 21
Enteric or parenteral feeding® 0 (0) 0 (0) 0 (0) 0 (0) .99

Unless noted otherwise, data are presented as No. (%).

Abbreviations: BSBL, broad-spectrum beta-lactam; IQR, interquartile range; SCT, stem cell transplantation.

“Analysis of variance used to compare multiple categories.
®For the treatment of acute myeloid leukemia.

‘Including consolidation chemotherapy for acute myeloid leukemia and other chemotherapy regimens.

9Receipt within the 7 days before sample collection.
®Including total parenteral nutrition or tube feeding.
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Figure 1. Flow diagram of patient samples and antibiotic exposure in the 7 days before collection. Abbreviation: BSBL, broad-spectrum beta-lactam.

Bacterial Community Diversity

In the total population of samples, the median Shannon’ diver-
sity (IQR) was 3.46 (2.76 to 4.22). Graphical depiction of the dis-
tribution of bacterial phyla is shown in Figure 2, and a heatmap
of bacterial taxa at the family level and among Proteobacteria
at the genus level is shown in Supplementary Figure 1. Those
exposed to levofloxacin in the prior 7 days had increased diver-
sity compared with those who did not receive levofloxacin (me-
dian [IQR], 3.83 [3.32 to 4.36] vs 3.32 [2.35 to 4.02]; P = .03),
whereas those with BSBL exposure showed reduced diversity
compared with those who did not receive BSBL antibiotics (me-
dian [IQR], 3.28 [1.73 to 3.71] vs 3.73 [3.14 to 4.31]; P = .01)
(Table 2). Comparing those patients who received levofloxacin
prophylaxis only (n = 17) with those who did not receive
levofloxacin, BSBL antibiotics, or oral vancomycin (n = 15), we
found no difference in Shannon’s diversity (median [IQR], 4.02
[3.32 to 4.89] vs 3.95 [3.33 to 4.23]; P = .51). Comparing those
who received levofloxacin only (n = 17) with those who received
BSBL antibiotics but not oral vancomycin (n = 11), we found a
trend toward increased Shannon’s diversity (median [IQR], 4.02
[3.32 to 4.89] vs 3.49 [2.60 to 4.67]; P = .10). On multivariable

linear regression of Shannon’s alpha diversity, including malig-
nancy, treatment, and dichotomous exposure to levofloxacin,
BSBL, and oral vancomycin antibiotics in the prior 7 days, both
BSBL exposure and oral vancomycin exposure were associated
with reduction in alpha diversity, whereas levofloxacin was not
(Supplementary Table 1).

On bivariable analysis, we found an association of increased
diversity with each additional day of levofloxacin and decreased
diversity with each additional day for both BSBL antibiotics and
oral vancomycin (Table 3). On multivariable analysis, we also
found an association between both days of BSBL antibiotics and
days of oral vancomycin exposure with a reduction in Shannon’s
diversity (B [IQR], -0.13 [-0.24 to ~0.02]; P = .02; null hypoth-
esis p = 0; and B [IQR], -0.22 [-0.32 to -0.12]; P < .001) per
day of therapy, respectively, without a significant impact from
levofloxacin (B [IQR], 0.03 [-0.11 to 0.18]; P = .63).

Proportion of Bacteroidetes Taxa

Across all specimens, the median proportion of Bacteroidetes
taxa was 58%, with a bimodal distribution centered near 0% and
80%. There was no significant impact of either levofloxacin or

Table 2. Microbiome Characteristics by Dichotomous Antibiotic Exposure in the Prior 7 Days

Variable Unexposed® Exposed? PValue

Alpha diversity®
Levofloxacin

Bacteroidetes proportional abundance
Levofloxacin

BSBL 0.58 (0.03 to 0.74)

Dominance by non-Bacteroidetes genus, No. (%)
Levofloxacin
BSBL

3.32 (2.35 10 4.02)
BSBL 3.73 (3.14 to 4.31)

0.54 (0.01 to 0.76)

3.83 (3.32 t0 4.36) .03
3.28 (1.73 t0 3.71) .01
0.64 (0.31 t0 0.79) .19
0.59 (0.01 t0 0.76) .69
15 (38) 3(14) .051
10 (26) 8 (38) .32

Unless noted otherwise, data are presented as median (interquartile range).
Abbreviation: BSBL, broad-spectrum beta-lactam.
“Shannon’s alpha diversity.
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Figure 2.  Proportion of bacterial phyla by antibiotic exposure. Abbreviation: BSBL, broad-spectrum beta-lactam.

Table 3. Microbiome Characteristics by Continuous Antibiotic Exposure in the Prior 7 Days

Multivariable Analysis p Coefficient

Variable Bivariable Analysis P (95% Cl) PValue
Alpha diversity®
Levofloxacin 0.18 (0.03 to 0.34) .02 0.03 (-0.11 t0 0.18) .63
BSBL -0.17 (-0.29 to —-0.05) .007 -0.13 (-0.24 to -0.02) .02
Oral vancomycin -0.24 (-0.34 to —0.14) <.001 -0.22 (-0.32 t0 -0.12) <.001
Bacteroidetes proportional abundance
Levofloxacin 0.17 (-0.30 to 0.64) 71
BSBL —0.06 (-0.44 t0 0.32) 77
Oral vancomycin -1.03 (-1.24 t0 -0.82) <.001
Dominance by non-Bacteroidetes genus
Levofloxacin 0.81 (0.57 to 1.14) .23
BSBL 1.14 (0.91 to 1.41) .25
Oral vancomycin 2.07 (1.43 to 3.00) <.001

Unless noted otherwise, data are presented as median (interquartile range).
Abbreviations: BSBL, broad-spectrum beta-lactam; Cl, confidence interval.
“Shannon’s alpha diversity.
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BSBL antibiotics on proportion of Bacteroidetes when examined
as a dichotomous exposure in the prior 7 days (0.54 vs 0.64;
P =.19; and 0.59 vs 0.58; P = .59, respectively). Evaluating the
logit-transformed proportion of Bacteroidetes as an outcome,
there was no significant association with either levofloxacin or
BSBL exposure (P = .59). Oral vancomycin was associated with
a significant reduction in Bacteroidetes taxa (f [IQR], -1.03
[-0.08 to —0.82]; P < .001).

Dominance

Dominance with a non-Bacteroidetes taxa occurred in 18 (30%)
of all samples, with the most common genus being Enterococcus
(3/18, 17%). There was a trend toward decreased risk of dom-
inance with levofloxacin exposure (3 [14%] vs 15 [38%];
P =.051) and no difference in the proportion of those who had
dominance in those patients exposed to BSBL antibiotics (8
[38%] vs 10 [26%]; P = .32).

On bivariable analysis, only oral vancomycin exposure was
associated with an increased risk of dominance (OR, 2.07;
95% CI, 1.43 to 3.00; P < .001). There was no significant as-
sociation found with levofloxacin or BSBL exposure. As dom-
inance has previously been associated with risk of BSI in the
pre-engraftment period [8], we investigated rates of BSI in the
30-day period after sample collection. Among the 60 patients,
there were 13 episodes of bacteremia, most (n = 12; 92%)
occurring in the 14 days after sample collection. Among those
with subsequent BSI, dominance with a non-Bacteroidetes
taxa was found only in 2 cases: a patient with Lactobacillus
dominance who developed Staphylococcus epidermidis BSI
and a patient with Synergistes domination who developed an
Escherichia coli BSL.

Subanalysis

Extending the window of antibiotic exposure to the 14 days
before sample collection, levofloxacin was not associated with
increased alpha diversity on bivariable analysis ( [IQR], 0.006
[-0.05 to 0.18]; P = .29) and there was a trend toward re-
duction in alpha diversity with receipt of BSBL antibiotics
(B [IQR], =0.07 [-0.15 to 0.00]; P = .053) after adjusting for oral
vancomycin exposure (Table 4). Neither BSBL antibiotics nor
levofloxacin was associated with a difference in the proportion
of Bacteroidetes or dominance with non-Bacteroidetes genera.

Principal Coordinate Analysis

In the subset of 34 patients who had exposure to levofloxacin
only or BSBL antibiotics only in the prior 7 days, we analyzed
beta diversity using the Bray-Curtis dissimilarity index. Two-
dimensional PCoA of pairwise Bray-Curtis distances is depicted
in Figure 3 to evaluate clustering by levofloxacin or BSBL ex-
posure. Using PERMANOVA, differential antibiotic exposure
to levofloxacin vs BSBL antibiotics accounted for 12.4% of the
overall variance within samples (R*=.124; P < .001).

Specific Taxa of Clinical Importance

Compared with no antibiotic exposure in the prior 7 days,
levofloxacin exposure was not associated with a significant dif-
ference in the proportion of Enterococcus genus (2.2 x 107 with
vs 3.9 x 107 without exposure; P = .28). BSBL exposure was
associated with a trend toward increased proportional abun-
dance of Enterococcus genus (2.2 x 10 vs 2.0 x 107 P = .08).
Levofloxacin exposure was associated with a significant re-
duction in Proteobacteria (6.8 x 107 vs 1.3 x 107, P < .001),
whereas BSBL exposure was not associated with a significant
difference (1.1 x 102 vs 1.1 x 107, P = .22).

Table 4. Microbiome Characteristics by Continuous Antibiotic Exposure in the Prior 14 Days

Bivariable Analysis PValue Multivariable Analysis
B Coefficient B Coefficient

Variable (95% CI) (95% CI) PValue
Alpha diversity®

Levofloxacin 0.06 (-0.05 t0 0.18) .29

BSBL -0.08 (-0.17 to 0.00) .053 -0.07 (-0.15 to 0.00) .052

Oral vancomycin -0.14 (-0.20 to —0.08) <.001 -0.14 (-0.19 to -0.08) <.001
Bacteroidetes proportional abundance

Levofloxacin —-0.01 (-0.35 to 0.34) .98

BSBL -0.02 (-0.27 to 0.24) .88

Oral vancomycin -0.48 (-0.72 t0 -0.33) <.001
Dominance by non-Bacteroidetes taxon

Levofloxacin 0.96 (0.78 to 1.20) .76

BSBL 1.05 (0.91 to 1.22) 73

Oral vancomycin 1.56 (1.21 to 2.00) .001

Unless noted otherwise, data are presented as median (interquartile range).
Abbreviations: BSBL, broad-spectrum beta-lactam; Cl, confidence interval.

#Shannon’s alpha diversity.
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Levofloxacin exposure was associated with a greater propor-
tion of Lachnospiraceae (8.3 x 102 vs 2.7 x 10% P = .04) and
Ruminococcaceae (3.8 x 102 vs 9.8 x 107%; P = .04). There was
no significant difference in the class Clostridia (0.28 vs 0.23;
P =.27), but levofloxacin exposure was associated with a greater
proportion of Blautia genus (0.013 vs 1.1 x 107 P = .001).
BSBL exposure was associated with no significant difference in
Lachnospiraceae or Ruminococcaceae (8.3 x 107 vs 2.7 x 107
P = 34;and 8.7 x 107 vs 9.5 x 107 P = .26). However, BSBL
exposure was associated with a reduction in Clostridia (0.10 vs
0.31; P < .001) and Blautia (1.1 x 107 vs 9.5 x 10 P = .005).
Eubacterium limosum was not identified in our data set.

DISCUSSION

In this study, we demonstrated that levofloxacin prophy-
laxis is associated with less alteration of the gut microbiome
compared with the receipt of BSBL antibiotics or oral vanco-
mycin. Furthermore, receipt of levofloxacin was not associated
with specific changes in the gut microbiome that have been

previously associated with poor clinical outcomes, including
reduction of alpha diversity, dominance of non-Bacteroidetes
taxa, or reduction in taxa protective of C. difficile. In con-
trast, receipt of BSBL antibiotics was associated with a reduc-
tion in alpha diversity. These findings suggest that receipt of
levofloxacin prophylaxis for the prevention of neutropenic
fever and BSI in patients undergoing autologous SCT or in-
duction chemotherapy for AML may have a potential protec-
tive effect on the gut microbiome by preventing exposure to
BSBL antibiotics [20].

We showed that levofloxacin prophylaxis was not associ-
ated with a reduction in alpha diversity or dominance of non-
Bacteroidetes taxa compared with patients who received BSBL
antibiotics or a group of patients who received no antibiotics in
the preceding 7 days. This contrasts with a prior study [27] that
investigated the impact of the receipt of ciprofloxacin in 3 healthy
individuals and found that ciprofloxacin decreased alpha diver-
sity. Additionally, a study of colorectal surgery patients showed
that ciprofloxacin suppressed both anaerobic and aerobic fecal
flora [28]. In contrast, levofloxacin has been shown to have a
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minimal impact on anaerobic bacterial species, which have been
associated with resistance to colonization with pathogenic bac-
teria [29-31]. However, these studies investigating the specific
impact of fluoroquinolone antibiotics have primarily focused on
small groups of healthy patients, and thus may not be applicable
to patients receiving treatment for hematologic malignancy.

Patients admitted for chemotherapy and SCT have often been
exposed to antibiotics during prior hospitalizations, which may
have a lasting impact on their gut microbiome [13]. Further,
chemotherapies may directly disrupt the gut microbiome
through both antibiotic and immunologic effects [32-34].
These factors may potentially contribute to the differences
that we observed compared with those in healthy hosts. Prior
studies investigating the impact of antibiotic exposures on the
gut microbiome in patients with hematologic malignancy have
been limited, and few have investigated the impact of antibiotics
given for the prophylaxis of BSI. A prior study showed that anti-
anaerobic antibiotic prophylaxis with ciprofloxacin and metro-
nidazole may increase transplant-related mortality and disrupt
the gut microbiome [35, 36]. Our study of levofloxacin without
metronidazole has greater relevance to current clinical prac-
tice, however, as levofloxacin is the most commonly prescribed
agent for prophylaxis of BSI [37]. In another study of patients
undergoing allogeneic SCT, receipt of levofloxacin was associ-
ated with reduction in domination of Proteobacteria and thus
potentially lower risk of BSI with gram-negative bacteria [8].
However, this study did not explore the impact of levofloxacin
on microbiome characteristics other than dominance.

In addition to the relatively limited impact of levofloxacin
on the gut microbiome in this population, we have also shown
that BSBL antibiotics are associated with a significant reduc-
tion in alpha diversity. This aligns with findings from a prior
study in patients receiving treatment for AML, which showed
that receipt of imipenem resulted in a decline in alpha diver-
sity [38]. Furthermore, in a study of patients undergoing al-
logeneic SCT, early exposure to broad-spectrum beta-lactam
antibiotics was associated with a higher transplant-related mor-
tality and lower fecal abundance of commensal Clostridiales
[36]. Use of broad-spectrum anti-anaerobic antibiotics in
patients undergoing allogeneic SCT has also been associated
with increased GVHD-associated mortality, potentially due
to disruption of anaerobic taxa and microbiome disruption
[39]. Additionally, broad-spectrum antibiotic-induced innate
immune deficits have been associated with both vancomycin-
resistant Enterococcus (VRE) acquisition and resulting BSI [8,
40,41]. The results of our study further emphasize the important
impact that BSBL antibiotics may have on the gut microbiome
and the associated clinical outcomes in this population.

Our study has several potential limitations. First, patients had
heterogenous antibiotic exposures, including exposure to mul-
tiple antibiotic classes. This may have led to misclassification of
antibiotic effects, as patients who received BSBL antibiotics were

more likely to receive oral vancomycin than those patients who
received levofloxacin, potentially confounding the impact of
BSBL antibiotics on the gut microbiome. However, by accounting
for continuous antibiotic exposures though multivariable regres-
sion, we attempted to address this concern. Second, the signifi-
cant window of antibiotic exposure to impact the gut microbiome
remains unknown. We found that associations between anti-
biotic exposures and microbiome outcomes weakened as the
antibiotic window was lengthened. Longitudinal prospective
microbiome sampling would allow for better characterization of
the impact of levofloxacin prophylaxis on the gut microbiome.
Retrospective data also limited our ability to assess temporal
changes to the gut microbiome, as it is possible that microbiome
disruption may occur before neutropenic fever, rather than as
a consequence of antibiotic treatment for neutropenic fever.
Finally, residual patient samples were collected in the evaluation
of diarrhea, which is associated with gut microbiome disruption
[42]. However, chemotherapy-associated diarrhea occurs in the
majority of patients after both transplant and inpatient chemo-
therapy treatment, with rates of up to 80% [43]. Thus, our sam-
pling strategy represents the majority of patients after inpatient
treatment of hematologic malignancy.

In conclusion, we found that receipt of levofloxacin for the
prophylaxis of neutropenic fever and BSI in patients with he-
matologic malignancy is associated with lesser disruption of the
gut microbiome as compared with receipt of BSBL antibiotics.
Thus, by preventing exposure to BSBL antibiotics [20] and with
relatively limited impact of this agent on the gut microbiome
in this population, use of levofloxacin prophylaxis may be pro-
tective of the gut microbiome while preventing gram-negative
BSIs. Given the association with gut microbiome disruption
and adverse outcomes in this population, understanding the
impact of this common antibiotic exposure may help guide the
clinical decision for providing antibiotic prophylaxis in these
patients. However, prospective studies are needed to replicate
our findings, with rigorous methods to disentangle the impact
of the timing and duration of antibiotic exposures.
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