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1 | INTRODUCTION

NGUYEN ET AL.

(IQR 6-11). Most (105/124, 85%) episodes were monomicrobial, while >1 pathogens
were identified in 19/124 (15%) episodes. Overall, 152 pathogens were isolated, with a
predominance of Gram-positive (118/152, 78%), including coagulase-negative staphy-
lococci (n:47), streptococci (n:46), and enterococci (n:15), followed by Gram-negative
bacteria (GNB, 30/152, 20%), and anaerobes (4/152, 3%). There were 2/152 (1%)
MDRO (extended-spectrum beta-lactamase producing) GNB. Multivariable analyses
identified age >40-year-old (OR 2.4, P = 0.02), male gender (OR 1.8, P = 0.02), and a
haploidentical/mismatched unrelated donor (OR 2.5, P < 0.001) as independent risk
factors for bacteremia. All cause 30-day mortality among alloHCTr with bacteremia
was 0.8% (1/121): one patient died due to an HCT-related complication.

Conclusion: Despite lack of primary FQ ABP, low rates of bacteremia were observed
during the pre-engraftment period, with low MDRO prevalence and mortality. Our
findings may allow to revisit the need for primary universal FQ ABP in high-risk

neutropenic hematology patients.

KEYWORDS
allogeneic hematopoietic stem cell transplantation, bacteremia, bloodstream infection, antibi-
otics, engraftment period, antibacterial prophylaxis

Bloodstream infections (BSI) are a common complication after an allo-
geneic hematopoietic cell transplantation (HCT), especially during the
pre-engraftment period, due to conditioning chemotherapy associated
neutropenia and gastrointestinal tract (GIT) mucositis. The latter often
results in GIT flora translocation presenting as BSI with enteric bac-
terial pathogens.! International guidelines recommend antibacterial
prophylaxis (ABP) with a fluoroquinolone (FQ) for high-risk patients
treated with chemotherapy and anticipated neutropenia for >7 days
and allogeneic HCT recipients from conditioning to engraftment.2>
Although primary ABP is routinely used pre-engraftment in most
transplant centers worldwide, bacterial BSI remain an important com-
plication in patients with neutropenia, with a reported incidence
between 13% and 55%.%°~7 Furthermore, concerns about the potential
selection for multidrug-resistant organisms (MDRO) and other com-
plications, such as Clostridioides difficile colitis, have been raised.>10.11
In fact, increasing rates of bacteremia due to bacterial MDRO in
allogeneic HCT recipients have been reported, with potential associa-
tions with clinical outcomes.>12-1¢ Limited contemporary data exist on
the epidemiology of bacteremia during the pre-engraftment period in
patients, who do not routinely receive ABP.8:15.17-21

In our center, primary FQ ABP is not routinely administered during
the pre-engraftment period in allogeneic HCT recipients. We hypothe-
sized that in an era of close patient monitoring and prompt initiation
of empirical antibacterial treatment, lack of primary FQ ABP is not
associated with higher rates of pre-engraftment bacteremia or dis-
mal clinical outcomes, including mortality, and may prevent selection
of MDRO. We performed a retrospective study to describe the epi-
demiology, risk factors, and clinical outcomes of bacterial BSI during

the pre-engraftment period after allogeneic HCT in a cohort without

routine FQ ABP administration.

2 | METHODS
2.1 | Study design

We conducted a retrospective observational single-center cohort
study on 421 consecutive adults, who underwent their first allogeneic
HCT at Geneva University Hospitals between 2015 and 2021. Inclu-
sion criteria consisted of patients > 18 years of age, admitted at
the Bone Marrow Transplant (BMT) unit for an allogeneic HCT from
January 1, 2015 to December 31, 2021. All patients had signed an
informed consent form for data utilization. We excluded patients <18
years of age and allogeneic HCT recipients who did not sign a con-
sent form or removed their consent. The study was approved by the
institutional Ethics Committee (2020-02120). The primary objective of
this study was to describe the incidence of bacteremia between con-
ditioning and engraftment. As secondary objectives we describe the
pathogen distribution and epidemiology, risk factors for bacteremia,
and clinical outcomes, including acute graft versus host disease (GvHD)
and all-cause mortality at 30 days post-diagnosis of bacteremia and at
1-year post-transplant for the whole cohort.

2.2 | Data collection

The following data were collected from the institutional BMT unit

database: demographics, underlying hematologic malignancy, and
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HCT-related variables (conditioning, donor type, stem cell source,
CMV donor (D)/ recipient (R) serology status, GvHD prophylaxis
and complications), and survival. The following additional data were
retrieved from review of electronic medical records: neutropenic
fever (NF) episodes with suspected causality, infections, empirical, and
targeted antibiotic treatment received.

2.3 | Institutional screening, prophylactic, and
empirical treatment strategies

The institutional prophylactic strategies remained unchanged during
the study period. All patients benefit of MDRO screening at admission,
consisting of rectal swab or stool culture for carbapenemase producing
Enterobacterales (CPE), carbapenem resistant Acinetobacter bauman-
nii (CRAB), carbapenem resistant Pseudomonas aeruginosa (CRPsA),
extended-spectrum-p-lactamase (ESBL) Enterobacterales (ESBL-E),
nasal and inguinal swab for methicillin-resistant Staphylococcus aureus
(MRSA), and axillary swab for CRAB. Weekly surveillance blood cul-
tures are performed from the central venous catheter on a fixed week-
day, regardless of NF. All patients receive a central venous catheter or
implantable chamber before transplantation. No primary FQ ABP dur-
ing neutropenia is administered. Patients receive oral decontamination
with neomycin/polymyxin B solution (non-absorbable) with condition-
ing until engraftment, co-trimoxazole for Pneumocystis jirovecii prophy-
laxis, and acyclovir as antiviral prophylaxis starting with conditioning,
and antifungal primary prophylaxis with fluconazole and letermovir as
anti-CMV prophylaxis starting May 2019 on transplant day, as previ-
ously described.?2-24 |n case of NF, two sets of blood cultures (aero-
bic/anaerobic bottles) from central line and peripheral venipunctures
are collected daily until fever resolution, and empirical antibiotic treat-
ment is initiated, based on international guidelines and institutional
protocol.”>2° Briefly, a beta-lactam with antipseudomonal activity, pre-
dominantely cefepime, is administered as first line empirical therapy,
except in patients colonized with ESBL-E, when a P. aeruginosa-acting
carbapenem is used as primary empirical therapy. An agent with activ-
ity against coverage of resistant Gram-positive organisms (e.g., MRSA,
or methicillin-resistant coagulase-negative Staphylococcus spp., CoNS),
such as vancomycin, is added, if patients are at high risk (based on local
signs of infections and high clinical-suspicion for a multi-drug resis-
tant pathogen, such as MRSA) or when fever persists after 48 h of
the empirical antibiotic therapy. Treatment is adjusted following the

clinical evolution and microbiological results.

2.4 | Study definitions

Bacteremia was defined based on revised ECDC and CDC
definitions.2627 More specifically, patients with relevant signs
and symptoms and the isolation of any bacteria from 1 or more sets
of blood cultures prompting initiation of targeted antimicrobial treat-
ment by the clinical team were considered to have a bacteremia event.

Patients with one single blood culture for CoNS with or without NF

were not considered to have a true CoNS bacteremia and hence not
included in the bacteremia group. Patients with a single blood culture
with viridans group streptococci (VGS) were considered to have a true
bacteremia event in the presence of relevant clinical presentation
and treatment initiation. Positive surveillance blood cultures with
commensal pathogens were considered as a true bacteremia event
only if the same pathogen was retrieved in >1 blood cultures sepa-
rately drawn and if targeted antibacterial treatment was administered.
Patients could have a single or >1 bacteremia episodes. Patients
were considered to have two separate bacteremia episodes in case
similar or different organisms were identified after an interval of 7
days separating the episodes between negative blood cultures. When
two or more pathogens were isolated simultaneously, bacteremia was
defined as polymicrobial. Pathogen identification and susceptibility
testing were interpreted according to the European Committee on
Antimicrobial Susceptibility Testing (AST) (MALDI-TOF/MS, AST
by disk diffusion; EUCAST v05-v11). Antibacterial resistance of
MDRO was defined based on published consensus guidelines.?® The
pre-engraftment period was defined as the time from conditioning
initiation (conventionally considered as 7 days prior to HCT) until the
day of engraftment. According to consensus guidelines, neutropenia
was defined as an absolute neutrophil count (ANC) < 500 cell/mm§3,
while engraftment was defined as the first day of achieving a sustained
over 3 consecutive days peripheral blood ANC > 500 cells/mm?3.27-31
NF was defined as a single episode of fever > 38.3°C or two episodes

of > 38°C during neutropenia.2?-31

2.5 | Statistical analysis

The Chi-square and Student’s t-test were used to compare categori-
cal and continuous variables, respectively. Continuous variables were
presented as a mean value, with standard deviation (SD) and range
or median and interquartile range (IQR). Cumulative incidences for
bacterial BSI were calculated in the overall study patient population.
Considering the fact that a patient could develop >1 BSI, only the first
BSI episode was considered for cumulative incidence calculations per
patient. Patients were censored for death, a second HCT, or loss to
follow-up, whichever occurred first. Cox regression was used to assess
the risk factors for the development of bacteremia. All-cause 30-day
mortality was analyzed using Kaplan-Meier survival curves. The log-
rank test was used to compare survival distribution between different
groups. A two-sided test was performed and a P < 0.05 was considered
to be statistically significant. Statistical data analyses were conducted
using STATA 16 statistical software.

3 | RESULTS
3.1 | Patient population
A total of 421 patients were included in the study (Table 1). The

median age of patients at transplant was 56-year-old (IQR 46-63)
and 66% patients were male. A total of 314 (75%) patients received a
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TABLE 1 Baseline patient characteristics.
All patients Patients with bacteremia Patients without bacteremia
n=421(%) n=121(%) n =300 (%) P-value
Demographics
Age, median years (IQR) 56 (46, 63) 56 (48, 63) 56 (45, 58) .15
Gender, male (%) 279 (66) 91(75) 181 (63) .02
Underlying disease .24
Acute myeloid leukemia/MDS 276 (66) 79(65) 197 (66)
Lymphoma 47 (11) 19 (16) 28(9)
Acute lymphocytic leukemia 35(8) 6(5) 29 (10)
Chronic myeloid/lymphocytic 17 (4) 5(4) 12 (4)
leukemia
Other? 46(11) 12(10) 34(11)
CMV donor/recipient status .15
D-R- 120(29) 33(27) 87(29)
D-R+ 77 (18) 26(21) 51(17)
D+R+ 185 (44) 46 (38) 139 (46)
D+R- 39(9) 16 (13) 23(8)
Conditioning regimen .62
Reduced intensity 314 (75) 88 (73) 226 (75)
Myeloablative 107 (25) 33(27) 74(25)
Donor .001
Matched related 103 (24) 22(18) 81(27)
Matched unrelated 199 (47) 48(40) 151 (50)
Haplo-identical 93(22) 40(33) 53(18)
Mismatched unrelated 26 (6) 11(9) 15 (5)
Graft source
Peripheral blood stem cells 371(88) 103 (85) 268 (89) 25
Bone marrow 50(12) 18 (15) 32(11)
GvHD prophylaxis
Post-HCT cyclophosphamide 115(27) 50(41) 65(22) <.001
Colonisation prior to HCT 17
MRSA 1(0.2) 1(2) 0
VRE 4(1) 0 4(1)
ESBL-Enterobacterales 53(13) 20(17) 33(11)
CPE 0 0 0
MDR Pseudomonas aeruginosa 2(0.5) 1(1) 1(0.3)

Abbreviations: SD, Standard deviation; MDS, myelodysplastic syndrome; CMV, cytomegalovirus; D, donor; R, recipient; GvHD, graft vs. host disease; HCT,
hematopoietic cell transplant; MRSA, methicillin-resistant Staphylococcus aureus; VRE, vancomycin-resistant Enterococcus; ESBLE, extended-spectrum beta-
lactamase; CPE, carbapenemase producing Enterobacterales; MDR, multidrug resistant.

20ther included: aplastic anemia, multiple myeloma, hemoglobinopathy, myeloproliferative syndromes, and X-linked adrenoleukodystrophy.

reduced-intensity conditioning regimen and graft source was periph-

eral blood stem cells (PBSCs) in 317 (88%) patients. The median time
from HCT to engraftment was 18 days (IQR 15-20); two patients
never achieved engraftment. Colonization with ESBL-E, vancomycin-
resistant Enterococcus spp. (VRE), carbapenem resistant P. aeruginosa,
and MRSA was documented pre-transplantin 53(13%),4 (1%), 2 (0.5%),
and 1 (0.2%) patient, respectively.

3.2 | Incidence and timing of bacteremia

Overall, 121 (29%) patients experienced at least one episode of
bacteremia between conditioning and engraftment; 106/121 (88%)
patients developed bacteremia from transplant to engraftment
(Figure 1a), while 15/121 (12%) patients developed bacteremia
between conditioning and HCT. There were 124 bacteremia episodes

85US017 SUOLULIOD A ERID) 3[qedtjdde au Aq peuenob a1 SN YO ‘38N JOS3INI 10} AR1q 1T BUIIUO AB]IM UO (SUORIPUOD-PUR-SWLRYLLIOD" A3 1M ARRIq1BUIIUO//SANY) SUORIPUOD PUe SWIS L 3L 885 " [7Z0Z/0T/E0] U0 AR.qIT 3UIIUO A8]IM ‘UOIELLIOJUL| 3P UOKIAIQ ‘BABUSD 8P SISIBAIUN,| 8P anbeulolq1g A S2ErT PI/TTTT OT/I0p/w0d 48] 1mAriq1ieu!|uo//Sdiy woj papeojumod ‘0 ‘Z90E66ET



y

TRANSPLANT
NGUYEN ET AL. INFECTIOUS 50f11
DISEASE q
(A) & (B) 84
w v
35 £5 1
=4 Q
2 -]
3 g
£o o3
Q0+ 2 : " -
20 = Log rank=0.01
3 ]
£ g
O =14
g | /_’_'_’_’_,_,—’_‘_’—ﬁ Ug 1 Arﬂ_ﬂdf
8 | 8 | —'-_—C'i'_’_l—‘-’-
Sl T T T © b Y T T
0 10 20 30 0 10 20 30
Days post-HCT Days post-HCT
Number at risk Number at risk
335 95 5 Age <40-years-old =0 68 64 18 2
Age 240-years-old = 1 321 271 79 3
—— Age <40-years-old Age 240-years-okd
Patients < 40 years old : 59 patients
(C) 84 (D) 8 1
'y o
~ J @ 4
£ g s
=4
§ 2 2 8 Log rank <0.001
_g s | Log rank=0.01 2 o |
S =3
= =
E., £
34 3 &
og o 3
S 4 & |
o T X T T (=3 T T T T
0 10 20 30 0 10 20 30
Days post-HCT Days post-HCT
Number at risk Number at risk
Female =0 136 124 42 1 MRD/MUD =0 280 240 68 4
Male = 1 253 211 53 4 Haplo/MMUD = 1 109 95 27 1
( Female =0 Male =1 | ] MRDMUD=0 ——HaploMMUD=1 |
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due to 152 pathogens among the 121 patients with bacteremia.
Although most (118/121, 97.5%) patients had one bacteremia episode,
there were 3/121 (2.5%) patients with two bacteremia episodes.
Similarly, most (102/121, 84%) patients experienced a monomicro-
bial bacteremia, while 19 (16%) patients experienced polymicrobial
bacteremia, caused by >2 pathogens. Median time from HCT to first
bacteremia episode was 9 days (IQR 6-11). Median time from HCT to
engraftment was similar between patients with (18 days, IQR 15-21)
versus without bacteremia (days 17.5; IQR 15-20; P = 0.11). Median
duration of bacteremia was 1 day (IQR 1-2).

3.3 Pathogen epidemiology

There were 152 pathogens isolated in 124 bacteremia episodes,
with a predominance of Gram-positive pathogens (N:118/152, 78%),
followed by Gram-negative bacteria (GNB; N:30/152, 20%), and anaer-
obes (N:4/152, 3%). Among Gram-positive pathogens, most infections
were due to CoNS (N:47), followed by Streptococcus mitis/oralis (N:40;
Table 2). CoNS was the only pathogen found in 40 episodes of

monomicrobial bacteremia and concomitantly identified with another

pathogen in 7 polymicrobial bacteremia episodes. Among GNB, Enter-
obacterales was the most commonly identified order (N:16), with
Escherichia coli (N:8) and Klebsiella spp. (N:4) most frequently identi-
fied, while P. aeruginosa and Stenotrophomonas maltophilia were isolated
in 7 and 1 episodes, respectively. Among 16 Enterobacterales tested
for cefuroxime, cefepime, and FQ susceptibility, there were 3(19%),
1(6%), and 2(12.5%) resistant, respectively. Among the 46 streptococci,
there were 8 (17%) isolates resistant to penicillin (not all isolates were
tested against cephalosporins or FQ). There were only 2/135 (1.5%)
bacteremia episodes due to ESBL-E (1 K. pneumoniae, 1 Enterobacter
cloacae), one of those observed in a patient known to be colonized with
this pathogen. There were no bacteremia episodes due to CPE, MRSA,
or VRE observed. The distribution of bacteremia episodes overall and
due to Gram-positive and Gram-negative pathogens during the 7-year

study period is shown in Figure 2.

3.3 | Bacteremia without fever

Among 124 bacteremia episodes, 18(14.5%) episodes were detected

by weekly blood culture surveillance in patients who were afebrile and
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asymptomatic. Most (14/18, 78%) of those episodes were monomi-
crobial, caused predominately by Gram-positive cocci (11/18, 61 %),
mainly due to CoNS (8/18; 44%). For the 8 episodes of CoNS bac-
teremia, the median number of positive bottles was 6.5 (IQR 4-9.5).
Among the 2 monomicrobial Gram-negative bacteremias, E. coli and
P. aeruginosa were identified. Polymicrobial bacteremias included var-
ious pathogens: Bacteroides fragilis, E. avium, E. faecium, S. maltophilia,

Granulicatella adiacens, Actinomyces oris, and Capnocytophaga sputigena.

3.4 | Risk factors for pre-engraftment bacteremia

Risk factors for bacteremia during the pre-engraftment period
were explored with univariable and multivariable regression analysis
(Table 3). Clinically relevant independent variables and those with a
P-value <.15 inunivariable analyses were entered into a logistic regres-
sion model. In multivariable analysis, age >40-year-old (OR 2.4, P =
0.01), male gender (OR 1.8, P=0.02), and a haploidentical/mismatched
unrelated donor (MMUD) (OR 2.5, P < 0.001) were identified as
independent predictors of bacteremia (Figure 1b-d). Considering the
relatively large number of bacteremia episodes due to CoNS and torule
out potential associated biases, risk factor analyses were performed
separately for patients with bacteremia due to only CoNS and those
with non-CoNS bacteremia episodes. Multivariable analyses identified
male gender and haploidentical/MMU donors as significant predictors
of CoNS bacteremia (OR 2.5, P = 0.03 and OR 1.98, P = 0.05, respec-
tively). Multivariable analyses identified haploidentical/MMU donors
as significant predictors of non-CoNS bacteremia (OR 2.2, P = 0.003),
while there was a trend for age > 40-year-old as significant predictor
(OR:2.0,P=0.08).

3.5 | Mortality

All-cause 1-year mortality was 26% (109/421): 24% (29/121) and 27%
(80/300) in patients with and without bacteremia, respectively (P =
0.62). No patient died at 7-days post-bacteremia diagnosis. All-cause
30-day mortality after bacteremia diagnosis was 0.8% (1/121 patients).
This patient died due to an HCT-related complication unrelated to the

bacteremia.

3.6 | Associations with GIT aGvHD > grade 2

Among 421 patients, 183 (43.5%) patients were diagnosed with
aGVHD grade > 2 at a median of 34 (22-76) days post-HCT; 129
patients with aGVHD grade >2 had upper and/or lower GIT involve-
ment. Patients with bacteremia during the pre-engraftment period
were as likely to develop grade >2 aGVHD (59/121, 49%), as patients
without (124/300, 41%; P = 0.19). Similarly, patients with bacteremia
during the pre-engraftment period were as likely to develop grade
> 2 GIT aGVHD (43/121; 36%) versus patients without bacteremia
(86/300; 29%; P =0.20).

4 | DISCUSSION

This single-center retrospective cohort study provides contemporary
data on the incidence, pathogen profiles, and risk factors of bacterial
BSI during the pre-engraftment period in a center without FQ ABP
over 7 years. Most published studies report data of patients receiv-

ing ABP during pre-engraftment or a small-sample size of patients not
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TABLE 2 Etiology of bacterial bloodstream infections.

Pathogen category No. of isolates (%)
Total bloodstream isolates 152
Gram-positive pathogens 118(78)
Gram-positive cocci 108 (71)
Staphylococci 47 (31)
S. aureus 0
S. epidermidis 44(29))
Other coagulase-negative Staphylococci® 3(2)
Streptococci 46 (30)
S. mitis/oralis 40 (26)
Other Streptococci 6(4)
Enterococci 15 (10%)
E. faecalis 9(6)
E. faecium 5(3)
E. avium 1(1)
Other Gram-positive pathogens®” 10(7)
Gram-negative bacteria 30(20)
Enterobacterales 16 (11)
E. coli 8(5)
Klebsiella spp.© 4(3)
Proteus spp. 3(2)
E. cloacae® 1(1)
Pseudomonas aeruginosa 7 (5)
Stenotrophomonas maltophilia 1(1)
Other Gram-negative pathogens? 6(4)
Anaerobic bacteria 4(3)
Bacteroides spp. 1(1)
Fusobacterium spp. 3(2)

aS. haemolyticus, S. ludgunensis.

bOther included: Granulicatella adiacens, Rothia spp., Actinomyces oris,
Ruminococcus spp.

€One Klebsiella spp. and one E. cloacae producing extended-spectrum beta
lactamase (ESBL).

d0ther included: Capnocytophaga sputigena, Haemophilus spp., Moraxella
spp., Neisseria spp.

receiving ABP.16:15.17-19.21.32.33 \we report a BSI incidence of 29%, in
accordance with earlier publications by other centers, albeit with a pre-
dominance of Gram-positive cocci.26-33-3> Thjs is in contrast to the
current dominance of GNB bacteremias, as it has been reported by
many centers.'>20:36.37 Considering the high number of bacteremias
due to CoNS in our cohort it is likely that a proportion of those infec-
tions did not always represent real bacteremia episodes, but rather
detection of colonization of central lines. However, considering the
fact that we followed strict formal definitions and all patients were
deemed to be bacteremic by the clinical team and treated as such,
we believe that our data represent true bacteremia episodes. Propor-
tionally, CoNS was the most frequently identified single pathogen in
bacteremias in our study, which may not necessarily reflect the epi-
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demiology of bacteremias in other transplant centers.2615:3337 |n our
institution, we do not use impregnated catheters neither antiseptic-
impregnated dressings to decrease central line associated bloodstream
infection (CLABSI). However, regular inspection of the insertion site
and strict local care are performed consistently by the highly-qualified
and trained nursing teams. The only change during the study period
was the introduction of 70% isopropyl alcohol impregnated central
venous catheter caps associated with temporary interruption of perfu-
sion therapies between September 1,2021 and August 31, 2022, which
did not impact the overall CLABSI incidence.®® We concluded that high
rates of CoNS CLABSI remain an important problem in our BMT Unit
and there is a need to investigate further practices to be implemented.

Almost 1 in 6 bacteremias were detected by weekly blood cul-
ture surveillance in patients who were afebrile and asymptomatic, half
of them due to CoNS and the rest due to a large variety of Gram-
positive and Gram-negative pathogens. Historically, routine weekly
surveillance blood cultures have been introduced in our BMT Unit
based on the hypothesis, that allo-HCT patients may have a blunted
inflammatory response and thus remain asymptomatic, despite a seri-
ous infection, including bacteremia. It is likely, that some of those
patients could develop signs and symptoms due to their bacteremia
in the next hours/days after the surveillance positive blood culture
was drawn. This is not possible to discern, as all those patients were
promptly started on the antimicrobial therapy. However, the isola-
tion of pathogens, such as E. coli or P. aeruginosa, suggests that those
episodes represented real bacteremia events. The significance and
cost-benefit ratio of routine, weekly, surveillance blood cultures in
neutropenic patients, but also even in patients with GvHD on high-
dose corticosteroid treatment, remains unclear and needs to be further
investigated.3?-41

Consistent with prior observations, sex, age, and haploidentical or
mismatch unrelated donors were identified as significant predictors of
pre-engraftment bacteremia. Male sex has been previously identified
as a potential risk factor for bacteremia.*?> We hypothesized that con-
sidering the fact that central lines are placed at the jugular insertion
site this may represent a higher risk for contamination, considering
local hygiene in the setting of facial hair in male patients. Patients
older than 40-year-old were also identified at higher risk for bac-
teremia during the pre-engraftment period, probably related to higher
rate of translocation associated with conditioning-related mucositis in
older patients. The importance of haplo-identical donors on the risk
for bacteremia has already been reported.®153343 |t is likely that the
type of immunosuppression and conditioning administered in those
patients, frequently receiving cyclophosphamide post-transplant, may
significantly increase their risk for potential complications, including
bacteremias.**4>

Despite a relatively high number of bacteremias, including those
due to GNB, mortality was very low in this cohort. Data from the
Swiss Transplant Cohort Study (STCS) on allogeneic HCT recipients
with bacteremias between 2009 and 2018 reported a 3-week mortal-
ity of 10%.%¢ The lower mortality observed in our cohort. Could be, in
part, attributed to improved clinical practices, such as to the presence

of standard operating protocols in our institution for all hematology
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TABLE 3 Analysis of risk factors for pre-engraftment bacteremia.
Univariate analysis Multivariate analysis
OR 95% ClI P-value OR 95% ClI P-value
All patients with bacteremia vs. others
Sex, male vs. female 1.8 1.1,2.9 .01 1.8 1.2,4.7 .02
Age >40-year-old vs. <40-year-old 2.4 1.2,4.8 .01 2.4 1.2,4.7 .02
Conditioning, MAC vs.RIC 0.9 05,14 .58
Donor type, MMUD/haploidentical vs. other 2.5 1.6,3.9 <.001 2.5 1.6,3.9 <.001
BM source, PBSC vs. BM 0.7 04-1.3 .23
Patients with CoNS bacteremia vs. others
Sex, male vs. female 2.6 1.1,6.0 .03 2.5 1.1,5.9 .03
Age >40-year-old vs. <40-year-old 2.6 0.8,8.8 12 2.6 0.8,9.0 .13
Conditioning, MAC vs. RIC 1.0 05,2.2 .95
Donor type, MMUD/haploidentical vs. other 2.0 1.0,3.9 .04 1.98 1.0,3.9 .05
BM source, PBSC vs. BM 0.6 0.3-14 25
Patients with non-CoNS bacteremia vs. others
Sex, male vs. female 1.5 0.9,2.6 12 1.48 0.9,2.5 16
Age >40-year-old vs. <40-year-old 2.1 0.9,4.6 .06 2.0 0.9,4.4 .08
Conditioning, MAC vs. RIC 0.9 0.5,1.5 .59
Donor type, MMUD/haploidentical vs. other 2.2 1.3,3.6 <.001 2.2 1.3,3.6 <.001
BM source, PBSC vs. BM 0.7 04,15 42

Abbreviations: OR, Odds ratio; Cl, confidence interval; MAC, myeloablative conditioning; RIC, reduced intensity conditioning; MMUD, mismatched unrelated

donor; BM, bone marrow; PBSC, peripheral blood stem cells; CoNS, coagulase negative staphylococci.

patients with neutropenia in case they become febrile, including imme-
diate draw of two sets of blood cultures and initiation of prespecified
empirical antibiotic treatment, based on the patient’s pre-transplant
MDRO screening. Indeed, timely initiation of the antibiotic therapy
has been associated with improved clinical outcomes in patients with
NF.36¢47 This might have contributed to the favorable clinical outcomes
observed in our study, with none of the patients with bacteremia dying
within 7 days post-diagnosis and only one patient dying within 30
days post-diagnosis, from a cause unrelated to the infection. Current
progress and improved safety mechanisms in high-risk hematology
neutropenic patients, based on standard operating procedures, includ-
ing immediate initiation of appropriate antibiotic treatment based on
national and international guidelines, allows for significantly improved
clinical outcomes in patients with bacteremia, minimizing mortality and
potentially decreasing unnecessary antibiotic exposure.3948

The use of antibiotic prophylaxis remains controversial, particularly
in view of the threat of antimicrobial resistance, where FQ consti-
tutes a significant antibiotic pressure, associated with the selection of
MDRO. In our center not providing prophylaxis, we did not observe
higher rates of bacteremia or mortality, compared to rates reported
from centers routinely administering ABP or other centers where ABP
is not administered.6:1>17-21.3233.35 | 3¢k of primary routine FQ ABP
administration might have contributed to the very low rates of bac-
teremias due to MDRO, with only two patients presenting with an
ESBL producing GNB bacteremia. The latter may also be attributed
to the relatively low prevalence of MDRO in our country as previ-

ously reported.*?-31 Nevertheless, our data suggest that lack of routine
use of primary FQ ABP in high-risk hematology patients may poten-
tially decrease the selection for MDRO, without compromising clinical
outcomes. 1117

Administration of broad-spectrum antibacterial agents has been
associated with disrupted intestinal microbiome and higher risk for
aGVHD.17:52-¢0 However, our data suggest that patients with bac-
teremia pre-engraftment are neither at higher risk for aGVHD post-
engraftment, nor for GIT aGVHD. Even after excluding CoNS bac-
teremias, we were not able to show any possible effect of bacteremias
during the pre-graftment period on GvHD. It is likely that we were
not able to discern a potential effect on GvHD due to the small num-
ber of patients included in our single-center cohort study, and even
less patients with bacteremia. Nevertheless, more data are required
to better describe the potential association between aGVHD and
pre-engraftment bacteremia.

This study has many limitations, including its single center retro-
spective design. The particular practices on microbiological investiga-
tions and antibiotic use in our institution may not be generalizable to
other centers. In addition, the spectrum of microorganisms isolated
reflects our local epidemiology, with a low prevalence of MDRO, an
epidemiology that could potentially vary in other centers.®® Notably,
the administration of non-absorbable antibiotics, namely neomycin-
polymyxin B, until engraftment and co-trimoxazole (sulfamethoxa-
zole 800 mg/trimethoprim 160 mg) as P. jirovecii prophylaxis three
times weekly could have potentially impacted the epidemiology of
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bacteremia in our cohort. Data from the STCS have shown that P.
jirovecii prophylaxis with co-trimoxazole have been associated with
lower rates of bacteremias in solid organ transplant recipients °1. Nev-
ertheless, and while more data are required, we believe that such low
dose of co-trimoxazole intermittently administered would have a mini-
mal, if any, effect on the incidence of bacteremia in this cohort. Finally,
empirical or targeted antibacterial treatment in the setting of NF or
bacteremia continued until engraftment, in most cases, could have also
led to lower rates of bacteremia.

In conclusion, we report relatively low rates of bacteremias in allo-
geneic HCT recipient between conditioning and engraftment despite
lack of universal FQ ABP, albeit with lower numbers of GNB, low preva-
lence of MDRO, and favorable clinical outcomes. Our findings may
allow for the discussion to be continued whether routine universal pri-
mary FQ ABP is still necessary or not in high-risk hematology patients
with neutropenia in an era of close observation with immediate initia-
tion of appropriate empirical antibiotic therapy in case of NF in those

patients.
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