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Highlights

e Pre-engraftment bloodstream infections (BSI) affected 30% of allogenic HCT
recipients

e The risk was the highest in case of T-repleted haploidentical transplants

e Gram-negative BSI, particularly if carbapenem-resistant, had negative impact on
survival

Abstract
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Bloodstream infections (BSI) are frequent and important infectious complications after
hematopoietic cell transplantation (HCT). The aim of this study was to analyze the incidence, risk
factors and outcome of pre-engraftment BSI after allogeneic HCT.

A retrospective analysis of data from 553 consecutive patients transplanted in years 2010-2016 was
performed. Sixty percent of patients received T-repleted unmanipulated haploidentical bone marrow
with high dose post-transplant cyclophosphamide.

BSI rate was 30%; among isolated 213 pathogens, 54% were Gram-positive, 43% Gram-negative
and 3% fungi. Independent risk factors for pre-engraftment BSI were transplant from haploidentical
donor or from cord blood (p<0.001), active disease (p=0.002), age (p=0.04) and myeloproliferative
disorders or aplastic anemia (p<0.001). Transplant from the haploidentical donor was an
independent risk factor for both Gram-positive and Gram-negative BSI. The 7-day mortality after
any BSI was 5% (n=9/178), and in multivariate analysis, BSI etiology was the only risk factor, with
increased mortality in case of carbapenem-resistant Gram-negatives (p<0.001). Non-relapse
mortality at day 60 after HCT was 3.8% (21/553); independent predictors were active disease
(p=0.045), year of HCT (p=0.027), non-engraftment (p=0.001) and pre-engraftment BSI (p<0.001),
with significantly higher risk in case of BSI due to Gram-negatives compared to Gram-positives,
and BSI due to carbapenem-resistant Gram-negatives compared to susceptible ones.
Pre-engraftment BSI is a frequent complication after transplant from haploidentical donor or cord
blood. Since the negative impact of pre-engraftment BSI on 60-day non-relapse mortality was
mainly caused by carbapenem-resistant Gram negatives, particular attention should be given to

appropriate empirical therapy and management of patients with high risk of Gram-negative BSI.
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Introduction

Bloodstream infections (BSI) are an important complication in hematopoietic cell transplantation
(HCT) recipients, particularly during the pre-engraftment neutropenia.’® BSI affects from 16% to
40% patients,® with an associated mortality ranging from less than 5%, in case of Gram-positive
bacteria, to up to 40% in case of multidrug resistant (MDR) P. aeruginosa and 64% in MDR
Klebsiella pneumoniae infections in allogeneic HCT patients.> * ® ! |n order to reduce negative
outcomes of BSI, the knowledge of the current epidemiology is fundamental for deciding the most
appropriate protocols of empirical therapy at every site.'

Few studies identified specific risk factors for pre-engraftment BSI in HCT, including the duration
of neutropenia, severity of mucosal damage, type of conditioning regimen, source of stem cells,
age, advanced or active underlying disease and some types of leukemia, such as chronic
myelogenous leukemia.* ¥ Little is known about specific risk factors for Gram-positive or Gram-
negative BSI.

The main obstacles to successful allogeneic transplantation are the lack of matched sibling donor
and the long time needed for searching in the registries and obtaining hematopoietic cells from
matched unrelated donors. In fact, it has been estimated that at least 50% of patients with leukemia
do not find a suitable unrelated donor in time.*> ** Although cord blood transplant (CBT) offers
higher probability of finding a hematopoietic cell source and rapid availability of stocked units, the
main limitations of choosing this cell source include low cell dose for adults and possible high risk
of infectious complications.** Today, T-repleted haploidentical transplant with high dose post-
transplant cyclophosphamide (PT-CY) represents a valid alternative for patients with hematological
malignancies who do not have an HLA matched related donor.”® Initially, non myeloablative
conditioning regimens were used,*® subsequently followed by protocols with myeloablative
regimens.'” The incidence and outcome of infections associated with this protocol remains to be

determined.
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The aim of this study was to analyze the incidence, risk factors and outcome of pre-engraftment BSI
after allogeneic HCT, with particular attention to patients receiving a T-repleted unmanipulated

transplant from haploidentical donors with high dose PT-CY.

Materials and methods

Patients and data

A retrospective analysis of 553 consecutive patients who underwent allogeneic HCT between
01/01/2010 and 30/04/2016 in S. Martino Hospital in Genoa, Italy was performed. All patients
signed written informed consent for anonymous data collection before the transplant procedure
according to EBMT and JACIE standards.

The collected information included age, sex, diagnosis, disease status at HCT, type of conditioning,
type of donor, date of transplantation, day of engraftment, presence of pre-engraftment BSI, isolated
pathogen, overall survival and cause of death. Data on all episodes of BSI occurring between onset
of conditioning and engraftment, and on antibiotic susceptibility were obtained from the electronic
hospital records of the Microbiology Service and cross-checked with patients’ charts. BSI episodes
occurring during neutropenia beyond the day 50 post-HSCT or after the day of the second HCT
were excluded.

Definitions

In case of common skin contaminants, BSI was diagnosed if at least 2 consecutive blood cultures
resulted positive for the same species. BSI was considered polymicrobial if 2 or more pathogens
were isolated in a single blood culture.

Neutropenia was defined as an absolute neutrophil count below 0.5 x 10%L. Engraftment was
defined as the first of 3 consecutive days of absolute neutrophil count of 0.5 x 10%/L or greater.

The underlying diseases were divided into 5 groups: 1) acute myeloproliferative diseases, such as
acute myeloid leukemia and myelodysplastic syndrome, 2) acute lymphoproliferative diseases, such

as acute lymphoblastic leukemia (ALL) and aggressive non Hodgkin lymphomas that received
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chemotherapy similar to LLA, 3) chronic lymphoproliferative diseases (LPD) such as chronic
lymphocytic leukemia, multiple myeloma, other lymphomas, 4) chronic myeloproliferative diseases
(MPD) such as chronic myeloid leukemia or primary myelofibrosis, and, 5) aplastic anemia or other
immune-mediated diseases.

In patients with leukemia, the underlying disease was defined as active at transplant if more than
5% blasts were present in bone marrow *°, In patients with lymphoproliferative disorders, the
disease was defined as active according to CT or PET scan results. In all other cases the disease was
defined as not active. For the analyses, patients with aplastic anemia were included in not active
disease group.

Non relapse mortality (NRM) was defined as death due to any cause other than relapse of
progression of the underlying disease.

Donors were divided into 4 groups: 1) matched related (MRD), 2) matched unrelated or related with
1 antigen mismatch (MUD/MMR), 3) cord blood and, 4) HLA-haploidentical related. Since 2014,
CBT was chosen only if a haploidentical donor was unavailable.

Transplant-related procedures

Transplants were performed as reported previously.'*?! Standard definitions of condition regimens
were used.'” The choice of the conditioning regimen was based on underlying disease, patient's age,
and pre-existing comorbidities. Myeloablative conditioning regimens consisted either of total body
irradiation (TBI) with 200 Gy twice daily for 3 days or 330 Gy for 3 days, associated with
fludarabine or cyclophosphamide, or 3 doses of busulfan with thiotepa and fludarabine *’. All other
conditioning regimens were regarded as of reduced intensity. *"*°

GvHD prophylaxis differed according to donor. It consisted of cyclosporine A (CsA) and
methotrexate for MRD recipients, anti-thymocyte globulin (ATG) was added in case of
MUD/MMR. All CBT recipients received CsA, mycophenolate mofetil (MMF) and ATG. In case
of haploidentical donors, post-transplant cyclophosphamide 50 mg/kg on days +3 and +5, CsA and

MMF were administered. *"*°
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Infection prophylaxis, monitoring and treatment

All patients received antibacterial prophylaxis with levofloxacin 500 mg/day from the onset of
conditioning until engraftment, except for those colonized with MDR Gram-negatives. Prophylaxis,
monitoring and treatment of fungal and viral infections were performed as previously reported.?" %
A single dose of 200mg of rituximab was administered as PTLD prophylaxis in case of GvHD
prophylaxis which included ATG. #* All patients were fitted with tunneled CVC and its
management policy did not change overtime. Surveillance cultures were performed at admission to
the HCT unit and then weekly.

In case of fever or any other signs or symptoms of infection two blood culture sets were drawn and
antibiotic treatment was started. Other diagnostic procedures were performed according to clinical
presentation. First choice empirical therapy was piperacillin/tazobactam, with vancomycin added as
recommended by guidelines.** % Second choice empirical therapy was meropenem and vancomycin
and it was prescribed in case of severe clinical presentation, or previous infection or current
colonization with piperacillin/tazobactam-resistant Gram-negative bacteria. In patients colonized or
previously infected with MDR Gram-negative pathogens, the empirical therapy was designed to
target such a strain. De-escalation strategy was gradually introduced since 2011."

Statistical analysis

Categorical variables were reported as numbers and percentages and continuous as median and
interquartile range (IQR). For description of cohort characteristics and univariate analysis for 7-day
mortality, they were compared with, respectively, chi-square test with Yeats’ correction or the
Fisher’s exact and the Mann-Whitney U test. Age was reported in tercils for analyses on the whole
patient population, and as a continuous variable for the subgroup analysis of patients with BSI.

Cumulative incidence of BSI according to the different types of donor was estimated with Aalen-
Johansen method, with engraftment, death or second HCT as competing events. 2* Survivors who

did not engraft and did not receive a second HCT were censored at day 50 after transplant.
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The risk factors for pre-engraftment BSI were established in univariate and multivariate stepwise
backward Cox regression models assessing the cause-specific hazard ratio (HR) for developing BSI
(with time to any BSI, time to Gram-positive BSI, or time to Gram-negative BSI considered as the
measured outcome in three different models). For these analyses, patients were censored at time of
engraftment, the second transplant or death. If none of them occurred, patients were followed until
day + 50 after transplantation.

In the subgroup of patients developing BSI, the impact of variables on 7-day and 30-day post-BSI
mortality was assessed in a multivariate logistic stepwise backward regression model. For this
analysis of survival after each BSI episode, multiple species BSI episode was defined as more than
a single positive blood culture within 7 days, and the outcome at the 7" and 30" day after isolation
of the last pathogen was considered.

The predictors of non-relapse mortality (NRM) at day 60 after transplant were analyzed in the entire
cohort with univariate and multivariate stepwise backward Cox regression models. In both
univariate and multivariate Cox regression models for NRM, development of BSI and engraftment
were considered as time-dependent factors.

In all the multivariate analyses, variables with p < 0.2 in univariate models were included. All p
values are two-sided, and p values < 0.05 were considered statistically significant. The cumulative
incidence of BSI was calculated using R Statistical Software version 3.3.0 (R Foundation for
Statistical Computing, Vienna, Austria). All the other analyses were performed using SPSS

statistical package, version 21.0 (IBM Corp., Armonk, NY, USA).

Results

Patients’ characteristics and differences based on donor type

The characteristics, together with the outcome data on engraftment, of 553 patients included in the

study are reported in Table 1.
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During the study years, there was a significant shift in the use of different donor types: cord blood
transplant decreased from 10% in years 2010-2012 to 1% in 2013-2016, while transplants from
haploidentical donors increased from 42% to 76%, respectively. Among baseline characteristics,
there were statistically significant differences for 4 donor types (Table 1).

Among 39 patients (7%) who did not achieve engraftment, 7 underwent a second HCT (in median
43 days after the first HCT), 14 were censored at the day +50 and were alive at day +60, while 18
died before achieving engraftment, in median 18 days after HCT (range: 6-54).

Incidence and timing of BSI

Among 553 patients, 166 (30%) developed at least one episode of BSI. The median time to the first
BSI was 8 days after transplant, ranging from 7 days before to 45 after, and 71% of first BSI
episodes developed within the day 10 days after HCT.

There was a significant difference in the median timing of the first BSI from the day of transplant
according to the type of donor: 3 days for matched related, 5 for matched unrelated or mismatched
related, 3.5 for CBT and 9 for haploidentical (p=0.014) (Table 1). Sex, age, type and phase of the
underlying disease and conditioning regimen did not influence the time to the first BSI (data not
shown). The cumulative incidence of BSI according to the donor is shown in figure 1. Taking into
account that for all the types of donor the same proportion of recipients achieved engraftment
between the day 10 and 20 after HCT, it is worth noting that the cumulative incidence of first BSI
seemed to further increase after day 10 from HCT only in case of transplant from a haploidentical

donor (Figure 1).

BSI etiology and antimicrobial resistance

Among 166 patients with BSI, 136 (24.5%) developed a single BSI, 22 (4%) two episodes and 8
(1.4%) 3 episodes of BSI, accounting for a total of 204 BSIs. Among single-agent BSI, 105 (51%)
were caused by Gram-positives, 86 (42%) by Gram-negative rods and 6 (3%) by fungi; 8 (4%) were

polymicrobial.
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A total of 213 pathogens were isolated: 54% Gram positives (staphylococci 25%, enterococci 15%,
viridans streptococci 14%), 43% Gram negatives and 3% fungi. The detailed etiology is reported in
Table 2.

The only statistically significant difference in the etiology of bacterial BSI based on the type of
donor consisted of viridans streptococci being more frequent after haploidentical donor transplant
compared to other donor types (respectively, 18% of all isolates vs. 4%, p < 0.019).

Overall, 42% of Gram-negatives were resistant 3" generation cephalosporins, 33% to piperacillin-

tazobactam and 12% to carbapenems (Table 2).

Risk factors for BSI: any BSI, BSI due to Gram-positives and BSI due to Gram-negatives

The results of the univariate analysis of risk factors due to any BSI, and multivariate analyses of
risk factors for any BSI, Gram-positive BSI and Gram-negative BSI are reported in Table 3.

Briefly, in univariate analysis, the risk of BSI was increased in case of older patients,
myeloproliferative disorders or aplastic anemia, active disease at transplant, reduced intensity
conditioning and transplant from donors other than MRD. The multivariate analysis confirmed the
role of all these factors except for conditioning regimen. The risk of BSI was over 3.5 times higher
in case of aplastic anemia, CBT and haploidentical donor.

BSI due to Gram-positive bacteria developed in 105 (19%) of patients. In multivariate analysis,
reduced intensity conditioning regimen, CBT and transplant from a haploidentical donor were
independent risk factors.

BSI due to Gram-negative bacteria developed in 83 (15%) of patients. The multivariate analysis
confirmed an increased risk in case of older age and transplant from MUD/MMR or haploidentical
donor.

Mortality after BSI
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The overall mortality at day 7 after the onset of the first BSI was 3% (5/166). In all 5 patients
infection was caused by a Gram-negative rod, which was carbapenem-resistant in 3 cases. The
mortality at day +14 after BSI was the same as at day +7, whereas mortality at 30 days after the first

BSI was 7% (12/166).

Multiple-species BSI (that is different species isolated within 7 days) occurred in 26 of 204 BSI. As
a consequence, for the analyses of the influence of etiology on mortality, 178 separate BSI episodes
in 166 patients were considered. The overall mortality at day 7 and 30 after each of 178 BSI
episodes was, respectively, 5% (n=9) and 8% (n=15), and is reported according to the causing
pathogen in Table 4. Briefly, no patient with a BSI caused only by Gram-positives died within 7
days from BSI. The mortality was 6% in case of single species Gram-negative BSI, and
approximately 20% in case multiple-species episodes containing Gram-negatives.

The mortality was similar after BSI caused by Gram-negatives susceptible to both
piperacillin/tazobactam and carbapenems (2/56, 4%) and those resistant to piperacillin/tazobactam
but susceptible to carbapenems (1/21, 5%), but it was much higher in case of BSI episodes caused
by a carbapenem-resistant Gram-negative (6/11, 55%). In 5 cases in which previous MDR infection
or colonization had been known before BSI episode, empirical therapy targeting the MDR strain
was provided and 3 patients survived. In 6 BSI episodes caused by a carbapenem-resistant strain,
the appropriate therapy was provided after the results of susceptibility testing, and 2 patients

survived.

These 9 episodes of BSI which resulted in patients’ death with 7 from BSI occurred in median 8 day
after HCT (range: 0-29), demonstrating unfortunately that the negative impact of MDR Gram-

negatives was present in patients who otherwise might have succeeded in successful transplantation.
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The results of univariate and multivariate analysis of variables associated with 7 day mortality after
BSI episode are reported in Table 5. BSI etiology was the only factor which influenced the outcome

of BSI, with significant excess mortality in case of carbapenem-resistant Gram negative bacteria.

Overall survival and non-relapse mortality

Overall survival at day +60 after HCT was 95.5%, with 25 patients deceased, in median 22 days
after HCT, range: 6-54. Seven them had engrafted before the death. Four of them died of

progression of the underlying disease, resulting in NRM at day +60 of 3.8% (21/553).

The factors associated with NRM at day +60 in univariate analysis were active disease at HCT,
non-engraftment and occurrence of pre-engraftment BSI, particularly due to carbapenem-resistant
Gram-negatives (Table 6). In multivariate analysis, NRM was higher in case of transplants
performed in earlier years, active underlying disease at HCT, non-engraftment and pre-engraftment
BSI, with significantly higher risk in case of Gram-negative BSI compared to Gram-positive BSI,

and BSI due to carbapenem-resistant Gram-negatives compared to susceptible ones (Table 6).

Discussion

The main findings of this study in 553 HCT recipients are that: 1) the risk of pre-engraftment BSI
was significantly increased in case of haploidentical donors and CBT, older age, myeloproliferative
disorders or aplastic anemia and active disease at HCT; 2) BSI had a negative impact on 60-day
NRM; 3) the mortality in case of BSI was almost exclusively influenced by the etiology, being the

highest in case of carbapenem-resistant Gram negatives.

The overall rate of pre-engraftment BSI of 30% was similar to what reported in other cohorts: from
21% to 39%;% % ® % % and to what observed in our center in years 1998-2002 (20.6% at the day 30

after transplant).?® As reported in few other studies, older age and active disease at HCT were risk
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factors for developing pre-engraftment BSI.* " Additionally, the risk of BSI was higher in case of
myeloproliferative disorders or aplastic anemia, compared to lymphoproliferative diseases. The role
of the underlying disease probably depends on the previous episodes of prolonged neutropenia or
poor neutrophil function, which are rare during chemotherapy for lymphoma, but universal in case
of aplastic anemia. The association between RIC and the higher rate of BSI, particularly due to
Gram-positives, might be a result of more prolonged pre-transplant therapies or more frequent
patients’ comorbidities, which were not included as separate variables in the analyses. Additionally,
there might be also the influence of patients’ age, since the median age of patients receiving

myeloablative conditioning was 42 years, compared to 57 years in case of RIC (data not shown).

However, the most significant finding is the difference in the rate of BSI according to donor type,
with the novel data on a particularly high risk (38%) in case of T-repleted transplant from
haploidentical donor. Haploidentical transplant recipients in our cohort were usually older, with an
active underlying disease and received more frequently a reduced intensity conditioning compared
to other donors, which are all factors associated with an increase in BSI risk. Nevertheless, the
haploidentical transplant remained consistently an independent risk factor in multivariate analysis,
with 4-fold increased risk of BSI. This effect might be due to an important mucosal injury caused
by post-infusion high dose of cyclophosphamide for in vivo T-depletion. In fact, the time to the
development of the first BSI was significantly longer in haploidentical transplant (on day +9
compared to days 3-5 in case of other donors), confirming the probable role of post-transplant high
dose cyclophosphamide administered in our protocol on days +3 and +5 after bone marrow
infusion. In our clinical experience, almost all recipients of haploidentical transplants develop
diarrhea of variable severity on approximately day +5 or +6, which in turn might result in increased
permeability of mucosal surfaces. Other effects of cyclophosphamide, for example on host
immunity, might also play a role. Finally, even some difference in the etiology of BSI might be

attributed to the use of cyclophosphamide, since the development of mucosal injury would explain
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an increase in viridans streptococci which were rarely isolated after transplant from other donors,

and a high incidence of intestinal Gram-negatives.

One of the most important issues of management of BSI in neutropenic patients is establishing the
risk of direct BSI-related mortality. Historically it was reported to be as high as 20% and 15% in
case of, respectively, Gram-negative and Gram-positive bacteria.?” In this study, the mortality at 7
days after the BSI was chosen to reflect the impact of different pathogens. Interestingly, none of
patients with single species Gram-positive died within 7 days, and in case of multiple species BSI
containing a Gram-positive, the mortality was 4%. These results suggest low mortality associated
with Gram-positive infections, previously reported in the setting of HCT.» ® In the past, BSIs due to
viridans streptococci were reported as an important cause of mortality in neutropenic patients,
particularly after treatment with high dose cyclophosphamide.?® On the contrary, in our study, only
1 of 30 patients with viridans BSI died with 7 days, but his subsequent blood cultures were negative
for streptococci and positive for MDR P. aeruginosa, demonstrating benign clinical course of

viridans BSI in our setting.

BSl-associated mortality at day 7 in case of Gram-negatives susceptible to first or second line
empirical therapy was 3.9%, suggesting that prompt and appropriate antibiotic therapy can
efficiently limit the negative impact of BSI. In fact, there was no excess mortality in case of ESBL-
producing or piperacillin/tazobactam-resistant Enterobacteriaceae, suggesting that the choice of
meropenem in case of severe clinical presentation or risk factors may be warranted in settings with
high rate of BSI caused by these strains.? * On the contrary, infections due to carbapenem resistant
Gram-negatives, particularly P. aeruginosa, resulted in over 50% mortality rate. Such a high
mortality rate in case of MDR Gram-negatives, which in most of the cases were adequately treated
after 48 hours form the onset of BSI, highlights the importance of immediate active empirical
therapy. The negative impact of carbapenem-resistant infections has been already reported in HCT

setting in the context of carbapenem-resistant K. pneumoniae.’® However, the problem is also
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evident in case of P. aeruginosa, which continues to be associated with approximately 40%
mortality rate in different cohorts.™ ® 3 Whereas novel therapeutic options, such as ceftazidime-
avibactam, might help to resolve the problem of carbapenem-resistant K. pneumoniae, few
therapeutic options are available for MDR P. aeruginosa. ** Importantly, the episodes of BSI which
resulted in patients’ death with 7 from BSI occurred in median 8 day after HCT, demonstrating
unfortunately that the negative impact of MDR Gram-negatives was present in patients who

otherwise might have benefited from successful transplantation.

Finally, the results on NRM on day +60 after HCT are in line with a possible negative impact of
developing a pre-engraftment BSI.® Also day +60 NRM was particularly high in case of Gram-
negative BSI, particularly if carbapenem-resistant. Consistently with data from other cohorts,
disease in remission and more recent transplant period were associated with lower NRM.** In fact,
the management of patients at high risk of pre-engraftment BSI warrants particular attention in
order to avoid BSI-associated mortality, and should include prompt empirical therapy based on the

local susceptibility and individual patient’s risk factors for Gram-negative bacteria. *

The limits of this study include a retrospective design and a possible important influence of local
microbial epidemiology and antibiotic practices. However, the data on BSI were complete and
cross-checked between patients’ records and the central computerized microbiology database.
Although the difference in antibiotic susceptibility might exist between geographical regions, the
association of high dose post-transplant cyclophosphamide and a higher risk of BSI approximately
5-7 days later is likely generalizable to all the centers that use this type of GvHD prophylaxis. The
impact of resistant Gram-negatives on mortality, highlights the importance of appropriate
immediate empirical therapy, rather than resistance mechanisms, with the example of use of
carbapenems and piperacillin/tazobactam in our center with high prevalence of ESBL-producing
bacterial, while other antibiotic combinations might be necessary in centers with different

epidemiology of resistant strains.
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In conclusion, the risk of pre-engraftment BSI was particularly high in case of transplant from a T-
repleted haploidentical donor, probably due to extensive mucosal damage caused by post-transplant
high dose cyclophosphamide. Active empirical therapy might reduce the risk of infection-related
mortality, as demonstrated by only a slight increase in mortality in case of BSI caused by pathogens
susceptible to empirical therapy regimens. Effective treatment agents and management strategies
are necessary to limit the negative impact of MDR Gram-negatives. Further studies should establish
if the risk of BSI conferred by high dose cyclophosphamide would be similar in case of other donor

types receiving transplant with this GvHD prophylaxis platform.
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Figure 1. The cumulative incidence of the first BSI after allogeneic stem cell transplant from
different donors.

CBT, cord blood transplant; Haplo, haploidentical donor, MRD, matched related donor;
MUD/MMR, mismatched related donor.

Cumulative incidence was estimated with Aalen-Johansen method, with engraftment, death without
BSI or second transplant were considered as competitive risks. Patients neutropenic and without any
of the aforementioned events were censored at day 50 after transplant. No Gray's test for comparing
subdistribution hazards across the different groups was performed because of violation of the
proportionality assumption.
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Table 1. Patients’ baseline and outcome (engraftment and BSI) data, divided into the whole cohort and according to different donors.

Patients’ characteristics Total, n=553 Matched related, MUD/MMR, CBT, n=27 Haploidentical, p
(100%) n=115 (20.8%) n=81 (14.6%) (4.8%) n=330 (59.7%)
Baseline variables
Sex 0.264
Male 321 (58%) 66 (57%) 55 (68%) 16 (60%) 184 (56%)
Female 232 (42%) 49 (43%) 26 (32%) 11 (40%) 146 (44%)
Age at HSCT, median, years (IQR) 48 (31-57) 44 (28-53) 47 (34-55) 49 (33-56) 50 (31-59) 0.036
Age, intervals in tercils 0.175
16-37 188 (34%) 42 (36.5%) 27 (33%) 8 (30%) 111 (33.6%)
38-54 185 (33.5%0) 46 (40%) 31 (38%) 10 (37%) 98 (29.7%)
55-74 180 (32.5%) 27 (23.5%) 23 (28%) 9 (33%) 121 (36.7%)
Year of HSCT <0.0001
2010-2012 259 (47%) 72 (63%) 54 (67%) 25 (93%) 108 (33%)
2013-2016 294 (53%) 43 (37%) 27 (33%) 2 (71%) 222 (67%)
Diagnosis <0.0001
AML/MDS 248 (45%) 53 (46%) 32 (40%) 17 (63%) 146 (44%)
Acute LPD 106 (19%) 20 (17%) 14 (17%) 5 (19%) 67 (20%)
Chronic LPD 93 (17%) 11 (10%) 6 (7%) 3 (11%) 73 (22%)
Chronic MPD 75 (14%) 19 (17%) 14 (17%) 1 (4%) 41 (12%)
Aplastic anemia 31 (6%) 12 (10%) 15 (19%) 1 (4%) 3 (1%)
Phase of disease at HSCT 0.073
Not active 346 (63%) 84 (73%) 49 (61%) 17 (63%) 196 (59%)
Active 207 (37%) 31 (27%) 32 (39%) 10 (37%) 134 (41%)
Conditioning regimen 0.005
Myeloablative 314 (57%) 74 (64%) 47 (58%) 22 (81%) 171 (52%)
Reduced intensity 239 (43%) 41 (36%) 34 (42%) 5 (19%) 159 (48%)
Outcome variables
Neutrophil engraftment
Yes 514 (93%) 115 (100%) 78 (96%) 22 (82%) 299 (91%) 0.001
Median day of engraftment (range) 17 (15-20) 17 (10-47) 17 (9-37) 19 (13-42) 17 (12-44) 0.029
At least 1 BSI 166 (30%0) 13 (11%) 17 (21%) 10 (37%) 126 (38%) <0.0001
At least 1 BSI due to Gram-positives 105 (19%) 8 (7%) 6 (7%) 7 (26%) 84 (26%) <0.0001
At least 1 BSI due to Gram-negatives 83 (15%) 5 (4%) 13 (16%) 3 (11%) 62 (19%) 0.001
Single BSI episode 136 (25%) 12 (10%) 17 (21%) 8 (30%) 99 (30%) <0.09*
Two BSI episodes 22 (4%) 1 (1%) 0 1 (4%) 20 (6%)
Three BSI episodes 8 (1%) 0 0 1 (4%) 7 (2%)
Time to the first BSI after HSCT, median (IQR), days 8 (2-11) 3(-1,9) 5(1, 10) 3.5(-1,9) 9(5,12) 0.014
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ACCEPTED MANUSCRIPT

AML/MDS, acute myeloid leukemia or myelodysplastic syndrome; BSI, bloodstream infection; CBT, cord blood transplant; IQR, interquartile range; LPD
lymphoproliferative diseases; MPD myeloproliferative diseases; MUD/MMR, matched unrelated or mismatched related donor.
* p for single BSI vs. more than 1 BSI.
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Table 2. Detailed etiology of pre-engraftment bloodstream infections.

Total isolates, n= 213
Gram-positive bacteria 116 (54%)
Staphylococcus 52 (25%)
Staphylococcus aureus 4
Coagulase negative 48
Staphylococci resistant to oxacillin. 45 (87%)
Enterococcus 32 (15%)
E. faecalis 10
E. faecium 22
Enterococci resistant to vancomycin 5 (16%)
Viridans streptococci 30 (14%)
Other Gram-positive bacteria * 2 (1%)
Gram negative bacteria 91 (43%)
Gram-negative bacteria resistant to fluoroguinolones 81 (89%)
Gram-negative bacteria resistant to 3" generation cephalosporins 38 (42%)
Gram-negative bacteria resistant to piperacillin/tazobactam 30 (33%)
Gram-negative bacteria resistant to carbapenems 11 (12%)
Escherichia coli 66 (31%)
Escherichia coli ESBL-producing 24 (36%)
Other Enterobacteriaceae 10 (5%)
K. pneumoniae 6
Enterobacter 4
Other Enterobacteriaceae ESBL-producing 9 (90%)
Other Enterobacteriaceae resistant to carbapenems 6 (60%)
Pseudomonas aeruginosa 8 (4%)
Pseudomonas aeruginosa resistant to carbapenems 4 (50%)
Other G-negative bacteria *** 7 (3%)
Fungi 6 (3%0)
Candida 5 (2%)
C. krusei 3
C. parapsilosis 1
C. glabrata 1
Fusarium 1

ESBL, extended spectrum beta-lactamase.

*Corynebacterium species, Gemella sanguinis; ** Acinetobacter baumannii multidrug-resistant,
Pseudomonas fluorescens ESBL-producing, Pseudomonas spp. resistant to aminoglycosides; other
susceptible to all antibiotics tested: Pseudomonas putida, Acinetobacter lowfii, Campylobacter
jejuni and Routella planticola.
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Table 3. Analyses of risk factors for pre-engraftment BSI.

Variables Any pre-engraftment BSI Gram-positive BSI Gram-negative BSI
Univariate analysis Multivariate analysis Univariate Multivariate analysis Univariate analysis Multivariate analysis
analysis
Incidence: P HR (95% p Incidence: P HR (95% CI) p Incidence: P HR (95% CI) p
30%, ch* 19%, 15%,
n=166 n=105 n=83
Sex 0.787 0.37 0.35
Male 95 (30%) 57 (18%) 52 (16%)
Female 71 (31%) 48 (21%) 31 (13%)
Age, intervals in tercils <0.001 0.04 0.029 0.102 0.006 0.012
16-37 35 (19%) 1.00 23 (12%) 1.00 16 (9%) 1.00
38-54 59 (32%) 1.75 (1.12- 38 (21%) 1.75 (1.04-2.95) 28 (15%) 1.80 (0.97-3.33)
55-74 72 (40%) 2.72) 44 (24%) 1.50 (0.88-2.56) 39 (22%) 2.42 (1.35-4.34)
1.67 (1.05-
2.77)
Year of HSCT 0.405 0.64 0.45
2010-2012 74 (29%) 47 (18%) 36 (14%)
2013-2016 92 (31%) 58 (20%) 47 (16%)
Diagnosis 0.045 <0.001 0.24 0.30
AML/MDS 82 (33%) 1.00 50 (20%) 45 (18%)
Acute LPD 24 (23%) 0.84 (0.52- 15 (14%) 13 (12%)
Chronic LPD 19 (20%) 1.36) 13 (14%) 8 (9%)
Chronic MPD 31 (41%) 0.49 (0.29- 21 (28%) 12 (16%)
Aplastic anemia 10 (32%) 0.82) 6 (19%) 5 (16%)
1.25 (0.82-
1.91)
3.84 (1.74-
8.45)
Phase of disease at HSCT 0.001 0.002 0.019 - NS 0.03 - NS
Not active 85 (25%) 1.00 54 (16%) 42 (12%)
Active 81 (39%) 1.71 (1.22- 51 (25%) 41 (20%)
2.39)
Conditioning regimen 0.007 - NS 0.006 0.039 0.24
Myeloablative 77 (25%) 45 (14%) 1.00 41 (13%)
Reduced intensity 89 (37%) 60 (25%) 1.58 (1.02-2.43) 42 (18%)
Donor <0.001 <0.001 < 0.015 0.022
Matched related 13 (11%) 1.00 8 (T%) 0.001 1.00 <0.001 | 5 (4%) 1.00
MUD/MMR 17 (21%) 1.51 (0.73- 6 (7%) 1.04 (0.36-2.98) 13 (16%) 3.69 (1.31-
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CBT
Haploidentical

10 (37%)
126
(38%)

3.15)
3.88 (1.66-
9.07)
4.45 (2.47-
8.02)

7 (26%)
84 (26%)

4.06 (1.45-11.36)
3.66 (1.78-7.58)

3 (11%)
62 (19%)

10.36)
2.02 (0.48-8.54)
3.96 (1.59-9.89)

* Cause specific HR for BSI. AML/MDS, acute myeloid leukemia or myelodysplastic syndrome; BSI, bloodstream infection; CBT, cord blood transplant; LPD
lymphoproliferative diseases; MPD myeloproliferative diseases; MUD/MMR, matched unrelated or mismatched related donor; NS, not statistically significant and not retained in

the final model.
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Table 4. Seven- and 30-day mortality after 178 separate BSI episodes.

For the purposes of this analysis, in case of blood cultures positive for more than one pathogen

within 7 days, it was considered a multiple-species BSI episode, and the mortality at the 7" day

after isolation of the last pathogen was considered.

Mortality at day 7

Mortality at day

after BSI, 30 after BSI,
n=9/178 (5%) n=15/178 (8%)
Single species BSI episodes 4/146 (3%0) 8/146 (5%0)
Gram-positive 0/78 1/78 (1%0) *
Gram-negative 4/64 (6%) 7/64 (11%)
Escherichia coli 1/50 (2%) 2/50 (4%)
Klebsiella 216 (33%) 3/6 (50%)
Enterobacter 0/1 0/1
Pseudomonas aeruginosa 1/3 (33%) 2/3 (67%)
Other Gram-negative 0/4 0/4
Fungal 0/4 0/4
Multiple-species BSI episodes 5/32 (16%) 7132 (22%)
Only Gram-positives 0/8 1/8 (13%)
Gram-positive and Gram-negative 4/19 (21%) 5/19 (26%)
Only Gram-negatives or including fungi 1/5 (20%)** 1/5 (20%)**

Etiology of all BSI episodes

BSI due to at least one Gram-positive

4106 (4%)

7/106 (7%)

BSI due to at least one Enterococcus 3/30 (10%)*** 5/30 (17%)***

BSI due to at least one Gram-negative 9/88 (10%) 13/88 (15%)

BSI due to P. aeruginosa 3/8 (38%) **** 4/8 (50%)

BSI due to at least one Gram-negative susceptible to P/T and 2156 (4%) 4156 (8%)

carbapenems

BSI due; to at least one Gram-negative resistant to P/T and 1/21 (5%) 2121 (10%)

susceptible to carbapenems

BSI due to at least one Gram-negative resistant to carbapenems 6/11 (55%) 7/11 (64%)
Carbapenem-resistant Pseudomonas aeruginosa 3/4 (75%) 3/4 (75%)
Carbapenem-resistant Enterobacteriaceae and Acinetobacter 3/7 (43%) 417 (57%)

P/T, piperacillin/tazobactam; VRE, vancomycin-resistant enterococci.

*Died of legionellosis, 16 day after BSI due to Streptococcus viridans; ** Fusarium spp. and P.
aeruginosa; *** including 1/5 VRE, mortality for VRE 20% at day 7 and 30; **** all resistant to

carbapenems.
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Table 5. Univariate and multivariate analysis of predictors of all-cause 7-day mortality after 178

BSI episodes in 166 patients.

For the purposes of this analysis, in case of blood cultures positive for more than one pathogen

within 7 days, it was considered a mixed species BSI episode, and the mortality at the 7" day after

isolation of the last pathogen was considered.

Variables Univariate analysis Multivariate analysis
Overall mortality at P OR (95% CI) p
day +7 after BSI, n=9
(5%)
Sex 0.309
Male 7 (6.7%)
Female 2 (2.7%)
Age, years, median vs. survival group 44 vs. 53 0.14 - NS
Date of HSCT, 0.183 - NS
2010-2012 6 (8%)
2013-2016 3 (3%)
Diagnosis 0.268
AML/MDS 6 (7%)
Acute LPD 2 (8%)
Chronic LPD 0
Chronic MPD 0
Aplastic anemia 1 (9%)
Phase of disease at HSCT 0.745
Not active 4 (4.4%)
Active 5 (5.7%)
Donor 0.77
Matched related 0 (0%)
MUD/MMR 1 (6%)
CBT 1 (9%)
Haploidentical 7 (5%)
Conditioning 0.188 - NS
Myeloablative 6 (7.6%)
Reduced intensity 3 (3%)
Previous BSI 0.133 - NS
No 7 (4.2%)
Yes 2 (15.4%)
Etiology of BSI <0.001 <0.001
Only Gram positive or Candida 0 1.00*
Including carbapenem-susceptible Gram negative 3(3.9%) 1.00*
Including carbapenem-resistant Gram negative 6 (54.5%) 85.6 (13.6-537.9)

* For OR calculation, the two first categories were considered together, since there were no events in the first one.
AML/MDS, acute myeloid leukemia or myelodysplastic syndrome; BSI, bloodstream infection; CBT, cord blood
transplant; LPD lymphoproliferative diseases; MPD myeloproliferative diseases; MUD/MMR, matched unrelated or

mismatched related donor; NS, not significant.
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Table 6. Univariate and multivariate analysis of predictors of non-relapse mortality (NRM) at day

+60 after transplantation.

Univariate analysis Multivariate analysis
NRM at day p Hazard ratio with p
+60, n=21 95%ClI
(3.8%)
Sex 0.096 - NS
Male 16 (5%)
Female 5 (2.2%)
Age, intervals in tercils 0.189 - NS
16-37 3 (1.6%)
38-54 9 (4.9%)
55-74 9 (5%)
Date of HSCT, 0.072 0.027
2010-2012 14 (5.4%) 1.00
2013-2016 7 (2.4%) 0.35 (0.14-0.89)
Diagnosis 0.821
AML/MDS 10 (4%)
Acute LPD 2 (1.9%)
Chronic LPD 4 (4.3%)
Chronic MPD 4 (5.3%)
Aplastic anemia 1 (3.2%)
Phase of disease at HSCT 0.008 0.045
Not active 7 (2%) 1.00
Active 14 (6.8%) 2.55 (1.02-6.37)
Donor 0.103 - NS
Matched related 1 (0.9%)
MUD/MMR 2 (2.5%)
CBT 3 (11.1%)
Haploidentical 15 (4.5%)
Conditioning 0.623
Myeloablative 13 (4.1%)
Reduced intensity 8 (3.3%)
Engraftment* <0.001 0.001
Yes 7 (1.8%) 1.00
No 14 (8.4%) 7.45 (2.21-25.12)
BSI* <0.001 <0.001
No 7 (1.8%) 1.00
Yes 14 (8.4%) 5.32 (2.08-13.58)
BSI <0.001 <0.001***
No 7 (1.8%) 1.00
BSI due to Gram-positive 2 (2.5%) 1.56 (0.32-7.64)
BSI due to Gram-negative** 12 (14.5%) 9.71 (3.68-25.61)
BSI <0.001 <0.001***
No 7 (1.8%) 1.00
BSI due to Gram-positive 2 (2.5%) 1.54 (0.32-7.51)
BSI due to carbapenem-susceptible Gram-negative 6 (8.2%) 4.83 (1.56-14.98)
BSI due to carbapenem-resistant Gram-negative 6 (60%) 72.88 (23.37-227.28)

* Analyzed as time dependent variable in the univariate and multivariate analysis. ** With a Gram-positive BSI in 5
cases. *** Hazard ratio and p established when entered separately in the multivariate model, hazard ratios for other
variables reported for the model with BSI and not significantly different from other models.
AML/MDS, acute myeloid leukemia or myelodysplastic syndrome; BSI, bloodstream infection; CBT, cord blood
transplant; LPD lymphoproliferative diseases; MPD myeloproliferative diseases; MUD/MMR, matched unrelated or

mismatched related donor; NS, not significant.
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