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Abstract

Purpose Bloodstream infections (BSIs) are frequent after

allogeneic haematopoietic stem cell transplantation

(HSCT). The aim of this study was to identify predictors of

mortality after BSI in patients who undergo HSCT.

Methods Patients who underwent HSCT between 1 Jan-

uary 2004 and 31 January 2008 and developed BSI during

the first year post-transplantation were included. Variables

influencing overall mortality at 7 and 30 days after BSI

were analysed.

Results BSIs developed in 149 patients, within a median

of 9 days after undergoing HSCT. Early and late mortality

were 15 and 27%, respectively. Of the BSI, 54% were due

to Gram-positive microorganisms, 33% were due to Gram-

negative microogranisms, 10% were polymicrobial and 3%

were fungal. The associated 7-and 30-day mortality was

respectively 10 and 24% (Gram positive), 22 and 31%

(Gram negative; Pseudomonas aeruginosa mortality 67%,

all within 7 days), 13 and 27% (polymicrobial) and 40%

(fungal, all within 7 days). Early mortality was higher in

relapsed disease at HSCT (25.9%, p = 0.01), but lower in

early (i.e. within 20 days of HSCT) BSI (11.7%, p = 0.03)

and BSI due to Gram-positive infective agents (10%,

p = 0.05). Multivariate analysis confirmed a higher mor-

tality in late BSI [odds ratio (OR) 3.29, p = 0.03] and

relapsed disease at HSCT (OR 2.2, p = 0.04). Late mor-

tality was associated with the type of underlying disease

(OR 0.44 for diseases other than acute leukaemia,

p = 0.05) and its status (OR 6.04 for relapse at HSCT,

p = 0.001). Appropriate empirical therapy was associated

with lower early and late mortality in single Gram-negative

BSI (16 vs. 45% for 7-day mortality, p = 0.09; 21 vs. 64%

for 30-day mortality, p = 0.02).

Conclusions BSIs are frequent during the first year after

HSCT and are associated with a high mortality rate. The

aetiology influenced early mortality, while the type and

phase of the underlying disease played a pivotal role in late

mortality. Appropriate empirical therapy is crucial in BSI

due to Gram-negative infective agents.

Keywords Bloodstream infection � Haematopoietic stem

cell transplant � Mortality � Survival � Pseudomonas

Introduction

Bloodstream infections (BSIs) are the most frequent infec-

tious complication in patients who have undergone alloge-

neic haematopoietic stem cell transplantation (HSCT) and

affect up to 30% of patients [1–5]. It is likely that during the

pre-engraftment phase mucosal damage allows bacteria to

enter the bloodstream and the lack of neutrophils hampers

their effective clearance, thus leading to BSI. During the

post-engraftment phase, the presence of graft versus host

disease (GVHD), particularly intestinal, and secondary

neutropenia predispose patients to BSIs. Moreover, the

presence of central venous catheters (CVC) further increases

the risk of introducing bacteria into the bloodstream.
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Historically, mortality due to BSIs has been always

higher in neutropenic patients than in other subjects.

Indeed, the mortality attributable to BSI episodes following

HSCT has been reported to be as high as 18–35%, partic-

ularly if caused by Gram-negative rods [1, 2, 6]. Tradi-

tional studies focus on the relationship between BSI

aetiology and mortality; however, others factors might

significantly influence early and late mortality after BSI in

HSCT patients.

The aim of this study was to identify early and late

mortality rates and their predictors in BSIs in patients who

underwent HSCT.

Material and methods

This study on mortality in patients with BSI was carried out

in 382 consecutive patients who underwent allogeneic

HSCT between 1 January 2004 and 31 December 2008 at

the HSCT Unit of San Martino Hospital in Genoa. All data

were acquired from a prospectively collected computerised

database, and a retrospective analysis was performed. The

patients were included in the study if they developed

bacteraemia in the period between the onset of condition-

ing to 1 year after HSCT. Some of these BSI episodes were

previously included in a study on the aetiology of BSIs in

all HSCT recipients from our centre [4].

Only the first episode of BSI was considered. BSI was

defined as the isolation of a pathogen from at least one

blood culture, but in case of common skin contaminants

(coagulase-negative staphylococci, Micrococcus, Coryne-

bacterium, Lactobacillus etc), two consecutive, drawn

within 24 h, blood cultures positive for the same pathogen

were required to qualify the episode as a BSI [2]. BSI was

defined as polymicrobial if two or more pathogens grew in

a blood culture or if two different pathogens were recov-

ered from specimens drawn within 48 h.

Transplantation was performed according to institu-

tional protocols using procedures that have been described

elsewhere [4, 5]. Surveillance cultures from the pharynx

and genital and urinary systems were performed once a

week in all inpatients, together with rectal screening for

vancomycin-resistant enterococci (VRE) at admission. No

methicillin-resistant Staphylococcus aureus (MRSA)

screening was performed because the majority of staphy-

lococci recovered from hospitalised patients were resistant

to methicillin. All patients received fluoroquinolone (cip-

rofloxacin or levofloxacin) as prophylaxis from the start of

conditioning until neutrophil engraftment. Antifungal pro-

phylaxis with fluconazole was administered from the time

of the transplant procedure up to 70 days thereafter, or

longer if GVHD was present. In the case of fever ([38�C)

or other signs or symptoms of infection, prophylactic

antibiotics were stopped and patients were treated with

broad-spectrum empirical therapy. The most common

regimens included either piperacillin/tazobactam or ceft-

azidime (usually with amikacin) and in case of severe

sepsis or septic shock, meropenem and vancomycin, the

choice being at the discretion of the attending physician.

The primary study endpoint was overall cumulative

mortality at 7 and 30 days after the onset of BSI (i.e. the

day of the first positive blood culture). Groups of patients

who were alive or deceased at 7 and 30 days after the

development of BSI were compared to identify predictors

of mortality. Baseline and post-transplant variables ana-

lysed as potential factors influencing mortality included

age, sex, type and status of the underlying disease at HSCT,

donor type, conditioning regimen, year of BSI, pathogen

and the time between HSCT and BSI. The cutoff of

20 days after HSCT infusion was chosen to distinguish

early BSI, i.e. that infection usually occurring during the

pre-engraftment period, and late BSI, i.e. that infection

usually developing during the post-engraftment period

(such as during GVHD), relapse of the underlying disease

or infection related to the presence of a CVC. Status of the

underlying disease at HSCT was classified as follows: (1)

first complete remission or inactive disease after the first

line of treatment; (2) complete remission or inactive dis-

ease after two or more lines of treatment; (3) relapse or

active disease at the time of HSCT. Neutropenia was

defined as an absolute granulocyte count of \0.5 9 109/l.

The pathogens were grouped as single Gram? versus

Gram-, fungi and polymicrobial BSI. Given that an

appropriate empirical therapy is of utmost importance for

the survival of patients with BSI due to Gram-negative

pathogens, the influence of an appropriate (i.e. containing

at least one agent active against a given pathogen) antibi-

otic therapy was analysed for single Gram-negative BSI.

The univariate association between potential risk factors

and outcome was assessed by means of v2 test for hetero-

geneity or Fisher’s exact test when appropriate. Patients

were divided in three groups of age according to tertiles.

Multivariate logistic regression was used to assess the

independent association with mortality of the various fac-

tors considered. The final model was obtained by means of

a backward multivariate stepwise procedure, based on the

likelihood ratio test. As a measure of the strength of

association, the odds ratio (OR) with 95% confidence

intervals (95% CI) were computed by exponentiating the

coefficient in the logistic regression model. All p values are

two-sided, and p values of B0.05 were considered to be

statistically significant. The analyses were performed using

SPSS statistical package, ver. 17.0 for Windows (SPSS,

Chicago, IL).
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Results

Of 382 patients transplanted during the study period, 149

(39%) developed BSI. Most patients were male (64%) and

were affected by acute leukaemia (92, 61.7%). Other

underling diseases were multiple myeloma and chronic

lymphocytic leukaemia (16 patients, 10.7%), myelodys-

plastic syndrome and severe aplastic anaemia (14 patients

each, 9.4%), followed by chronic myeloid leukaemia and

myelofibrosis (13 patients, 8.7%). The donor types were

matched related in 47 patients (31.5%), matched unrelated

(MUD) in 38 patients (25.5%), cord blood in 29 patients

(19.5%), mismatched related in 22 patients (14.8%) and

mismatched unrelated in 13 patients (8.7%). The median

age was 41 (range 16–65) years. Median follow-up after

BSI was 144 days (range 1–1,413) and was more than

30 days for all the survivors. Patient and transplant char-

acteristics are outlined in Table 1.

Median time to bacteraemia was 9 days after trans-

plantion, ranging from 6 days before HSC infusion (during

the conditioning regimen) to 322 days therafter. About

three-fourth of the episodes occurred early after HSCT,

while 25% were classified as late BSI ([20 days after

HSCT). A single Gram-positive microorganism was

responsible for more than half of the BSIs, followed by

infections caused by a single Gram-negative rod and

polymicrobial BSIs. Almost all (96%) Staphylococcus

infections were resistant to methicillin. Enterococci were

the most frequent pathogens, with 51% being susceptible to

ampicillin and vancomycin, 37% being resistant to ampi-

cillin and susceptible to vancomycin and 11% being VRE.

Among the Gram-negative rods, 73% were resistant to

fluoroquinolones and 35% were resistant to ceftazidime.

There were important differences in the aetiology between

early and late BSIs. Early BSIs were mostly due to

enterococci or streptococci (37.8%), followed by Gram-

negative rods (29.7%), staphylococci or other skin bacteria

(20.7%) and finally polymicrobial or fungal (11.7%). Late

infections were predominantly caused by Gram-negative

rods (42.1%), followed by staphylococci or other skin

bacteria (23.7%), polymicrobial or fungal (18.4%) and

enterococci and streptococci (15.8%).

Overall, at 7 and 30 days post-transplantation mortality

was 15.4% (23/149) and 26.9% (40/149), respectively. The

detailed aetiology with the number of patients deceased 7

and 30 days after BSI (distinguishing between early and

late BSI) is shown in Table 2. Among the 40 patients who

died within 30 days of developing BSI, ten (25%) died due

to a relapse of an underlying disease or primary graft

rejection, ten (25%) died from multiorgan toxicity, includ-

ing haemorrhage, acute respiratory distress syndrome and

acute renal failure, two (5%) died due to acute GVHD and

18 died (45%) due to infection. Among the latter 18

patients, ten died within 7 days from the onset of sepsis due

to the following pathogens: P. aeruginosa (4 patients: 2

multidrug resistant, 1 coinfection with invasive aspergillo-

sis), E. coli (1 patient), Klebsiella pneumoniae (1 patient),

Candida parapsilosis (1 patient), methicillin-resistant

Staphylococcus epidermidis (1 patient), enterococci (2

patients: 1 VRE, 1 coinfection with invasive aspergillosis).

The early and late mortality was lower for BSIs caused

by a single Gram-positive microorganism and polymicro-

bial BSIs than for BSIs caused by a single Gram-negative

microorganism or fungal BSI. Among the BSIs caused by

Gram-positive microorganisms, the highest mortality was

due to enterococcal infection, particularly in the case of

ampicillin-resistant strains. Early and late mortality was

Table 1 Characteristics of all haematopoietic stem cell transplant

(HSCT) recipients who developed bloodstream infection during the

period from the onset of conditioning up to 1 year after HSCT

Variable Value (N = 149

patients)

Age, median (range), years 41 (16–65)

Male/female 95/54 (64/36)

Year of sepsis

2004 34 (22.8)

2005 33 (22.1)

2006 19 (12.8)

2007 24 (16.1)

2008 39 (26.2)

Underlying disease

Acute leukaemia 92 (61.7)

Chronic myeloproliferative diseases (CML/MF) 13 (8.7)

Chronic lymphoproliferative diseases (MM/CLL) 16 (10.7)

Myelodysplastic syndrome 14 (9.4)

Severe aplastic anaemia 14 (9.4)

Status of underlying disease at transplant

First remission 51 (34.2)

Complete remission C 2nd 40 (26.8)

Relapse 58 (38.9)

Donor type

Matched related 47 (31.5)

Matched unrelated 38 (25.5)

Mismatched related 22 (14.8)

Mismatched unrelated 13 (8.7)

Cord blood 29 (19.5)

Conditioning

Myeloablative 128 (85.9)

Reduced intensity 21 (14.1)

Unless stated otherwise, variables are presented as the number (N) of

patients, with the percentage of patient cohort given in parenthesis

CLL chronic lymphocytic leukaemia, CML chronic myeloid leukae-

mia, MF myelofibrosis, MM multiple myeloma
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respectively 6 and 22% in ampicillin- and vancomycin-

susceptible isolates, 23 and 38% in ampicillin-resistant and

vancomycin-susceptible strains, and 25 and 25% in the

case of VRE. Four patients who developed candidemia

were receiving fluconazole prophylaxis; two patients with

infection due to fluconazole-susceptible Candida parapsi-

losis and one with fluconazole-resistant C. krusei survived,

while one patient with fluconazole-susceptible C. par-

apsilosis and one with fluconazole-resistant C. glabrata

died within 7 days after the onset of candidemia.

Among all pathogens, Pseudomonas aeruginosa was

associated with the highest mortality (67%), and all of the

deaths occurred within 7 days of the development of BSI.

In particular, three strains of P. aeruginosa were resistant

to all antibiotics except for colistin, and the three patients

infected with these strains died with 7 days of developing

BSI. On the contrary, all 25 strains of Escherichia coli

were susceptible to carbapenems, and the early mortality

was 12%. Overall, in 49 cases of BSI due to a single Gram-

negative microorganism, an appropriate antimicrobial

therapy was administered in 38 patients (78%). The mor-

tality rate was higher in the case of an inappropriate

empirical treatment (45 vs. 16% for 7-day mortality,

p = 0.09; 64 vs. 21% for 30-day mortality, p = 0.02).

In the univariate analysis (Table 3), relapsed disease at

transplantation (p = 0.01) and late BSI (p = 0.03) were

significantly associated with a higher early mortality, while

BSI due to a single Gram-positive microorganism was

associated with lower early mortality (p = 0.05). Thirty-

day mortality was significantly associated only with

the status of the underlying disease at transplantation

(p = 0.004). Multivariate analysis (Table 4) confirmed that

predictors of 7-day mortality were late BSI (OR 3.29, 95%

CI 1.15–9.38; p = 0.03) and relapsed disease at HSCT

(OR 2.20, 95% CI 0.74–6.51; p = 0.04). The 30-day

mortality was associated with the type and the status of the

underlying disease. Mortality was lower in patients trans-

planted for diseases other than acute leukaemia (OR 0.44,

95% CI 0.19–1.03; p = 0.05), while patients who received

more than one line of chemotherapy before HSCT showed

an increased mortality rate that was more than twofold if

the patients who were in remission after more than one

chemotherapy series and more than sixfold if they had

an active disease at HSCT (OR 2.34, 95% CI 0.76–7.2

and OR 6.04, 95% CI 2.18–16.71, respectively; p for

trend = 0.001). The overall survival after BSI, stratified

according to the status of the underlying, is outlined in

Fig. 1.

Table 2 Detailed aetiology of bloodstream infections (BSIs), with the mortality rate at 7 and 30 days from all BSIs, and divided into early and

late BSI

Aetiology Tota

(N = 149)

Total 7-day

mortality,

N (%)

7-day mortality

in 111 cases

of early BSIs,

N (%)

7-day mortality

in 38 cases

late BSIs,

N (%)

Total 30-day

mortality,

N (%)

30-day mortality

in 111 cases of

early BSIs,

N (%)

30-day mortality

in 38 cases

of late BSIs,

N (%)

Single Gram-positive

infective agent

80 (53.7) 8 (10) 6 (9) 2 (13) 19 (23.8) 15 (23) 4 (26)

Staphylococcus 28 (18.8) 3 (10.7) 2 (10) 1 (12.5) 4 (14.3) 3 (15) 1 (12.5)

Enterococcus 35 (23.5) 5 (14.3) 4 (13) 1 (20) 10 (28.6) 8 (27) 2 (40)

Streptococcus viridans 13 (8.7) 0 0 0 1 (7.7) 1 (8) 0

Othera 4 (2.7) 0 0 0 4 (100) 3 (100) 1 (100)

Single Gram-negative

infective agent

49 (32.9) 11 (22.4) 5 (15) 6 (37.5) 15 (30.6) 9 (27) 6 (37.5)

Escherichia coli 25 (16.8) 3 (12) 2 (10.5) 1 (17) 7 (28) 6 (32) 1 (17)

Pseudomonas aeruginosa 9 (6) 6 (66.7) 2 (50) 4 (80) 6 (66.7) 2 (50) 4 (80)

Klebsiella pneumoniae 4 (2.7) 1 (25) 1 (25) 0 1 (25) 1 (25) 0

Otherb 11 (7.4) 1 (9.1) 0 1 (20) 1 (9.1) 0 1 (20)

Single fungusc 5 (3.4) 2 (40) 2 (75) 0 2 (40) 2 (75) 0

Polymicrobial 15 (10.1) 2 (13.3) 0 2 (40) 4 (26.7) 2 (20) 2 (40)

N is the number of patients deceased (23 at 7-day follow-up, 40 at 30-day follow-up)
a Corynebacterium spp. (3), Rothia mucillaginosa (1)
b Ralstonia pickettii (4), S. maltophilia (3), Acinetobacter spp. (1), Burkholderia cepacia (1), Serratia marcescens (1), Sphingomonas pauc-
imobilis (1)
c C. glabrata (1), C. krusei (1), C. parapsilosis (3)
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Discussion

The aim of this study was to identify predictors of mortality

following the development of BSI in HSCT recipients

during the first year after transplantation. The overall early

(7-day) and late (30-day) mortality was 15 and 27%,

respectively. These mortality rates are among the highest

reported to date in the literature, possibly because of a

restrictive definition used for BSI due to common skin

contaminants and a severe coexisting immunosuppression.

Early mortality was as high as 26% in the case of late

BSI. Our results are at variance with these reported by

Almyroudis and colleagues who found significantly lower

mortality rates, particularly for post-engraftment BSI for

which they reported a 30-day mortality rate of only 17%

[1]. These results might be explained by the fact that in the

study of these authors Gram-positive bacteria prevailed and

more than 53% of the patients received transplants from a

matched related donor. On the contrary, in our study only

40% of cases of late bacteraemia were due to Gram-posi-

tive microorganisms and almost 70% transplants were from

alternative donors, which are known to be associated with a

severe long-lasting immune deficit. Additionally, early

mortality was twice as high in patients with uncontrolled

underlying disease at HSCT when compared to those who

were in remission at HSCT. Such a difference might be due

to the fact that patients transplanted in relapse usually have

received multiple cycles of intensive chemotherapy,

resulting in more severe immunosuppression, longer hos-

pitalisation, higher exposure to antimicrobial treatment

and, sometimes, the presence of severe infections before

HSCT. Thus, previous antimicrobial exposure and poorer

Table 3 Univariate analysis of

predictors for 7- and 30-day

mortality in 149 episodes of

BSIs

N number of patients deceased

(23 at 7-day follow-up, 40 at

30-day follow-up)

Variable Number

of patients

7-day

mortality,

N (%)

p 30-day

mortality,

N (%)

p

Overall mortality 149 23 (15.4) 40 (26.8)

Age (years) 0.73 0.51

16–31 49 9 (18.4) 15 (30.6)

32–46 48 6 (12.5) 14 (29.2)

47–65 52 8 (15.4) 11 (21.2)

Sex 0.87 0.56

Male 95 15 (15.8) 24 (25.3)

Female 54 8 (14.8) 16 (29.6)

Donor type 0.9 0.3

Matched related 47 7 (14.9) 10 (21.3)

Other 102 16 (15.7) 30 (29.4)

Underlying disease 0.58 0.38

Acute leukaemia 92 13 (14.1) 27 (29.3)

Other 57 10 (17.5) 13 (22.8)

Status of the underlying disease 0.01 0.004

First complete remission 51 6 (11.8) 7 (13.7)

Complete remission C 2nd 40 2 (5) 9 (22.5)

Relapse 58 15 (25.9) 24 (41.4)

Conditioning 1 0.44

Myeloablative 128 20 (15.6) 36 (28.1)

Reduced intensity 21 3 (14.3) 4 (19)

Timing of bloodstream infection 0.03 0.45

Early (B20 days after HSCT) 111 13 (11.7) 28 (25.2)

Late ([20 days after HSCT) 38 10 (26.3) 12 (31.6)

Year of sepsis 0.88 0.46

2004–2005 67 10 (14.9) 16 (23.9)

2006–2008 82 13 (15.9) 24 (29.4)

Pathogen 0.05 0.36

Single Gram-positive

microorganism

80 8 (10) 19 (23.8)

Others 69 15 (21.7) 21 (30.4)
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immunity might be responsible for a higher mortality rate.

A similar negative influence of pre-transplant intensive

chemotherapy was also reported by Scott and colleagues

[7]. In their study, the presence of pre-transplant neutro-

penia was associated with an increased infection-related

mortality in patients with myelodysplastic syndrome

undergoing HSCT, even though the effect could have been

due to an increased incidence of infections [7].

One of the main factors that has been analysed in many

studies on BSI-associated mortality is its aetiology. The

aetiology of BSI determined in this study was similar to the

findings previously reported in our centre [4]. Although the

type of pathogen was not a significant independent risk

factor in the multivariate analysis, possibly due to an

insufficient number of cases, some of our findings deserve

to be commented upon. High mortality rates have been

found to be associated with BSI due to E. coli, P. aeru-

ginosa and Candida, with the rates varying significantly

between studies from 3 to 38% for E. coli, but being

consistently high (around 40–50%) for P. aeruginosa and

Candida [2, 6]. Also, in our study, the mortality associated

with P. aeruginosa remained very high (2/3 patients died),

even though the overall incidence of sepsis due to this

species was low (6% of all BSIs) [2, 8, 9]. On the contrary,

the rate of mortality in the case of E. coli infection was low

(12%). Knowing that an inadequate empirical treatment

Table 4 Variables predicting 7- and 30-day mortality in multivariate logistic regression analysis

Variable 7-day mortality, n (%)a 30-day mortality, n (%)b

OR (95% CI) p OR (95% CI) p

Underlying disease – – 0.05

Acute leukaemia 1.00

Other 0.44 (0.19–1.03)

Status of the underlying disease 0.04 0.001

First complete remission 1.00 1.00

Complete remission C 2nd 0.40 (0.08–2.14) 2.34 (0.76–7.20)

Relapse 2.20 (0.74–6.51) 6.04 (2.18–16.71)

Timing of bloodstream infection 0.03 –

Early (B20 days after HSCT) 1.00

Late ([20 days after HSCT) 3.29 (1.15–9.38)

OR odds ratio, CI confidence interval
a Variables removed from the model of 7-day mortality: sex (p = 0.87), age (p = 0.81), HSCT type (p = 0.69), underlying disease (p = 0.80),

conditioning (p = 0.78), pathogen (p = 0.16), year of HSCT (p = 0.72)
b Variables removed from the model of 30-day mortality: sex (p = 0.91), age (p = 0.51), HSCT type (p = 0.60), conditioning (p = 0.62),

pathogen (p = 0.73), year (p = 0.59), timing of bloodstream infection (p = 0.56)

Fig. 1 Overall survival after

bloodstream infection according

to the status of the underlying

disease at time of

haematopoietic stem cell

transplantation (HSCT). Black
line first complete remission or

inactive disease after first-line

treatment, grey line complete

remission or inactive disease

after C2 lines of treatment,

dotted line relapse or active

disease at the time of HSCT

(p \ 0.0001)
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predicts higher mortality in BSIs [10], such an important

difference in mortality between P. aeruginosa and E. coli

infections might result from the fact that in our centre most

of the Enterobacteriaceae remain susceptible to piperacil-

lin/tazobactam or carbapenems that are used in empirical

treatments of severe BSI, whereas numerous P. aeruginosa

isolates are resistant [4]. Indeed, even in a limited-size

sample such as ours, inappropriate empirical therapy

resulted in a higher early and late mortality. Overall, the

mortality was the lowest in BSI due to Gram-positive

pathogens. At our centre, for almost a decade enterococci

have been the most frequent Gram-positive pathogens,

particularly during the pre-engraftment period [4, 5, 11].

Pharyngeal colonisation and mucositis have been found to

be specific risk factors for the development of enterococcal

BSI, but the attributable mortality was found to be low

[11]. Although early mortality was apparently lower in the

case of ampicillin-susceptible strains, there was no differ-

ence in outcome in vancomycin-susceptible and VRE iso-

lates. Indeed, the intrinsic virulence of enterococci is

considered to be low; thus, it is believed that enterococcal

BSI, particularly due to VRE strains, might rather be a

marker of the host’s severe disease predisposing to this

infection, rather than a result of bacterial pathogenicity [11,

12]. Contrary to data from North American centres [1, 13,

14], the fatality rate, both early and late, for viridans

streptococci was remarkably low in our study (0 and 8%,

respectively).

In terms of late mortality, all of the groups of pathogens

had similar fatality rates, ranging from 24% for Gram-

positive microorganisms to 30% for Gram-negative ones

and 40% for candidemia, although there were few cases of

the latter. Of note, in the case of BSI due to Gram-negative

microorganisms, an appropriate empirical therapy was

associated with a significantly reduced mortality (21 vs.

64%). The 30-day mortality in our allogeneic HSCT setting

seems to be higher than that in a general haematological

population. In fact, in a recent multicenter prospective

study on BSIs due to P. aeruginosa in adults with hae-

matological malignancies, the reported mortality rate was

32% [13]. On the contrary, we observed 27% mortality for

all pathogens, while in nine BSI cases due to P. aerugin-

osa, the mortality was as high as 67%. In our study, at

30 days after the development of BSI the survival rate was

influenced significantly by the underlying disease and was

lower in the case of acute leukaemia and an active disease

at HSCT. These results indicate that a good control of an

underlying haematological disease and an appropriate

empirical therapy against Gram-negative microorganisms

are crucial for reducing mortality due to infectious com-

plications after allogeneic HSCT.

Several limitations of this study should be acknowl-

edged. First, this was a retrospective analysis of data from a

single centre, and it is well known that microbiological

aetiology and pattern of resistance may differ significantly

across centres. Therefore, these results should only be

extrapolated to other settings with due caution. Secondly,

overall mortality is influenced by numerous factors that are

unrelated to BSI. However, the use of other endpoints, such

as attributable mortality, exposes the results to a strong risk

of bias. Thus, crude mortality seems to be the most

appropriate variable when searching for the difference in

outcome after BSI.

In conclusion, early mortality in the case of BSI in HSCT

recipients was 15% and closely related to the status of the

underlying haematological malignancy and the timing of

BSI. Overall, one in four patients who developed BSI dur-

ing the first year after HSCT died within 30 days of BSI.

Gram-negative rods, particularly P. aeruginosa, continue to

pose a real threat to this population, and an appropriate

empirical therapy is fundamental in BSIs due to Gram-

negative microorganisms. Despite preventive measures and

broad spectrum empirical antibiotic therapy, reducing the

fatality rate of bacteraemia remains a major challenge and

will probably become even more difficult if the increase in

antibiotic resistance observed worldwide continues.
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