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occurrence of BSI in the early period after HSCT. Pre- and 
posttransplant monitoring of the patient fecal colonization 
status with MDR organisms, could contribute considerably 
to the prevention and successful management of the infec-
tious complications in patients after HSCT.
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Introduction

The hematopoietic stem-cell transplantation (HSCT) is an 
effective treatment method for different malignancies, syn-
dromes with bone marrow failure, as well as immunodefi-
ciency conditions in children, adolescents and adult indi-
viduals. More than 50,000 HSCTs per year are carried out 
globally [1]. The development of transplant strategies and 
the advancement of the supportive care led to an improve-
ment in the patient outcome after transplantation [2]. How-
ever, different infectious complications constantly accom-
pany HSCT. The bloodstream infections (BSIs) are a major 
cause of morbidity and mortality after HSCT [3].

The aim of this study is to evaluate the incidence, risk 
factors, outcome of bloodstream infections and 4-month sur-
vival of HSCT recipients from the Transplantation Center 
of the University Hospital of Medical University, Varna, 
Bulgaria during the period January 2019–December 2021.

Materials and Methods

This is a prospective epidemiological and microbiological 
study performed in the Transplantation Center at the Uni-
versity Hospital of Medical University, Varna, Bulgaria 
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between January 2019 and December 2021. All consecutive 
patients who underwent HSCT (autologous and allogeneic) 
during this period were included in the study. The study 
was approved by the Ethical Committee of Varna Medical 
University (№ 92/02.04.2020) and informed consent was 
obtained from the patients.

Data Collection

For each enrolled patient information regarding the follow-
ing variables was collected: demographic information (sex, 
age), underlying diseases, clinical findings (mucositis, graft 
vs host disease, GVHD), patient’s history (previous HSCT, 
BSI before HSCT), diagnostic test results (fecal screening, 
positive blood cultures, Cytomegalovirus status, neutropenia 
for more than 7 days) and transplantation-related data (type 

of HSCT, donor type, stem-cell source, time to neutrophil 
and platelet engraftment, use of antithymocyte globulin). 
Demographics and patient characteristics at HSCT are 
shown in Table 1.

Microbiological Investigation

In case of suspected infectious complication (chills, high 
fever, elevated C - reactive protein), blood samples (simul-
taneously from the central venous catheter and a peripheral 
vein) were collected and further incubated in Bactec FX40 
(BD, USA) for 5 days at 35 °C or for 14 days when fungemia 
was suspected. A single positive blood culture was consid-
ered significant when bacteria or fungi different from the 
resident skin flora (Corynebacterium spp., Bacillus spp. and 
Coagulase-negative staphylococci) were detected. In case of 

Table 1  Characteristics of 
patients at transplantation

IQR, interquartile range; MUD, matched unrelated donor; MRD, matched related donor; Haplo, haplo-
identical donor; NA, not applicable

Characteristics Patients, n (%)

Autologous HSCT
(n = 49)

Allogeneic HSCT
(n = 25)

Age, median (IQR), years 51 (18–68) 39 (14–65)
Pediatric patients (age < 18 years) 0 3 (12.0)
Male sex 27 (55.1) 15 (60.0)
Underlying disease
Multiple myeloma 26 (52.0) 0
Acute myeloblastic leukemia 0 11 (44.0)
Acute lymphoblastic leukemia 0 5 (20.0)
Non-Hodgkin’s lymphoma 13 (26.5) 2 (8.0)
Hodgkin’s disease 6 (12.2) 4 (16.0)
Aplastic anemia 0 2 (8.0)
Multiple sclerosis 3 (6.1) 0
Myelodisplastic syndrome 0 1 (4.0)
Germ cell testicular carcinoma 1 (2.0) 0
Previous HSCT
Autologous 5 (10.2) 5 (20.0)
Allogeneic 0 0
Bloodstream infection before HSCT
Yes 1 (2.0) 1 (4.0)
No 48 (98.0) 24 (96.0)
Fecal colonization
Yes 2 (4.1) 2 (8.0)
No 47 (95.9) 23 (92.0)
Donor type
HLA MUD NA 14 (56.0)
HLA MRD NA 5 (20.0)
Haplo NA 6 (24.0)
Stem-cell source
Bone marrow 0 2 (8.0)
Peripheral blood 49 (100.0) 23 (92.0)
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isolation of normal skin microbial flora, two or more con-
secutive blood cultures with the same pathogen were inter-
preted as clinically significant.

As part of the routine pre- and posttransplant monitoring 
of the patient colonization status, all patients were screened 
for fecal colonization by 3rd generation cephalosporin- and 
carbapenem-resistant representatives of order Enterobacte-
rales and multidrug-resistant (MDR) glucose-nonfermenting 
Gram-negative bacteria and vancomycin-resistant entero-
cocci by testing rectal swab samples. All patients received 
antimicrobial prophylaxis in the pre-engraftment period with 
piperacillin/tazobactam and amikacin or trimethoprim/sul-
famethoxazole and acyclovir.

Statistical Analysis

Data for categorical variables were summarized as fre-
quencies and percentages, and for continuous variables as 
the median and interquartile range. Cumulative incidence 
of BSIs was calculated for the total studied cohort and by 
HSCT type with 95% confidence intervals (CI). The prob-
ability of 4-month survival after HSCT was calculated 
using Kaplan-Meier estimates. For univariate analysis of 
predictors of BSI, Cox proportional hazards regression was 
used. All significant variables in the univariate analysis 
were included in the multivariate analysis. Two-sided p val-
ues ≤ 0.05 were considered statistically significant. Statisti-
cal analyses were performed using IBM SPSS ver 21.

Results

A total of seventy-four patients who underwent HSCT 
between January 2019 and December 2021 at the Transplan-
tation Center of Varna University Hospital, Bulgaria were 
included in the study. The average days with neutropenia in 
the autologous HSCT group was 10.3 (8–15 days) and 15.5 
days (8–29) in the allogeneic one. The incidence of BSI 
among patients who had an autologous HSCT was 30.6% 
(n = 15) (95% CI 18.2–45.4) and among the patients with 
allogeneic HSCT was 44% (n = 11) (95% CI 24.2–65.1). 
The mean period of onset of BSIs after HSCT was 8 days 
(SD ± 20.1). During the studied period, a total of 35 epi-
sodes of BSIs were identified in 26 of all 74 patients who 
underwent HSCT. The cumulative incidence of BSI was 35% 
(95% CI 24.4–47.1) in the studied cohort for the studied 
period. Bacteremia was documented as a single episode in 
15 patients (58%). Seven and 2 patients were presented with 
two and three episodes, respectively. Four different bactere-
mia episodes with different causative agents and diagnosed 
more than 5 days apart were detected in only one patient. 
The Gram-positive bacteria were more commonly isolated 
as causative agents of BSIs (52.3%), mainly presented by 

Coagulase-negative staphylococci (dominated by Staphylo-
coccus epidermidis), followed by Gram-negative bacteria 
(45.2%) from Enterobacteriaceae family and glucose-non-
fermenting Gram-negative bacteria (dominated by Escheri-
chia coli), and fungi (2.4%, Candida krusei). All Coagu-
lase-negative staphylococci were methicillin-resistant. In the 
group of Gram-negative bacteria 15.8% were resistant to 
3rd generation cephalosporins and 5.3% were carbapenem-
resistant. The rest of the microorganisms demonstrated the 
wild-type susceptibility profiles.

Bloodstream infections before day 30 after HSCT 
occurred in 25 (96.2%) оf the 26 patients with bacteremia 
and after day 30—in one patient (3.8%) with autologous 
HSCT. Pre-engraftment infections were diagnosed in 24 
patients (92.3%), presented with 29 episodes of BSI. In this 
study only a single episode of fungemia was documented. It 
was diagnosed on day 6 after allogeneic HSCT in a 61-year-
old male with myelodysplastic syndrome and matched unre-
lated donor used as a stem-cell donor. The variables asso-
ciated with significantly increased risk for post-transplant 
bacteremia were fecal colonization with MDR bacteria 
(p = 0.005) and pre-transplant BSI (p = 0.05).

The mortality rate 30 days after diagnosis of bacteremia/
fungemia was 23% (6 of 26 patients). In three (50%) of the 
six patients who died before day 30, the infection was the 
primary cause of death. A statistical significance was not 
found between all evaluated variables and the survival 30 
days after BSI (p > 0.05).

The overall 4-month survival after transplantation was 
86.5%. A statistically significant difference in the survival 
rates between auto- and allo-HSCT recipients was found 
(p < 0.001) – 98% and 64% for autologous and allogeneic 
HSCT, respectively. In addition, regarding the average sur-
vival after transplantation, the autologous HSCT patients 
have much longer survival (206.8 days, SD ± 95) than allo-
geneic HSCT recipients (63.2 days, SD ± 48) (p = 0.002). A 
statistically significant association was also found between 
the type of the underlying disease and 4-month survival 
(p = 0.043). We documented 100% survival rate at 4 months 
after transplantation for patients with multiple myeloma, 
aplastic anemia, multiple sclerosis and germ cell testicular 
carcinoma. Previous transplantation (p = 0.001) and type 
of the underlying disease (acute leukemia and lymphoma) 
(p = 0.043) were factors independently associated with 
increased mortality rate.

Discussion

The HSCT recipients are prone to infectious complica-
tions caused by various microorganisms. The reported 
incidence of these complications varies between 22.8% and 
38.3%, respectively [4]. BSIs are among the most common 
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infectious complications in HSCT recipients, mainly during 
the early stages of the transplantation and BSI incidence 
ranges between 13.6% and 38.9% [5]. Тhe development 
of BSI is identified as an essential risk factor for mortality 
early after HSCT [6]. Major risk factors for BSIs after HSCT 
are the absolute neutropenia, mucositis and the presence of 
a central venous catheter (CVC). The type of underlying 
disease, severe form of GVHD and the corticosteroid treat-
ment are considered as additional factors, contributing to the 
occurrence of this infectious complication [7].

This prospective study conducted during the period 
2019–2021 aimed to identify and evaluate the risk for blood-
stream infections, the factors associated with increased risk 
for BSI incidence after the transplantation and their impact 
on the patient outcome.

During the 3-year study period, 35% of the patients 
developed at least one episode of BSI, with the average BSI 
period being approximately 8 days after HSCT. These results 
comply with the data reported by other researchers. Ferreira 
et al. reported an average period of 8 days after HSCT of BSI 
among 232 patients [8]. Similarly, Akinboyo, Youssef and 
Ge reported 15.5 and 4.5 days, respectively [3, 7, 9].

In the current study, the cumulative incidence of BSIs 
after auto- and allo-HSCT was 30.6% and 44%, respectively. 
Closer to these findings have been reported by Ferreira et al. 
− 25.4% [8]. In contrast, in a large-scale Italian study col-
lecting data from 54 transplant centers for more than 2500 
HSCTs, a cumulative bloodstream infection rate of 9% for 
auto-HSCT and 17.3% for allo-HSCT was documented [10]. 
The reported incidence in the study of Dandoy et al. was 
21% [2].

In our study а single-factor and multiple regression anal-
yses were used to assess the role of potential risk factors 
for the development of bloodstream infection after HSCT. 
Fecal colonization with MDR organisms and a pre-trans-
plant episode of BSI were identified as independent risk 
factors for pre-engraftment infection. Similar findings have 
been reported by other authors too. Youssef et al. in a study 
conducted in Egypt among pediatric patients, who under-
went HSCT between 2013 and 2017, found a statistically 
significant relation between the occurrence of bloodstream 
infection after HSCT and an episode before the transplan-
tation [7]. Girmenia et al. reported statistical significance 
between colonization with MDR bacteria and occurrence 
of BSI both in autologous and allogeneic transplant patients 
[10]. These data are also supported by a study conducted in 
Brazil, which identifies intestinal colonization with bacteria 
demonstrating multidrug resistance as a risk factor for BSI 
occurrence [8].

In our study, the mortality rate 4 months after trans-
plantation was 36% for allo-HSCT and 2% for auto-HSCT. 
The BSIs were identified as the primary cause for death in 
the first month after transplantation in 50% of the patients. 

Allogeneic HSCT (p < 0.001), previous HSCT (p = 0.001), 
and type of underlying disease (acute leukemia and lym-
phoma, p = 0.043) were confirmed as factors associated 
with poor outcome and prognosis. A large Italian Prospec-
tive Multicenter Survey on epidemiology of pre-engraftment 
BSIs in auto- and allo-HSCT recipients from 54 transplant 
centers reported 13.5% and 3% mortality rate for allo-HSCT 
and auto-HSCT, respectively. The acute leukemia, previous 
transplantation, prolonged neutropenia, a transplant from 
a HLA-mismatched donor and no antibacterial prophy-
laxis were reported as factors with negative impact on the 
patient’s survival [10].

Limitations

Our study had the following limitations: inclusion and 
follow-up of patients only from a single transplant center; 
relatively small number of the studied patients; the COVID-
19 pandemic negatively impacted the patient hospitalization 
and the conduction of HSCT.

Conclusion

To the best of our knowledge this is the first study in Bul-
garia that identifies and evaluates the incidence, risk factors 
and outcome of BSIs in patients who underwent HSCT. Our 
findings confirm that the fecal colonization with MDR bac-
teria before transplantation and pre-transplant BSIs are inde-
pendent risk factors for the occurrence of BSI in the early 
period after HSCT. The allogeneic type of transplantation, 
acute leukemia and lymphoma, and previous transplanta-
tion are factors significantly associated with poor outcome. 
The results from this study demonstrate that monitoring of 
some of the most important risk factors for BSIs such as the 
fecal colonization with MDR organisms, could contribute 
considerably to the successful management of the infectious 
complications in patients after HSCT.
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