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To the editor.  

Carbapenem-resistant Enterobacterales (CRE) have 
emerged as one of the most concerning antimicrobial 
resistance threats worldwide. Infections caused by CRE 
are associated with mortality rates ranging from 20% to 
50% in hospitalized patients and up to 60% among 
individuals with hematologic malignancies.1–3 Delays in 
initiating effective antimicrobial therapy further 
increase mortality risk in this highly vulnerable 
population.4 Intestinal colonization has been 
consistently identified as a major risk factor for 
subsequent CRE infection,5 particularly in patients with 
profound immunosuppression. 

Among individuals with hematologic malignancies, 
reported colonization rates range from 3.8% to 21%,6,7 
while in hematopoietic stem cell transplantation (HSCT) 
recipients, colonization prevalence may reach 26–36%.8 
HSCT recipients are uniquely predisposed to invasive 
infections due to prolonged neutropenia, mucosal barrier 
injury, exposure to broad-spectrum antibiotics, graft-
versus-host disease (GVHD), and frequent healthcare 
contact. Despite this high-risk profile, factors associated 
with progression from CRE colonization to bacteremia 
in HSCT recipients remain incompletely characterized, 
and most available data derive from mixed oncologic 
populations. 
 
Materials and Methods. We therefore conducted a 
retrospective cohort study to identify clinical factors 
associated with progression from CRE colonization to 
bacteremia among HSCT recipients at a tertiary referral 
center in Bogotá, Colombia, between January 2017 and 
June 2024. 

All adult patients (≥18 years) with hematologic 
malignancies undergoing HSCT and documented CRE 
colonization were eligible. At our institution, CRE 
colonization screening is performed using rectal swabs 

at admission and weekly thereafter. Samples are 
processed with the HB&L® system (Alifax, Italy), an 
automated laser nephelometry–based analyzer that 
detects bacterial growth in liquid culture within a few 
hours, with reported sensitivities of approximately 85% 
and specificities of 100%.9 

To capture known carriers while maintaining clinical 
relevance, we included patients colonized from 365 days 
prior to HSCT to 30 days after HSCT. For analytical 
purposes, the most recent colonization episode prior to 
transplantation (or prior to bacteremia in affected 
patients) was considered. The primary outcome was the 
cumulative incidence of CRE bacteremia during 
hospitalization and up to 90 days post-transplant. 
Platelet engraftment was defined as the first of three 
consecutive days with platelet counts ≥20,000/µL 
without transfusion; neutrophil engraftment was defined 
as three consecutive days with neutrophils ≥500/µL. 
Time-to-event analyses were conducted using the 
Nelson–Aalen estimator and compared using log-rank 
testing. 
 
Results. During the study period, 790 HSCT procedures 
were performed (593 autologous and 197 allogeneic). 
Ninety-seven patients were identified as colonized with 
CRE. After exclusions based on predefined criteria, 70 
colonized patients were included in the final analysis. 
Eight patients (11%) developed CRE bacteremia. 

The median age of the cohort was 53.5 years (IQR 
38–62). Patients who developed CRE bacteremia were 
significantly older than those who did not (median 61 
vs. 51.5 years, p=0.03). Baseline characteristics, 
including sex, hematologic diagnosis, transplant type 
(autologous vs. allogeneic), conditioning regimen, 
mucositis, neutropenic colitis, and neutrophil 
engraftment time, were comparable between groups 
(Table 1). 
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Table 1. Baseline characteristics of colonized HSCT recipients according to development of CRE bacteremia. 

Variable Total (n=70) CRE BSI (n=8) No CRE BSI (n=62) 

Age, median years (IQR) 53.5 (38–62) 61 (56–67) 51.5 (37–61) 

Female sex, n (%) 20 (28.6) 1 (12.5) 19 (30.6) 

Diabetes mellitus, n (%) 6 (8.6) 1 (12.5) 5 (8.1) 

Prior ICU admission, n (%) 7 (10.0) 3 (37.5) 4 (6.5) 

Underlying hematologic disease, n (%)    

Lymphoma (Hodgkin + Non-Hodgkin) 26 (37.1) 4 (50.0) 22 (35.5) 

Acute leukemia (AML + ALL) 29 (41.4) 4 (50.0) 25 (40.3) 

Multiple myeloma 15 (21.4) 0 15 (24.2) 

Transplant-related variables, n (%)    

Autologous HSCT 40 (57.1) 4 (50.0) 36 (58.1) 

Allogeneic HSCT 30 (42.9) 4 (50.0) 26 (41.9) 

Haploidentical 19 (27.1) 4 (50.0) 15 (24.2) 

Engraftment, median days (IQR)    

Neutrophil engraftment 13 (11–16) 14 (11–24) 13 (11–16) 

Platelet engraftment 14 (12–18) 21 (16–24) 14 (12–17) 

Post-transplant complications, n (%)    

Mucositis 46 (65.7) 5 (62.5) 41 (66.1) 

Neutropenic colitis 5 (7.1) 1 (12.5) 4 (6.5) 

Outcomes    

Length of stay, median days (IQR) 29 (24–37) 38 (32–44) 27 (23–34) 

90-day mortality, n (%) 7 (10.0) 0 7 (11.3) 

Abbreviations: BSI, bloodstream infection; HSCT, hematopoietic stem cell transplantation; IQR, interquartile range. 
 

Prior intensive care unit (ICU) admission was more 
frequent among patients who developed CRE 
bacteremia (37.5% vs. 6.5%). Moreover, platelet 
engraftment occurred later in the bacteremia group 
(median 21 vs. 14 days), while neutrophil engraftment 
time was comparable between groups. 

Within 90 days post-transplantation, 26 patients 
(37.1%) developed bacteremia from any cause, of which 
8 episodes (11.4% of the cohort) were attributable to 
CRE. The median interval from documented 
colonization to CRE bacteremia was 13 days (IQR 9–
15.5). All CRE bacteremia cases occurred in patients 
colonized prior to HSCT, and 87.5% developed within 
the first 15 days following transplantation (Table 2). No 
episodes occurred beyond 54 days after colonization. 

Cumulative incidence curves revealed a higher 
probability of CRE bacteremia among patients with 
platelet engraftment >20 days (log-rank p=0.006) and 
among those with prior ICU admission (log-rank 
p=0.0073) (Figure 1). A comparable pattern was 
observed in patients aged ≥60 years, though it was not 
statistically significant (log-rank p=0.11). 
Klebsiella pneumoniae was the predominant causative 
organism (75%), largely KPC-producing strains. 
Definitive therapy most commonly included  

Table 2. Microbiological characteristics and antimicrobial therapy 
of bacteremia episodes among colonized HSCT recipients: 
A) CRE bacteremia (N = 8). 
Causative organism  

Klebsiella pneumoniae 6 (75.0) 
Enterobacter cloacae 1 (12.5) 
Escherichia coli 1 (12.5) 
Carbapenemase type  

KPC 7 (87.5) 
KPC + NDM 1 (12.5) 
Definitive therapy  

Ceftazidime–avibactam–based 
regimen 7 (87.5) 

Other combination regimen 1 (12.5) 

B) Non-CRE bacteremia (N = 18). 
Escherichia coli 11 (61.1) 

Klebsiella pneumoniae 4 (22.2) 

Staphylococcus epidermidis 1 (5.6) 

Streptococcus pneumoniae 1 (5.6) 

Staphylococcus aureus 1 (5.6) 
Abbreviations: CRE, carbapenem-resistant Enterobacterales; KPC, 
Klebsiella pneumoniae carbapenemase; NDM, New Delhi metallo-
β-lactamase; HSCT, hematopoietic stem cell transplantation. 
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 Figure 1. Cumulative incidence of CRE bacteremia among 
colonized hematopoietic stem cell transplantation recipients during 
the first 90 days post-transplantation. 

 
ceftazidime–avibactam, administered either as 
monotherapy or in combination. Patients who developed 
CRE bacteremia experienced prolonged hospitalization 
(median 38 vs. 27 days). Ninety-day mortality was 
similar between groups. 
 
Discussion. The 11% progression rate observed in our 
cohort is lower than the 15–20% rates previously 
reported among colonized HSCT recipients and patients 
with hematologic malignancies.12–15 This difference 
may be partly explained by the high proportion of 
autologous transplants in our cohort, which are 
generally associated with shorter neutropenia durations 
and less profound immunosuppression than allogeneic 
transplants.  

Age was associated with bacteremia in the univariate 
analysis; however, cumulative incidence stratification 
did not reach statistical significance. Prior ICU 
admission emerged as one of the strongest associations, 
consistent with previous reports demonstrating 
increased infection risk among critically ill CRE 
carriers.15–17 ICU admission likely reflects a composite 
marker of disease severity, exposure to invasive devices, 
broad-spectrum antibiotic pressure, and mucosal barrier 
disruption, all of which may facilitate bacterial 
translocation and hematogenous dissemination. These 
associations should be interpreted with caution and 
considered exploratory and hypothesis-generating rather 
than definitive predictors. 

Delayed platelet engraftment was also associated 
with CRE bacteremia. Platelet recovery may represent a 
surrogate marker of bone marrow resilience and immune 
reconstitution.18 Conversely, prolonged cytopenia may 
indicate sustained systemic inflammation or subclinical 
infection. Given the retrospective design, causality 
cannot be established, and reverse causation remains a 
plausible explanation. These findings should be 
interpreted with caution and considered exploratory. 

The temporal clustering of CRE bacteremia within 
the first two weeks following transplantation 
underscores the clinical relevance of recent colonization 
status. Prior studies have similarly demonstrated that 

infection risk is highest shortly after colonization 
acquisition.5,19 These observations support the 
importance of close clinical surveillance during the early 
post-transplant period and may help identify patients 
who could benefit from a more individualized approach 
to empirical antimicrobial therapy. 

This study has several limitations. The small number 
of CRE bacteremia events (n=8) limits statistical power 
and the precision of the estimates. Therefore, 
multivariable analysis was not performed due to the 
limited number of outcome events and the risk of model 
overfitting. The retrospective single-center design may 
restrict generalizability. Furthermore, phenotypic 
screening methods based on laser nephelometry may be 
less sensitive than molecular assays, potentially leading 
to underestimation of colonization despite their high 
specificity. Additionally, the predominance of 
autologous HSCT recipients in our cohort may limit the 
extrapolation of these findings to allogeneic transplant 
populations. Nevertheless, our study specifically 
focuses on colonized HSCT recipients, an 
underrepresented population in prior analyses, and 
provides clinically meaningful insights into early risk 
stratification. 
 
Conclusions. In conclusion, among HSCT recipients 
colonized with CRE, prior ICU admission and delayed 
platelet engraftment were associated with an increased 
probability of subsequent CRE bacteremia. Most 
infections occurred within the first two weeks following 
transplantation. These findings underscore the 
importance of close clinical monitoring and may inform 
empirical antimicrobial strategies in high-risk colonized 
patients. However, these findings should be interpreted 
cautiously as hypothesis-generating, and prospective 
multicenter studies are needed to validate these 
associations and develop predictive models for targeted 
intervention. 
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