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Introduction
Allogeneic hematopoietic stem cell transplantation (allo-HSCT) has become a widely used 

therapeutic strategy for many malignant and non-malignant hematologic disorders [1]. While 
relevant advances have been made in the field [2,3], infection still remains one of the most 
severe and frequent complications of allo-HSCT [4-6]. The CRE colonization represents an 
important risk factor predisposing allo-HSCT recipients to severe sepsis, in particular during 
the aplasia period after the conditioning regimen [7-10]. Moreover, beyond the conditioning 
regimen intensity, local epidemiological factors, type of donor, stem cell source, grade of HLA 
matching and occurrence of complications such as Graft versus Host Disease (GvHD), are also 
relevant [11,12]. In this context, while the SARS-COVID19 pandemic has represented a major 
risk factor for lethal viral infections in about 20% of allo-HSCT recipients, on the other hand, 
the restriction measures suggested by the World Health Organization and local authorities 
and worldwide adopted [13] could have played a protective role in terms of patient’s bacteria 
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Abstract
Infections are among the major cause of mortality in patients receiving allogeneic hemopoietic stem 
cell transplantation (HSCT). In the last decades, the progressive raise of Carbapenemic Resistant 
Enterobacteriaceae (CRE) infections was associated with a concomitant increase in terms of morbidity 
and mortality rates. The primary aims of our retrospective analysis were to assess the impact of SARS-
COVID19 Pandemic on CRE colonization at our Transplant Program and the efficacy of new antibiotics on 
the 100 days and 1-yr Transplant Related Mortality in both CRE colonized and non-colonized patients. 
CRE colonization resulted significantly lower during SARS-COVID19 Pandemic (p<0.0001), related to 
the COVID-19 associated restrictions adopted at the AORN Cardarelli Hospital, in Naples. However, the 
outcomes of CRE colonized and non-colonized patients who underwent allogeneic Hematopoietic Stem 
Cell Transplant procedure were similar in terms of morbidity and mortality (p=ns).
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colonization. Herein, we report results from a retrospective 
monocentric analysis of the AORN Cardarelli Transplant Program 
concerning the impact of the SARS COVID-19 pandemic on 
multidrug resistant bacteria colonization in the era of new antibiotic 
agents. The aims were to compare the 2 cohorts (pandemic versus 
non pandemic restrictions) in terms of CRE colonization rate, 
hospitalization’s duration, PMN/ PLTS engraftment, complications 
and transplant related mortality.

Materials and Methods
Overall, 83 consecutive patients, (52 males and 31 females) 

with a median age of 48 years (20-69), underwent a first allogeneic 
HSCT. Fifty-nine patients (71%) were affected by high risk Acute 
Leukemia (Acute Myeloid Leukemia n=43, Acute Lymphoblastic 
n=16). The donor was HLA identical sibling, matched unrelated, 
haploidentical related or mismatched unrelated donor in 41%, 
26.5%, 28% and 5% of cases, respectively. The stem cell source 
was Bone Marrow (BM) and Peripheral Blood Stem Cells (PBSC) 
in 33% and 67% of allo-HSCT. The conditioning regimen consisted 
of a myeloablative schedule in 61% of cases and was Total Body 
Irradiation (TBI) based or Valencia schedule (TBF) in almost all 
ALL (75%) and AML (82%), respectively. As GvHD prophylaxis, 
the combination of post-transplant Cyclophosfamide (PT-CY), 
mycophenolate-mofetil (MMF) and cyclosporine (CSA) was used 
for haploidentical or mismatched unrelated allo-HSCT while CSA 
and MTX with or without the anti-thymocyte globuline (ATG, 
Fresenius) were used in case of BM HLA-identical related donor 
or matched unrelated (regardless, the stem cell source) or PBSC 
related HSCT, respectively. CRE colonized patients reporting fever 
received empirical antibiotic treatment based on ceftazidime/
avibactam, meropenem/vaborbatcam and cefiderocol.

Data have been collected from a series of 83 consecutive adult 
patients who received an allo-HSCT at AORN Cardarelli Transplant 

Program in Naples, between July 2019 and November 2022. All 
patients signed an informed consent for the transplant procedure 
and data collection. Collected data included:  age, status disease 
and infectious status at allo-HSCT, date of allo-HSCT, conditioning 
regimen, type of donor and HLA matching, source of stem cell, 
GvHD prophylaxis, complications after allo-HSCT, date and status 
at last follow up. Moreover, the germ causing sepsis in case of 
fever and the antibiotic therapy were also recorded. The patients 
were divided into 2 groups according to the non-pandemic versus 
pandemic SARS-COVID19 period with associated restrictions 
(March 2020-July 2021).

For the comparison of categorical data, the Chi-Square test 
has been applied in contingency tables. Differently, for continuous 
variables with a normal distribution, the T-test for independent 
variables has been used. To evaluate the cumulative risk of 
mortality due to transplantation complications (Transplant Related 
Mortality- TRM), the Kaplan-meier method has been used. In 
addition, to compare the TRM rate between different cohorts of 
patients the long-rank test has been used. Statistical significance 
is accepted with a p<0.05. All the statistical evaluations and the 
graphical production have been performed with the software SPSS.

Results and Discussion
Overall, 35 out of 83 (42%) patients were colonized by 

CRE. Worthy of note, CRE colonization was significantly higher 
(p<0.0001) in absence of COVID-19 associated restrictions with a 
rate of 61% (29/47) versus 19% (7/36) in presence of COVID-19 
associated restrictions. On the contrary, comparing the outcomes 
of the 2 cohorts in terms of infectious complications (p=0.69), early 
(p=0.146) and late TRM (p=0.55), no significant difference was 
observed. Figures 1 & 2 show early and late TRM of the patients who 
underwent allo-HSCT during the COVID-19 associated restrictions 
(2,7%, 16,2%) versus those who have not COVID19 associated 
restrictions (10,2%, 14,3%).

Figure 1: Transplant Related Mortality (TRM) evaluated in the first 100 days after transplantation in the two 
cohorts, in presence and in absence of Covid-19 restrictions. An event is defined as a death caused by a transplant 
related complication. Censured are patients who have stopped the follow up, because of death or others personal 

decision. The cumulative risk of death due to transplantation has been compared with the Kaplan-Meier method and 
the long-rank test. Statistical significance is accepted with a p> 0,05.
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Figure 2: Transplant Related Mortality (TRM) evaluated at one year after transplantation in the two cohorts, in 
presence and in absence of Covid-19 restrictions. An event is defined as a death caused by a transplant related 

complication. Censured are patients who have stopped the follow up, because of death or others personal decision. 
The cumulative risk of death due to transplantation has been compared with the Kaplan-Meier method and the long-

rank test. Statistical significance is accepted with a p> 0,05.

Moreover, there were no significant differences in terms of 
median hospitalization duration, median time to PMN and PLTS 
recovery and aGVHD occurrence, 39 (20-75) vs 43 days (25-109) 
(p=ns), 21 (8-97) vs 21 days (6-53) (p=ns) and 18 (11-25) vs 17 
(10-27) days (p=ns) and 4.32 vs 9.5 % (p=ns) in patients who 
underwent allo-HSCT during the COVID-19 associated restrictions 
versus who have not subjected to COVID19 associated restrictions. 

COVID-19 associated restrictions significantly reduced the 
CRE colonization rate at our Transplant Program. Conceivably, 
the effective restrictive measures adopted during the pandemic 
period such as social distancing, limitations of the outpatient visits, 
forbidden access to visitors in the ordinary hospitalization ward, 
the dedicated staff to a COVID-19 free clinical transplant unit, the 
familiar care givers’ use of facial masks and more careful hands 
washing represented a pivotal factor in terms of reduction of CRE 
colonization of patients to undergo allo-HSCT [13].  

Although CRE colonized patients are considered at high risk of 
an unfavourable outcome, in our case-series, an empiric schedule 
considering novel anti-MDR antibiotics for febrile cases allowed the 
disappearance of the difference in terms of poor outcome of CRE-
colonized patients in respect to non-colonized cases.

Conclusion
Our retrospective case-series analysis highlights the impact of 

a rigorous application of hygienic restrictions, such as during the 
COVID19 pandemic, on the incidence of CRE colonization in HSCTs. 
This data should be taken into account at Transplant Programs in 
order to adopt the best measures for minimizing CRE colonization. 

Indeed, multi-resistant bacterial colonization represents the major 
cause of mortality in patients receiving allogeneic HSCT for sepsis 
mainly in the early post-transplantation period [10]. The recent 
introduction of novel anti-MDR antibiotics is progressively changing 
the epidemiology and outcome of CRE infections.  The absence 
of difference in terms of outcome during non-pandemic versus 
pandemic SARS-COVID19 period, with associated restrictions, 
represents indirect evidence of the efficacy of the empirical 
use of antibiotic treatment, based on ceftazidime/avibactam, 
meropenem/vaborbatcam and cefiderocol, in febrile colonized 
patients. Thus, in HSCT setting, an empirical and aggressive anti-
microbial strategy could balance the well-known unfavourable 
outcome of CRE colonization. However, the retrospective nature 
and the small sample size represent the limits of this analysis but 
is worth noting that also a catastrophic event, such as pandemic 
SARS-COVID 19, may introduce better clinical practices for the 
patient’s management.
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